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Abstract

Background: Influenza poses a significant health threat to children under nine, who are at
high risk of severe complications. Influenza vaccination is a key prevention strategy, but
pediatric trials use heterogeneous safety and immunogenicity outcomes, follow-up win-
dows, and dosing strata that hinder meaningful cross-trial comparison. Objective: To map
how safety and immunogenicity outcomes are defined, collected, stratified, and reported
across clinical trials of seasonal influenza vaccines in healthy children aged 6 months to
8 years, and to identify reporting patterns and gaps that limit cross-trial comparability.
Methods: Studies were identified through a structured PubMed/MEDLINE search first
conducted 20 April 2025 and last conducted June 2025, following JBI and PRISMA
2020 guidelines. We included clinical trials reporting at least one safety outcome in
healthy children 6 months to 8 years old. Heterogeneity in outcome definitions, follow-
up windows, and dose strata precluded meta-analysis; we conducted a narrative and
per-study synthesis. Risk of bias was evaluated with RoB 2 for randomized trials and
ROBINS-I (V2) for non-randomized studies following Cochrane guidance. Descriptive
and visual syntheses were utilized. Results: Of 293 records, 20 studies comprising
approximately [n = 12,267] pediatric participants met the inclusion criteria. All included
studies evaluated inactivated, egg-based seasonal influenza intramuscular vaccines. Re-
porting windows and dose handling varied widely. Vaccine-related serious adverse events
(SAEs) were rare (only four events, with reported SAEs happening in children 6–35 months
old immunized with quadrivalent formulations; all SAEs resolved and did not result in
participant withdrawal from the study). No SAEs were reported in children 3–8 years
old. Immunogenicity outcomes are presented as reported by each trial, with baseline
and post-vaccination sampling days reproduced; no cross-trial synthesis was performed.
Conclusions: Seasonal, inactivated intramuscular influenza vaccines show a favorable
safety and immunogenicity profile in healthy children 6 months to 8 years old. How-
ever, heterogeneous outcome definitions, variable safety follow-up windows, limited dose-
and priming-specific reporting, and inconsistent immunogenicity schedules substantially
constrain cross-trial comparability. Funding and Registration: Primary funding was
provided by the Eunice Kennedy Shriver National Institute of Child Health and Human
Development (Grant HD109732). This review was registered in PROSPERO (registration
number: CRD420251237499).
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1. Introduction
Influenza continues to be a major global health challenge due to its high infectivity rate

and its potential to cause serious illness. Infants and young children face a higher risk of
complications from influenza illness, such as dehydration, pneumonia, and encephalopathy,
that can prove fatal [1–3]. Due to the elevated influenza morbidity and mortality rates
in this group, the World Health Organization (WHO) classifies children under five as
a priority group for influenza vaccination [4]. Despite vaccination recommendations,
influenza remains a significant burden in children worldwide. From 2010–2016, in the
United States alone, most pediatric deaths occurred in unvaccinated healthy children [5,6],
underscoring the importance of timely vaccination.

Several seasonal influenza vaccines are currently licensed for pediatric use, and addi-
tional candidates remain in development. These products differ in the route of administra-
tion, formulation, and valency. Products also vary by strain composition across seasons
and by age-specific dosing schedules. These design choices can shape the safety profiles of
the vaccines.

Influenza vaccines are typically classified by the following features: route of admin-
istration, production platform, valency, antigenic composition, and vaccine classification.
Methods of administration for influenza vaccines in children include intramuscular and
intranasal routes. Types of production platforms include cell-based vaccines utilizing cell
lines and chicken egg-based production methods [4]. Formulations by valency refers to the
number of strains included in the vaccine [4]. Different antigenic compositions are updated
by season and hemisphere to better reflect circulating strains, which help address seasonal
variation [7]. Lastly, influenza vaccines can be classified as either inactivated or live atten-
uated vaccines. Inactivated vaccines contain viruses that are no longer able to replicate
due to mechanisms of inactivation during vaccine production or design [4]. Attenuated
vaccines contain live but weakened viruses that replicate to a limited or localized extent in
the body [4].

A clear understanding of these categories helps us understand the specific safety
profiles of the available vaccine options in pediatric populations. Along with those, the
maturity of the immune system and the vaccine dosing schedule can influence how well
a child’s immune system mounts a response against influenza. It is recommended that
children under nine years of age receive a two-dose regimen if previously unvaccinated
for influenza [8]. Priming status of children under the age of nine is determined based on
lifetime dosages received prior to the current season [8].

It is also important to understand how clinical trials assess safety using standardized
windows of events and reporting conventions. Immediate reactions are those observed on
site after each vaccine administration until thirty minutes post-vaccination [9]. Adverse
events (AEs) are medical occurrences associated with the vaccine, whether or not considered
vaccine-related [9]. Serious adverse events (SAEs) are those that investigators or study
personnel determine to be serious based on their determination that it may jeopardize
the participant [9].

Several clinical trials and systematic reviews have assessed various influenza vaccine
safety outcomes in pediatric populations. Prior investigations have evaluated inactivated
vaccines [10], compared safety differences between trivalent and quadrivalent versions
of the vaccine [11], and examined safety profiles of vaccines produced using cell-based
and egg-based vaccines [12]. While these reviews provide valuable insights, they do not
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examine how safety varies with different dosing schedules or across pediatric age ranges,
or chart heterogeneity. The evidence from these clinical trials remains fragmented and
inconsistently reported.

To fill this gap, we conducted a descriptive systematic review that maps clinical
trial evidence on seasonal inactivated influenza vaccine safety and immunogenicity in
healthy children 6 months to 8 years of age. This approach is intended to clarify existing
evidence that already supports confident conclusions about pediatric influenza vaccine
safety and immunogenicity, and where heterogeneity in trial design and reporting still limits
cross-trial comparability.

2. Methods
2.1. Eligibility Criteria

Population: This review included studies involving pediatric populations aged
6 months to 8 years. Studies were eligible if they reported safety data specific to chil-
dren or stratified results by age, enabling pediatric data extraction. Studies exclusively
involving adults or failing to report pediatric-specific outcomes were excluded. Mixed-
population studies were excluded if pediatric data could not be isolated. Only studies on
healthy children were included due to the limited sample size of high-risk populations.

Interventions: Seasonal vaccines containing antigens from influenza subtype A(H1N1),
A(H3N2), and B lineages, including any platforms and formulations such as (split-
virion/subunit; egg-based or cell-based). Double-dose vaccination regimens or studies
that reported single- and double-dose regimen safety outcomes stratified by dosages
were included.

Comparators: We included studies with placebo, active, or approved comparators,
and dose/valency variations within the same vaccine platform. Single-arm interventional
studies were included.

Outcomes: Primary outcomes of interest were reported AEs for local and systemic
reactions post-dose; unsolicited AEs post-dose; vaccine-related SAEs through six months
post-final vaccination. Local specific outcomes included pain, redness, and swelling.
Systemic specific outcomes included fever, cough, headache, nausea, and malaise.

Study designs/details: Only clinical trial data were included (e.g., randomized control
trials, non-randomized controlled trials, single-arm interventional studies). Observational
studies, reviews, commentaries, and conference abstracts were excluded. Any included
studies had to report original clinical trial data. Gray literature was excluded due to
feasibility constraints. Studies from any geographic region or healthcare setting were
eligible, regardless of income classification or infrastructure. Hospital-based, outpatient,
community, and research settings were all included.

Additional criteria: Only English-language studies were included. The search covered
publications from PubMed/MEDLINE starting 31 December 2009 through 24 June 2025.

2.2. Rationale for Eligibility Criteria

Choices for inclusion and exclusion criteria were designed to maximize comparability
across the largest feasible set of studies while minimizing the risk of bias.

2.3. Search Strategy and Information Sources

This review followed the Joanna Briggs Institute (JBI) Manual for Evidence Synthesis
using a three-step search strategy.

1. The initial limited search was conducted in PubMed/MEDLINE starting 20 April
2025, through 24 June 2025. Keywords and MeSH terms included “influenza vaccine,”
“children,” “safety,” “immunogenicity,” and synonyms.
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2. The PubMed search strategy was as follows: (“influenza vaccines” [MeSH Terms]
OR “influenza vaccine” [All Fields]) AND (“child” [MeSH Terms] OR “children” [All
Fields] OR “pediatric” [All Fields] OR “infant” [MeSH Terms]) AND (“safety” [All
Fields] OR “adverse events” [All Fields]) AND (“immunogenicity” [All Fields] OR
“immune response” [All Fields]).

3. Reference List Screening: Backward reference searching was performed for all in-
cluded full-text studies. References were deduplicated in EndNote and then managed
in Excel for screening.

2.4. Screening Stages and Selection Process

• Pilot Testing: A pilot test of 6 titles/abstracts was used to refine eligibility criteria.
• Title Screening: Two independent reviewers (AM and BO) screened all records, and

discrepancies were settled by agreement.
• Abstract Screening: Two independent reviewers (AM and BO) screened all records,

and discrepancies were settled by agreement.
• Full-Text Screening: Full texts of potentially relevant studies were reviewed indepen-

dently by the same reviewers. Disagreements were resolved by discussion.

2.5. Data Collection Process

Following JBI guidance, data were charted using a structured form (Table S1) adapted
from JBI and piloted on six studies. For multi-arm trials with shared comparators, we
applied pre-specified unit of analysis rules to avoid double-counting.

2.6. Study Risk of Bias Assessment

We used the Cochrane risk of bias assessment tool (Supplementary Table S2) for
randomized trials and the risk of bias in non-randomized studies of interventions (ROBINS-
I V2) (Supplementary Table S3) for open-label or single-arm trials.

2.7. Data Synthesis

We pre-specified a narrative synthesis. For outcome reporting, we did not pool results
and did not do quantitative data synthesis. The data is presented as the percentage of par-
ticipants (%) who experienced the event in that category with, in parentheses, participants
who experienced one event (n) over the total participants (N) in that study. For figure-only
reports of outcomes, two reviewers (AM, BO) independently estimated arm-level percent-
ages from published graphs by visual interpolation to axis tick marks. Recorded values
were rounded to the nearest whole percent. When the two estimates from each reviewer
differed by more than two percentage points, disagreements were handled by consensus.
Planned subgroups were age groups of 6–35 months and 3–8 years and priming status
of children, such as influenza vaccine-naïve and primed. Sensitivity analysis excluded
high-risk-of-bias trials. All data extraction was conducted using Microsoft Excel.

2.8. Reporting Bias Assessment, Effect Measures, and Certainty Assessments

We summarized study-level safety and immunogenicity outcomes as counts and
percentages. We did not pool any effects due to heterogeneous interventions, windows, and
reporting formats. Because no meta-analysis was performed, we did not assess reporting
bias, effect measures, or certainty assessments.

3. Results
The initial database search yielded 293 records. A three-stage screening process

was conducted to determine eligibility (Figure 1). During the first phase, 115 studies
were excluded based on their titles, primarily because they did not pertain to influenza
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vaccination in pediatric populations. In the second phase, 33 studies were not retrieved due
to no English translations being available or due to not pertaining to our intervention and
outcomes of interest. In the final full-text screening phase, 37 studies were excluded due to
the dates of the recruitment process being before 2010, and 28 studies were excluded due to
having a different population of interest, such as children with chronic illness. A total of 28
studies were excluded since they had a different intervention of interest, such as H5N1 or
coadministration of different vaccines, and 18 studies were excluded since they either used
only a single dose regimen or reported pooled single- and double-dose safety outcomes.
Some 14 more studies were excluded due to having age ranges not corresponding to our
inclusion criteria or not reporting stratified age outcomes that could be extracted for the
population of interest. This process resulted in 20 studies meeting the inclusion criteria and
being retained for data charting and synthesis.

Figure 1. PRISMA 2020 flow diagram for new systematic reviews, which included searches of
databases and registers only. Diagram showing the study selection flow from initial search to final
inclusion [13]. Source: Page MJ, et al. BMJ 2021; 372: n71. doi: 10.1136/bmj.n71. This work is licensed
under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/
(accessed 9 July 2025).

