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Abstract
Background  Seasonal influenza is prevented through annual vaccination, especially in children and older adults. These vac-
cines are annually updated based on World Health Organization recommendations and require continuous safety monitoring.
Objective  We assessed the frequency and severity of adverse events within 7 days of administering GSK’s inactivated 
quadrivalent seasonal influenza vaccine (IIV4) in Belgium, Germany, and Spain during the 2022/2023 influenza season.
Methods  In this enhanced safety surveillance study, adults who received GSK’s IIV4 and parents/guardians/legally accept-
able representatives of vaccinated children (aged 6 months–17 years) were invited to complete adverse drug reaction cards 
reporting adverse events within 7 days post-vaccination.
Results  In total, 1332 participants (53.6% female) received at least one dose of GSK’s IIV4, including 43 children who 
received two doses. Overall, 97.8% of adverse drug reaction cards were completed and returned in the study. All partici-
pants in Belgium were adults, while 54.7% and 7.4% in Spain and Germany, respectively, were pediatric participants aged 
6 months–17 years. After Dose 1, across all age groups, 49.8% of participants reported at least one adverse event. The most 
common adverse events (cumulative frequency >5%) following Dose 1 were injection-site pain (37.6%), fatigue (15.0%), 
headache (13.2%), injection-site swelling (9.3%), myalgia (7.6%), and injection-site erythema (7.4%). Across all countries, 
adverse events were most common in adults aged 18–65 years (59.7%), followed by those aged 3–17 years (47.0%), >65 years 
(35.7%), and 6–35 months (23.5%). After Dose 2, 18.6% of participants reported at least one adverse event, with general 
disorders and administration site conditions again being the most frequent.
Conclusions  Across all age and risk groups for serious disease, no serious adverse events related to GSK’s IIV4 were reported 
within 7 days post-vaccination. This study supports and confirms the acceptable safety profile of GSK’s IIV4 across all 
recommended age groups.
Clinical Trial Registration  ClinicalTrials.gov number: not applicable.
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Key Points 

GSK’s inactivated quadrivalent seasonal influenza 
vaccine (IIV4) demonstrated a favorable safety profile, 
with no serious adverse events reported within 7 days 
post-vaccination across all age groups, including at-risk 
individuals.

After a single dose, approximately 50% of participants 
experienced at least one adverse event, with the most 
common events being injection-site and general disor-
ders. A second dose was administered to children under 
9 years old who had not been vaccinated against influ-
enza in preceding seasons, and approximately 18.6% of 
those experienced mild adverse events.

The study emphasizes that, during the period in which 
GSK monitored the safety of IIV4 vaccination in Europe, 
reported adverse events were mild to moderate in both 
pediatric and adult populations, including those at high 
risk for severe influenza.

1  Introduction

Seasonal influenza is a highly contagious acute respiratory 
illness triggered by influenza viruses. In most cases, indi-
viduals infected with influenza tend to recover without any 
complications; however, in some individuals, especially 
the elderly and those with underlying medical conditions, 
infection may lead to severe illness or even death if left 
untreated [1]. The World Health Organization estimates 
that yearly influenza outbreaks result in approximately 1 bil-
lion infections and 3–5 million cases of severe illness [2]. 
In Europe, influenza places a significant burden on public 
health, with an estimated 4–50 million symptomatic cases 
and 15,000–70,000 fatalities annually, with seasonal fluctua-
tions [3, 4]. Globally, an estimated 291,243–645,832 deaths 
annually are attributed to respiratory complications linked 
to seasonal influenza, which corresponds to a mortality rate 
of 4.0–8.8 per 100,000 individuals [5].

In northern hemisphere countries, influenza viruses cause 
seasonal epidemics between the late fall and early spring [6]. 
The primary strategy to protect public health from influenza 
remains annual vaccination, aimed at reducing infection 
and severity of the disease and its complications [7]. Given 
the ongoing evolution of influenza viruses, it is essential 
to annually update the composition of influenza vaccines. 
This practice is crucial for ensuring protection against strains 
that experts predict will be prevalent during the upcoming 

influenza season [3, 8, 9]. The formulation of these vaccines 
is guided by World Health Organization recommendations 
[10], emphasizing the need for continuous monitoring of 
the benefits and risks associated with seasonal influenza 
vaccines.

In 2014, the European Medicines Agency (EMA) intro-
duced updated guidelines to establish enhanced safety 
surveillance (ESS) for seasonal influenza vaccines across 
the European Union [11, 12]. These new directives have 
replaced the previous requirement for annual safety and 
immunogenicity assessments through small-scale clini-
cal trials. The primary goal of this revised guidance is to 
empower marketing authorization holders to efficiently 
detect and manage emerging safety concerns. This involves 
analyzing the patterns of frequency and severity of adverse 
events (AEs) compared with previous seasons and determin-
ing the need for further investigation.

