
Expert Review of Vaccines

ISSN: 1476-0584 (Print) 1744-8395 (Online) Journal homepage: www.tandfonline.com/journals/ierv20

Vaccine effectiveness against medically attended,
laboratory-confirmed influenza in the I-MOVE
primary care network in Europe, VEBIS project,
2024/25

Héloïse Lucaccioni , Francisco Pozo , Gloria Pérez-Gimeno , Ralf Dürrwald ,
Marina Uras , Lisa Domegan , Beatrix Oroszi , Adam Meijer , Camino
Trobajo-Sanmartín , Dorina Ujvari , Ana Paula Rodrigues , Ivan Mlinarić ,
Mihaela Lazar , Eva Rivas Wagner , Annika Erdwiens , Vincent Enouf , Adele
McKenna , Gergő Túri , Marit de Lange , Iván Martínez-Baz , Neus Latorre-
Margalef , Raquel Guiomar , Sanja Kurečić Filipovic , Sorin Dinu , Olatz
Mokoroa , Kristin Tolksdorf , Shirley Masse , Charlene Bennett , Katalin
Kristóf , Mariette Hooiveld , Jesús Castilla , João Santos , Vesna Višekruna
Vučina , Rodica Popescu , Sabrina Bacci , Marlena Kaczmarek & Esther
Kissling

To cite this article: Héloïse Lucaccioni , Francisco Pozo , Gloria Pérez-Gimeno , Ralf Dürrwald ,
Marina Uras , Lisa Domegan , Beatrix Oroszi , Adam Meijer , Camino Trobajo-Sanmartín ,
Dorina Ujvari , Ana Paula Rodrigues , Ivan Mlinarić , Mihaela Lazar , Eva Rivas Wagner , Annika
Erdwiens , Vincent Enouf , Adele McKenna , Gergő Túri , Marit de Lange , Iván Martínez-Baz ,
Neus Latorre-Margalef , Raquel Guiomar , Sanja Kurečić Filipovic , Sorin Dinu , Olatz Mokoroa ,
Kristin Tolksdorf , Shirley Masse , Charlene Bennett , Katalin Kristóf , Mariette Hooiveld ,
Jesús Castilla , João Santos , Vesna Višekruna Vučina , Rodica Popescu , Sabrina Bacci ,
Marlena Kaczmarek & Esther Kissling (2026) Vaccine effectiveness against medically attended,
laboratory-confirmed influenza in the I-MOVE primary care network in Europe, VEBIS project,
2024/25, Expert Review of Vaccines, 25:1, 2645378, DOI: 10.1080/14760584.2026.2645378

To link to this article:  https://doi.org/10.1080/14760584.2026.2645378

© 2026 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

View supplementary material 

Published online: 17 Mar 2026.

Submit your article to this journal 

https://www.tandfonline.com/journals/ierv20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14760584.2026.2645378
https://doi.org/10.1080/14760584.2026.2645378
https://www.tandfonline.com/doi/suppl/10.1080/14760584.2026.2645378
https://www.tandfonline.com/doi/suppl/10.1080/14760584.2026.2645378
https://www.tandfonline.com/action/authorSubmission?journalCode=ierv20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ierv20&show=instructions&src=pdf


Article views: 549

View related articles 

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ierv20

https://www.tandfonline.com/doi/mlt/10.1080/14760584.2026.2645378?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14760584.2026.2645378?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2026.2645378&domain=pdf&date_stamp=17%20Mar%202026
http://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2026.2645378&domain=pdf&date_stamp=17%20Mar%202026
https://www.tandfonline.com/action/journalInformation?journalCode=ierv20


ORIGINAL RESEARCH

Vaccine effectiveness against medically attended, laboratory-confirmed influenza in 
the I-MOVE primary care network in Europe, VEBIS project, 2024/25
Héloïse Lucaccionia, Francisco Pozob,c, Gloria Pérez-Gimenoc, Ralf Dürrwaldd, Marina Urase, Lisa Domeganf, 
Beatrix Oroszig, Adam Meijerh, Camino Trobajo-Sanmartíni, Dorina Ujvarij, Ana Paula Rodriguesk, Ivan Mlinarićl, 
Mihaela Lazarm, Eva Rivas Wagnern, Annika Erdwienso, Vincent Enoufp, Adele McKennaf, Gergő Túrig, Marit de Langeh, 
Iván Martínez-Bazi, Neus Latorre-Margalefj, Raquel Guiomarq, Sanja Kurečić Filipovicl, Sorin Dinum, Olatz Mokoroar, 
Kristin Tolksdorfo, Shirley Masses, Charlene Bennettt, Katalin Kristófu, Mariette Hooiveldv, Jesús Castillai, João Santosk, 
Vesna Višekruna Vučinal, Rodica Popescuw, Sabrina Baccix, Marlena Kaczmarekx and Esther Kisslinga