3.1. Study Characteristics

The analysis included a total of 20 studies, with studies spanning only one influenza
season. The majority of studies were randomized control trials, with randomization
reported in most cases. However, blinding was inconsistently applied, with some studies
being open-label, observer-blinded, or double-blinded. A couple of studies stratified
patients by prior vaccination history, study enrollment site, or dosages. Tables 1 and 2 show
the summarized main characteristics of the included studies.
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Study sites were primarily conducted in China (n = 6) [14–19], followed by India
(n = 3) [20–22]. Most studies only had one country of recruitment (Table 1), with one study
recruiting in three countries [23] and two studies including seven different countries in their
trial [24,25]. Following the geographic distribution of studies, we examined the sample
sizes across the trials. No studies enrolled over five thousand participants; only six studies
enrolled more than five hundred participants [14,15,17,19,23,26]; and three studies enrolled
less than a hundred participants [20,27,28]. Two studies in children aged 6–35 months old
enrolled fewer than one hundred participants [20,28].

3.2. Participant Characteristics

Studies were then classified by the specific age groups of participants included.
If a study covered multiple age ranges and reported stratified data for each age
range, the study was included in all the age classifications it fell into. Four stud-
ies reported stratified outcomes for children only 3–8 years old [14,18,19,29] (Table 1).
Five studies reported stratified outcomes for both children 6–35 months old and 3–8 years
old [20,21,27,30,31]. All other studies reported stratified outcomes only for children aged
6–35 months old. In studies that reported sex distributions among populations aged
6–35 months old, 47.82% were female, and 52.17% were male. In studies that reported sex
distributions for populations aged 3–8 years old, 48.53% were female, and 51.47% were
male. Studies that did not report age-stratified sex distributions were not included in these
sex distribution calculations.

In terms of studies conducted in children only 6–35 months old, 11 studies reported
outcomes for solely influenza vaccine naïve children (Table 1), and 5 studies reported
pooled outcomes for both naïve and primed populations [17,23,25,26,31]. Studies con-
ducted in children only 3–8 years old, four studies reported outcomes for naïve populations
independently [14,20,21,30]. No studies reported stratified results for primed-only popula-
tions. One study reported pooled naïve and primed outcomes for children 3–8 years old
and reported naïve only outcomes for children 6–35 months old [27].

Table 1. Characteristics of included clinical trials and study populations (N = 20 studies).

Reference Clinical Trial Phase Country (s) Total Participants
(n = 12,190) Age Bands Priming Status

Agarkhedkar, 2019 [20] IV India
100 6–35 MO

Naïve
100 3–8 YO

Carmona Martinez, 2014 [28] I Spain 20 6–35 MO Naïve

Chang, 2020 [29] III Taiwan 111 3–8 YO Naïve; primed

Chen, 2023 [14] III China 540 3–8 YO Naïve

Claeys, 2018 [25] III

Bangladesh, Czech
Republic,

France, Germany,
Poland, Spain, US

849 6–35 MO Naïve; primed

Cruz-Valdez, 2018 [26] III Mexico 134 6–35 MO Naïve; primed

Dhamayanti, 2020 [30] IV Indonesia
135 6–35 MO

Naïve
135 3–8 YO

Diallo, 2018 [32] II Senegal 211 6–35 MO Naïve

Halasa, 2015 [33] I US 205 6–35 MO Naïve

Hu, 2020 [15] III China 2320 6–35 MO Naïve; Primed

Kothari, 2024 [22] III India 346 6–35 MO Naïve

Langley, 2015 [23] III
Honduras,

Dominican Republic,
Canada

601 6–35 MO Naïve; Primed
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Table 1. Cont.

Reference Clinical Trial Phase Country (s) Total Participants
(n = 12,190) Age Bands Priming Status

Mo, 2017 [16] IV China 150 6–35 MO Naïve

Ojeda, 2020 [27] III Mexico
121 6–35 MO

Naïve
59 3–8 YO

Pepin, 2019 [24] III

Czech, Dominican
Republic, Greece,

Honduras,
Philippines, South
Africa, Romania

2721 6–35 MO Naïve

Sarkar, 2021 [21] III India
103 6–35 MO

Naïve
100 3–8 YO

Soedjatmiko, 2018 [31] II Indonesia
135 6–35 MO

Naïve; Primed
135 3–8 YO

Wang, 2024 [17] III China 1980 6–35 MO Naïve; Primed

Wen, 2025 [18] IV China 240 3–8 YO Naïve

Zhang, 2022 [19] III China 800 3–8 YO Naïve; Primed

This table summarizes the design, geographical location, and key demographic characteristics of the pediatric
populations included across all randomized controlled trials (RCTs). The total number of participants analyzed
across all studies is N = 12,267. Key definitions: clinical trial phase indicates the stage of vaccine development
at the time of the trial (Phase I, II, III, or IV). Age bands refers to the primary pediatric age ranges evaluated in
the intervention. Further, 6–35 MO refers to children aged 6 to 35 months, and 3–8 YO refers to children aged
3 to 8 years. Priming status describes the influenza vaccination history of the cohort. Naïve indicates that
participants had never received a seasonal influenza vaccine prior to the study. Primed indicates that participants
had a history of prior vaccination. Abbreviations: MO, months old; YO, years old.

3.3. Intervention Characteristics

All 20 studies used only inactivated vaccines developed using chicken eggs for their
clinical trial. Additionally, all studies only used intramuscular administration for all of their
enrollees. A total of six studies used only subunit vaccines for their trial [15,20,23,25,30,31],
nine studies used only split-virion vaccines for their trial (Table 2), and five studies used
both types of vaccines [19,21,26,27,32]. One study evaluated an approved method for
split-virion vaccine formulations against a new experimental process [25].

Studies were only included if they utilized seasonal vaccine formulations; there-
fore, this review only included studies that used trivalent or quadrivalent influenza
vaccines (Table 2). Five studies in children 6–35 months old tested the trivalent
formulation [16,26,28,32,33]. No studies in children 3–8 years old evaluated trivalent
formulations. Three studies in children 6–35 months old evaluated quadrivalent formu-
lations only [22,24,25]. One study used a trivalent formulation and reported stratified
outcomes for both age bands of interest [31]. Two studies tested two different formulations
of trivalent vaccines within each study (two subtypes of influenza A and one B lineage,
either Victoria or Yamagata) and reported stratified outcomes for both formulations [15,17].

In our included studies, only three studies used vaccine formulations with adjuvants.
One study in children 6–35 months old used AS03, of which one study tested different
amounts of AS03 in each vaccine [28]. Enrollees in this study received vaccines with either
1.48 or 2.97 milligrams of AS03 reported stratified outcomes [28]. Two studies in children
6–35 months old evaluated an oil-in-water emulsion formulation (MF59) [26,32].
Two studies evaluated vaccine formulations that utilized thiomersal as a preservative
for multi-dose vials in children 6 months to 8 years of age [27,31].

Another source of variation between studies is the dosages tested for the correspond-
ing reported outcomes. Dosages used in these studies included either 7.5 or 15 µg of
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hemagglutinin (HA) content per strain, equating to 22.5 or 45 total µg for trivalent formula-
tions and 30 or 60 total µg for quadrivalent formulations.

Table 2. Specific features of seasonal influenza vaccine formulations (N = 20 studies).

Reference Vaccine Type Valency B-Linage
Included

HA Content (µg)
per Strain

Adjuvant or
Preservative

Agarkhedkar, 2019 [20] Subunit Quadrivalent Both
7.5

None
15

Carmona Martinez, 2014 [28] Split-virion Trivalent B/Victoria 7.5 AS03

Chang, 2020 [29] Split-virion Quadrivalent Both 15 None

Chen, 2023 [14] Split-virion Quadrivalent Both 15 None

Claeys, 2018 [25] † Split-virion Quadrivalent Both 15 None

Cruz-Valdez, 2018 [26]
Subunit

Trivalent B/Yamagata 15
MF59

Split-virion None

Dhamayanti, 2020 [30] Subunit Quadrivalent Both 15 None

Diallo, 2018 [32]
Split-virion

Trivalent B/Yamagata 15
None

Subunit MF59

Halasa, 2015 [33] Split-virion Trivalent B/Victoria
7.5

None
15

Hu, 2020 [15] Subunit

Quadrivalent Both

7.5 NoneTrivalent B/Victoria

Trivalent B/Yamagata

Kothari, 2024 [22] ‡ Split-virion Quadrivalent Both 15 None

Langley, 2015 [23] Subunit Quadrivalent Both 15 None

Mo, 2017 [16] Split-virion Trivalent B/Yamagata 7.5 None

Ojeda, 2020 [27] Split-virion Quadrivalent Both 15
Thiomersal

None

Pepin, 2019 [24] Split-virion Quadrivalent Both 15 None

Sarkar, 2021 [21] Split-virion
Quadrivalent Both

15 None
Trivalent B/Victoria

Soedjatmiko, 2018 [31] Subunit Trivalent B/Yamagata 15 Thiomersal

Wang, 2024 [17] Split-virion

Quadrivalent Both
7.5

None
15

Trivalent
B/Victoria 7.5

B/Yamagata 7.5

Wen, 2025 [18] Split-virion Quadrivalent Both 15 None

Zhang, 2022 [19] Subunit
Quadrivalent Both 15 NoneSplit-virion

This table details the technical specifications of the vaccine interventions used in the included studies. The
interventions are characterized by antigen type, valency, the specific influenza B lineage included, the HA
content per strain, and the presence of adjuvants or preservatives. Key definitions: vaccine type refers to the
antigen structure. Split-virion means vaccines are inactivated and fragmented; subunit vaccines contain only the
surface proteins (HA/NA). Valency indicates the number of influenza strains included. Trivalent (3V) includes
two A strains and one B strain. Quadrivalent (4V) includes two A strains and both B lineages (B/Victoria and
B/Yamagata). B-Linage includes (B/Victoria or B/Yamagata) and specifies the single B strain included in the
trivalent (3V) formulation. Both indicate the inclusion of both B lineages in a quadrivalent (4V) vaccine. HA
content (µg per strain): the microgram dosage of Hemagglutinin antigen contained for each influenza strain in
the vaccine formulation. Abbreviations: HA, Hemagglutinin; µg, microgram; AS03/MF59, specific oil-in-water
adjuvants used to enhance the immune response. None indicates no adjuvant or preservative was added. † One
study compared a traditional split-virion vaccine to an investigational split-virion vaccine in which changes in the
manufacturing process were implemented but did not alter the condition of virus replication or inactivation [25].
‡ One trial compared two egg-based, split-virion quadrivalent inactivated vaccines (15 µg HA per strain), which
were identical in formulation and dose and differed only by manufacturer [22].
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3.4. Safety Outcome Data Collection

All studies for both age cohorts of interest solicited safety outcomes for a minimum
of seven days after each vaccine administration. For studies in children 6–35 months old,
ten administered the second dose 28 days after the first dose, and one administered the
second dose on day 21 (Figure 2) [28]. One study in children 6–35 months old solicited
safety outcomes for 10 days after each vaccination [33].

Figure 2. Duration of safety surveillance and follow-up periods across included studies (N = 20).
This duration dot plot illustrates the variability and consistency in safety monitoring intervals for
the analyzed studies. Each horizontal line corresponds to an individual study, with specific markers
indicating the completion of follow-up for different safety outcomes. Legend and symbols: red
dots represent the end of the follow-up period for solicited adverse events (typically 7–14 days post-
vaccination). Blue dots represent the end of the follow-up period for unsolicited adverse events. Green
dots represent the end of the follow-up period for serious adverse events (SAEs). Red dotted vertical
line indicates the timing of the second dose administration, providing context for the reactogenicity
monitoring periods. Markers have been rendered with partial transparency to manage overlapping
data points, indicating concurrent endpoints. Data concentration: the alignment of green marker
at the far right of the scale reflects a standardized 6-month (180-day) long-term safety monitoring
period across the majority (65%-13/20) of the evidence base [14–33].