In line with EMA directives, GSK launched annual 
ESS study programs from the 2015/2016 influenza season 
[13–15], with their quadrivalent vaccine designed for active 
immunization in individuals aged ≥6 months, providing 
protection against two influenza A virus subtypes and two 
influenza B virus lineages. This study adhered to the EMA 
guidance [11] and aimed to assess the occurrence and inten-
sity of predefined adverse events of interest (AEIs) and any 
other AEs within the 7-day period following vaccination 
with GSK’s inactivated quadrivalent seasonal influenza 
vaccine (IIV4: AlphaRix Tetra in Belgium; Influsplit Tetra 
in Germany; Fluarix Tetra in Spain) during the 2022/2023 
influenza season. Additionally, the study examined the 
percentages of participants reporting AEs within 7 days 
of GSK’s IIV4 vaccination, categorized according to the 
Medical Dictionary for Regulatory Activities (MedDRA®) 
classification, stratified by age group and risk status for each 
country and overall.

2 � Methods

2.1 � Study Design and Population

This was a non-interventional, multicenter, prospective ESS 
study conducted from 3 October, 2022, to 15 January, 2023, 
at seven healthcare centers in Belgium (1), Germany (3), 
and Spain (3). The study included all age groups; however, 
because of feasibility constraints, healthcare centers in Bel-
gium recruited participants aged ≥18 years, whereas those in 
Germany and Spain recruited children aged ≥6 months–17 
years and adults aged 18–65 years and ≥65 years. Study per-
sonnel approached adults aged ≥18 years and legally accept-
able representatives of children aged ≥6 months to assess 
their willingness to participate in the study after receiving 
GSK’s IIV4 at the study sites as part of routine healthcare. 
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Enrolled participants, or their legal representatives who had 
provided written informed consent, were provided with an 
adverse drug reaction (ADR) card and a coronavirus disease 
2019 (COVID-19) assessment card and instructed to com-
plete and return these cards to their healthcare providers 
either on the day 7 visit post-vaccination (where vaccination 
day was day 0) or via mail. Enrolled participants were strati-
fied into different age categories (6–35 months, 3–17 years, 
18–65 years, and >65 years) and risk status (at risk, not at 
risk). The determination of risk status (i.e., “at risk” or “not 
at risk”) for influenza-associated morbidity and mortality 
was made by the healthcare providers based on their medical 
judgment and expertise.

Study staff entered the data from the completed ADR and 
COVID-19 assessment cards into a database using an elec-
tronic case report form. The ADR cards included a check-
list of predefined local and general AEIs for participants to 
indicate yes/no, along with an open-text section for report-
ing any other AEs occurring within 7 days post-vaccination. 
This facilitated the assessment of the frequency and sever-
ity of both predefined AEIs and any other AEs experienced 
within the specified timeframe. Severity was assessed by 
participants/participants’ parent(s)/legally authorized repre-
sentatives based on the Division of AIDS (DAIDS) Adverse 
Event Grading [16]. The intensity of AEs was determined as 
follows: mild (no/minimal interference), moderate (greater 
interference), severe (inability to function), and potentially 
life threatening (intervention required to prevent perma-
nent impairment, disability, or death). For fever, severity 
was categorized based on temperature ranges: mild (38.0 
to <38.6 °C), moderate (≥38.6 to <39.3 °C), severe (≥39.3 
to <40.0 °C), and potentially life-threatening (≥40.0 °C). 
Participants were also asked to complete a COVID-19 
assessment card, documenting their COVID-19 history and 
associated signs and symptoms. Cases of COVID-19 were 
identified in accordance with World Health Organization 
criteria [17, 18], and the impact of COVID-19 on the study 
was assessed.

For children aged ≥9 years, a single dose of seasonal 
influenza vaccine was considered sufficient if they had pre-
viously received an influenza vaccine. A second dose of 
GSK’s IIV4 was administered only to children aged <9 years 
who had not been vaccinated against influenza in preced-
ing seasons. The recruitment period was 3 months, from 3 
October, 2022, to 31 December, 2022, for participants aged 
≥9 years. For participants aged <9 years who had not been 
vaccinated against influenza in previous seasons, recruitment 
occurred from 3 October, 2022, to 1 December, 2022, allow-
ing time for data collection on the second dose, expected at 
least 4 weeks after the first dose. The study follow-up was 7 
days for those previously vaccinated or aged ≥9 years and 35 
days for children under 9 years without prior influenza vac-
cination. During the study period, two interim analyses were 

conducted (in November and December 2022) to identify 
any potential safety concerns or significant AEs that might 
pose a risk to recipients of GSK’s IIV4, ensuring continuous 
safety monitoring.

2.2 � Statistical Methods

Approximately 1000 participants who had received GSK’s 
IIV4 were planned to be enrolled in the study. This sample 
size was chosen to enable the detection of AEIs and other 
AEs categorized as very common (≥1 per 10), common (≥1 
per 100 to <1 per 10), and uncommon (≥1 per 1000 to <1 
per 100).

All analyses were descriptive in nature. Adverse events 
were analyzed using the safety set, which included all 
enrolled participants who had received GSK’s IIV4 (Dose 1 
and/or Dose 2) according to country-specific medical prac-
tices and had also returned the ADR card within the speci-
fied window (7–18 days). Additionally, a sensitivity analysis 
was performed using the solicited safety set, encompassing 
all participants from the safety set who had returned the 
ADR card within 18 days of receiving Dose 1 or Dose 2 
(including the vaccination day) and documented the pres-
ence or absence of AEs.

