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Abstract
Introduction  Seasonal influenza infects millions annually in Europe. Annual influenza vaccination is the most effective 
measure to reduce the risk of infection and its complications, especially among young children and older adults.
Objective  We assessed adverse event (AE) frequency after receiving GSK’s inactivated quadrivalent seasonal influenza 
vaccine (IIV4).
Methods  A passive enhanced safety surveillance study was conducted in Belgium, Germany, and Spain. Adults who had 
received GSK's IIV4 or the parent(s)/guardian(s)/legally acceptable representative(s) of children given the vaccine were 
invited to complete an adverse drug reaction (ADR) card to document AEs experienced within 7 days post vaccination.
Results  A total of 1082 participants (51.6% females) received GSK's IIV4, including 115 children < 9 years of age who 
received two doses. The ADR card return rate was 97.0% (n = 1049) after dose 1 and 100% (n = 115) after dose 2. All 
participants in Belgium and Germany were adults. In Spain, 71.2% were children. After dose 1, 39.2% reported one or more 
AE. The most frequent AEs category was "general disorders and administration site conditions” (GDASC). AEs were most 
frequently reported in adults aged 18–65 years (47.2%), followed by children aged 6 months–17 years (38.1%), and adults 
aged > 65 years (31.6%). After dose 2, 7.8% reported one or more AE, and GDASC was again the most frequent AE category. 
There were no serious AEs related to GSK's IIV4 within 7 days post vaccination.
Conclusion  No serious AEs related to GSK’s IIV4 within 7 days post vaccination were reported. This study supports the 
favourable risk–benefit safety profile of GSK’s IIV4.

Plain Language Summary
Seasonal influenza infects millions annually in Europe, especially young children and older adults. Annual influenza vac-
cination is the most effective measure to reduce the risk of infection and its complications. As the wild influenza virus 
strains change every year, the composition of the influenza vaccine changes as well. Since the vaccine is produced in the 

 *	 Emad Yanni 
	 emad.a.yanni@gsk.com

1	 Instituto Hispalense de Pediatría, Sevilla, Spain
2	 GSK, Siena, Italy
3	 Hausarztpraxis Heimeranplatz, Munich, Germany
4	 GSK, Rockville, MD, USA
5	 Environment and Health, Department of Public Health 

and Primary Care, KU Leuven, Louvain, Belgium
6	 External Service for Prevention and Protection at Work, 

IDEWE, Heverlee, Belgium
7	 Hospital Universitari Vall d’Hebron, Barcelona, Spain
8	 GSK, Amsterdam, The Netherlands

http://orcid.org/0000-0003-0561-9913
http://orcid.org/0000-0001-9174-6438
http://orcid.org/0000-0002-2946-703X
http://orcid.org/0000-0003-4764-8835
http://orcid.org/0000-0003-4583-9734
http://orcid.org/0000-0001-7204-6583
http://orcid.org/0000-0001-9026-0735
http://crossmark.crossref.org/dialog/?doi=10.1007/s40264-021-01121-8&domain=pdf


1376	 I. Salamanca de la Cueva et al.

same way over the years, extensive safety studies are no longer required by regulatory authorities. Instead, monitoring of 
any unwanted medical incidents (adverse events) after vaccination is required. For the 2019/2020 season, we monitored the 
adverse events reported by a representative sample of people in Belgium, Germany, and Spain within 7 days after receiving 
GSK's seasonal influenza vaccine.
Of the 1082 people who received the first dose of the vaccine, 39% reported at least one adverse event, such as pain and 
swelling at the injection site, tiredness, fever, headache, or dizziness. A total of 115 children under 9 years of age received 
two doses 4 weeks apart. After their second dose, few of these children (8%) reported adverse events. The most frequent 
adverse events were fever, swelling and pain at the injection site, runny nose, or irritability. No serious adverse events were 
reported after either the first or second dose.
No serious adverse events related to GSK’s seasonal influenza vaccine within the 7 days after vaccination were reported. 
This study supports the favourable risk–benefit safety profile of GSK's seasonal influenza vaccine.

Key Points 

Each year, the composition of influenza vaccines 
changes, based on World Health Organization recom-
mendations. The European Medicines Agency has pro-
vided guidelines for monitoring the safety of influenza 
vaccine to quickly identify any safety concerns related to 
the new influenza vaccines at the start of each vaccina-
tion season.

A passive enhanced safety surveillance study was con-
ducted to rapidly collect and assess adverse events (AEs) 
within 7 days post vaccination of adults and children in 
Belgium, Germany, and Spain who received GSK’s inac-
tivated quadrivalent seasonal influenza vaccine (IIV4) 
for the 2019/2020 influenza season.

Of the 1082 participants in the study, 39.2% and 7.8% 
reported at least one AE after dose 1 and dose 2, respec-
tively. No unexpected safety issues or serious AEs were 
reported. These results support the favourable risk–ben-
efit safety profile of GSK's IIV4.

1  Introduction

Seasonal influenza infects millions of people every year in 
Europe [1]. Influenza viruses most commonly circulate from 
late fall through early spring [2]. The majority of people who 
get infected with influenza recover without complications. 
However, influenza can be associated with serious complica-
tions, hospitalisations, and deaths, particularly among older 
adults and persons of all ages with underlying medical con-
ditions [2].

