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Influenza A viruses circulated in Europe from
September 2023 to January 2024, with influenza
A(HiN1)pdmog predominance. We provide interim
2023/24 influenza vaccine effectiveness (IVE) esti-
mates from two European studies, covering 10 coun-
tries across primary care (EU-PC) and hospital (EU-H)
settings. Interim IVE was higher against A(HiN1))pdmog
than A(H3N2): EU-PC influenza A(HiN1)pdmog IVE was
53% (95% Cl: 41t0 63) and 30% (95% Cl: -3 to 54)
against influenza A(H3N2). For EU-H, these were
44% (95% Cl: 30 to 55) and 14% (95% Cl: =32 to 43),
respectively.
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As at week 5 2024, influenza virus is circulating in
Europe, with median influenza test positivity among
sentinel primary care networks at 34%, and influenza A
as the main virus type [1]. Most countries are reporting
dominance of influenza A(HiN1)pdmog virus [1]. Here,
we present interim influenza vaccine effectiveness
(IVE) from European primary care and hospital multi-
country studies between September 2023 and January
2024.
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FIGURE 1

Sites® participating in VEBIS European primary care and hospital influenza vaccine effectiveness studies, September 2023—

January 2024 (n = 15)

[ Primary care study (EU-PC)
™ Hospital study (EU-H)
3 Primary care study (EU-PC) + Hospital study (EU-H)

Created with mapchart.net

5

BE: Belgium; CZ: Czechia; DE: Germany; ES: Spain (several regions); FR: France; HR: Croatia; HU: Hungary; IE: Ireland; LT: Lithuania; MT: Malta;
NA: Navarre (Spain, one region); NL: the Netherlands; PT: Portugal; RO: Romania; SE: Sweden; VEBIS: Vaccine Effectiveness, Burden and

Impact Studies.

2 Nine sites included in 2023/24 primary care (EU-PC) analysis (providing=10 influenza cases): DE, ES, FR, HR, IE, NA, NL, PT, SE; seven sites
included in 2023/24 hospital (EU-H) analysis (providing210 influenza cases): BE, DE, ES, HR, MT, NA, PT.

Influenza vaccination in Europe

In the northern hemisphere for the 2023/24 season,
the A/Victoria/4897/2022 (H1iN1)pdmog-like clade
5a.2a.1 virus was recommended by the World Health
Organization (WHO) as the influenza A(H1iN1)pdmog
egg-based vaccine strain virus. For influenza A(H3N2)
virus egg-based vaccines, the recommendation was an
A/Darwin/9/2021 (H3N2)-like clade 2a.2 virus [2], the
same as for 2022/23.

Influenza vaccination target groups in the European
Union (EU) include older adults, certain occupational
groups, individuals with chronic conditions, and
those at increased risk of influenza complications and
severe disease [3]. In around one third of European
Union/European Economic Area (EU/EEA) countries,

vaccination of healthy children is also recommended,
e.g. in Ireland among those 2-17 years, Spain among
those=6 months—4 vyears, and Romania among
those=6 months—17 years.

The I-MOVE (Influenza - Monitoring Vaccine
Effectiveness in Europe) primary care (EU-PC) and
hospital (EU-H) multi-country studies have esti-
mated IVE since 2008/09 (EU-PC) and 2012/13 (EU-H).
These studies are now coordinated through the ECDC
Vaccine Effectiveness, Burden and Impact Studies
(VEBIS) project. Within these two multi-country stud-
ies, we assessed interim IVE for the 2023/24 season.
Our results aim to inform the end-February 2024 WHO
Vaccine Strain Selection Committee.

www.eurosurveillance.org
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Study design and setting
Nine of 11 EU-PC and seven of 12 EU-H participating
study sites in 10 countries reported sufficient influenza
cases (= 10 eligible influenza cases) to be included in
interim IVE analyses (Figure 1).