Demographic characteristics and risk status for influenza-
associated morbidity and mortality were summarized using 
frequency tables (n, %) for categorical variables and mean, 
standard deviation, median, minimum, and maximum for 
numerical data. For each vaccine dose, the cumulative per-
centage of participants reporting AEs within 7 days of vac-
cination was calculated using International Organization for 
Standardization (ISO) week 40, 2022, to week 01, 2023, as 
per the MedDRA® primary system organ class (SOC) and 
preferred term (PT). Furthermore, for each vaccine dose, 
cumulative percentages of participants reporting AEs were 
computed based on age categories (6–35 months, 3–17 
years, 18–65 years, and >65 years) and risk status (at risk/
not at risk) for influenza-associated morbidity and mortality. 
In both overall and country-specific analyses, exact (Clop-
per–Pearson) 95% confidence intervals (CIs) accounting for 
the clustering effect of centers were calculated for all esti-
mated percentages. This included the cumulative percentage 
of participants reporting AEs by MedDRA® primary SOC 
and PT within 7 days after each vaccination, as recorded in 
the completed ADR card, throughout the study period from 
week 40, 2022, to week 01, 2023.

2.3 � Ethical Considerations

The study protocol was approved by independent ethics 
committees or institutional review boards at each study 
center. Ethical clearance was obtained prior to the com-
mencement of participant enrollment. Written informed 
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consent was obtained from all participants before their par-
ticipation in the study. For minors, written informed assent 
was obtained from their parent(s)/guardians/legally accept-
able representative(s).

3 � Results

3.1 � Participant Disposition and Characteristics

The study exceeded the planned enrollment of 1000 partici-
pants (n = 1332) owing to faster recruitment rates in some 
sites, while allowing for a delayed start in other sites. The 
additional 332 participants (+33%) strengthened the study 
by ensuring a sufficient sample size to capture common and 
uncommon AEs. A total of 1332 participants received at 
least one dose of GSK’s IIV4 and were enrolled across Bel-
gium (n = 100), Germany (n = 674), and Spain (n = 558). 
All participants in Belgium were adults, while 54.7% and 
7.4% in Spain and Germany, respectively, were pediatric 
participants aged 6 months–17 years. Of the enrolled par-
ticipants, 1207 (90.6%) successfully completed the study, 
with a total of 43 (3.2%) children aged <9 years receiv-
ing two doses (Fig. 1). Overall, 97.8% of ADR cards were 
completed and returned in the study. The median (mini-
mum–maximum) age of the enrolled participants was 45.0 
(0.5–94.0) years (Belgium: 71.0 [33.0–91.0] years, Ger-
many: 48.0 [1.0–94.0] years, and Spain: 12.0 [0.5–94.0] 
years). Most participants in Belgium (72.0% [n = 72]) were 
aged >65 years. In Germany, most participants (72.4% 
[n = 488]) were aged between 18 and 65 years, while in 
Spain, most participants (46.6%) were aged between 3 
and 17 years. Overall, 53.6% of participants were female, 
95.0% identified as White (Caucasian/European heritage), 
and 45.5% (606/1332) were at risk for influenza-associated 
morbidity and mortality, according to healthcare provider 
assessments. Frequently observed risk groups for influenza-
associated morbidity and mortality among participants who 
had received their 2022/2023 GSK’s IIV4 vaccination (Dose 
1) were age ≥65 years (25.2%), age ≥6 years with chronic 
medical conditions (24.0%), and healthcare worker status 
(6.4%; Table 1). Among participants who received two doses 
of GSK’s IIV4, the overall median age was 2.0 years, 55.8% 
(n = 24) were male, and 51.2% (n = 22) were considered not 
to be at risk for influenza-associated morbidity and mortality 
as assessed by healthcare providers. Overall, 18.0% of par-
ticipants (234/1332) received co-administered vaccinations 
with GSK’s IIV4 Dose 1 during the same visit. The most fre-
quently co-administered vaccines were COVID-19 vaccines 
in Germany (16.5% of participants) and Spain (17.4% of 
participants) and pneumococcal vaccines in Belgium (2.0% 
of participants). For the second dose, only one participant 
(9.1%) in Germany reported receiving a co-administered 

meningococcal vaccine on the same day as the second dose 
of GSK’s IIV4. Following Dose 1, all participants in the 
safety set from Belgium and Spain returned their completed 
ADR card. In Germany, 95.7% of participants returned their 
ADR card with documented AEs. After Dose 2, all partici-
pants in the safety set from Germany and Spain returned 
their completed ADR card.