The annual morbidity and mortality rates for influenza 
disease in the European Union (EU) countries from 2009 to 

2013 were 5887 cases and 5.89 deaths per 100,000 popula-
tion, respectively. This makes influenza one of the highest 
infectious disease burdens in the EU, with 81.8 disability-
adjusted life years (DALYs) per 100,000 people, which rep-
resents 29.8% of the total DALYs in the EU [3]. In addition, 
older adults have the highest risk of influenza-attributable 
hospitalisations [4].

Influenza outbreaks are usually caused by influenza A 
virus subtypes and influenza B virus lineages. During the 
2019/2020 influenza season, influenza activity started early 
in week 45/2019, circulated at high levels between week 
52/2019 and week 10/2020, and returned to baseline lev-
els in week 13/2020, which was earlier than the previous 
influenza season (2018/2019). This might have been due to 
the regulations implemented in different countries to limit 
the spread of coronavirus disease 2019 (COVID-19), such 
as social distancing, travel restrictions, and lockdowns [5].

As of week 39/2020, 164,917 laboratory-confirmed influ-
enza cases were detected by the EU regions; 72.9% had type 
A viruses, with A(H1N1)pdm09 prevailing over A(H3N2), 
and 27.1% had type B viruses, with 4480 (98.1%) of 4569 
ascribed to the B/Victoria lineage [6]. Nine EU countries 
reported a total of 10,705 laboratory-confirmed hospital-
ised influenza cases during the 2019/2020 influenza season, 
with 87% due to influenza type A viruses. The majority of 
deceased hospitalised influenza patients were 65 years and 
older and had influenza A virus infection [5].

Annual influenza vaccination is the most effective way to 
reduce influenza disease burden [7]. In EU member states, 
about 31,000 deaths were averted annually thanks to influ-
enza vaccination, of which 97.7% were averted among older 
adults [8].

The continuous antigenic drifts in influenza viruses 
require the yearly update of influenza vaccine composition 
to protect susceptible people against the new wild circulat-
ing influenza virus [9]. The formulation of these vaccines is 
based on recommendations by the World Health Organiza-
tion (WHO) [10].

The European Medicines Agency (EMA) has provided 
guidelines for marketing authorisation holders to conduct 
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enhanced safety surveillance (ESS) in countries where 
they are marketing their influenza vaccines every year in 
order to rapidly detect and evaluate near-real time any new 
safety concerns [11]. Annual ESS is implemented at the 
start of the seasonal influenza immunisation programme 
each year in order to detect any local and systemic adverse 
events (AEs) and compare their trends to the previous 
season(s).

To comply with EMA guidelines, GSK launched an 
annual ESS study programme, which started during the 
2015/2016 influenza season [12–15]. Belgium, Germany, 
and Spain were selected to conduct the passive ESS during 
the 2019/2020 influenza season because GSK was distribut-
ing its inactivated quadrivalent seasonal influenza vaccine 
(IIV4) in these three countries (as AlphaRix Tetra, Influsplit 
Tetra, and Fluarix Tetra, respectively).

The study objectives were to assess, in each country and 
overall, the cumulative percentages of participants who 
reported AEs, according to Medical Dictionary for Regula-
tory Activities (MedDRA) classifications, within 7 days of 
vaccination with GSK's IIV4, overall, by age group, and by 
risk status (at risk, not at risk).

2 � Methods

2.1 � Study Design

This was a multi-country, multicentre, prospective passive 
ESS study (GSK study identifier 207749) that was conducted 
between 1 October 2019 and 13 January 2020 in Belgium, 
Germany, and Spain. The study staff approached adults 
(aged 18 years or older in Belgium, Germany, and Spain) or 
the parent(s)/guardian(s)/legally acceptable representative(s) 
of children 6 months and older (in Spain) to check if they 
were willing to participate in the study after they or the child 
they were responsible for had just received GSK’s IIV4 at 
the study sites as part of their routine healthcare. Those who 
agreed to participate in the study signed the informed con-
sent forms and received an adverse drug reaction (ADR) 
card to be completed and returned to the healthcare provider 
either in person at the next scheduled visit on day 8, or by 
mail. In Belgium, the study participants received a compen-
sation, namely a €20 gift card (a Sodexo voucher), for the 
time they spent to complete the diary cards. The study staff 
entered the data from the returned completed ADR cards 
into a database using an electronic case report form (eCRF).

The ADR cards had both a list of predefined local and 
general adverse events of interest (AEIs) to be checked (yes/
no) by participants as well as a free-text field to report any 
other AEs occurring within 7 days post vaccination (includ-
ing the day of vaccination and the following 6 days).

Children < 9 years old who had not received influenza 
vaccine in the past were eligible for two doses 4 weeks apart, 
according to the recommendation of the WHO [16].

During study implementation, four interim analyses (mid-
November, end-November, mid-December, mid-January) 
were performed to identify any potential safety concern or 
alarming AE that might represent a risk for vaccinees, in 
addition to the final statistical analysis.

The primary study objective was to assess, in each coun-
try and overall, the cumulative percentages of participants 
who reported AEs, according to MedDRA classifications, 
within 7 days of vaccination with GSK's IIV4. The second-
ary objectives were to assess, in each country and overall, 
the weekly and cumulative percentages of participants who 
reported AEs, according to MedDRA classifications, within 
7 days of vaccination with GSK’s IIV4 by age group and 
by risk status (at risk, not at risk). Study endpoints have 
been reported here for the primary objective and for most 
of the secondary objectives. More information regarding 
the weekly percentages of participants reporting any AEs 
within 7 days of vaccination with GSK’s IIV4, overall, by 
age group, and by risk status, can be found at GSK’s Clinical 
Study Register (GSK Study Identifier 207749) [17].