Using the test-negative design, patients meeting a com-
mon case definition were systematically selected for
recruitment and swabbing [4,5]. For EU-PC, we included
patients meeting the EU acute respiratory infection
(ARI) case definition: patients with sudden onset of
symptoms and at least one of four respiratory symp-
toms (cough, sore throat, shortness of breath, coryza).
For EU-H, we included patients meeting a severe ARI
(SARI) case definition: hospitalised for at least 24
h with at least one of three symptoms (fever, cough,
shortness of breath) and with symptom onset within
10 days of hospital admission. Reverse transcription
(RT)-PCR testing was used for influenza virus detection
and type A subtyping. Patients testing negative were
designated as controls, and those testing positive as
cases. Controls presenting before the week of onset of
the first influenza (sub)type/clade-specific case were
excluded from the analysis of that (sub)type. Eight of
nine sites in EU-PC and three of seven sites in EU-H
selected all (or a random sample of) influenza virus-
positive specimens above specified quantification
cycle (Cq) values for haemagglutinin genome segment
orwhole genome sequencing, followed by phylogenetic
analysis to determine clade distribution.

Virological results

We included 12,036 eligible patients between week 39
2023 and week 3 2024 in the EU-PC study (Figure 2A),
and excluded 46 influenza B and 27 influenza virus-
positive infections (type unreported). There were 1,885
influenza A virus infections; 368 (20%) were not sub-
typed. Among 1,517 subtyped viruses, 1,166 (77%) were
A(H1N1)pdmog and 351 (23%) A(H3N2) (we excluded 24
patients from four sites for A(H3N2) analyses due to
small sample size).

We included 5,115 eligible SARI patients between week
412023 and week 4 2024 in the EU-H study (Figure 2B),
and excluded one influenza B and 61 influenza virus-
positive (type unreported) infections. There were 1,075
influenza A infections; 500 (47%) were A(H1iN1)pdmog,
122 (11%) A(H3N2) and 453 (42%) A not subtyped. Two
study sites were excluded from A(HiN1)pdmog and five
from A(H3N2) analyses due to small sample size (three
and nine patients, respectively).

Among the 1,166 A(HiN1)pdmog viruses in EU-PC,
160 (14%) were sequenced. Of these, 56% (90/160)
belonged to clade 5a.2a and 44% (70/160) to vaccine
clade 5a.2a.1 (Table 1). In EU-H, 20 of 497 (4%) A(H1N1)
pdmog viruses were sequenced; 16 belonged to clade
5a.2a.1, and four to 5a.2a.

All 41 (13%) A(H3N2) viruses sequenced in EU-PC and
the one in EU-H belonged to the 2a.3a.1 clade (Table 1).

www.eurosurveillance.org

Among sequenced EU-PC A(H3N2) viruses, 24 had the
N122D substitution.

Vaccination definitions and patient
characteristics

Vaccination information was obtained through GP or
hospital records, by data linkage with national influ-
enza vaccination databases, or patient interview,
depending on the study site. We defined vaccinated
patients as those having received 2023/24 influenza
vaccine at least 14 days before onset of symptoms,
and excluded those vaccinated<14 days before symp-
tom onset.

In EU-PC, 13% (1,307/10,078) of influenza virus A test-
negative controls were vaccinated, vs 10% (119/1,166)
and 11% (37/327) of influenza A(HiN1)pdmog and
A(H3N2) cases, respectively. Among controls, 33%
(3,313/10,078) were<1y years, vs 29% (337/1,166) and
26% (86/327) among influenza A(HiN1)pdmog and
A(H3N2) cases, respectively. In EU-H, 40% (1,595/3,978)
of controls and 39% (193/497) influenza A(H1N1)pdmog
cases were vaccinated vs 57% (64/113) of A(H3N2)
cases. Sixty-four percent (2,544/3,978) of controls in
the EU-H study were=65 years, vs 62% (309/497) and
75% (85/113) of influenza A(HiN1)pdmog and A(H3N2)
cases, respectively (Table 2).

Influenza vaccine effectiveness

Using logistic regression, we estimated an odds ratio
(OR) for vaccination adjusted for a priori potential con-
founding variables of study site, age, sex, presence
of chronic conditions and onset date. We calculated
VE as 1-OR x 100. For models with small sample sizes
(<10 cases or controls per parameter), we performed
a sensitivity analysis using Firth’s penalised logistic
regression [6]. Where differences between this and
the original estimate were=10%, estimates were not
presented.

For all ages, IVE against influenza A was 51% (95% con-
fidence interval (Cl): 41 to 59) in EU-PC and 38% (95%
Cl: 27 to 48) in EU-H (Table 2).