3.2 � AEs

Overall, 664 participants (49.8%) reported at least one AE 
within 7 days of Dose 1 of GSK’s IIV4 (40.0% in Belgium, 
53.2% in Germany, and 47.4% in Spain). The most com-
mon AEs (cumulative frequency >5%) following Dose 1 
by MedDRA® PT were injection-site pain (37.6% overall), 
fatigue (15.0%), headache (13.2%), injection-site swelling 
(9.3%), myalgia (7.6%), and injection-site erythema (7.4%; 
Table 2). Following Dose 2, the cumulative percentage of 
participants reporting any AEs within 7 days was 18.6%. The 
most frequently reported AE, with a cumulative frequency 
exceeding 5%, was pyrexia (6.9%; Table 3).

Among participants who received two doses of the 
vaccine, 37.5% (n = 12) in Spain and 18.1% (n = 2) in 
Germany reported at least one AE over the study period. 
In Spain, the most frequently reported AEs (occurring in 
more than one participant) according to MedDRA® PTs 
included irritability (15.6%); eye allergy, decreased appe-
tite, pyrexia, rhinorrhea, hyperhidrosis, and rash (9.3% 
each); and diarrhea, vomiting, fatigue, upper respiratory 
tract infection, and somnolence (6.2% each). Notably, in 
Germany, none of the AEs was observed in more than 
one participant each who had received two doses of the 
vaccine.

Overall, following Dose 1, 28.8%, 16.7%, and 3.6% of 
participants experienced mild, moderate, and severe AEs, 
respectively. Following Dose 2, 9.0% of participants in 
Germany experienced moderate AEs, while 18.7% and 
3.1% of participants in Spain experienced mild or moder-
ate AEs, respectively. After receiving any vaccine dose, 
the cumulative percentage of participants in Spain who 
experienced mild, moderate, or severe AEs was 30.6%, 
16.1%, and 1.4%, respectively. In Germany, the percentage 
of participants who experienced mild, moderate, or severe 
AEs was 28.4%, 17.9%, and 5.6%, respectively. Impor-
tantly, no deaths or serious AEs related to GSK’s IIV4 
were reported within 7 days of vaccination in this study, 
and the reported AEs did not result in discontinuation of 
the study by any of the participants.

3.3 � AEs by Age Strata and Risk Status

After Dose 1, participants aged 18–65 years experienced 
the highest rate of AEs (59.7%), followed by those aged 
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3–17 years (47.0%), >65 years (35.7%), and 6–35 months 
(23.5%). Among those at risk for influenza-related compli-
cations, 45.8% experienced an AE after Dose 1 and 28.5% 
experienced an AE after Dose 2, compared with 53.1% 
and 9.0%, respectively, of those not at risk. Among par-
ticipants at risk, the most common AEs after Dose 1 were 
in the general disorders and administration-site conditions 
MedDRA® SOC (40.1%), followed by nervous system dis-
orders (15.6%), musculoskeletal and connective tissue disor-
ders (9.2%), gastrointestinal disorders (7.4%), and skin and 
subcutaneous tissue disorders (6.9%). After Dose 2, 19.0% 
of at-risk participants reported AEs in the general disorders 
and administration-site conditions MedDRA® SOC.

3.4 � Sensitivity Analysis Using the Solicited Safety 
Set

In the solicited safety set, 50.0% of participants reported at 
least one AE after Dose 1 and 18.6% reported at least one 
AE after Dose 2. A sensitivity analysis demonstrated con-
sistent AE frequencies between the safety set and solicited 
safety set.

3.5 � COVID‑19 and Its Impact on the Study

Before study enrollment (prior to 1 April, 2022), there were 
135 confirmed cases of COVID-19, accounting for 10.1% 
of cases reported (five in Belgium, 42 in Germany, and 
88 in Spain). After receiving GSK’s IIV4, there were 11 
confirmed cases of COVID-19, representing 0.8% of cases 
reported (eight in Germany and three in Spain). Among par-
ticipants with a history of COVID-19 vaccination, 48.7% 
(181/372) reported AEs following the first dose of GSK’s 
IIV4, while none reported AEs following the second dose.

4 � Discussion

Findings from this ESS study of GSK’s IIV4 conducted 
across Belgium, Germany, and Spain during the 2022/2023 
influenza season across all eligible age groups indicated for 
GSK’s IIV4 vaccination provide a comprehensive view of 
AEs encountered. Overall, 97.8% of ADR cards were com-
pleted and returned, with minimal variations among the 
three participating countries, demonstrating high-quality 
AE reporting. The type and frequency of the AEs (both 
AEIs and other AEs) reported in the study were consist-
ent with those documented in the Summary of Product 

Fig. 1   Study attrition diagram/
disposition. GSK GlaxoSmith-
Kline, IIV4 inactivated quad-
rivalent seasonal influenza vac-
cine, N, total number, n, number 
in subcategory. aParticipant did 
not complete the adverse drug 
reaction card or did not return it 
within the allowed time frame
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Characteristics for GSK’s IIV4 [19]. It is important to high-
light that, during the entire study period, no serious AEs 
associated with GSK’s IIV4 were reported. This finding not 
only confirms the vaccine’s overall favorable safety but also 
emphasizes its appropriateness for widespread use. This 
provides reassurance that the vaccine’s performance aligns 
with established safety profiles, offering valuable insights to 

healthcare practitioners, regulators, and the broader medical 
community when considering its broader application. In a 
wider context, the absence of serious AEs and the align-
ment of reported AEs with expected rates are reassuring 
indicators of the vaccine’s safety across diverse population 
groups. These findings enhance confidence in the vaccine’s 
suitability for a wider range of individuals. In this study, the 