During the study’s implementation, there was no dosage 
modification, change in the target population, formulation 
change, restriction on distribution, or clinical trial suspen-
sion of the influenza vaccine compared to the 2018/2019 
influenza season. Therefore, there were no significant safety-
related changes to the reference safety information for the 
product.

2.2 � Study Population

Approximately 1000 participants receiving GSK’s IIV4 
were planned to be enrolled in this study between 1 Octo-
ber 2019 and 31 December 2019, from eight healthcare 
centres in Belgium (n = 3), Germany (n = 3), and Spain 
(n = 2). The study covered all age groups; however, due to 
feasibility constraints, Belgian and German study centres 
recruited participants ≥ 18 years old, while Spanish study 
centres recruited children ≥ 6 months–17 years and adults 
18–65 years old. Additional inclusion criteria for partici-
pants included the following: they were, in the opinion of the 
investigator, likely to comply with the requirements of the 
study protocol; they had just received GSK's IIV4 accord-
ing to routine medical practice; and they signed a written 
informed consent/informed assent. Children in care were 
excluded from the study.

Recruitment of participants occurred from 1 October 
2019 until 31 December 2019: International Organization 
for Standardization (ISO) week 40/2019 to week 52/2019 
for participants requiring one dose and until 1 December 
2019 (ISO week 40/2019 to week 48/2019) for unprimed 
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children < 9 years old who required two doses, 4 weeks 
apart. This allowed sufficient time for participants to 
receive both doses and to complete the ADR cards on 
time.

2.3 � Statistical Methods

Descriptive statistical analyses of the study data were 
conducted to estimate for each vaccine dose the cumula-
tive and weekly percentages of reported AEs overall and 
by country, as well as by age group and risk status (at 
risk, not at risk). The study included three sets of partici-
pants: (1) the “Enrolled Set”, which included all eligible 
participants vaccinated with GSK’s IIV4 who signed the 
informed consent (dose 1: n = 1083); (2) the “Safety 
Set”, which included all participants from the Enrolled 
Set who received the ADR card (dose 1: n = 1082); and 
(3) the “Solicited Safety Set”, which included all par-
ticipants from the Safety Set who returned the ADR card 
and documented the presence or absence of AEs (dose 1: 
n = 1049). The analyses of the primary and secondary 
objectives were performed on the Safety Set because this 
was a post-marketing study and intended to reflect GSK’s 
IIV4 pharmacovigilance activities.

Demographic characteristics (age at vaccination with 
dose 1, sex, geographic ancestry) and risk status for 
influenza-associated morbidity and mortality were sum-
marised using frequency tables (n [%]) for categorical 
variables, while mean, standard deviation, median, and 
minimum and maximum were calculated for continuous 
data. Vaccines coadministered with GSK’s IIV4, if any, 
were summarised using frequency tables.

For each vaccine dose, the cumulative percentage of 
participants reporting AEIs and/or other AEs from study 
start up to each study week (i.e. ISO week 40/2019–week 
01/2020) was estimated using the MedDRA [18] Pri-
mary System Organ Classes (SOCs) and Preferred Terms 
(PTs). In addition, for each vaccine dose, the weekly 
and cumulative percentages of participants reporting 
AEIs and/or other AEs within the 7-day post-vaccination 
period, using ADR cards, were estimated by age strata 
(6 months–17 years, 18–65 years, and > 65 years) and 
risk status (at risk, not at risk) for influenza-associated 
morbidity and mortality. The two-sided 95% confidence 
interval (CI) accounting for the clustering effect of coun-
tries was calculated for all estimated percentages using 
extended Clopper–Pearson exact CI for clustered data. 
The design effects and the intra-cluster correlation coef-
ficients were also estimated for the cumulative percentage 
of participants reporting AEIs and/or other AEs by Med-
DRA Primary SOCs and PTs over the whole study period.

2.4 � Ethical Considerations

The study protocol was approved by the independent ethics 
committee or institutional review board of each study centre. 
Ethical approval was sought prior to participant enrolment. 
Written informed consent was obtained from each partici-
pant and/or each participant's parent(s)/guardians/legally 
acceptable representative(s) prior to study participation. The 
study protocol is available on GSK’s Clinical Study Register 
(GSK Study Identifier 207749) [17].

3 � Results

3.1 � Participants and Characteristics

A total of 1083 vaccinated participants were enrolled from 
1 October 2019 to 5 December 2019 in Belgium (n = 330), 
Germany (n = 288), and Spain (n = 465). The informed 
consent of one participant in Germany was invalid, leaving 
1082 in the Enrolled Set, including 127 children in Spain 
who were eligible for two doses. However, only 115 children 
received the second dose 4 weeks after the first one. Of the 
12 children who did not receive dose 2, five children were 
sick at the time of dose 2, as indicated by their healthcare 
providers, and seven children were lost to follow-up. Of 
the five children who were sick, two children had laryngo-
tracheobronchitis, two children had pneumonia, and one 
child had bronchitis. None of these medical conditions were 
deemed vaccine-related by the study healthcare providers, 
and the children were advised to postpone their vaccination.

Of the 1082 enrolled participants, 33 participants either 
did not return the ADR card or returned the ADR card with-
out documentation of the presence/absence of AEs after 
dose 1, while all 115 participants returned their ADR card 
after dose 2 (Fig. 1).