aEpidemiology Department, Epiconcept, Paris, France; bNational Centre for Microbiology, Institute of Health Carlos III, Madrid, Spain; cConsortium 
for Biomedical Research in Epidemiology and Public Health (CIBERESP), Institute of Health Carlos III, Madrid, Spain; dNational Reference Centre for 
Influenza, Robert Koch Institute, Berlin, Germany; eSorbonne Université, INSERM, Institut Pierre Louis d’épidémiologie et de Santé Publique 
(IPLESP), Paris, France; fHealth Service Executive-Health Protection Surveillance Centre, Dublin, Ireland; gNational Laboratory for Health Security, 
Epidemiology and Surveillance Centre, Semmelweis University, Budapest, Hungary; hNational Institute of Public Health and the Environment, 
Centre for Infectious Diseases Control, Bilthoven, The Netherlands; iInstituto de Salud Pública de Navarra – IdiSNA – CIBERESP, Pamplona, Spain; 
jThe Public Health Agency of Sweden, Department of Microbiology, National Influenza Center, Stockholm, Sweden; kEpidemiology Department, 
National Institute of Health Doctor Ricardo Jorge, Lisbon, Portugal; lCroatian Institute of Public Health, Zagreb, Croatia; m”Cantacuzino” National 
Military-Medical Institute for Research and Development, Bucharest, Romania; nPublic Health General Directorate, Canary Islands Health Service, 
Canary Islands, Spain; oDepartment of Infectious Disease Epidemiology, Respiratory Infections Unit, Robert Koch Institute, Berlin, Germany; pCentre 
National de Référence Virus des Infections Respiratoire (CNR VIR), M3P Unit, Institut Pasteur Université Paris Cité, Paris, France; qNational Reference 
Laboratory for Influenza and Other Respiratory Viruses, Infectious Diseases Department, National Institute of Health Doctor Ricardo Jorge, Lisbon, 
Portugal; rDirectorate of Public Health and Addictions, Basque Country (OPeAZ-DSPyA), San Sebastian, Spain; sUnité des Virus Emergents, UVE: Aix- 
Marseille Univ, Universita di Corsica, IRD 190, Inserm 1207, IRBA, Corte, France; tNational Virus Reference Laboratory, University College Dublin, 
Dublin, Ireland; uInstitute of Laboratory Medicine, Clinical Microbiology Laboratory, Semmelweis University, Budapest, Hungary; vNivel, Utrecht, 
The Netherlands; wNational Centre for Communicable Diseases Surveillance and Control, National Institute of Public Health, Bucharest, Romania; 
xEuropean Centre for Disease Prevention and Control, Stockholm, Sweden

ABSTRACT
Background: We conducted a multicenter test-negative study to estimate vaccine effectiveness (VE) 
against medically attended, laboratory-confirmed influenza in primary care, Europe, 2024/25.
Research design and methods: Specimens were collected from patients with acute respiratory infec
tion. All or a random sample of viruses were sequenced. VE was (1-odds ratio) × 100, adjusted for 
confounders.
Results: We included 7275 cases and 17,516 controls (weeks 40–2024–18–2025). The overall VE was 
46% (95% CI: 40–52), lowest in adults ≥65 years at 28% (95% CI: 12–42). VE against influenza A(H1N1) 
pdm09 was 30% (95% CI: 19–40); ranging 16–34% by age and vaccination target group. Most (88%) 
circulating clades were 5a.2a, distinct from the vaccine clade. VE was 28% (95% CI: 7–45) against 5a.2a 
(C.1.9), and 6% (95% CI: −62–45) against the vaccine-matched clade 5a.2a.1 (D). VE against influenza A 
(H3N2) was 38% (95% CI: 26–49); ranging 20–66% by age and target group. Circulating viruses 
belonged to the vaccine clade 2a.3a.1, with 88% subclade (J.2). VE against influenza B was 76% (95% 
CI: 69–81); ranging 70–80% by age and target group; all viruses belonged to the vaccine clade V1A.3a.2, 
with diverse subclades.
Conclusions: Influenza vaccination protected approximately one in two vaccinated individuals against 
medically attended infection in primary care in Europe, 2024/25, varying by (sub)type and age.
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1. Introduction