Table 1   Summary of demographic characteristics and risk status of participants who received GlaxoSmithKline’s inactivated quadrivalent sea-
sonal influenza vaccine in the safety set

N total number, n number in subcategory, SD standard deviation
a Other includes Black or African American, Asian: Central/South Asian Heritage, Asian: East Asian Heritage, Asian: Japanese Heritage, Asian: 
South-East Asian Heritage, Native Hawaiian, or Other Pacific Islander and “others” category
b Assessed by the healthcare provider based on his/her medical judgment and experience
c Participants may be assigned to more than one risk group

Belgium
N = 100

Germany 
N = 674, Dose 1
N = 11, Dose 2

Spain 
N = 558, Dose 1
N = 32, Dose 2

Total 
N = 1332, Dose 1
N = 43, Dose 2

Dose 1
Age at the time of influenza vaccination
Mean (SD), years 70.8 (9.4) 48.3 (19.4) 29.5 (28.3) 42.1 (26.1)
Median (range), years 71.0 (33.0–91.0) 48.0 (1.0–94.0) 12.0 (0.5–94.0) 45.0 (0.5–94.0)
Age category, n (%)
6–35 months 0 (0) 6 (0.9) 45 (8.1) 51 (3.8)
3–17 years 0 (0) 44 (6.5) 260 (46.6) 304 (22.8)
18–65 years 28 (28.0) 488 (72.4) 148 (26.5) 664 (49.8)
>65 years 72 (72.0) 136 (20.2) 105 (18.8) 313 (23.5)
Sex, n (%)
Female 53 (53.0) 369 (54.7) 292 (52.3) 714 (53.6)
Geographic ancestry, n (%)
White: Arabic/North African Heritage 25 (3.7) 4 (0.7) 29 (2.2)
White: Caucasian/European Heritage 100 (100.0) 628 (93.2) 537 (96.2) 1265 (95.0)
Othersa 16 (2.3) 9 (1.6) 25 (1.8)
Risk status for influenza-associated morbidity and mortality, n (%)
At risk 91 (91.0) 211 (31.3) 304 (54.5) 606 (45.5)
Risk group for influenza-associated morbidity and mortalityb, c, n (%)
Older adults (aged ≥65 years) 76 (76.0) 144 (21.4) 115 (20.6) 335 (25.2)
Individuals aged >6 months with chronic medical 

conditions
39 (39.0) 148 (22.0) 133 (23.8) 320 (24.0)

Condition compromising respiratory functions 0 (0) 4 (0.6) 18 (3.2) 22 (1.7)
Immunosuppression due to disease or treatment 0 (0) 3 (0.4) 51 (9.1) 54 (4.1)
Healthcare workers 1 (1.0) 21 (3.1) 63 (11.3) 85 (6.4)
Pregnant women 0 (0) 1 (0.1) 1 (0.2) 2 (0.2)
Children aged 6–23 months 0 (0) 4 (0.6) 24 (4.3) 28 (2.1)
Dose 2
Age category, n (%)
6–35 months 5 (45.5) 22 (68.8) 27 (62.8)
3–17 years 6 (54.5) 10 (31.3) 16 (37.2)
Sex, n (%)
Female 3 (27.3) 16 (50.0) 19 (44.2)
Risk status for influenza-associated morbidity and mortalityb c, n (%)
At risk 4 (36.4) 17 (53.1) 21 (48.8)
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Table 2   Cumulative percentage of participants reporting AEIs (in italics) and/or other AEs within 7 days post-vaccination with Dose 1 (safety 
set)

Cutoff for the “other AEs” category: AEs that occurred in ≥1% of participants
AE adverse event, AEI adverse event of interest, CI confidence interval, LL lower limit, MedDRA Medical Dictionary for Regulatory Activities, 
N total number, n number in subcategory, PT preferred term, SOC system organ class, UL upper limit

MedDRA 
Primary SOC (code)
PT (code)

Belgium, N = 100 Germany, N = 674 Spain, N = 558 Total, N = 1332

n %
(95% CI LL-UL)

n %
(95% CI LL-UL)

n %
(95% CI LL-UL)

n %
(95% CI LL-UL)