All participants in Belgium and Germany were adults, of 
which 57.9% (n = 191) and 59.2% (n = 170), respectively, 
were > 65 years of age. In Spain, 71.2% (n = 331) were 
children (aged 6 months–17 years). In total, 51.6% (n = 558) 
were females. The vast majority of participants were of Cau-
casian/European heritage (98.0%; n = 1060). Overall, 63.6% 
(n = 210) of participants in Belgium, 58.5% (n = 168) of 
participants in Germany, and 54.6% (n = 254) of participants 
in Spain were assessed as at risk for influenza-associated 
morbidity and mortality by their healthcare providers. Of the 
children who received dose 2, 50.4% (n = 58) were girls and 
42.6% (n = 49) were assessed as being at risk for influenza-
associated morbidity and mortality (Table 1).

Few participants had other vaccinations coadministered 
with GSK’s IIV4 dose 1 vaccination during the same visit 
(8.5%; n = 92) as part of their routine healthcare. Coadmin-
istered vaccines included hepatitis vaccine (4.2%; n = 45) 
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and pneumococcal vaccine (3.0%; n = 33). In Spain, 18.5% 
(n = 86) of participants received coadministered vaccines, 
of which the most frequently received were hepatitis vac-
cine (9.7%; n = 45), pneumococcal vaccine (6%; n = 28), 
and meningococcal vaccine (2.2%; n = 10). In Belgium, 
1.5% (n = 5) received pneumococcal vaccine, and one par-
ticipant in Germany (0.3%) received an encephalitis vaccine 
(Table 2).

3.2 � Adverse Events

Of 1082 participants included in the Safety Set who received 
their ADR card, 97.0% (n = 1049/1082) returned their 

completed ADR card after dose 1 and 100.0% (n = 115/115) 
of children returned it after dose 2. After dose 1, 39.2% 
(n = 424/1082) of the Safety Set participants reported at 
least one AEI or AE within 7 days of receiving GSK’s IIV4 
(Table 3), and the weekly proportion of reported AEs ranged 
from 20.0% (n = 13/65) to 52.2% (n = 35/67) (Supplemen-
tary Table S1).

After dose 1, 60.8% (n = 658/1082) reported no AEs, 
15.4% (n = 167/1082) reported one AE, 8.9% (n = 96/1082) 
reported two AEs, 7.1% (n  =  77/1082) reported three 
AEs, and 7.8% (n = 84/1082) reported four or more AEs. 
After dose 2, 92.2% (n = 106/115) reported no AE, 3.5% 
(n = 4/115) reported one AE, 0.9% (n = 1/115) reported 
two AEs, 1.7% (n = 2/115) reported three AEs, and 1.7% 
(n = 2/115) reported four AEs (Supplementary Table S2).

The most frequently reported AEIs after dose 1 were 
injection site pain (25.1%; n = 272/1082), fatigue (7.6%; 
n = 82/1082), headache (6.8%; n = 74/1082), injection 
site swelling (6.2%; n  =  67/1082), rhinorrhoea (5.5%; 
n = 59/1082), myalgia (5.3%; n = 57/1082), injection site 
erythema (5.3%; n = 57/1082), chills (3.5%; n = 38/1082), 
and arthralgia (3.4%; n = 37/1082) (Table 3). The most 
frequently reported unsolicited AEs after dose 1 were 
cough (0.9%; n = 10/1082), oropharyngeal pain (0.7%; 
n = 7/1082), nasopharyngitis (0.5%; n = 5/1082), influ-
enza-like illness (0.4%; n = 4/1082), and influenza (0.3%, 
n = 3/1082) (Table 3).

After vaccination with dose 2, the overall percentage of 
children who experienced at least one AEI within 7 days 
post vaccination was 7.8% (n = 9/115) (Table 4), and their 
weekly percentages ranged from 0.0% (n = 0/30) to 25.0% 
(n = 1/4) (Supplementary Table S1). The most frequently 
reported AEIs after dose 2 were fever (2.6%; n = 3/115), 
rhinorrhoea (2.6%; n = 3/115), injection site swelling (1.7%; 
n = 2/115), and irritability (1.7%; n = 2/115). Other AEIs 
were reported by < 1% of participants (Table 4). The follow-
ing unsolicited AEs were reported by one participant each 
after dose 2: injection site haematoma, cough, hand-foot-
and-mouth disease, and nasopharyngitis (Table 4).

Of note, the weekly cumulative percentage of partici-
pants reporting any AEs within 7 days post vaccination 
varied from 45.2% to 54.2% in Belgium, 20.0% to 31.7% 
in Germany, and 38.5% to 46.4% in Spain after dose 1 
(Supplementary Table S3), and ranged from 7.8% to 25.0% 
in Spain after dose 2 (Supplementary Table S4). Among 
children < 9 years in Spain who received any vaccination 
with GSK’s IIV4, 16.5% (n = 19/115) reported one AE, 
2.6% (n = 3/115) reported two AEs, and 17.4% (n = 20/115) 
reported three or more AEs.