In the European Union/European Economic Area (EU/EEA), 
seasonal influenza vaccination is recommended for older 
adults and individuals with chronic medical conditions. In 
addition, some countries have age-based recommendations 
for children [1].

The World Health Organization recommendation for the 
composition of the Northern Hemisphere 2024/25 trivalent 

influenza vaccines for egg-based vaccines was: A/Victoria/ 
4897/2022 (H1N1)pdm09-like virus (clade 5a.2a.1), unchanged 
from 2023/24; A/Thailand/8/2022 (H3N2)-like virus (clade 
2a.3a.1), updated from A/Darwin/9/2021 (clade 2a); and B/ 
Austria/1359417/2021 (B/Victoria lineage)-like virus (clade 
V1A.3a.2), unchanged since 2022/23. For cell culture- or 
recombinant-based vaccines, the recommendation was A/ 
Wisconsin/67/2022 (H1N1)pdm09-like virus, A/Massachusetts/ 
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18/2022 (H3N2)-like virus, and the same influenza B virus 
component as for egg-based vaccines [2].

The 2024/25 season in the EU/EEA was characterized by 
intense influenza activity with the co-circulation of influenza 
virus A(H1N1)pdm09 and A(H3N2) subtypes and influenza 
virus type B, with varying (sub)type dominance among differ
ent European countries [3]. There was a concomitant respira
tory syncytial virus (RSV) epidemic and a low circulation of 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV 
-2) [3].

The I-MOVE network (Influenza Monitoring Vaccine 
Effectiveness in Europe), operating under the VEBIS (Vaccine 
Effectiveness, Burden and Impact Studies) project, has been 
estimating influenza vaccine effectiveness (VE) in primary care 
in the EU/EEA since 2008/09 [4,5]. We present the 2024/25 VE 
estimates against medically attended, laboratory-confirmed 
influenza in primary care, by (sub)type and (sub)clade, in all 
ages, and, where sample size allowed, by age group (0–17, 
18–64, ≥65 years) and in the vaccination target group (i.e. 
individuals for whom vaccination was recommended and 
fully reimbursed; see 2. Patients and methods). Additionally, 
we explored a potential birth cohort effect against influenza A 
(H1N1)pdm09, previously observed in 2023/24 [6]. Finally, to 
assess possible waning of vaccine-induced protection over 
time, we estimated the VE by (sub)type and time since vacci
nation (TSV).

2. Patients and methods

We conducted a multicenter test-negative case–control study 
in 11 study sites from 10 European countries (Croatia, 
Germany, France, Hungary, Ireland, the Netherlands, Spain 
national (12 regions), Spain Navarre region, Portugal, 
Romania, Sweden). Methods are based on a generic study 
protocol, adapted at each site [7].

Practitioners collected specimens and interviewed all or 
a systematic sample of patients attending primary care for 
acute respiratory infection (ARI) or influenza-like illness (ILI), 
depending on the study site (Supplementary material 1).

All specimens were tested by real-time reverse transcrip
tion-polymerase chain reaction (RT-PCR) for influenza virus 
and SARS-CoV-2 at all study sites, and for RSV at 8/11 study 
sites. Patients RT-PCR-positive for influenza virus were consid
ered cases; those negative for any influenza virus were con
sidered controls.

Study sites selected all or a random sample of influenza 
viruses for genetic sequencing. Most sites sequenced viruses 
with cycle threshold (Ct) values below a predefined threshold, 
which varied between study sites (e.g. from Ct <28 to Ct <39). 
Sequences were uploaded by each study site to GISAID and 
downloaded at the National Influenza Centre (Madrid, Spain) 
for centralized phylogenetic and amino acid substitution ana
lysis using MEGA7 software.