Any 40 40 (30.3–50.2) 359 53.2 (37.6–68.4) 265 47.4 (35.6–59.5) 664 49.8 (41.1–58.5)
Eye disorders (10015919) 0 0.0 (0.0–3.6) 12 1.7 (0.9–3.0) 10 1.7 (0.7–3.5) 22 1.6 (1.0–2.4)
Eye allergy (10015907) 0 0.0 (0.0–3.6) 12 1.7 (0.9–3.0) 10 1.7 (0.7–3.5) 22 1.6 (1.0–2.4)
Gastrointestinal disorders (10017947) 4 4.0 (1.1–9.9) 48 7.1 (5.2–9.4) 40 7.1 (2.7–14.8) 92 6.9 (5.0–9.2)
Abdominal pain (10000081) 1 1.0 (0.0–5.4) 25 3.7 (2.4–5.4) 12 2.1 (0.9–4.0) 38 2.8 (1.9–4.0)
Diarrhoea (10012735) 2 2.0 (0.2–7.0) 23 3.4 (2.1–5.0) 17 3.0 (1.0–6.6) 42 3.1 (2.2–4.2)
Lip swelling (10024570) 0 0.0 (0.0–3.6) 2 0.3 (0.0–1.5) 0 0.0 (0.0–0.6) 2 0.1 (0.0–0.7)
Nausea (10028813) 1 1.0 (0.0–5.4) 17 2.5 (0.4–7.7) 21 3.7 (0.9–9.9) 39 2.9 (1.3–5.3)
Swollen tongue (10042727) 0 0.0 (0.0–3.6) 1 0.1 (0.0–0.8) 0 0.0 (0.0–0.6) 1 0.0 (0.0–0.4)
Vomiting (10047700) 0 0.0 (0.0–3.6) 2 0.3 (0.0–1.0) 4 0.7 (0.1–2.0) 6 0.4 (0.1–0.9)
General disorders and administration site 

conditions (10018065)
25 25.0 (16.8–34.6) 328 48.6 (33.3–64.2) 241 43.1 (31.9–54.9) 594 44.5 (35.4–53.9)

Chills (10008531) 2 2.0 (0.2–7.0) 19 2.8 (1.7–4.3) 24 4.3 (0.4–15.5) 45 3.3 (1.7–5.9)
Fatigue (10016256) 7 7.0 (2.8–13.8) 129 19.1 (14.7–-24.1) 64 11.4 (2.6–29.0) 200 15.0 (8.9–22.9)
Injection site erythema (10022061) 4 4.0 (1.1–9.9) 52 7.7 (5.1–11.0) 43 7.7 (5.6–10.2) 99 7.4 (5.8–9.2)
Injection site pain (10022086) 19 19.0 (11.8–28.0) 274 40.6 (24.1–58.8) 208 37.2 (27.8–47.4) 501 37.6 (28.8–47.0)
Injection site swelling (10053425) 5 5.0 (1.6–11.2) 66 9.7 (6.0–14.8) 54 9.6 (5.2–16.0) 125 9.3 (6.8–12.4)
Pyrexia (10037660) 1 1.0 (0.0–5.4) 27 4.0 (2.6–5.7) 33 5.9 (2.2–12.2) 61 4.5 (3.1–6.4)
Swelling face (10042682) 0 0.0 (0.0–3.6) 1 0.1 (0.0–0.8) 0 0.0 (0.0–0.6) 1 0.0 (0.0–0.4)
Immune system disorders (10021428) 1 1.0 (0.0–5.4) 8 1.1 (0.5–2.3) 4 0.7 (0.2–1.8) 13 0.9 (0.5–1.6)
Hypersensitivity (10020751) 1 1.0 (0.0–5.4) 8 1.1 (0.5–2.3) 4 0.7 (0.2–1.8) 13 0.9 (0.5–1.6)
Metabolism and nutrition disorders 

(10027433)
0 0.0 (0.0–3.6) 12 1.7 (0.9–3.0) 13 2.3 (1.2–3.9) 25 1.8 (1.2–2.7)

Decreased appetite (10061428) 0 0.0 (0.0–3.6) 12 1.7 (0.9–3.0) 13 2.3 (1.2–3.9) 25 1.8 (1.2–2.7)
Musculoskeletal and connective tissue 

disorders (10028395)
5 5.0 (1.6–11.2) 75 11.1 (8.3–14.4) 41 7.3 (1.0–23.0) 121 9.0 (5.2–14.3)

Arthralgia (10003239) 3 3.0 (0.6–8.5) 17 2.5 (0.5–7.1) 25 4.4 (0.6–14.1) 45 3.3 (1.5–6.3)
Myalgia (10028411) 4 4.0 (1.1–9.9) 63 9.3 (7.2–11.8) 35 6.2 (1.1–18.1) 102 7.6 (4.7–11.5)
Nervous system disorders (10029205) 17 17.0 (10.2–25.8) 127 18.8 (13.5–25.1) 68 12.1 (4.6–24.4) 212 15.9 (10.6–22.4)
Dizziness (10013573) 2 2.0 (0.2–7.0) 26 3.8 (2.0–6.6) 11 1.9 (0.1–7.7) 39 2.9 (1.3–5.4)
Headache (10019211) 15 15.0 (8.6–23.5) 112 16.6 (11.1–23.3) 50 8.9 (4.1–16.3) 177 13.2 (8.4–19.5)
Somnolence (10041349) 4 4.0 (1.1–9.9) 19 2.8 (1.7–4.3) 26 4.6 (1.1–12.1) 49 3.6 (2.2–5.6)
Neuralgia (10029223) 0 0.9 (0.0–3.6) 1 0.15 (0.0–0.8) 0 0.0 (0.0–0.6) 1 0.0 (0.0–0.4)
Psychiatric disorders (10037175) 1 1.0 (0.0–5.4) 21 3.1 (1.9–4.7) 18 3.2 (1.9–5.0) 40 3.0 (2.1–4.0)
Irritability (10022998) 1 1.0 (0.0–5.4) 20 2.9 (1.8–4.5) 16 2.8 (1.6–4.6) 37 2.7 (1.9–3.8)
Respiratory, thoracic and mediastinal 