In Spain, for children and adult participants, the most 
frequently reported AEs after any of the two doses were 
injection site pain (25.6%; n = 119/465), fatigue (8.4%; 
n = 39/465), injection site swelling (8.2%; n = 38/465), 

Fig. 1   Study attrition diagram of the passive enhanced safety surveil-
lance for the 2019/2020 influenza season in Belgium, Germany, and 
Spain, with participants enrolled by country and numbers vaccinated 
with dose 1 and dose 2 of GSK's IIV4. Participants were first vacci-
nated then asked if they wanted to participate; they then received the 
ADR card. a Out of the 331 children enrolled, 127 were eligible for 
dose 2 as they were receiving the seasonal influenza vaccine for the 
first time and were < 9 years of age at inclusion. ADR adverse drug 
reaction, AE adverse event, IIV4 inactivated quadrivalent seasonal 
influenza vaccine, N total number of participants, n number of par-
ticipants in a specific category
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Table 1   Summary of demographic characteristics and risk status of participants in the Safety Set

N total number of participants, n % number and percentage of participants in a given category, SD standard deviation
a At vaccination with dose 1 of GSK's inactivated quadrivalent seasonal influenza vaccine
b Risk status for influenza-associated morbidity and mortality as assessed by the healthcare provider based on their judgment and experience
c Risk group for influenza-associated morbidity and mortality. Participants may be assigned to more than one risk group. Detailed information 
about those included in the category “other” was not collected in the electronic case report form since there was no open field to specify the type 
of disease or disorder

Belgium
N = 330

Germany
N = 287

Spain 
N = 465 dose 1
N = 115 dose 2

Total
N = 1082

Dose 1
Age in years at influenza vaccinationa

Mean (SD) in years 60.6 (17.9) 65.1 (16.2) 16.4 (19.2) 42.8 (29.2)
Median in years 67.0 69.0 6.0 47.0
Minimum age 23 years 18 years 7 months 7 months
Maximum age in years 91 91 64 91
Age categorya (n %)
6 months–17 years 0 0 0 0 331 71.2 331 30.6
18–65 years 139 42.1 117 40.8 134 28.8 390 36.0
> 65 years 191 57.9 170 59.2 0 0 361 33.4
Gender (n %)
Female 146 44.2 167 58.2 245 52.7 558 51.6
Male 184 55.8 120 41.8 220 47.3 524 48.4
Geographic ancestry (n %)
Caucasian/European heritage 328 99.4 286 99.7 446 95.9 1060 98.0
Asian 1 0.3 0 0 5 1.1 6 0.6
Black or African American 0 0 1 0.3 0 0 1 0.1
Arabic/North African Heritage 0 0 0 0 2 0.4 2 0.2
Other 1 0.3 0 0 12 2.6 13 1.2
Risk statusb (n %)
At risk 210 63.6 168 58.5 254 54.6 632 58.4
Not at risk 120 36.4 119 41.5 211 45.4 450 41.6
Risk groupc (n %)
Pregnant women 1 0.3 0 0 0 0 1 0.1
> 6 months old with chronic diseases 120 36.4 164 57.1 115 24.7 399 36.9
Children 6–59 months old 0 0 0 0 76 16.3 76 7.0
Healthcare workers 0 0 0 0 4 0.9 4 0.4
Other 202 61.2 4 1.4 63 13.5 269 24.9
Dose 2
Age in years at influenza vaccinationa

Mean (SD) in years 3.1 (2.3)
Median in years 3.0
Minimum age 7 months
Maximum age in years 8
Gender (n %)
Girls 58 50.4
Boys 57 49.6
Geographic ancestry (n %)
Caucasian/European heritage 113 98.3
Asian 2 1.7
Risk statusb (n %)
At risk 49 42.6
Not at risk 66 57.4
Risk groupc (n %)
Children 6–59 months old 42 36.5
Other 7 6.1
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headache (8.0%; n  =  37/465), rhinorrhoea (6.9%; 
n = 32/465), injection site erythema (6.7%; n = 31/465), 
and pyrexia (5.4%; n = 25/465) (Table 5).

Occasionally, allergic reactions are reported after influ-
enza vaccination, especially with the egg-based inactivated 
influenza vaccine; these can, for instance, present as swell-
ing in the head and neck region (e.g. face, lips, tongue, and 
throat) or as an anaphylactic reaction [19]. In this study, 
after dose 1, participants reported allergic reactions such 
as rhinorrhoea (n = 59/1082, 5.5%), pruritis (n = 23/1082, 
2.1%), and eye allergy (n = 8/1082, 0.7%) (Table 3). After 
dose 2, three children (n = 3/115, 2.6%) reported allergic 
reactions (rhinorrhoea) (Table 4).

3.3 � Adverse Events by Age Strata and Risk Status

The frequency of AEs varied by age group. For instance, 
the proportions of participants who reported at least one 
AE within a week after vaccination with dose 1 were 47.2% 
of participants 18–65 years old, followed by 38.1% of chil-
dren aged 6 months–17 years and 31.6% of participants aged 
> 65 years (Supplementary Table S5).

Of participants who were classified as at risk for influ-
enza-associated morbidity and mortality by their health-
care providers, 37.5% (n = 237/632) and 10.2% (n = 5/49) 
reported at least one AE after dose 1 and dose 2, respectively, 
compared to 41.6% (n = 187/450) and 6.1% (n = 4/66) of 
participants classified as not at risk (Supplementary Tables 
S6 and S7).

Of the participants at risk, 28.8% (n = 182/632) reported 
at least one AE in the Primary SOC general disorders and 
administration site conditions after dose 1, followed by 8.7% 
(n = 55/632) in the Primary SOC nervous system disorders, 

7.8% (n = 49/632) in the Primary SOC musculoskeletal and 
connective tissue disorders, 5.9% (n = 37/632) in the Pri-
mary SOC gastrointestinal disorders, and 2.1% (n = 13/632) 
in the Primary SOC metabolism and nutrition disorders 
(Supplementary Tables S8 and S9).