Variables collected included symptoms, onset date, swab 
date, 2024/25 influenza vaccination status and date (if vacci
nated), sex, age, and chronic conditions.

The vaccination target group was defined as individuals for 
whom seasonal influenza vaccination was recommended and 
fully reimbursed by the national health system in 2024/25 

(age-based recommendations as in Supplementary material 
1, and those with chronic conditions).

Influenza vaccination status was ascertained from medical 
records by practitioners, registry linkage, or self-report. 
Patients who received influenza vaccination at least 14 days 
before symptom onset were classified as vaccinated, those 
vaccinated 1–13 days before symptom onset were excluded, 
and all others were classified as unvaccinated.

We pooled individual patient data across all study sites, 
including patients swabbed within 7 days of symptom onset 
who met the EU-ARI case definition (i.e. Sudden onset of 
symptoms and at least one of four respiratory symptoms 
(cough, sore throat, shortness of breath, coryza) and 
a clinician’s judgment that the illness is due to an infection) 
[8]. At each site, we included patients with symptom onset at 
least 14 days after the national (or regional) influenza vaccina
tion campaign began (Supplementary material 1). We 
excluded controls presenting before/after the onset week of 
the first/last (sub)type- or (sub)clade-specific case under study. 
We excluded any study site with fewer than 10 influenza (sub) 
type-specific or five (sub)clade-specific cases or controls.

We conducted a complete case analysis, excluding patients 
with missing information on covariates (age, sex, presence of 
chronic condition), and described cases and controls by base
line characteristics.

We estimated the VE against each (sub)type and (sub)clade 
in all ages and, if sample size allowed, by age group (0–17, 
18–64, ≥65 years) and in the vaccination target group. We 
used a one-stage model, with study site as fixed effects. We 
calculated the odds ratios (OR) of vaccination with their 95% 
confidence intervals (CI) using logistic regression adjusted for 
the following confounders: age, sex, presence of at least one 
commonly collected chronic condition (lung disease, heart 
disease, immunodeficiency, diabetes mellitus), and onset 
date. We estimated VE as (1-OR) × 100, expressed as 
a percentage. For continuous variables, we used age as narrow 
groups (using intervals empirically shown to reduce residual 
confounding in our study over the years: 0–1, 2, 3–4, 5–9, 
10–19, 20–29, . . . , 60–69, ≥70 years), as a linear term or as 
a restricted cubic spline (three, four or five knots) and onset 
date as a restricted cubic spline (three, four or five knots). We 
used the Akaike information criterion (AIC) to select the best 
functional form of each continuous variable.

If the number of cases or controls was fewer than 10 times 
the number of model parameters, we used penalized logistic 
regression (Firth’s method [9]) to assess small sample bias. If 
the VE differed by ≥10%, we assumed bias and did not present 
the results.

We used weighted logistic regression to estimate (sub) 
clade-specific VE, as not all study sites sequenced all viruses 
throughout the season. Weights were assigned to each case as 
the reciprocal of the sequencing fraction (proportion of viruses 
sequenced) within each period with different sampling frac
tions. The sequencing fraction was defined separately for each 
study site, (sub)type, and period. Controls were assigned 
a weight of 1. Robust standard errors were used for inference.

We defined influenza A(H1N1)pdm09 by birth cohort 
a priori, based on the first likely influenza A infection in 
Europe at 1 year of age [10–12]. To avoid sparse data, we 
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grouped major A(H1N1)pdm09 antigenic clusters and trun
cated the data at 91 years into the following groups: 0–6, 
7–16, 17–26, 27–39, 40–48, 49–57, 58–68, 69–91 years 
(Supplementary material 2). We estimated the VE by year of 
age, modeling age as a restricted cubic spline (four, five, or six 
knots), including an interaction term between age in years and 
vaccination status. As in the main analysis, we selected the 
best-fitting model among fully adjusted models (adjusted for 
onset date, chronic condition, sex, study site), using the AIC.

We modeled TSV as a categorical variable (unvaccinated, 
14–59 days (<2 months), 60–119 days (2–3 months), ≥120 days 
(4–7 months) since vaccination). We used Wald tests to con
duct pairwise comparisons between TSV categories. We also 
modeled TSV as a continuous variable in days, exploring var
ious functional forms (linear, restricted cubic spline with three, 
four, or five knots), and selected the best-fitting fully adjusted 
model using the AIC. Unvaccinated individuals were assigned 
a value of 0 days since vaccination.