For studies in children only 3–8 years old (Figure 2), all collected solicited outcomes
were collected for seven days after each dose. One study collected unsolicited outcomes for
180 days after the administration of the first dose [19]. All studies that reported outcomes
only for this age cohort collected SAEs for a total of 180 days after the administration of the
first dose. Additionally, these studies administered the second dose 28 days after the first
dose. Studies varied in the follow-up period for collecting unsolicited AEs.
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In studies that reported outcomes for children aged 6 months to 8 years, the second
dose was administered on day 28 post-first dose in all studies [20,21,27,30,31]. One study, as
shown in Figure 2, collected SAEs outcomes for 70 days post-first dose administration [21].
Another study collected SAEs for 180 days following the administration of the first dose [27].

Most trials collected AE data using diary cards provided to the guardians with in-
structions on how to collect solicited and unsolicited events [16,17,19,21–23,25,26,28–30],
sometimes supplemented by memory aids [33]. One study employed home visits by trained
field workers to collect AE data [32]. Studies differed in which solicited and unsolicited
outcomes they requested during the follow-up period. The most common local solicited
reactions requested by investigators included tenderness or pain, erythema, and swelling.
Systemic solicited reactions requested by investigators often included fever; drowsiness in
children 6–35 months old; and headache in children 3–8 years old. Safety outcomes were
reported either pooled across both doses [14–16,20,21,24,27,29,31] or separated by first and
second dose [17,22,23,25,26,28,30,32,33].

Several studies provided thermometers for temperature monitoring [30,31]. One study
pre-determined the time of day at which the temperature should be recorded; however,
it was not reported if a thermometer was provided for caregivers [28]. Fever definitions
were heterogeneous: ≥38.0 ◦C [20,21,23–26,29], ≥37.8 ◦C [33], ≥37.5 ◦C [17,19,22,28,30–32],
≥37.3 ◦C [14], and ≥37.1 ◦C [15,16,18].

3.5. Reported Safety Outcomes

Systemic reactogenicity outcomes are presented as reported by each trial for
6–35 months old, and for children 3–8 years old in Table 3. For Table 3, the data is presented
as the percentage of participants (%) who experienced the event in that category with,
in parentheses, participants who experienced one event (n) over the total participants
(N) in that study. It was noted whether outcomes were pooled or reported stratified by
dose number (first vs. second dose). Because AE definitions, solicited windows, and
dose handling varied substantially across trials, no cross-trial synthesis was conducted.
Several trials pooled systemic events across both doses or across multiple vaccine arms,
whereas others reported events separated by dose number, HA content, or valency. The
heterogeneity in reporting of pooling precluded a consistent dose or valency synthesis of
systemic reactogenicity.

https://doi.org/10.3390/vaccines14010032

https://doi.org/10.3390/vaccines14010032


Vaccines 2026, 14, 32 11 of 28

Table 3. Safety and reactogenicity outcomes of pediatric seasonal influenza vaccination, stratified by age and event type (n = 17 studies *).
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Agarkhedkar,
2019 [20]

6–35 MO Subunit 4V
(7.5 µg HA) Po

ol
ed

12 (12/100) 1
(1/100) 2 (2/100) 13 (13/100) 9 (9/100) 2 (2/100) 0 (0/29) 5.8

(1/71)
4.2

(3/71) 15 (15/100) 24
24/100

3–8 YO Subunit 4V
(15 µg HA) Po

ol
ed 40

(40/100)
3

(3/100)
3

(3/100)
41

(41/100)
8

(8/100) - 4
(4/100) - - 17

(17/100)
48

(48/100)

Carmona
Martinez,
2014 [28]

6–35 MO

Split-virion
3V-Vic

(7.5 µg HA),
AS03

1st 30
(6/20)

10
(2/20)

5
(1/20) - 35

(7/20)
25

(5/20) - 20
(4/20)

45
(9/20) - -

2nd 30
(6/20)

30
(6/20)

25
(5/20) - 45

(9/20)
15

(3/20) - 20
(4/20)

25
(5/20) - -

Chang, 2020
[29] 3–8 YO

Split-virion
4V

(15 µg HA) Po
ol

ed 51.4
(57/111)

8.1
(9/111)

15.3
(17/111)

36.9
(41/111)

6.3
(7/111) - - - - 44.1

(49/111) -

Chen, 2023
[14] 3–8 YO

Split-virion
4V

(15 µg HA)

1st
8

(43/538)
2

(11/538)
3

(16/538)

7.8
(42/538) 5

(27/538)
3

(16/538)
4

(22/538)

- -
8.9

(48/538)
14.7

(79/538)

2nd 3.8
(18/538)

2.3
(11/538)

5.5
(26/538)

Claeys, 2018
[25]

6–35 MO

Split-virion
4V

(15 µg HA) †

1st 15
(69/462)

19
(88/462)

7
(32/462) - 18

(83/462) - - 19
(88/462)

20
(92/463) - -

2nd 10
(42/420)

14
(59/420)

7
(29/420) - 10

(42/420) - - 15
(63/420)

15
(63/420) - -

Split-virion
4V

(15 µg HA)

1st 17
(80/470)

18
(85/470)

9
(42/470) - 19

(90/470) - - 16
(75/470)

15
(71/470) - -

2nd 10
(44/421)

15
(63/421)

6
(25/421) - 10

(44/421) - - 14
(56/421)

16
(67/421) - -
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Cruz-
Valdez, 2018

[26]
6–35 MO

Subunit
3V-Yam

(15 µg HA),
MF59 Po

ol
ed

- - - 53.3
(48/90) - - - - - 55.6

(50/90)
68.9

(62/90)

Split-virion
3V-Yam

(15 µg HA) Po
ol

ed
- - - 35.2

(32/91) - - - - - 42.9
(39/91)

55.6
(50/91)

Diallo,
2018 [32] 6–35 MO

Subunit
3V-Yam

(7.5 µg HA),
MF59

1st 41
(32/78) - - - 25.6

(20/78) - - - - - -

2nd 16.4
(12/73) - - - 30.1

(22/73) - - - - - -

Split-virion
3V-Yam

(15 µg HA)

1st 35.4
(28/79) - - - 11.4

(9/79) - - - - - -

2nd 19.1
(13/68) - - - 13.2

(9/68) - - - - - -

Hu, 2020 [15] 6–35 MO

Subunit 4V
(7.5 µg HA) Po

ol
ed 0.09

(1/1160)
1.38

(16/1160)
0.69

(8/1160)
1.9

(22/1160)
29.31

(340/1160)
1.21

(14/1160) - - 1.47
(17/1160)

30.69
(356/1160)

31.98
(371/1160)

Subunit
3V-Vic

(7.5 µg HA) Po
ol

ed 0.17
(1/580)

1.03
(6/580)

0.34
(2/580)

1.55
(9/580)

30
(174/580)

0.52
(3/580) - - 1.03

(6/580)
31.21

(181/580)
32.24

(187/580)

Subunit
3V-Yam

(7.5 µg HA) Po
ol

ed 0
(0/580)

1.21
(7/580)

0
(0/580)

1.38
(8/580)

34.14
(198/580)

0.69
(4/580) - - 1.72

(10/580)
34.14

(198/34.14)
32.24

(187/580)

Kothari,
2024 [22] 6–35 MO

Split-virion
4V ‡

(15 µg HA)

1st 3.4
(6/174)

2.9
(5/174)

1.1
(2/174) - 7.5

(13/174) - - - - - -

2nd 1.7
(3/172)

2.3
(4/172)

0.6
(1/172) - 3.5

(6/172) - - - - - -

Split-virion
4V

(15 µg HA)

1st 4.1
(7/172)

5.2
(9/172)

4.7
(8/172) - 8.7

(15/172) - - - - - -

2nd 2.3
(4/172)

0.6
(1/172)

1.2
(2/172) - 2.3

(4/172) - - - - - -
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Langley,
2015 [23] 6–35 MO

Subunit 4V
(15 µg HA)

1st 25
(71/284)

2
(6/284)

1
(3/284) - 14

(40/284) - - 25
(71/284)

27
(77/284) - -

2nd 21
(60/284)

3
(9/284)

3
(9/284) - 10

(28/284) - - 17
(48/284)

18
(51/284) - -

Subunit 3V
(15 µg HA)

1st 22
(63/287)

1
(3/287)

1
(3/287) - 15

(43/287) - - 22
(63/287)

24
(69/287) - -

2nd 22
(63/287)

3
(9/287)

3
(9/287) - 9

(26/287) - - 17
(46/287)

20
(57/287) - -

Mo, 2017
[16] 6–35 MO

Split-virion
3V-Yam

(7.5 µg HA) Po
ol

ed 20
(30/150)

2
(3/150)

3
(5/150)

23.6
(33/140)

30
(45/150)

15
(23/150)

2
(3/150)

17
(26/150)

23
(35/150)

42.9
(60/140)

49.6
(70/141)

Ojeda, 2020
[27]

6–35 MO

Split-virion
4V

(15 µg HA),
Thio Po

ol
ed

- - - 54
(27/50) - - - - - 66

(33/50)
72

(36/50)

Split-virion
4V

(15 µg HA) Po
ol

ed

- - - 48.1
(26/54) - - - - - 46.3

(25/54)
59.3

(32/54)

3–8 YO

Split-virion
4V

(15 µg HA),
Thio Po

ol
ed

- - - 57.1
(16/28) - - - - - 46.7

(14/30)
67.9

(19/28)

Split-virion
4V

(15 µg HA) Po
ol

ed

- - - 59.3
(16/27) - - - - - 55.6

(15/27)
70.4

(19/27)

Pepin, 2019
[24] 6–35 MO

Split-virion
4V

(15 µg HA) Po
ol

ed

- - - 39.9
(635/1591) - - - - - 48.5

(772/1592) -
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Sarkar, 2021
[21]

6–35 MO

Split-virion
4V

(15 µg HA)

Po
ol

ed

6.9
(7/102)

2
(2/102)

2.9
(3/102) - 17.5

(18/102) - 2
(2/102) - - - -

Split-virion
3V-Vic

(15 µg HA)

3.8
(4/104)

0
(0/104)

0
(0/104) - 8.7

(8/104) - 0
(0/104) - - - -

3–8 YO

Split-virion
4V

(15 µg HA)

Po
ol

ed

10
(10/97)

2
(2/97)

0
(0/97) - 11.3

(11/97) - 4.1
(4/97) - - - -

Split-virion
3V-Vic

(15 µg HA)

16.7
(17/102)

7.8
(8/102)

2
(2/102) - 13.7

(14/102) - 3.9
(4/102) - - - -

Wang, 2024
[17] 6–35 MO

Split-virion
4V

(7.5 µg HA)

1st 0
(0/659)

4.86
(32/659)

0
(0/659) - 7.28

(48/659)
1.37

(9/659) - - 0.91
(6/659) - -

2nd 0.31
(2/659)

5.95
(38/659)

0.16
(1/659) - 6.26

(40/659)
1.56

(10/659) - - 0.31
(2/659) - -

Split-virion
4V

(15 µg HA)

1st 0.15
(1/660)

6.06
(40/660)

0.3
(2/660) - 6.67

(44/660)
1.36

(9/660) - - 0.61
(4/660) - -

2nd 0
(0/660)

6.24
(40/326)

0.16
(1/660) - 8.11

(52/660)
1.40

(9/660) - - 0
(0/660) - -

Split-virion
3V-Vic (7.5
µg HA)

1st 0.31
(1/326)

3.68
(12/326)

0
(0/326) - 8.59

(28/326)
1.84

(6/326) - - 1.23
(4/326) - -

2nd 0
(0/326)

5.48
(17/326)

0
(0/326) - 7.10

(22/326)
1.61

(5/326) - - 0.65
(2/326) - -

Split-virion
3V-Yam

(15 µg HA)

1st 0.30
(1/329)

7.29
(24/329)