Furthermore, of at risk participants, 1.1% (n = 7/632) 
reported any AE in the Primary SOC psychiatric disorders 
after dose 1 and 7.9% (n = 50/632) reported any AE in the 
Primary SOC respiratory, thoracic and mediastinal disorders 
after dose 1, and 6.1% (n = 3/49) after dose 2 (Supplemen-
tary Tables S8 and S9).

A post hoc assessment of frequency of fever (≥ 38 °C) 
in children 6 months–17 years old was conducted. After 
dose 1, fever was reported in 5.0% of children aged 
6 months–5 years (n = 10/202) and in 5.4% of children aged 
6–17 years (n = 7/129). In unprimed children < 9 years old 
who received dose 2 (n = 115), fever was reported in 3.2% 
(n = 3/94) of children aged 6 months–5 years, but was not 
reported in children aged 6–8 years (n = 0/21).

3.4 � Serious Adverse Events and Deaths

Neither death nor serious AEs related to GSK’s IIV4 were 
reported in this study by healthcare providers within 7 days 
of vaccination. None of the reported AEs led participants to 
discontinue the study.

3.5 � Sensitivity Analysis on the Solicited Safety Set

A sensitivity analysis for the frequency of AEs was con-
ducted on the Solicited Safety Set after dose 1 (Supplemen-
tary Table S10). The analysis results of both sets (Safety Set 
and Solicited Safety Set) were close, with no considerable 

Table 2   Vaccines 
coadministered with GSK's 
IIV4 dose 1 in the Safety Set

IIV4 inactivated quadrivalent seasonal influenza vaccine, N total number of participants, n %, number and 
percentage of participants receiving a given coadministered vaccine

Vaccine Belgium
N = 330

Germany
N = 287

Spain
N = 465

Total
N = 1082

n % n % n % n %

Any 5 1.5 1 0.3 86 18.5 92 8.5
Bacterial and viral 0 0.0 0 0.0 3 0.6 3 0.3
Encephalitis 0 0.0 1 0.3 0 0.0 1 0.1
Hemophilus influenzae B 0 0.0 0 0.0 1 0.2 1 0.1
Hepatitis 0 0.0 0 0.0 45 9.7 45 4.2
Meningococcal 0 0.0 0 0.0 10 2.2 10 0.9
Multiple 0 0.0 0 0.0 2 0.4 2 0.2
Other bacterial 0 0.0 0 0.0 9 1.9 9 0.8
Other viral 0 0.0 0 0.0 4 0.9 4 0.4
Papilloma 0 0.0 0 0.0 2 0.4 2 0.2
Pneumococcal 5 1.5 0 0.0 28 6.0 33 3.0
Varicella Zoster 0 0.0 0 0.0 2 0.4 2 0.2
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difference in the relative frequency of AEs between the two 
sets (compare with Table 3).

4 � Discussion

This study assessed the percentages of participants who 
reported AEs within 7 days of vaccination with GSK’s IIV4 
during the 2019/2020 influenza season. No serious AEs 
related to GSK’s IIV4 were reported during this study, nor 
any new or unexpected AE.

The cumulative percentages of reported AEs in this cur-
rent passive ESS study for the 2019/2020 influenza season 
were close to those observed in the GSK-sponsored study 
for the 2018/2019 influenza season, where 43.0% (95% CI 
36.8–49.4) and 23.7% (95% CI 16.1–32.9) of participants 
reported AEs after doses 1 and 2, respectively [15]. The 
most frequently reported AEs by MedDRA Primary SOC 
in both studies after dose 1 were the “general disorders and 
administration site conditions”. However, no statistical test 
was conducted to compare the descriptive safety outcomes 
of both post-marketing safety studies.

The frequency of various AEs reported in this current 
passive ESS study were also comparable to those described 
in the spontaneously reported safety database for seasonal 
flu as well as in GSK’s IIV4 Summary of Product Charac-
teristics document [19].

In this passive ESS study, AEs were most frequently 
reported in adults aged 18–65 years (47.2%), followed by 
children aged 6 months–17 years (38.1%) and adults aged 
> 65 years (31.6%).

The safety and reactogenicity of GSK's IIV4 in this ESS 
study were also comparable to the safety results of GSK’s 
IIV4 assessed in various clinical trials that enrolled par-
ticipants of different age groups. For instance, during the 
7-day follow-up period after vaccination of 3036 adults 
aged ≥ 18 years with IIV4, injection site pain was reported 
by 36.4% of participants, while injection site redness and 
swelling were reported by almost 2% each [20]. The most 
frequently reported solicited general AEs during the first 7 
days after IIV4 vaccination in the same study were fatigue 
(15.8%), headache (15.9%), and muscle aches (16.4%) [20]. 
Another GSK-sponsored IIV4 clinical trial in children aged 
3–8 years demonstrated a comparable safety profile to this 
ESS study, with injection site pain reported by 47.7% of 
participants, redness by 0.7%, and swelling by 1.8% of chil-
dren who received the IIV4 vaccine (N = 2584) [21]. In 
a similar IIV4 clinical trial in children aged 6–35 months, 
the most frequently reported local solicited AEs within 7 
days after IIV4 vaccination (N = 6006) were pain (22.9%), 
redness (16.6%), and swelling (11.3%), and systemic symp-
toms included irritability (23.4%), loss of appetite (20.8%), 
drowsiness (17.3%), and fever ≥ 38 °C (11.2%) [22].Ta
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The frequency of reported fever in children aged 6 
months–8 years in this current passive ESS study was com-
parable to that reported in clinical trials [21, 23]. However, 
it should be cautiously interpreted since the fever ≥ 38 °C 

was self-reported by parents in the current study, and we 
did not have the chance to assess the start and end date of 
fever during the first 7 days post vaccination.