disorders (10038738)
9 9.0 (4.2–16.4) 39 5.7 (4.0–7.9) 26 4.6 (3. –-6.7) 74 5.5 (4.3–6.9)

Cough (10011224) 2 2.0 (0.2–7.0) 5 0.7 (0.2–1.7) 9 1.6 (0.7–3.0) 16 1.2 (0.6–1.9)
Oropharyngeal pain (10068319) 0 0.0 (0.0–3.6) 10 1.4 (0.7–2.7) 6 1.0 (0. –-2.9) 16 1.2 (0.6–1.9)
Rhinorrhoea (10039101) 8 8.0 (3.5–15.1) 30 4.4 (3.0–6.2) 16 2.8 (1.6–4.6) 54 4.0 (2.9–5.4)
Skin and subcutaneous tissue disorders 

(10040785)
3 3.0 (0.6–8.5) 50 7.4 (5.5–9.6) 26 4.6 (1.6–10.0) 79 5.9 (3.9–8.5)

Hyperhidrosis (10020642) 2 2.0 (0.2–7.0) 40 5.9 (4.2–7.9) 19 3.4 (1.3–6.9) 61 4.5 (2.8–7.0)
Pruritus (10037087) 2 2.0 (0.2–7.0) 11 1.6 (0.8–2.9) 6 1.0 (0.0–5.3) 19 1.4 (0.7–2.5)
Rash (10037844) 0 0.0 (0.0–3.6) 2 0.3 (0.0–1.0) 8 1.4 (0.6–2.8) 10 0.7 (0.3–1.4)
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cumulative incidence rate of AEs was 49.8% after Dose 1. 
Among children who received GSK’s IIV4, 18.6% reported 
at least one AE after Dose 2. Our findings are consistent with 
those reported in a GSK-sponsored study conducted during 
the 2021/2022 influenza season, where 45.1% and 26.3% of 
participants reported AEs after Doses 1 and 2, respectively 
[20]. In both the earlier ESS study for the 2021/2022 sea-
son and the current ESS study, the most commonly reported 
AEs were from the MedDRA® SOC “general disorders and 
administration-site conditions. Overall, the findings of the 
present study are consistent with previous GSK studies 
[13–15, 20–22].

The safety and reactogenicity profile of GSK’s IIV4 
observed in this ESS study closely mirrored the safety out-
comes reported in prior ESS studies that included the same 
age groups. For instance, in a study involving 3036 adults 
aged ≥18 years who received GSK’s IIV4 (three lots), the 
incidence of injection-site pain was 36.4%, while the inci-
dence of injection-site redness and swelling was 2% each 

[23]. In the same study, the most commonly reported solic-
ited general AEs during the initial 7 days after GSK’s IIV4 
vaccination included fatigue (15.8%), headache (15.9%), and 
muscle aches (16.4%) [23], which are consistent with the 
findings of the current ESS study. In a GSK-sponsored clini-
cal trial involving children aged 3–8 years, the safety profile 
was similar to that observed in this ESS study, with 47.7% 
of participants reporting injection-site pain, 0.7% reporting 
redness, and 1.8% reporting swelling after receiving GSK’s 
IIV4 vaccination (N = 2584) [24]. Similarly, in another 
clinical trial involving children aged 6–35 months, the most 
frequently reported local solicited AEs within 7 days after 
GSK’s IIV4 vaccination (N = 6006) were pain (22.9%), red-
ness (16.6%), and swelling (11.3%) [21, 25].

No safety concerns were observed in the interim analy-
ses, in weekly data reviews, or at the time of study comple-
tion. This study, conducted across three European countries, 
enrolled over 1300 participants who had received GSK’s 
IIV4 as per local routine medical practices. Thus, these 

Table 3   Cumulative percentage of participants reporting AEIs (in italics) and/or other AEs within 7 days post-vaccination with Dose 2 (safety 
set)

Cutoff for the “other AEs” category: AEs that occurred in ≥1% of participants
AE adverse event, AEI adverse event of interest, CI confidence interval, LL lower limit, MedDRA Medical Dictionary for Regulatory Activities, 
N total number, n, number in subcategory, PT preferred term, SOC system organ class, UL upper limit

MedDRA 
Primary SOC (code)
PT (code)

Germany, N = 11 Spain, N = 32 Total, N = 43

n %
(95% CI LL-UL)

n %
(95% CI LL-UL)

n %
(95% CI LL-UL)