0.61
(2/329) - 8.51

(28/329)
2.13

(7/329) - - 0.91
(3/329) - -

2nd 0.32
(1/329)

6.39
(20/329)

0.64
(2/329) - 6.71

(21/329)
0.96

(3/329) - - 0
(0/329) - -

Wen, 2025
[18] 3–8 YO

Split-virion
4V

(15 µg HA)

1st 0.83
(1/120) - 0

(0/120) - 4.17
(5/120) - - - - - 5

(6/120)

2nd 0
(0/120) - 0

(0/120) - 0
(0/120) - - - - - 0

(0/120)
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Zhang, 2022
[19] 3–8 YO

Subunit 4V
(15 µg HA)

1st 2.75
(11/400)

0.75
(3/400)

0.5
(2/400)

3.75
(15/400)

2.25
(9/400)

0.75
(3/400)

0.25
(1/400) - - 6.25

(25/400)
9.75

(39/400)

2nd 3.83
(15/392)

0.26
(1/392)

1.28
(5/392)

5.61
(22/392)

0.51
(2/392)

0.26
(1/392)

0.26
(1/392) - - 2.55

(10/392)
8.16

(32/392)

Split-virion
4V

(15 µg HA)

1st 5.01
(20/399)

0.75
(3/399)

0.5
(2/399)

6.25
(25/399)

5.01
(20/399)

0
(0/399)

0.75
(3/399) - - 8.02

(32/399)
13.78

(55/399)

2nd 2.03
(8/395) - - 2.03

(8/395)
2.03

(8/395)
0.51

(2/395) - - - 4.05
(16/395)

6.08
(24/395)

This table summarizes the proportion of participants who experienced solicited adverse events (AEs) following vaccination, stratified by age group, vaccine formulation, and dose
number. Adverse events are categorized as Local (at the injection site) or Systemic (general symptoms). Key definitions: vaccine identifies the full vaccine formulation, including type
(split-virion or subunit), valency (3V or 4V), HA content in µg, and the presence of adjuvant (e.g., AS03 or MF59). Data Reporting: Numbers in the columns Tenderness/Pain through
Loss of Appetite represent the percentage (%) and the number of participants (n) who experienced the event over the total number (N) of participants in that study. Summary columns
(Any Local Event, Any Systemic Event, Any Solicited Event): These numbers represent the percentage of participants (%) who experienced at least one event in that category, with
participants who experienced one event over the total participants reported for that group in parentheses. Pooled indicates that the results represent the combined data from multiple
vaccine groups or multiple doses within the study. Abbreviations: MO, months old; YO, years old; HA, hemagglutinin; µg, microgram; AS03/MF59, specific adjuvants; 1st or 2nd, first
or second dose; 3V-Vic, B/Victoria; 3V-Yam, B/Yamagata; (-), Data not reported. * Studies reported systemic reactogenicity outcomes as immediate, intermediate, and delayed; thus, it
was not possible to determine if the same individual are accounted twice for more than one category (Dhamayanti, 2020 [30], Halasa, 2015 [33], Soedjatmiko, 2018) [31]. † (Claeys,
2018) study evaluated an approved method for split-virion vaccine formulations against a new experimental process [25]. ‡ (Kothari, 2024) trial compared two egg-based, split-virion
quadrivalent inactivated vaccines (15 µg HA per strain), identical in formulation and dose and differing only by manufacturer [22].
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Across both age bands, reactions at the injection site (tenderness or pain, erythema,
and induration or swelling) were the most frequently reported AEs. These AEs were
usually solicited during days 0–7 after each vaccination. In younger children (6–35 months),
systemic events such as irritability, drowsiness, and decreased appetite were commonly
monitored, whereas in older children (3–8 years), headache, myalgia, and malaise were
more frequently reported. However, trials differed in which systemic events were so-
licited, whether these were stratified by dose number, and whether results were pooled
across vaccine formulations, limiting direct comparison of AE patterns by age, dose, or
vaccine platform.

No vaccine-related SAEs were reported in any children 3–8 years old. A total of four
vaccine-related SAEs were reported in children aged 6–35 months old; all trials resolved
without participant withdrawal. Of these, one study had two reported vaccine-related SAEs
in the quadrivalent trials, with one child developing pneumonia and another an upper
respiratory tract infection (URTI) three days after the second vaccination [15]. This study
considered the SAEs to be vaccine-related due to the temporality of the events; however,
the etiology was reported as unknown by the investigators [15]. Another study with a
quadrivalent influenza vaccine (QIV) had one reported SAE, which was a partial seizure
associated with fever six hours after the first dose; it resolved, and that same child received
the second dose twenty-eight days later and reported no SAEs [23]. Lastly, another study
had one participant who experienced a QIV (a benign febrile convulsion due to a URTI).
The child made a full recovery and was not withdrawn from the study [24].

3.6. Immunogenicity Data Collection

Immunogenicity data collection varied across studies. Limited stratification by in-
fluenza vaccine-primed status restricted Sections 3.6 and 3.7 to thirteen studies over-
all. Limited age-stratified immunogenicity reporting in children 3–8 years old restricted
Sections 3.6 and 3.7 to six studies.

For studies in children 6–35 months old, immunogenicity data were consistently
collected at baseline (pre-dose 1) to establish pre-existing hemagglutination inhibition
assays (HAI) titers. Immunogenicity data collection after first dose was carried out on
the following days: day 28 [32], day 42 [28], day 50 [26], day 56 [15–17,22,25,32,33], day
180 [28], and day 201 [28]. All studies for children only 3–8 years old collected baseline
immunogenicity data before the first dose. For studies in children only 3–8 years old,
immunogenicity data collection post first dose occurred on the following days: day 28 [29],
day 56 [18,29], and day 58 [14]. In mixed-age cohorts (6 months to 8 years), all studies
sampled baseline immunogenicity data before first vaccination and on day 56 after the first
dose [20,21,27,30,31].

Across studies, HAI assays were used to establish geometric mean antibody titers
(GMTs) [15–17,20–22,25–33], with validation reported from the Centers for Disease Control
and Prevention (CDC): Quality Assurance Division [30,31,33], Cliantha Research [22], or
the National Institute for Food and Drug Control [14]. Investigators also utilized geometric
mean titer ratios (GMTRs), defined as the individual ratio of post- to pre-vaccination
GMTRs, the post-vaccination time point varied across studies [16,20,21,26–29]. Some
reports compared GMTs between experimental or control vaccine groups and defined
this as GMTRs [14,15,17]. One study presented the geometric mean fold rise from pre- to
post-vaccination [28]. Seroprotection rate (SPR) was the proportion of participants with
an HAI ≥ 1:40 [14–17,21,22,25,28–33]. The seroconversion rate (SCR) was the proportion
of participants with a pre-vaccination titer of <1:10 and a post-vaccination titer of more
than or equal to ≥1:40, or a pre-vaccination titer of ≥1:10 and a ≥4-fold increase in post-
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vaccination titer [14–17,20–22,25–33]. A subset of studies defined seropositivity as an HAI
of ≥1:10 [25,28,31,32].

3.7. Immunogenicity Outcomes

Immunogenicity outcomes are presented exactly as reported by each trial for children
6–35 months old and for children 3–8 years old in Table 4. Reported metrics include GMTs,
GMTRs, GMFRs, SPR, and SCR. It was noted whether outcomes were stratified by age
group, priming status, dose number, HA content, valency, and vaccine platform, or pooled
across these categories. Because sampling schedules, priming status strata, and reporting
frameworks varied, a formal cross-trial synthesis was not conducted.

Table 4. Immunogenicity outcomes (GMT, seroconversion rate, and seroprotection rate) of seasonal
influenza vaccines in children (n = 16 studies).

Reference Age Bands Vaccine Subtype/Linage HAI GMT GMTR SCR (%) SPR (%)

D0 D28 D42 D56 D28 D56 D28 D56 D0 D28 D56

Agarkhedkar,
2019 [20]

6–35 MO
Subunit 4V
(7.5 µg HA)

A(H1N1) 15 - - 700 - 31 - 85 - - -

A(H3N2) 40 - - 1000 - 15 - 85 - - -

B/Victoria 20 - - 650 - 21 - 85 - - -

B/Yamagata 10 - - 950 - 52 - 92 - - -

3–8 YO
Subunit 4V
(15 µg HA)

A(H1N1) 70 - - 2000 - 18 - 88 - - -

A(H3N2) 400 - - 3500 - 8 - 78 - - -

B/Victoria 40 - - 2500 - 42 - 90 - - -

B/Yamagata 80 - - 3000 - 38 - 94 - - -

Carmona
Martinez,
2014 * [28]

6–35 MO
Split-virion

3V-Vic (7.5 µg
HA), AS03

A(H1N1) 20 - 1000 - - 65 - 100 30 - 100

A(H3N2) 20 - 800 - - 45 - 100 30 - 100

B/Victoria 8 - 700 - - 75 - 100 5 - 100

Chang, 2020
[29]

3–8 YO

Split-virion 4V
(15 µg HA)

Naive

A(H1N1) 33.7 167.2 - 358.4 5 10.6 56.4 90.9 54.4 65.5 96.4

A(H3N2) 29.6 255.1 - 616.3 8.3 20.9 69.1 90.9 54.6 74.6 98.2

B/Victoria 57.7 190.9 - 582.3 3.3 10.1 54.6 83.6 76.4 98.2 100

B/Yamagata 129.1 266.6 - 422.2 2.1 3.3 32.7 49.1 100 98.2 100

Split-virion 4V
(15 µg HA)

Primed

A(H1N1) 64 328 - 269.1 5.12 - 53.6 48.2 67.9 98.2 96.4

A(H3N2) 101.2 601.6 - 586.9 5.94 - 64.3 62.5 71.4 96.4 98.2

B/Victoria 29.7 185.6 - 210.1 6.25 - 71.4 78.6 41.1 94.6 98.2

B/Yamagata 64.4 316.1 - 298.9 4.6 - 66.1 64.3 73.2 98.2 98.2

Chen, 2023 *
[14] 3–8 YO

Split-virion 4V
(15 µg HA)

A(H1N1) - - - 365.38 - - - 87.7 - - 95.22

A(H3N2) - - - 598.94 - - - 94.99 - - 96.81

B/Victoria - - - 90.91 - - - 88.84 - - 91.34

B/Yamagata - - - 152.36 - - - 88.61 - - 93.17

Claeys, 2018
[25] 6–35 MO

Split-virion 4V
(15 µg HA) †

A(H1N1) 11.1 - - 97.5 - - - 66.6 19.5 - 70.1

A(H3N2) 7.5 - - 45.2 - - - 50.3 12.8 - 53.7

B/Victoria 5.7 - - 32.1 - - - 49.4 3.9 - 49.5

B/Yamagata 8.3 - - 100.8 - - - 73.8 12.3 - 76.2

Split-virion 4V
(15 µg HA)

A(H1N1) 11.2 - - 105.3 - - - 55.8 19.6 - 67.7

A(H3N2) 8.4 - - 56.3 - - - 49.9 15.8 - 60.7

B/Victoria 7.9 - - 106.6 - - - 75.9 3.8 - 50.8

B/Yamagata 5.7 - - 37.7 - - - 321 11.6 - 77.5

Cruz-
Valdez, 2018

* [26]
6–35 MO

Subunit
3V-Yam

(15 µg HA),
MF59

A(H1N1) 97.2

A(H3N2) 90.1

B/Yamagata 81.7

Split-virion
3V-Yam

(15 µg HA)

A(H1N1) 77.1

A(H3N2) 81.4

B/Yamagata 17.1
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Table 4. Cont.