Table 4   Cumulative number 
and percentage of participants 
reporting AEIs (in italics) and/
or other AEs post vaccination 
with dose 2 (Safety Set)

Bold values represent the MedDRA Primary System Organ Class. Terms in italics represent Preferred 
Terms which correspond to the predefined AEIs
AE adverse event, AEI adverse event of interest, CI confidence interval (extended Clopper–Pearson exact 
CI for clustered data), LL lower limit, MedDRA Medical Dictionary for Regulatory Activities, N total num-
ber of participants, n % number and percentage of participants reporting a given symptom, UL upper limit

MedDRA 
Primary System Organ Class (code)
Preferred Term (code)

Spain
N = 115

n % (95% CI LL–UL)

Any 9 7.8 (1.6–21.2)
Any general disorders and administration site conditions (10018065) 5 4.4 (0.9–12.0)
Fever (10037660) 3 2.6 (0.5–7.4)
Injection site swelling (10053425) 2 1.7 (0.2–6.1)
Chills (10008531) 1 0.9 (0.0–4.8)
Injection site erythema (10022061) 1 0.9 (0.0–4.8)
Injection site pain (10022086) 1 0.9 (0.0–4.8)
Injection site haematoma (10022066) 1 0.9 (0.0–4.8)
Fatigue (10016256) 0 0.0 (0.0–3.2)
Any respiratory, thoracic, and mediastinal disorders (10038738) 4 3.5 (0.8–9.6)
Rhinorrhoea (10039101) 3 2.6 (0.5–7.4)
Cough (10011224) 1 0.9 (0.0–4.8)
Any gastrointestinal disorders (10017947) 2 1.7 (0.2–6.1)
Diarrhoea (10012735) 1 0.9 (0.0–4.8)
Vomiting (10047700) 1 0.9 (0.0–4.8)
Lip swelling (10024570) 0 0.0 (0.0–3.2)
Nausea (10028813) 0 0.0 (0.0–3.2)
Swollen tongue (10042727) 0 0.0 (0.0–3.2)
Any infections and infestations (10021881) 2 1.7 (0.2–6.1)
Hand-foot-and-mouth disease (10019113) 1 0.9 (0.0–4.8)
Nasopharyngitis (10028810) 1 0.9 (0.0–4.8)
Any psychiatric disorders (10037175) 2 1.7 (0.2–6.1)
Irritability (10022998) 2 1.7 (0.2–6.1)
Any skin and subcutaneous tissue disorders (10040785) 1 0.9 (0.0–4.8)
Rash (10037844) 1 0.9 (0.0–4.8)
Pruritus (10037087) 0 0.0 (0.0–3.2)
Swelling face (10042682) 0 0.0 (0.0–3.2)
Any eye disorders (10015919) 0 0.0 (0.0–3.2)
Eye allergy (10015907) 0 0.0 (0.0–3.2)
Any immune system disorders (10021428) 0 0.0 (0.0–3.2)
Hypersensitivity (10020751) 0 0.0 (0.0–3.2)
Any metabolism and nutrition disorders (10027433) 0 0.0 (0.0–3.2)
Decreased appetite (10061428) 0 0.0 (0.0–3.2)
Any musculoskeletal and connective tissue disorders (10028395) 0 0.0 (0.0–3.2)
Arthralgia (10003239) 0 0.0 (0.0–3.2)
Myalgia (10028411) 0 0.0 (0.0–3.2)
Any nervous system disorders (10029205) 0 0.0 (0.0–3.2)
Dizziness (10013573) 0 0.0 (0.0–3.2)
Headache (10019211) 0 0.0 (0.0–3.2)
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Table 5   Cumulative number and percentage of participants reporting AEIs (in italics) and/or other AEs post vaccination with any of the two 
doses (Safety Set)

MedDRA 
Primary System Organ Class (code)
Preferred Term (code)

Spain
N = 465

n n % (95% CI LL–UL)

Any 508 191 41.1 (13.9–73.1)
Any general disorders and administration site conditions (10018065) 286 156 33.6 (2.6–83.4)
Injection site pain (10022086) 120 119 25.6 (0.2–88.2)
Fatigue (10016256) 39 39 8.4 (0.0–54.8)
Injection site swelling (10053425) 39 38 8.2 (2.5–18.8)
Injection site erythema (10022061) 32 31 6.7 (1.4–18.2)
Pyrexia (10037660) 25 25 5.4 (3.5–7.8)
Chills (10008531) 20 20 4.3 (0.0–75.9)
Discomfort (10013082)a; Injection site bruising (10022052)b; Injection site haematoma (10022066)a; 

Peripheral swelling (10048959)
2 each 2 each 0.4 (0.0–8.0 26.3a/69.7b)