Any 1 9.0 (0.2–41.2) 7 21.8 (9.2–39.9) 8 18.6 (8.3–33.4)
Gastrointestinal disorders (10017947) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Vomiting (10047700) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
General disorders and administration site conditions (10018065) 0 0.0 (0.0–28.4) 5 15.6 (5.2–32.7) 5 11.6 (1.5–35.4)
Injection site pain (10022086) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Injection site swelling (10053425) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Pyrexia (10037660) 0 0.0 (0.0–28.4) 3 9.3 (1.9–25.0) 3 6.9 (1.2–20.1)
Infections and infestations (10021881) 0 0.0 (0.0–28.4) 2 6.2 (0.7–20.8) 2 4.6 (0.5–15.8)
Laryngitis (10023874) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Upper respiratory tract infection (10046306) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Viral infection (10047461) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Metabolism and nutrition disorders (10027433) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Decreased appetite (10061428) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Nervous system disorders (10029205) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Somnolence (10041349) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Psychiatric disorders (10037175) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Irritability (10022998) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Respiratory, thoracic and mediastinal disorders (10038738) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Cough (10011224) 0 0.0 (0.0–28.4) 1 3.1 (0.0–16.2) 1 2.3 (0.0–12.2)
Skin and subcutaneous tissue disorders (10040785) 1 9.0 (0.2–41.2) 0 0.0 (0.0–10.8) 1 2.3 (0.0–31.7)
Pruritus (10037087) 1 9.0 (0.2–41.2) 0 0.0 (0.0–10.8) 1 2.3 (0.0–31.7)
Rash (10037844) 1 9.0 (0.2–41.2) 0 0.0 (0.0–10.8) 1 2.3 (0.0–31.7)
Urticaria (10046735) 1 9.0 (0.2–41.2) 0 0.0 (0.0–10.8) 1 2.3 (0.0–31.7)
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results are relevant for individuals receiving vaccination in 
Europe based on the local prescribing information across 
all age groups. However, it is important to acknowledge that 
the selection of countries and centers within countries may 
affect the generalizability of the findings. Additionally, the 
limited representation of individuals from minority geo-
graphic backgrounds could impact the applicability to non-
White populations. Yet approximately 45.5% of participants 
were part of the “at-risk” groups for severe influenza-asso-
ciated morbidity and mortality, which strengthens the reli-
ability of the estimations for both the at-risk and not-at-risk 
groups. Overall, the study population closely resembled the 
population receiving GSK’s IIV4 per the local prescribing 
information in Europe, with no significant systematic dif-
ferences that could substantially reduce the generalizability 
of the results.

A strength of this study is the inclusion of all age groups 
eligible for GSK’s IIV4 vaccination. This comprehensive 
approach provided an overall understanding of the AEs 
experienced, including in the pediatric population. The 
study rapidly exceeded its initial target enrollment, reaching 
a total of 1332 participants, well beyond the intended sam-
ple size of 1000. Systematic collection of medical history 
pertaining to COVID-19 vaccination, infections, and associ-
ated symptoms contributed to an empirical understanding 
of their potential impact on the safety profile of the GSK’s 
IIV4. Despite the limited number of reported COVID-19 
cases during the follow-up, the findings were largely aligned 
with prior observations in the pandemic. Notably, the ADR 
card completion and return rates were 97.8% overall, with 
minimal participant attrition, which remained below 10.0%. 
These data are in line with response rates reported in con-
ventional active studies [26] as well as previous ESS studies 
that employed paper cards for assessing seasonal influenza 
vaccines [22]. The utilization of standardized data collection 
tools such as the ADR card and an electronic data capture 
system facilitated efficient information extraction, cleaning, 
and analysis, supporting near real-time assessment. Timely 
encoding of electronic data by the medical team allowed 
ongoing evaluation, including weekly AE reviews, and 
prompt clarification requests from centers when necessary.

Limitations of the study include that it was not powered 
to detect rare AEs. However, routine pharmacovigilance 
activities continue to cover the detection of rare or very rare 
events, as the EMA guidelines did not specifically empha-
size this aspect. The length of the enrollment period was 
constrained by the timing of vaccination campaigns across 
participating countries and prevented active enrollment 
before mid-October, particularly for the site in Belgium 
(where data collection commenced from ISO week 42). 
Although it was possible to record instances of vaccine co-
administration on the same day as GSK’s IIV4, the relatively 
low numbers reported (n = 234, 17.6% for Dose 1 and n = 

1, 2.3% for Dose 2) posed challenges for conducting a com-
prehensive trend analysis or assessing the impact on AE fre-
quency. Despite these limitations, this ESS study contributes 
to continuous vaccine safety monitoring and complements 
routine pharmacovigilance efforts.

5 � Conclusions

No serious AEs considered by the investigator to be associ-
ated with the vaccine were reported and no patterns of safety 
significance were noticed based on age group or “at-risk” 
status for severe influenza. Although not powered to detect 
rare AEs, no safety concerns were identified that alter the 
risk–benefit assessment of GSK’s IIV4. This study supports 
and confirms the acceptable safety profile of GSK’s IIV4 
across all recommended age groups.
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