In EU-PC, all-age VE against influenza A(HiN1)pdmog
was 53% (95% Cl: 41 to 63). Among children, IVE was
85% (95% Cl: 71 to 93). All-age IVE was 52% (95% Cl:
—7 to 78) and 39% (95% Cl: —44 to 74) against clade
5a.2a and 5a.2a.1, respectively. In EU-H, all-age influ-
enza A(HiN1)pdmog VE was 44% (95% Cl: 30 to 55).

The all-age VE against influenza A(H3N2) in EU-PC was
30% (95% Cl: =3 to 54) and 14% (95% Cl: =32 t0 43) in
EU-H.

Discussion

Our results from two well-established European multi-
country studies indicate 2023/24 interim VE estimates
against influenza A in primary care and hospital set-
tings were 51% and 38% among all ages, and 53% and
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FIGURE 2

Number of influenza cases and test-negative controls by week of onset, VEBIS European (A) primary care and (B) hospital

studies, September 2023-January 2024 (n=17,016%)

A. Primary care study (EU-PC)
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ARI: acute respiratory infection; 1SO: International Organisation for Standardisation; SARI: severe acute respiratory infection; VEBIS: Vaccine

Effectiveness, Burden and Impact Studies.

2 Numbers for subtypes A(HiN1)pdmog and A(H3N2) are subsets of the total number of influenza A cases.
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TABLE 1

Influenza viruses characterised by genetic clade and amino acid substitutions, VEBIS European primary care and hospital

studies, September 2023-January 2024 (n=222)

EU-PC? EU-H®
Influenza virus Clade
n % n %
Influenza A(HiN1)pdmog
Total number 1,166 497
Sequenced 160 14 20 4
AH1/Sydney/5/2021-like 5a.2a 90 56 4 NC
AH1/Victoria/4897/2022-like 5a.2a.1 70 44 16 NC
+ R113K 5a.2a.1+R113K 28 40 12 NC
+ R45K 5a.2a.1+R45K 29 41 4 NC
Influenza A(H3N2)
Total number 327 113
Sequenced 41 13 1 1
AH3/Thailand/8/2022-like 2a.3a.1 41 NC 1 NC
+ N122D 2a.3a.1+N122D 24 NC ¢} NC
+ N122D +K276E 2a.3a.1+N122D+K276E 21 NC o NC

EU-PC: European primary care multicentre VEBIS study; EU-H: European hospital multicentre VEBIS study; NC: not calculated (percentages not
shown where denominators<60); VEBIS: Vaccine Effectiveness, Burden and Impact Studies.

2 At time of publishing (Feb 2024), not all specimens from the study period were processed.

40% among vaccination target groups, respectively.
Point estimates against influenza A(HiN1)pdmog
ranged between 40 and 54% among adults in EU-PC;
between 41 and 59% in EU-H. In EU-PC, A(HiN1)pdmog
IVE among children was high (85%).

Influenza virus A(HiN1)pdmog 5a.2a.1 and 5a.2a clades
both circulated in the 2022/23 and 2023/24 seasons
in Europe [7,8], with WHO vaccine clade recommenda-
tions changing from 5a.2a for the 2022/23 season to
5a.2a.1 for the 2023/24 season [2,9]. The change in
vaccine clade may have contributed to higher IVE esti-
mates in 2023/24 over 2022/23. Point estimates indi-
cated a higher IVE against clade 5a.2a than 5a.2a.1,
but confidence intervals overlapped. A higher propor-
tion of children had sa.2a infections (36% vs 26%),
although sample size was too small for age-stratified
clade-specific analyses, which might help disentangle
the age-vs-clade effect. Interim 2023/24 IVE results in
Canada report comparable differences in point esti-
mates between clades [10]. Despite genetic diversity
within circulating 2023/24 A(HiN1)pdmog viruses, anti-
genic studies demonstrate good recognition of 5a.2a
and 5a.2a.1 test viruses by the vaccine strain [7].