Reference Age Bands Vaccine Subtype/Linage HAI GMT GMTR SCR (%) SPR (%)

Dhamayanti,
2020 [30]

6–35 MO
Subunit 4V
(15 µg HA)

A(H1N1) 25 - - 400 - - - 96.8 22.5 - 97.5

A(H3N2) 40 - - 600 - - - 97.4 35.8 - 98.3

B/Victoria 25 - - 200 - - - 90.4 21.7 - 92.5

B/Yamagata 20 - - 90 - - - 84.3 4.2 - 85

3–8 YO
Subunit 4V
(15 µg HA)

A(H1N1) 75 - - 850 - - - 10 70.9 - 100

A(H3N2) 90 - - 1050 - - - 100 82.1 - 100

B/Victoria 35 - - 400 - - - 96.7 31.3 - 97.8

B/Yamagata 40 - - 400 - - - 92 34.3 - 94.8

Diallo, 2018
[32]

6–35 MO

Subunit
3V-Yam

(7.5 µg HA),
MF59

A(H1N1) - - - - - - 78.7 100 6.6 78.7 100

A(H3N2) - - - - - - 85.2 96.7 49.2 88.5 100

B/Yamagata - - - - - - 54.1 90.2 27.9 63.9 100

Split-virion
3V-Yam

(15 µg HA)

A(H1N1) - - - - - - 10 85 3.3 10 85

A(H3N2) - - - - - - 73.3 100 53.3 75 98.3

B/Yamagata - - - - - - 28.3 70 35 41.7 90

Halasa,
2015 [33] 6–35 MO

Split-virion
3V-Vic

(7.5 µg HA)

A(H1N1) 10.4 - - 181.5 - - - 78 - - 85

A(H3N2) 10.5 - - 12.9 - - - 7 - - 15

B/Victoria 12 - - 27.4 - - - 31 - - 44

Split-virion
3V-Vic

(15 µg HA)

A(H1N1) 8.8 - - 187.2 - - - 85 - - 89

A(H3N2) 8.2 - - 14.8 - - - 11 - - 15

B/Victoria 8.6 - - 31.1 - - - 42 - - 50

Hu, 2020
[15] 6–35 MO

Subunit 4V
(7.5 µg HA)

A(H1N1) 20.03 - - 329.9 - - - 87.46 39.66 - 92.05

A(H3N2) 10.48 - - 136.76 - - - 75.4 23.48 - 77.64

B/Victoria 11.06 - - 52.25 - - - 59.49 10.29 - 69.32

B/Yamagata 17.9 - - 104.3 - - - 71.84 37.42 - 85.03

Subunit
3V-Vic

(7.5 µg HA)

A(H1N1) - - - - - - - - - - -

A(H3N2) - - - - - - - - - - -

B/Victoria 11.49 - - 61.02 - - - 66.85 10 - 78.15

B/Yamagata 18.88 - - 42.43 - - - 22.78 39.26 - 61.85

Subunit
3V-Yam

(7.5 µg HA)

A(H1N1) - - - - - - - - - - -

A(H3N2) - - - - - - - - - - -

B/Victoria 11.03 - - 27.98 - - 27.93 9.12 - 42.83

B/Yamagata 20.29 - - 126.66 - - 75.42 39.66 - 88.27

Kothari,
2024 [22] 6–35 MO

Split-virion 4V
(15 µg HA) ‡

A(H1N1) - - - 905.1 - - - 100 - - 100

A(H3N2) - - - 96.7 - - - 90.1 - - 95.3

B/Victoria - - - 230 - - - 97.7 - - 99.4

B/Yamagata - - - 217.3 - - - 97.7 - - 99.4

Split-virion 4V
(15 µg HA)

A(H1N1) - - - 719.8 - - - 100 - - 100

A(H3N2) - - - 94.1 - - - 93 - - 95.9

B/Victoria - - - 220.4 - - - 98.3 - - 100

B/Yamagata - - - 227.7 - - - 91.8 - - 97.1

Langley,
2015 [23] 6–35 MO

Subunit 4V
(15 µg HA)

A(H1N1) 9.6 157.1 85.9 16.2 89.4

A(H3N2) 17.4 159.4 72.2 32.7 81.3

B/Victoria 10.6 111.4 73.9 19.7 76.1

B/Yamagata 7.7 114.2 78.9 19.7 85.2

Subunit 4V
(15 µg HA)

A(H1N1) 9.8 61.2 53.7 16.4 58.9

A(H3N2) 13.8 103 55.7 25.8 66.6

B/Victoria 9.3 15.6 9.8 15.7 25.8

B/Yamagata 7.2 107.2 77.4 8.4 79.8

Mo, 2017
[16] 6–35 MO

Split-virion
3V-Yam

(7.5 µg HA)

A(H1N1) 12.8 - - 152.2 - 11.6 - 86.4 31.3 - 88.8

A(H3N2) 14.3 - - 235.9 - 16.8 - 90.4 32 - 98.4

B/Yamagata 5.9 - - 108.5 - 18.5 - 93.5 1.3 - 93.5
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Table 4. Cont.

Reference Age Bands Vaccine Subtype/Linage HAI GMT GMTR SCR (%) SPR (%)

Ojeda, 2020
‡ [27]

6–35 MO

Split-virion
4V (15 µg
HA), Thio

A(H1N1) 8 - - 300 - - - - - - -

A(H3N2) 15 - - 500 - - - - - - -

B/Victoria 8 - - 250 - - - - - - -

B/Yamagata 11 - - 400 - - - - - - -

Split-virion
4V

(15 µg HA)

A(H1N1) 10 - - 250 - - - - - - -

A(H3N2) 10 - - 300 - - - - - - -

B/Victoria 7 - - 200 - - - - - - -

B/Yamagata 8 - - 350 - - - - - - -

3–8 YO

Split-virion
4V

(15 µg HA),
Thio

A(H1N1) 70 - - 1000 - - - - - - -

A(H3N2) 90 - - 2000 - - - - - - -

B/Victoria 20 - - 700 - - - - - - -

B/Yamagata 50 - - 1050 - - - - - - -

Split-virion
4V

(15 µg
HA)

A(H1N1) 30 - - 600 - - - - - - -

A(H3N2) 90 - - 1000 - - - - - - -

B/Victoria 20 - - 500 - - - - - - -

B/Yamagata 60 - - 1025 - - - - - - -

Pepin, 2019
[24] 6–35 MO

Split-virion
4V

(15 µg HA)

A(H1N1) - - - 650 - - - - - - -

A(H3N2) - - - 1075 - - - - - - -

B/Victoria - - - 593 - - - - - - -

B/Yamagata - - - 997 - - - - - - -

Sarkar, 2021
[21]

6–35 MO

Split-virion
4V

(15 µg HA)

A(H1N1) - - - 766.4 - - - 100 - - 100

A(H3N2) - - - 856.3 - - - 98 - - 98

B/Victoria - - - 211.1 - - - 89.6 - - 96

B/Yamagata - - - 72.6 - - - 83.3 - - 90

Split-virion
3V-Vic

(15 µg HA)

A(H1N1) - - - 814 - - - 91.8 - - 100

A(H3N2) - - - 1111.2 - - - 95.9 - - 100

B/Victoria - - - 113.9 - - - 87.8 - - 85.1

B/Yamagata - - - 13.5 - - - 44.9 - - 34.3

3–8 YO

Split-virion
4V

(15 µg HA)

A(H1N1) - - - 854.3 - - - 93.8 - - 100

A(H3N2) - - - 2031.9 - - - 89.6 - - 100

B/Victoria - - - 169.5 - - - 89.6 - - 91.7

B/Yamagata - - - 88.5 - - - 83.3 - - 87.5

Split-virion
3V-Vic

(15 µg HA)

A(H1N1) - - - 964.6 - - - 91.8 - - 100

A(H3N2) - - - 2286.1 - - - 95.9 - - 100

B/Victoria - - - 227.9 - - - 87.8 - - 89.8

B/Yamagata - - - 30.1 - - - 44.9 - - 51

Soedjatmiko,
2018 [31]

6–35 MO
Subunit 3V
(15 µg HA),

Thio

A(H1N1) 135 - - 700 - - - 7.4 92.6 - 100

A(H3N2) 175 - - 790 - - - 2.2 97.8 - 100

B/Yamagata 100 - - 590 - - - 8.1 91.9 - 100

3–8 YO
Subunit 3V
(15 µg HA),

Thio

A(H1N1) 180 - - 1190 - - - 2.2 97.8 - 100

A(H3N2) 190 - - 590 - - - 2.2 97.8 - 100

B/Yamagata 170 - - 700 - - - 7.4 92.6 - 100
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Table 4. Cont.

Reference Age Bands Vaccine Subtype/Linage HAI GMT GMTR SCR (%) SPR (%)

Wang, 2024 *
[17]

6–35 MO

Split-virion
4V (7.5 µg

HA)

A(H1N1) 11.76 - - 185.35 - - - 89.14 - - 92.76

A(H3N2) 7.84 - - 106.87 - - - 73.68 - - 75.33

B/Victoria 8.97 - - 173.29 - - - 83.72 - - 88.98

B/Yamagata 8.56 - - 85.86 - - - 75.49 - - 79.28

Split-virion
4V

(15 µg HA)

A(H1N1) 13.71 - - 226.15 - - - 226.15 - - 94.18

A(H3N2) 7.91 - - 146.29 - - - 146.29 - - 82.23

B/Victoria 9.12 - - 200.84 - - - 200.84 - - 92.89

B/Yamagata 8.48 - - 104.08 - - - 104.08 - - 85.95

Split-virion
3V-Vic (7.5
µg HA)

A(H1N1) 13.57 - - 215.13 - - - 215.13 - - 93.71

A(H3N2) 8.87 - - 119.82 - - - 119.82 - - 76.49

B/Victoria 9.55 - - 209.29 - - - 209.29 - - 91.06

B/Yamagata 9.23 - - 43.35 - - - 43.35 - - 58.28

Split-virion
3V-Yam

(7.5 µg HA)

A(H1N1) 14.97 - - 212.76 - - - 212.76 - - 93.09

A(H3N2) 7.42 - - 102.1 - - - 102.1 - - 72.7

B/Victoria 9.15 - - 52.35 - - - 52.35 - - 56.25

B/Yamagata 8.7 - - 94.27 - - - 94.27 - - 78.95

Wen, 2025
[18]

3–8 YO
Split-virion

4V
(15 µg HA)

A(H1N1) 20 400 - 800 - - 82 100 40 85 98

A(H3N2) 50 200 - 400 - - 55 80 50 65 95

B/Victoria 60 250 - 300 - - 50 75 85 90 98

B/Yamagata 20 200 - 200 - - 60 90 25 75 90

Zhang, 2022
[19] 3–8 YO

Split-virion
4V

(15 µg HA)

A(H1N1) 486.78 83.9 90.91

A(H3N2) 700.28 87.53 94.03

B/Victoria 36.95 69.61 70.39

B/Yamagata 196.81 81.62 85.97

Split-virion
4V

(15 µg HA)

A(H1N1) 367.19 79.12 89.89

A(H3N2) 504.17 87.89 93.30

B/Victoria 31.26 68.04 69.85

B/Yamagata 134.3 70.62 80.93

This table summarizes the main serological outcomes—including GMT, GMTR, seroconversion (SC), and sero-
protection (SP) rates—achieved after vaccination. Results are stratified by the specific influenza strain/lineage
and the dose number administered. Data is reported at multiple time points (D0, D28, D42, and peak re-
sponse D56/58). Key definitions: subtype/linage indicates the specific influenza strain tested: A(H1N1) and
A(H3N2) are Type A strains, and B/Victoria and B/Yamagata are Type B lineages. GMT is presented in the
standard titer format (e.g., 905.2). It is the average antibody titer for a specific strain at a given time point.
GMTR represents the fold increase in antibody titers from baseline (D0). Calculations typically use a threshold
of ≥4×. Seroconversion is reported as a percentage (%) in the study. It signifies the proportion of participants
achieving a specified increase in titer from baseline (usually ≥4×). Seroprotection is reported as a percentage
(%) of protected participants (n). It signifies the proportion of participants achieving a protective antibody titer
threshold (usually ≥1:40). Time points: D0, baseline (Day 0); D28 and D42, intermediate time points; D56/58, peak
or late response time point. Abbreviations: MO, months old; YO, years old; HA, hemagglutinin; µg, microgram;
GMT/GMTR, geometric mean titer/ratio; SCR, seroconversion rate; SPR, seroprotection rate; 3V-Vic, B/Victoria;
3V-Yam, B/Yamagata; (-), data not reported. * studies reported a late time point, as follows: Carmona, 2014:
Day 42 [28], Chen, 2023: Day 58 [14], Cruz-Valdez, 2018: Day 49 instead of Day 56 [26]. † (Claeys, 2018) study
evaluatesd an approved method for split-virion vaccine formulations against a new experimental process [25].
‡ (Kothari, 2024) One trial compared two egg-based, split-virion quadrivalent inactivated vaccines (15 µg HA per
strain), identical in formulation and dose and differing only by manufacturer [22].