Asthenia (10003549)c; Injection site discomfort (10054266)c; Injection site warmth (10022112) 1 each 1 each 0.2 (0.0–14.1/44.8c)
Any nervous system disorders (10029205) 49 43 9.3 (0.0–83.4)
Headache (10019211) 37 37 8.0 (0.0–77.2)
Dizziness (10013573) 9 9 1.9 (0.0–47.6)
Hypersomnia (10020765)d; Psychomotor hyperactivity (10037211); Somnolence (10041349) 1 each 1 each 0.2 (0.0–14.1/44.8d)
Any gastrointestinal disorders (10017947) 42 36 7.7 (0.0–56.2)
Diarrhoea (10012735) 17 17 3.7 (2.1–6.0)
Nausea (10028813) 12 12 2.6 (0.0–85.0)
Vomiting (10047700) 6 6 1.3 (0.5–2.8)
Abdominal pain upper (10000087) 2 2 0.4 (0.0–8.0)
Dry mouth (10013781)e; Flatulence (10016766); Frequent bowel movements (10017367)e; Lip dry 

(10024552)e; Stomatitis (10042128)
1 1 0.2 (0.0–14.1/44.8e)

Lip swelling (10024570); Swollen tongue (10042727) 0 0 0.0 (0.0–0.8)
Any respiratory, thoracic, and mediastinal disorders (10038738) 42 36 7.7 (5.5–10.6)
Rhinorrhoea (10039101) 33 32 6.9 (4.8–9.6)
Cough (10011224) 5 5 1.1 (0.1–4.9)
Increased upper airway secretion (10062717); Oropharyngeal pain (10068319); Sneezing 

(10041232); Tonsillar inflammation (10065169)f
1 each 1 each 0.2 (0.0–14.1/44.8f)

Any musculoskeletal and connective tissue disorders (10028395) 29 25 5.4 (0.0–97.1)
Arthralgia (10003239) 17 17 3.7 (0.0–91.2)
Myalgia (10028411) 12 12 2.6 (0.0–85.0)
Any skin and subcutaneous tissue disorders (10040785) 18 18 3.9 (0.0–54.4)
Pruritus (10037087) 12 12 2.6 (0.0–40.1)
Rash (10037844) 4 4 0.9 (0.0–15.4)
Erythema (10015150) 2 2 0.4 (0.0–8.0)
Swelling face (10042682) 0 0 0.0 (0.0–0.8)
Any metabolism and nutrition disorders (10027433) 14 14 3.0 (1.5–5.4)
Decreased appetite (10061428) 14 14 3.0 (1.5–5.4)
Any psychiatric disorders (10037175) 13 13 2.8 (0.0–21.7)
Irritability (10022998) 13 13 2.8 (0.0–21.7)
Any eye disorders (10015919) 6 6 1.3 (0.0–60.5)
Eye allergy (10015907) 5 5 1.1 (0.0–39.4)
Ocular hyperaemia (10030041) 1 1 0.2 (0.0–44.8)
Any infections and infestations (10021881) 6 6 1.3 (0.5–2.8)
Nasopharyngitis (10028810) 3 3 0.7 (0.0–36.8)
Hand-foot-and-mouth disease (10019113) 1 1 0.9 (0.0-4.8)
Pharyngitis (10034835); Upper respiratory tract infection (10046306) 1 each 1 each 0.2 (0.0–14.1)
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The strength of this passive ESS study was the inclu-
sion of participants from all age groups, from three different 
countries and with different health statuses (at risk, not at 
risk). This helps reduce the impact of clustering due to the 
wide diversity of enrolled participants. In addition, the het-
erogenicity of participants reflects the safety of the influenza 
vaccine in a sample of the general population who attended 
the clinics to receive their routine seasonal influenza vac-
cine in the three countries where the GSK vaccine was dis-
tributed. The notably high return rates of the ADR cards 
(97.0% after dose 1 and 100.0% after dose 2) in this pas-
sive ESS study were similar to or higher than the response 
rates reported in active surveillance studies [24]. It is worth 
mentioning that 59% of returned diary cards after dose 1 
were delivered during the clinic visit, while after dose 2 in 
unprimed children < 9 years, the majority of diary cards 
were delivered by mail (83%). This assured the appropriate-
ness of the approach and the information collection tools 
used (i.e. ADR cards that were either sent by mail in a pre-
stamped envelope or obtained by paying a visit to the clinic 
in person, and eCRFs).

Interim analyses were also essential to identify any alarm-
ing AE that might represent a risk for vaccinees. During 
the study, four interim analyses were conducted between 1 
October 2019 and 13 January 2020, which allowed a near 
real-time follow-up of vaccinees to track any potential safety 
signal. No safety signals were identified during the four 
interim analyses, during the weekly review of data listings, 
or at the end of the study.

One of the study limitations was the fact that all the 
reported AEs were self-reported and could not be verified 
by healthcare providers. In addition, the ADR cards did 
not include a separate list of local AEs for other coad-
ministered vaccines in case the participants received more 
than one vaccine during the same visit, so it was not possi-
ble to differentiate between the local AEs caused by GSK’s 
IIV4 and the coadministered vaccines that might be more 
reactogenic than the influenza vaccine. However, only a 

small percentage (8.5%) of study participants reported 
receiving a coadministered vaccine during the same visit. 
This should be addressed in future ESS studies.

5 � Conclusions

No serious AEs related to GSK’s IIV4 within 7 days post 
vaccination were reported. This study supports the favour-
able risk–benefit safety profile of GSK’s IIV4.
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