The 2023/24 interim IVE point estimates against influ-
enza A(H3N2) were 30-35% in EU-PC; similar to the
end-of-season estimate against A(H3N2) in 2022/23
[11]. For EU-H, the interim 2023/24 point estimates of
13-14% against influenza A(H3N2) were lower than
the estimates of 20-25% in the 2022/23 season [12].
Vaccine clades were the same in both seasons (2a.2),
but circulating clades differed, with 2b predominating
in 2022/23 and 2a.3a.1in 2023/24 [7,8]. More than half
of sequenced 2a.3a.1 viruses harboured the N122D

www.eurosurveillance.org

substitution, associated with a potential loss of a gly-
cosylation site, which may affect IVE. Antigenic studies
showed variable recognition of the 2023/24 circulating
viruses [7]. Studies of early or interim IVE estimates
from Canada reported comparable, but slightly higher
IVE against both influenza virus subtypes [10,13].

Limitations include small sample size for IVE against
A(H3N2), as influenza A(HiN1)pdmog circulation has
dominated the season thus far, resulting in low preci-
sion and some stratified estimates unable to be cal-
culated. The low proportion of available sequenced
viruses reduced precision for clade-specific IVE esti-
mates for A(HiN1)pdmog. As with all observational
studies, unmeasured confounding and selection bias
cannot be ruled out. The influenza season continues in
Europe, and end-of-season estimates will provide more
precise IVE estimates against circulating influenza
strains and clades.

Conclusion

Overall, up to 53% and 44% of vaccinated individu-
als in primary care or hospital settings, respectively,
were protected against mild and severe influenza dur-
ing the 2023/24 season. Influenza vaccination should
be promoted in line with national guidelines and rec-
ommendations in all European countries with ongoing
influenza virus circulation.
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TABLE 2

Interim vaccine effectiveness against influenza A, A(HIN1)pdmO09 and A(H3N2), by age group and target group for
vaccination, VEBIS European primary care and hospital studies, September 2023-January 2024

Controls
Influenza (sub)type/clade and study Study population® IVE® 95% Cl
All VaccP
Influenza A
All ages 1,885 192 10 10,078 | 1,307 | 13 51 41to 59
0-17 years 516 24 5 3,313 279 8 71 55 to 82
EU-PC 18-64 years 1,192 82 7 5,310 391 7 40 22 to 55
=65 years 177 86 49 1,455 640 44 45 22 to 62
Target group? 761 151 20 4,458 | 1,122 | 25 53 42 to 63
All ages 1,075 450 42 3,978 | 1,595 | 40 38 27 t0 48
EU-H 18-64 years 281 51 18 708 152 21 53 31t0 68
265 years 703 392 56 2,544 | 1,363 | 54 36 22 10 47
Target group® 978 441 45 3,600 | 1,566 | 44 40 28 to 49
Influenza A(HiN1)pdmog
All ages 1,166 119 10 9,835 1,301 13 53 41 to 63
0-17 years 337 9 3 3,234 276 9 85 71to 93
EU-PC 18-64 years 716 53 7 5,165 390 8 40 17 to 57
265 years 113 57 50 1,436 635 44 41 8to 62
Target group® 460 93 20 4,382 1,116 25 54 40 to 65
All ages 497 193 39 3,670 | 1,550 | 42 44 30 to 55
EU-H 18-64 years 138 19 14 661 150 23 59 30to 77
265 years 309 171 55 2,356 1,320 | 56 41 23t0 54
Target group* 442 188 43 3,345 | 1,521 | 45 47 33to58
Influenza A(HiN1)pmdog clade 5a.2a
EU-PC | All ages | 90 | 8 | 13 | 7,919 | 1,100 | 14 | 52 | -7to 78
Influenza A(HiN1)pmdog clade 5a.2a.1
EU-PC | All ages | 70 | 7 | 10 | 7,392 | 1,081 | 15 | 39 | —44 t0 74
Influenza A(H3N2)
All ages 327 37 11 9,442 | 1,196 | 13 30 -3to 54
EU-PC 18-64 years 211 15 7 4,877 351 7 35 -13 to 65
Target group® 145 31 21 4,187 | 1,034 | 25 30 -10to 57
All ages 113 64 57 3,186 | 1,436 | 45 14 -32t0 43
EU-H 265 years 85 57 67 2,128 1,236 | 58 13 —42 to 45
Target group® 108 64 59 2,969 1,417 | 48 13 -34 t0 43

Cl: confidence interval; EU-H: European hospital multi-country VEBIS study; EU-PC: European primary care multi-country VEBIS study; IVE:
influenza vaccine effectiveness; Vacc: vaccinated; VEBIS: Vaccine Effectiveness, Burden and Impact Studies.