Across studies, vaccination consistently increased HAI GMTs from baseline in both
age groups for A(H1N1), A(H3N2), and B lineages. Most trials reported post-vaccination
SPR and SCR that were consistent with licensure expectations for the formulations being
tested at their designated peak time point (typically day 28, 42, or 56/58), but the response
extent varied by strain and study. In younger children aged 6–35 months, trials often
enrolled mixed cohorts of influenza vaccine-naïve and primed participants and some-
times pooled immunogenicity outcomes across priming strata, limiting interpretation of
dose–response relationships.
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When immunogenicity data were stratified by age group, children aged 3–8 years old
generally had higher baseline titers and maintained high post-vaccination GMTs, SPR, and
SCR across strains, indicating prior exposure in participants. In contrast, children aged
6–35 months old typically showed lower baseline titers and a larger relative fold rise after
vaccination. The number of studies providing age-stratified GMTs, SPR, and SCR estimates
by vaccine type or dose was limited, and statistical comparisons between age strata were
not frequently reported. Thus, age-specific comparative conclusions could not be made.

Only a handful of trials directly compared different HA doses or valencies within the
same studies. In those studies, immunogenicity outcomes were sometimes reported pooled
across doses. In studies where higher-dose formulations were evaluated, post-vaccination
GMTs and SCR were often numerically higher in the 15 µg arms, but inconsistencies in
the reporting of variability limited the ability to determine whether these differences were
clinically meaningful. Similarly, only a small number of studies compared trivalent versus
quadrivalent inactivated vaccines or split-virion versus subunit formulations.

Immunogenicity reporting by vaccine type and adjuvant status was also incomplete.
A few trials evaluated adjuvanted formulations in specific age bands, often alongside
non-adjuvanted comparators. In these studies, higher GMTs were achieved in adjuvanted
formulations versus non-adjuvanted in at least one influenza strain. However, outcomes
were not always stratified by priming status or dose number, and statistical comparisons
were inconsistently presented. Most trials focused on egg-based, non-adjuvanted split-
virion quadrivalent or trivalent vaccines and did not allow for systematic comparisons of
adjuvanted versus non-adjuvanted vaccines in ages 6–35 months old and 3–8 years old.

In summation, these findings indicate that seasonal, egg-based inactivated influenza
vaccines elicit measurable HAI responses and generally achieve high SPR and SCR in
healthy children aged 6 months to 8 years old. However, across all studies, the way im-
munogenicity data is defined, stratified, and reported across trials is highly heterogeneous.
Limited age-stratified reporting; frequent pooling of results across doses, valencies, prim-
ing strata; and inconsistent use of standardized definitions and time points substantially
constrained the ability to compare immunogenicity profiles by age group, dose, valency
of vaccine platforms. These patterns directly address our objective to map how safety
and immunogenicity outcomes are defined, collected, stratified, and reported in pediatric
influenza vaccine trials and identify reporting gaps that limit cross-trial comparability.

3.8. Risk of Bias

Risk of bias in randomized trials (RoB 2) assessments were predominantly low-risk
across randomized trials, with some concerns mainly stemming from the randomization
process and selection of the reported results. Occasional concerns due to missing outcome
data were noted as shown in Supplementary Table S2; risk from deviation from intended
interventions and measurement of outcomes were generally low.

Risk of bias in non-randomized studies (ROBINS-I V2) assessments indicated a pre-
dominantly serious overall risk of bias among non-randomized studies, driven predom-
inantly by confounding and selection of reported results. Risks due to missing data
were generally low, while other domains ranged from low to moderate, as shown in
Supplementary Table S3.

4. Discussion
This descriptive systematic review mapped how safety and immunogenicity out-

comes are defined, collected, stratified, and reported in clinical trials of seasonal, egg-
based inactivated influenza vaccines in healthy children 6 months to 8 years of age
(Tables 3 and 4). The 20 evaluated clinical trials confirmed that inactivated, intramus-

https://doi.org/10.3390/vaccines14010032

https://doi.org/10.3390/vaccines14010032


Vaccines 2026, 14, 32 22 of 28

cular seasonal influenza vaccines have a favorable safety and immunogenicity profile
in children aged 6 months to 8 years old. Substantial heterogeneity in outcome defini-
tions, follow-up windows, and dosing strata constrains the ability to answer finer-grained
questions by age, dose, vaccine valency, and formulation. These reporting differences
constrained our capacity to perform meta-analysis and to critically address in a statisti-
cally robust way how safety and immunogenicity vary by age band, vaccine type, antigen
content, and adjuvanted use. Thus, the central contribution of this review is not only to
reaffirm the generally well-tolerated seasonal pediatric influenza vaccines but to identify
concrete reporting gaps that restrict cross-trial comparability for evidence synthesis.

When examined descriptively, safety outcomes were reassuring across both age bands.
In children 3–8 years old, pain at the injection site and headache were among the more
frequently reported SE. No vaccine-related SAEs were reported in this age group. In
children 6–35 months old, local reactions were commonly solicited in the first 7 days,
while systemic reactions varied by study and age band. Only four vaccine-related SAEs
were reported in children 6–35 months old, all of which resolved without permanent
participant withdrawal. Within this overall favorable safety profile, we did not observe
a consistent pattern of increased SAEs with higher antigen doses, quadrivalent versus
trivalent formulations, or the use of MF59 adjuvant in vaccine-naïve children.

Trials consistently recognized the need for age-appropriate dosing, and all included
vaccines used 7.5 µg or 15 µg of hemagglutinin per strain. Relatively few studies fully
stratified solicited and unsolicited adverse events by dose within the same vaccine platform,
and even fewer reported safety by both dose and age band. Almost half of the trials in
children 6–35 months old and more than half of the trials in children 3–8 years old did not
collect solicited reactions separately after each dose.

In studies that reported both doses separately, mild local reactions sometimes appeared
more frequently after the first dose, with smaller increments or stable rates after the second
dose, but these patterns were not consistently analyzed or highlighted by the original trial
authors. The lack of standardized reporting by dose number and by age band makes it
difficult to answer practical questions that are highly relevant to clinicians and parents,
such as whether the second priming dose is systematically more reactogenic in very young
children or whether certain formulations tend to produce more systemic reactions only after
repeat exposure. While the data does not raise any new safety concerns for any evaluated
formulation, it does not allow us to confidently qualify differential safety profiles by age,
dose, or vaccine type.

Across the 20 trials, immunogenicity was typically assessed using HAI assays, with
outcomes reported as SPR, SCR, GMT, and GMTR before and after vaccination. Most studies
reported meeting commonly applied regulatory criteria for pediatric populations for at least
two of the three vaccine strains evaluated, particularly in older children. Methodological
choices also affected safety interpretation. Some trials presented strain-specific SPR and
SCR, while others reported only SCR or geometric mean fold increase, and sampling time
points ranged from 21 to 56 days post-vaccination. A small number of trials reported
longer-term persistence of antibody responses; most did not.

Within individual trials, higher antigen doses or adjuvanted formulations often pro-
duced numerically higher SPR or SCR, especially for A(H1N1) and A(H3N2) strains, but the
magnitude of these differences varied. MF59-adjuvanted trivalent vaccines in vaccine-naïve
toddlers in rural Senegal also showed higher antibody responses than non-adjuvanted full-
dose comparators, particularly for B strains, again with acceptable safety profiles [16,32].
In children 3–8 years old, quadrivalent inactivated vaccines were non-inferior to trivalent
comparators for shared A and B strains, and they provided broader coverage for the addi-
tional B lineage [21]. Few studies stratified immunogenicity outcomes by prior vaccination
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status, even when priming status was recorded at baseline. As a result, it is difficult to
determine whether the higher immunogenicity observed in older age groups or in certain
formulations reflects antigen content, adjuvant effects, prior exposure, or a combination of
these factors.

Trials by Hu et al., Langley et al., and Wang et al. evaluated co-reactivity responses
across Yamagata and Victoria B-lineages in trivalent formulations by reporting both B
lineages HI GMTs, including the lineage not contained in the respective TIV [15,17,23].
Within these studies, GMTs rose substantially for the respective vaccine B lineage and
showed measurable increases against the alternate B lineage, providing rare strain-specific
insight into cross-lineage responses in children. These studies illustrate a practical standard
for trivalent immunogenicity assessment: GMTs, SCRs, and SPRs should be reported for all
circulating B lineages and not only the one included in the vaccine. This would enable the
cross-study comparison of cross-reactivity, and the potential mismatch can be evaluated in
pediatric populations.

The available immunogenicity data support the conclusion that seasonal inactivated
vaccines induce robust antibody responses in healthy children aged 6 months to 8 years, but
the data do not allow us to precisely quantify how immunogenicity varies by dose, valency,
or adjuvant when age and priming status are taken into account. This limitation directly
reflects the heterogeneity in how immunogenicity outcomes were defined, collected, and
stratified, and it underscores the need for more standardized pediatric immunogenicity
reporting in future trials.

Our mapping shows that almost all trials collected solicited local and systemic reac-
tions for at least seven days after each dose, but follow-up windows for unsolicited adverse
events ranged from 21 to 30 days, and serious adverse events were followed from 56 to
180 days. A few studies classified systemic AEs recorded within seven days of vaccine
administration as vaccine-related based on timing alone, without a formal causality as-
sessment. This approach can misrepresent risk. In contrast, several studies in this review
adjudicated the causality for systemic events from the outset, while others limited causality
assessments to unsolicited events only. Fever thresholds ranged from 37.1 ◦C to 38.0 ◦C,
and the specific systemic symptoms included in solicited profiles varied by study and
age band. Some trials provided thermometers and standardized instructions for tempera-
ture measurement, while others relied on caregiver recall or did not report measurement
methods. Reporting strategies also differed: several studies reported “any local” or “any
systemic” event without disaggregating individual symptoms, whereas others reported
only a subset of key symptoms.

These differences in definitions and follow-up windows matter because they directly
affect reported event frequencies and the apparent safety profile of a vaccine. A formulation
evaluated with a lower fever threshold and longer unsolicited follow-up period may appear
“less safe” than one evaluated under narrower and less sensitive criteria, even if the under-
lying biological reactogenicity is similar. Without harmonization of outcome definitions
and observation periods, cross-trial comparisons by vaccine type, valency, or dose are
inherently confounded by methodological differences. These findings therefore support
the need for consensus pediatric safety endpoints that specify core solicited local and
systemic events, minimum follow-up durations for each outcome type, and standardized
fever thresholds.

A similar pattern emerged for immunogenicity. Few trials explicitly referenced reg-
ulatory criteria when reporting their outcomes, and even when they did, the selected
endpoints and time points were not uniform. Assays, laboratories, and cut-offs differed,
and most studies did not describe assay validation in detail. Almost no trials stratified
immunogenicity simultaneously by age band, dose, and priming status, even when those
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factors were measured. This lack of standardized, multi-strata immunogenicity reporting
makes it difficult to answer targeted questions, such as whether 7.5 µg versus 15 µg HA per
strain is sufficient for seroprotection in vaccine-naïve 6–35 month old or whether quadriva-
lent formulations confer any incremental immunogenic benefit compared with trivalent
formulations in older children.

Our review shows that the main barrier to answering these clinically important ques-
tions is not simply the number of available trials but how outcomes are operationalized
and reported within them. In this sense, our findings help explain why, despite decades of
pediatric influenza vaccination, key comparative questions remain unresolved for frontline
immunoprophylaxis specialists.

The evidence gaps identified in this review point to several concrete improvements
for future clinical trials. First, standardized safety outcome definitions should be adopted,
including a core set of solicited local and systemic events, harmonized fever thresholds, and
minimum follow-up windows for solicited, unsolicited, and serious adverse events. Second,
all pediatric trials should pre-specify stratified analyses by age band (e.g., 6–35 months
versus 3–8 years), antigen dose, valency, and priming status, and they should present these
results in a disaggregated format that allows cross-trial comparison. Third, immunogenicity
assessments should use clearly described and, when possible, standardized assays and
cut-offs, with consistent post-vaccination sampling time points and explicit reporting of
seroconversion, seroprotection, and geometric mean titers for each strain. Finally, trials that
test adjuvanted formulations or preservatives such as AS03, MF59, or thiomersal should
systematically report both safety and immunogenicity outcomes by formulation to allow a
balanced assessment of benefit versus reactogenicity, especially in the youngest age bands.

Adopting these practices would not only strengthen individual trials but would also
enable more robust evidence synthesis in future systematic reviews and meta-analyses. In
turn, this would better support the development of age-appropriate dosing recommenda-
tions, the evaluation of new formulations, and the identification of specific subgroups of
children who might benefit from tailored vaccination strategies.

Future pediatric influenza vaccine trials should opt to apply a pre-specified causality
algorithm or checklist, such as the causality assessment checklist recommended by the
WHO [34]. Future studies should prespecify harmonized solicited lists, standardize fever
thresholds, and stratify results by dose number and priming status. These steps would help
improve comparability across studies and the utility of pediatric safety and immunogenicity
evidence for policy decision making.

Strengths and Limitations

This review maps both safety and immunogenicity outcomes across pediatric inac-
tivated influenza vaccines with transparent, study-level reporting. We followed JBI and
PRISMA 2020 methods, used dual screening, applied standardized extraction, and sepa-
rated results by age band and dose when the published data allowed [13]. We reproduced
each study’s denominators, follow-up windows, and assay validation sources, and, where
possible, we converted percentages and graphs into counts for clarity. Risk of bias was
systematically appraised using RoB 2 for randomized trials and ROBINS-I (V2) for non-
randomized studies. Rather than forcing pooled estimates across heterogeneous outcome
definitions and time points, we explicitly flagged differences in sampling days, priming
status, and pooling of doses. The tables and Supplementary Materials provide granular
detail that can be reused by others, and they highlight specific targets for harmonization in
future trial protocols.

This review is limited by features inherent to the underlying evidence base. Hetero-
geneity in outcome definitions and follow-up windows across trials; frequent pooling of
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outcomes across doses; incomplete reporting of vaccination primed status; and variable
immunogenicity schedules all restrict the extent to which results can be compared or
synthesized across studies. Fever thresholds and causality adjudication methods were
inconsistently reported or incompletely described in several trials. All included studies
enrolled healthy children, and high-risk pediatric populations were rarely represented in
trial designs, which limits generalizability to children with chronic conditions or immuno-
compromising states. Several trials received industry funding, and in some cases, sponsors
were involved in data analysis and reporting. These factors may influence outcome se-
lection, analytic choices, and reporting, and they should be considered when interpreting
our findings.

5. Conclusions
While inactivated, intramuscular seasonal influenza vaccines demonstrated a favor-

able safety profile in healthy children 6 months to 8 years old across the 20 included trials.
However, the clinical trial literature remains insufficiently harmonized to support robust
cross-study comparisons of safety and immunogenicity by age, dose, formulation, or va-
lency. Our primary contribution shows that heterogeneous reporting frameworks, limited
dose-specific and priming-specific data, and variable causality assessments and immuno-
genicity schedules substantially limit cross-trial comparability. These reporting gaps make
it difficult to answer detailed questions about how safety and immunogenicity vary by
age band, vaccine valency, antigen content, and dosing schedule, despite the existence of
multiple trials.

Future research should extend follow-up windows when feasible, include high-risk
populations, and adopt harmonized outcome definitions and adjudication procedures.
Trials should be designed and reported in ways that preserve key stratifications by age,
priming status, dose, and valency and that use standardized safety and immunogenicity
endpoints. By aligning trial methods and reporting conventions, the field can move beyond
confirming that pediatric influenza vaccines are safe and immunogenic to identifying the
most effective and acceptable vaccination strategies for children in different clinical and
epidemiologic contexts.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/vaccines14010032/s1, Table S1: Data extraction pilot form;
Table S2: Risk of bias in randomized trials (RoB 2); Table S3: Risk of bias in non-randomized
studies (ROBINS-I V2).

Author Contributions: Conceptualization, A.M. and B.O.; methodology, A.M., B.O. and Y.Y.-P.;
software, A.M. and B.O.; validation, A.M., B.O., Y.Y.-P. and M.Z.; formal analysis, A.M., B.O. and Y.Y.-
P.; investigation, A.M. and B.O.; resources, Y.C.; data curation, A.M., B.O., Y.Y.-P. and J.O.; writing—
original draft preparation, A.M. and B.O.; writing—review and editing, A.M., B.O., Y.Y.-P., Y.C.,
J.O., M.A. and M.Z.; visualization, A.M., B.O. and Y.Y.-P.; supervision, M.Z.; project administration,
M.Z.; funding acquisition, M.Z. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was partially funded by a research grant from the Eunice Kennedy Shriver
National Institute of Child Health and Human Development (HD109732).

Institutional Review Board Statement: An institutional review board statement is not applicable to
this review.

Data Availability Statement: Data is contained within the article or Supplementary Materials. The
data extracted and analyzed in this systematic review are included in this article and its Supple-
mentary Materials. All source data are derived from previously published clinical trials cited in the
References. Further inquiries can be directed to the corresponding author.

https://doi.org/10.3390/vaccines14010032

https://www.mdpi.com/article/10.3390/vaccines14010032/s1
https://www.mdpi.com/article/10.3390/vaccines14010032/s1
https://doi.org/10.3390/vaccines14010032


Vaccines 2026, 14, 32 26 of 28

Acknowledgments: AI-assisted tools (ChatGPT-5.1, OpenAI) were used for language refinement and
technical phrasing, with all scientific content, analyses, and conclusions independently conceived,
validated, and approved by the authors. The authors have reviewed and edited the output and take
full responsibility for the content of this publication.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

AEs Adverse events
CDC Centers for Disease Control and Prevention
GMFRs Geometric mean fold rise
GMTRs Geometric mean titer ratios
GMTs Geometric mean antibody titers
HA Hemagglutinin
HAI Hemagglutination inhibition assays
JBI Joanna Briggs Institute
MeSH Medical Subject Headings
QIV Quadrivalent influenza vaccine
RoB Risk of bias
ROBINS Risk of bias in non-randomized studies
SAEs Serious adverse events
SCR Seroconversion rate
SPR Seroprotection rate
URTI Upper respiratory tract infection
WHO World Health Organization

References
1. Angiel, K.; Stopyra, L. Influenza in hospitalized pediatric patients in Poland: A retrospective single-center study of the 2023/2024

epidemic season. Arch. Med. Sci. 2025, 21, 706–709. [CrossRef]
2. Wang, Q.-Y.; Yuan, L.; Lin, J.-Y.; Zhuo, Z.-Q.; Wang, Y.-M.; Li, S.-S.; Zhang, M.; Wu, X.-D. Clinical characteristics of severe

influenza virus-associated pneumonia complicated with bacterial infection in children: A retrospective analysis. BMC Infect. Dis.
2023, 23, 545. [CrossRef] [PubMed]

3. Influenza-Associated Acute Necrotizing Encephalopathy (IA-ANE) Working Group. Influenza-Associated Acute Necrotizing
Encephalopathy in US Children. JAMA 2025, 334, 692–701. [CrossRef] [PubMed]

4. World Health Organization. Vaccines Against Influenza: WHO Position Paper—May 2022; Weekly Epidemiological Record; World
Health Organization: Geneva, Switzerland, 2022; pp. 105–208.

5. Flannery, B.; Reynolds, S.B.; Blanton, L.; Santibanez, T.A.; O’hAlloran, A.; Lu, P.-J.; Chen, J.; Foppa, I.M.; Gargiullo, P.; Bresee, J.;
et al. Influenza Vaccine Effectiveness Against Pediatric Deaths: 2010–2014. Pediatrics 2017, 139, e20164244. [CrossRef]

6. Shang, M.; Blanton, L.; Brammer, L.; Olsen, S.J.; Fry, A.M. Influenza-Associated Pediatric Deaths in the United States, 2010–2016.
Pediatrics 2018, 141, e20172918. [CrossRef] [PubMed]

7. World Health Organization. Recommendations for influenza vaccine composition. Glob. Influenza Programme 2025. Available on-
line: https://www.who.int/teams/global-influenza-programme/vaccines/who-recommendations (accessed on 9 August 2025).

8. Committee on Infectious Diseases. Recommendations for Prevention and Control of Influenza in Children, 2025–2026: Policy
Statement. Pediatrics 2025, 156, e2025073620. [CrossRef]

9. United States Food and Drug Administration. Investigational New Drug (IND) Safety Reporting; National Archives and Records
Administration Office of the Federal Register (OFR), Ed.; Office of the Federal Register (OFR), National Archives and Records
Administration (NARA): Washington, DC, USA, 2025.

10. Minozzi, S.; Lytras, T.; Gianola, S.; Gonzalez-Lorenzo, M.; Castellini, G.; Galli, C.; Cereda, D.; Bonovas, S.; Pariani, E.; Moja, L.
Comparative Efficacy and Safety of Vaccines to Prevent Seasonal Influenza: A Systematic Review and Network Meta-Analysis.
eClinicalMedicine 2022, 46, 101331. [CrossRef]

11. Carregaro, R.L.; Roscani, A.N.C.P.; Raimundo, A.C.S.; Ferreira, L.; Vanni, T.; Salomão, M.d.G.; Probst, L.F.; Viscondi, J.Y.K.
Immunogenicity and safety of inactivated quadrivalent influenza vaccine compared with the trivalent vaccine for influenza
infection: An overview of systematic reviews. BMC Infect. Dis. 2023, 23, 563. [CrossRef]

https://doi.org/10.3390/vaccines14010032

https://doi.org/10.5114/aoms/203513
https://doi.org/10.1186/s12879-023-08536-x
https://www.ncbi.nlm.nih.gov/pubmed/37605134
https://doi.org/10.1001/jama.2025.11534
https://www.ncbi.nlm.nih.gov/pubmed/40736730
https://doi.org/10.1542/peds.2016-4244
https://doi.org/10.1542/peds.2017-2918
https://www.ncbi.nlm.nih.gov/pubmed/29440502
https://www.who.int/teams/global-influenza-programme/vaccines/who-recommendations
https://doi.org/10.1542/peds.2025-073620
https://doi.org/10.1016/j.eclinm.2022.101331
https://doi.org/10.1186/s12879-023-08541-0
https://doi.org/10.3390/vaccines14010032


Vaccines 2026, 14, 32 27 of 28

12. Wei, X.; Tan, X.; Guan, Q.; Zhang, R.; Lei, S.; Wei, S. Immunogenicity and safety of quadrivalent inactivated influenza vaccine in
children aged 6 to 35 months: A systematic review and meta-analysis. Hum. Vaccin. Immunother. 2023, 19, 2256510. [CrossRef]

13. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef]

14. Chen, J.; Jiang, F.; Zhao, C.; Chai, J.; Li, L.; Guan, Q.; Li, X.; Wang, F.; Li, A.; Gao, H.; et al. Immunogenicity and safety of the
quadrivalent inactivated split-virion influenza vaccine in populations aged ≥ 3 years: A phase 3, randomized, double-blind,
non-inferiority clinical trial. Hum. Vaccin. Immunother. 2023, 19, 2245721. [CrossRef]