Sites included in EU-PC analysis against influenza A and A(HiN1)pdmog: Croatia, France, Germany, Ireland, the Netherlands, Portugal,
Navarre, Spain and Sweden. Against influenza A(H3N2): France, Germany, Ireland, the Netherlands and Spain.

Sites included in EU-H analysis of IVE against influenza A and influenza A(HiN1)pdmog: Belgium, Croatia, Germany, Malta, Navarre, Portugal
and Spain. Against influenza A(H3N2): Navarre and Spain.

2 Age-specific or target group-specific IVE was not included for overall or (sub)type-specific IVE in some study sites, where sample size did not
allow estimation of IVE.

®Vaccine brand information was available for 77% (1,005/1,307) of vaccinated controls in EU-PC: all vaccines were quadrivalent, 9% (n = 88)
were cell-based, 1% (n = 14) were live attenuated influenza vaccine (LAIV), 5% (n = 53) were adjuvanted vaccine, 12% (n = 118) were high-
dose vaccine, 73% (n = 732) were unadjuvanted, standard dose, egg-propagated, inactivated. In EU-H 77% (1,230/1,595) of vaccinated
controls had available vaccine brand information: all vaccines were quadrivalent, 61% (n = 749) egg-propagated, inactivated, unadjuvanted,
standard dose vaccines, 18% (n = 221) were high dose, 12% (n = 145) adjuvanted, 8% (n = 101) cell-based and 1% (n = 14) LAIV.

¢The IVE models were adjusted by study site, age, sex, presence of chronic conditions and onset date. The best functional forms of the
continuous variables age and onset date (categories, splines, linear terms) were selected using the Akaike information criterion.

4 Groups targeted by seasonal influenza vaccination include older adults (aged 55, 60 or 65 years or older), those in medical risk groups and
healthy children (in Ireland among those aged 2-17 years and in Spain among those aged26 months to 4 years), as defined locally in the
studies and study sites.
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Ethical statement

The planning, conduct and reporting of the studies was in
line with the Declaration of Helsinki.

EU-PC: Official ethical approval and patient consent was not
required in Spain for EU-PC, as this study was classified as
being part of routine care/surveillance. In the Netherlands,
as the data are initially collected through surveillance, no
formal ethical approval was necessary. Verbal informed con-
sent from patients for participation in the national respira-
tory surveillance is required. In addition, patients have the
option to opt out for participation in any further research
(including influenza vaccine effectiveness studies). Other
study sites received local ethical approval from a national
or regional review board: Croatia: approved by the Ethics
Committee of the Croatian Institute of Public Health (class
030-02/23-01/1); France: 471393; Germany: EA2/126/11;
Ireland: ICGP2019.4.04; Portugal: approved 14 December
2022 by the Ethics Committee of Instituto Nacional de Sadde
Doutor Ricardo Jorge, no registration number given; Sweden:
2006/1040-31/2.

EU-H: Official ethical approval was not required for studies
classified as being part of routine care/surveillance (Spain,
Malta). In Belgium and Germany, vaccine effectiveness is
included under SARI surveillance. For Belgium, the study
protocol was approved by the central Ethical Committee
(CHU Saint-Pierre (AK/12-02-11/4111) initially in 2011, and UZ
VUB (B.U.N. 143201215671) from 2014 on) and each partici-
pating hospital’s local ethical committees. The most recent
amendment was approved on 27/9/2023 (reference 2012/310
Amé6). The German SARI surveillance was approved by the
Charité-Universitatsmedizin Berlin Ethical Board (Reference
EA2/218/19). Other study sites obtained local ethical ap-
proval from a national review board (Croatia: approved 3
July 2023 by the Ethics committee of the Croatian Institute
of Public Health, Class 030-02/23-01/3; Navarre: Pl2020/45;
Portugal: approved 19 January 2021 by the Ethics Committee
of Instituto Nacional de Salde Dr Ricardo Jorge, no registra-
tion number given).
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