15. Hu, K.; Xu, K.; Tang, R.; Tian, X.; Hu, J.; Yang, T.; Li, C.; Hu, Y.; Zeng, G. Immunogenicity and safety of an inactivated quadrivalent
influenza vaccine: A randomized, double-blind, controlled phase III clinical trial in children aged 6–35 months in China. Hum.
Vaccin. Immunother. 2020, 16, 1691–1698. [CrossRef]

16. Mo, Z.; Nong, Y.; Liu, S.; Shao, M.; Liao, X.; Go, K.; Lavis, N. Immunogenicity and safety of a trivalent inactivated influenza
vaccine produced in Shenzhen, China. Hum. Vaccin. Immunother. 2017, 13, 1272–1278. [CrossRef]

17. Wang, S.; Wang, Y.; Chen, D.; Xu, W.; Duan, P.; Ji, W.; Liu, W.; Huang, W.; Wu, B.; Chai, W.; et al. Safety and immunogenicity of
full-dose quadrivalent influenza vaccine in children 6–35 months of age in China: A randomized, double-blind, clinical trial.
Hum. Vaccin. Immunother. 2024, 20, 2425149. [CrossRef] [PubMed]

18. Wen, F.; Liu, S.; Zhou, L.; Zhu, Y.; Wang, W.; Wei, M.; Xu, X.; Liu, Y.; Shuai, Q.; Yu, J.; et al. Immunogenicity and safety of 1 versus
2 doses of quadrivalent-inactivated influenza vaccine in children aged 3–8 years with or without previous influenza vaccination
histories. Hum. Vaccin. Immunother. 2025, 21, 2468074. [CrossRef] [PubMed]

19. Zhang, Y.; Wang, Y.; Jia, C.; Li, G.; Zhang, W.; Li, Q.; Chen, X.; Leng, W.; Huang, L.; Xie, Z.; et al. Immunogenicity and safety of
an egg culture-based quadrivalent inactivated non-adjuvanted subunit influenza vaccine in subjects ≥3 years: A randomized,
multicenter, double-blind, active-controlled phase III, non-inferiority trial. Vaccine 2022, 40, 4933–4941. [CrossRef] [PubMed]

20. Agarkhedkar, S.; Chhatwal, J.; Kompithra, R.Z.; Lalwani, S.K.; Narayan, A.; Muninarayanaswam, V.; Gogtay, N.; Dotter, K.;
Gresset-Bourgeois, V. Immunogenicity and safety of an intramuscular split-virion quadrivalent inactivated influenza vaccine in
individuals aged ≥ 6 months in India. Hum. Vaccin. Immunother. 2019, 15, 973–977. [CrossRef]

21. Sarkar, S.; Bokade, C.; Garg, K.; Kumar, R.; Sanmukhani, J.; Mittal, R. Immunogenicity and safety of the first indigenously
developed Indian tetravalent influenza vaccine (split virion) in healthy children (6 months to 17 years of age): A randomized,
multicenter, phase III clinical trial. Hum. Vaccin. Immunother. 2021, 17, 681–689. [CrossRef] [PubMed]

22. Kothari, K.; Shah, S.; Gill, V.K.; Ray, R.K.; Kumar, N.R.; Sanmukhani, J.; Daultani, P.; Mittal, R.; Maithal, K.; Dutta, T.; et al. A
prospective, randomized, parallel, active controlled, phase III Indian study of immunogenicity and safety of two inactivated
influenza vaccines—Vaxiflu-4 and Fluarix tetra in children aged 6 months to 35 months. Hum. Vaccin. Immunother. 2024,
20, 2416329. [CrossRef] [PubMed]

23. Langley, J.M.; Wang, L.; Aggarwal, N.; Bueso, A.; Chandrasekaran, V.; Cousin, L.; Halperin, S.A.; Li, P.; Liu, A.; McNeil, S.;
et al. Immunogenicity and Reactogenicity of an Inactivated Quadrivalent Influenza Vaccine Administered Intramuscularly to
Children 6 to 35 Months of Age in 2012–2013: A Randomized, Double-Blind, Controlled, Multicenter, Multicountry, Clinical Trial.
J. Pediatric. Infect. Dis. Soc. 2015, 4, 242–251. [CrossRef] [PubMed]

24. Pepin, S.; Dupuy, M.; Borja-Tabora, C.F.C.; Montellano, M.; Bravo, L.; Santos, J.; de Castro, J.-A.; Rivera-Medina, D.M.; Cutland,
C.; Ariza, M.; et al. Efficacy, immunogenicity, and safety of a quadrivalent inactivated influenza vaccine in children aged 6–35
months: A multi-season randomised placebo-controlled trial in the Northern and Southern Hemispheres. Vaccine 2019, 37,
1876–1884. [CrossRef] [PubMed]

25. Claeys, C.; Drame, M.; García-Sicilia, J.; Zaman, K.; Carmona, A.; Tran, P.M.; Miranda, M.; Martinón-Torres, F.; Thollot, F.;
Horn, M.; et al. Assessment of an optimized manufacturing process for inactivated quadrivalent influenza vaccine: A phase III,
randomized, double-blind, safety and immunogenicity study in children and adults. BMC Infect. Dis. 2018, 18, 186. [CrossRef]

26. Cruz-Valdez, A.; Valdez-Zapata, G.; Patel, S.S.; Castelli, F.V.; Garcia, M.G.; Jansen, W.T.; Arora, A.K.; Heijnen, E. MF59-adjuvanted
influenza vaccine (FLUAD®) elicits higher immune responses than a non-adjuvanted influenza vaccine (Fluzone®): A randomized,
multicenter, Phase III pediatric trial in Mexico. Hum. Vaccin. Immunother. 2018, 14, 386–395. [CrossRef]

27. Ojeda, J.; Arredondo, J.L.; Salcedo, P.; Paredes-Paredes, M.; Dupuy, M.; Petit, C.; Chabanon, A.L.; Rivas, E.; Gurunathan, S.;
De Bruijn, I.; et al. Immunogenicity and safety of a multi-dose quadrivalent inactivated influenza vaccine in individuals aged
6 months to 17 years: A randomized phase III trial. Hum. Vaccin. Immunother. 2020, 16, 1380–1384. [CrossRef] [PubMed]

28. Carmona Martinez, A.; de la Cueva, I.S.; Boutet, P.; Abeele, C.V.; Smolenov, I.; Devaster, J.-M. A phase 1, open-label safety and
immunogenicity study of an AS03-adjuvanted trivalent inactivated influenza vaccine in children aged 6 to 35 months. Hum.
Vaccin. Immunother. 2014, 10, 1959–1968. [CrossRef]

29. Chang, C.-Y.; Cho, C.-Y.; Lai, C.-C.; Lu, C.-Y.; Chang, L.-Y.; Hung, M.-C.; Huang, L.-M.; Wu, K.-G. Immunogenicity and safety of a
quadrivalent inactivated influenza vaccine in healthy subjects aged 3 to 17 years old: A phase III, open label, single-arm study.
Vaccine 2020, 38, 3839–3846. [CrossRef] [PubMed]

https://doi.org/10.3390/vaccines14010032

https://doi.org/10.1080/21645515.2023.2256510
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1080/21645515.2023.2245721
https://doi.org/10.1080/21645515.2020.1721994
https://doi.org/10.1080/21645515.2017.1285475
https://doi.org/10.1080/21645515.2024.2425149
https://www.ncbi.nlm.nih.gov/pubmed/39540202
https://doi.org/10.1080/21645515.2025.2468074
https://www.ncbi.nlm.nih.gov/pubmed/39993940
https://doi.org/10.1016/j.vaccine.2022.06.078
https://www.ncbi.nlm.nih.gov/pubmed/35810063
https://doi.org/10.1080/21645515.2019.1565259
https://doi.org/10.1080/21645515.2020.1794683
https://www.ncbi.nlm.nih.gov/pubmed/32845782
https://doi.org/10.1080/21645515.2024.2416329
https://www.ncbi.nlm.nih.gov/pubmed/39445787
https://doi.org/10.1093/jpids/piu098
https://www.ncbi.nlm.nih.gov/pubmed/26336604
https://doi.org/10.1016/j.vaccine.2018.11.074
https://www.ncbi.nlm.nih.gov/pubmed/30558818
https://doi.org/10.1186/s12879-018-3079-8
https://doi.org/10.1080/21645515.2017.1373227
https://doi.org/10.1080/21645515.2019.1697595
https://www.ncbi.nlm.nih.gov/pubmed/31810418
https://doi.org/10.4161/hv.28743
https://doi.org/10.1016/j.vaccine.2020.03.048
https://www.ncbi.nlm.nih.gov/pubmed/32284272
https://doi.org/10.3390/vaccines14010032


Vaccines 2026, 14, 32 28 of 28

30. Dhamayanti, M.; Tarigan, R.; Fadlyana, E.; Prasetyo, D.; Amalia, N.; Rusmil, V.K.; Sari, R.M.; Bachtiar, N.S.; Rusmil, K.;
Kartasasmita, C.B. Immunogenicity and safety of Quadrivalent Influenza HA vaccine in Indonesian children: An open-labeled,
bridging, clinical study. Vaccine 2020, 38, 993–1000. [CrossRef] [PubMed]

31. Soedjatmiko, S.; Medise, B.E.; Gunardi, H.; Sekartini, R.; Satari, H.I.; Hadinegoro, S.R.; Bachtiar, N.S.; Sari, R.M. Immunogenicity
and safety of a Trivalent Influenza HA vaccine in Indonesian infants and children. Vaccine 2018, 36, 2126–2132. [CrossRef]
[PubMed]

32. Diallo, A.; Victor, J.C.; Feser, J.; Ortiz, J.R.; Kanesa-Thasan, N.; Ndiaye, M.; Diarra, B.; Cheikh, S.; Diene, D.; Ndiaye, T.; et al.
Immunogenicity and safety of MF59-adjuvanted and full-dose unadjuvanted trivalent inactivated influenza vaccines among
vaccine-naïve children in a randomized clinical trial in rural Senegal. Vaccine 2018, 36, 6424–6432. [CrossRef]

33. Halasa, N.B.; Gerber, M.A.; Berry, A.A.; Anderson, E.L.; Winokur, P.; Keyserling, H.; Eckard, A.R.; Hill, H.; Wolff, M.C.; McNeal,
M.M.; et al. Safety and Immunogenicity of Full-Dose Trivalent Inactivated Influenza Vaccine (TIV) Compared With Half-Dose
TIV Administered to Children 6 Through 35 Months of Age. J. Pediatr. Infect. Dis. Soc. 2015, 4, 214–224. [CrossRef] [PubMed]

34. World Health Organization. Causality Assessment of an Adverse Event Following Immunization (AEFI): User Manual for the Revised
WHO Classification; World Health Organization: Geneva, Switzerland, 2019.

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/vaccines14010032

https://doi.org/10.1016/j.vaccine.2019.12.008
https://www.ncbi.nlm.nih.gov/pubmed/31862195
https://doi.org/10.1016/j.vaccine.2018.02.114
https://www.ncbi.nlm.nih.gov/pubmed/29551225
https://doi.org/10.1016/j.vaccine.2018.08.032
https://doi.org/10.1093/jpids/piu061
https://www.ncbi.nlm.nih.gov/pubmed/26334249
https://doi.org/10.3390/vaccines14010032

	Introduction 
	Methods 
	Eligibility Criteria 
	Rationale for Eligibility Criteria 
	Search Strategy and Information Sources 
	Screening Stages and Selection Process 
	Data Collection Process 
	Study Risk of Bias Assessment 
	Data Synthesis 
	Reporting Bias Assessment, Effect Measures, and Certainty Assessments 

	Results 
	Study Characteristics 
	Participant Characteristics 
	Intervention Characteristics 
	Safety Outcome Data Collection 
	Reported Safety Outcomes 
	Immunogenicity Data Collection 
	Immunogenicity Outcomes 
	Risk of Bias 

	Discussion 
	Conclusions 
	References