We conducted sensitivity analyses to address the potential 
bias in VE estimates from correlated vaccination behavior 
[13]. To account for potentially correlated COVID-19 vaccina
tion behavior, we excluded SARS-CoV-2-positive controls. In 
a similar way, we excluded RSV-positive controls among 
children under 2 years old from four study sites with 
a 2024/25 recommendation for monoclonal antibody use in 
infants.

All analyses were performed in R v.4.4.2/RStudio [14].
Ethical approval has been obtained from the appropriate 

local ethics committee or Institutional Review Board, and 
informed consent has been obtained as appropriate.

3. Results

3.1. Descriptive analyses

We included 17,516 controls and 7275 influenza cases 
between weeks 40–2024 and 18–2025. Among cases, there 
were 2304 (32%) influenza A(H1N1)pdm09 viruses, 1394 
(19%) influenza A(H3N2), 633 (9%) influenza A viruses not 
subtyped, 2907 (40%) influenza B, and 84 (1%) influenza 
viruses with missing information on the type, noting there 
were 47 codetections (23 influenza A(H1N1)pdm09 and 
B viruses, 9 influenza A(H1N1)pdm09 and A(H3N2), 8 influenza 
A(H3N2) and B, and 7 influenza A (not subtyped) and B). For 
the analysis against influenza A(H3N2), we further excluded 
nine cases from one study site due to small sample size, 
leaving 1385 influenza A(H3N2) cases. Vaccination campaigns 
started from week 37–2024 and continued until week 9–2025 
(Figure 1).

Characteristics of controls and cases included in each (sub) 
type-specific analysis are described in Table 1 and 
Supplementary material 3. The median age was 38 years 
among controls, 42 years among influenza A(H1N1)pdm09 
cases, 33 years among influenza A(H3N2) cases, and 25 years 
among influenza B cases. Among controls, 16% were aged ≥65  
years; this proportion varied between 2% and 12% by influ
enza (sub)type among cases.

Overall, 20% (n = 3482) of controls were vaccinated: 71% (n  
= 2457) received an inactivated egg-based influenza vaccine 

(49% standard dose non-adjuvanted; 14% adjuvanted, 8% 
high-dose vaccine), 7% (n = 246) a cell-passaged vaccine, 7% 
(n = 238) a live attenuated influenza vaccine, 5% (n = 156) 
another or unspecified inactivated vaccine (including alumi
num phosphate-adjuvanted inactivated vaccine, unspecified 
egg- or cell-based vaccines), and 11% (n = 385) had missing 
information (Table 1).

The proportion of different vaccine types administered 
varied by age group (Figure 2 and Supplementary material 4).

3.2. Genetic characterization

Thirty-nine percent (903/2304) of influenza A (H1N1)pdm09, 
31% of (434/1385) influenza A(H3N2) and 31% (915/2907) of 
influenza B Victoria viruses were sequenced (Table 2).

Of the 903 sequenced influenza A(H1N1)pdm09 viruses, 
791 (88%) belonged to clade 5a.2a (C.1.9) and 112 (12%) to 
clade 5a.2a.1 (D). Clade 5a.2a (C.1.9) predominated early in the 
season but was gradually replaced by clade 5a.2a.1 (D) from 
week 11–2025 onward (Supplementary material 5). By the end 
of the season, clade 5a.2a (C.1.9) had split into four subclades 
(C.1.9.1, C.1.9.2, C.1.9.3, C.1.9.4), and clade 5a.2a.1 (D) into five 
(D.1, D.2, D.3+, D.4, D.5). In our study, the majority (78%, 620/ 
791) of 5a.2a C.1.9 viruses belonged to subclade C.1.9.3, and 
the majority (86%, 96/112) of 5a.2a.1 (D) viruses belonged to 
subclade D.3+ (Supplementary material 6).

Of the 434 sequenced influenza A(H3N2) viruses, 350 (81%) 
belonged to subclade 2a.3a.1 (J.2), 63 (15%) to subclade 
2a.3a.1 (J.2.2), 14 (3%) to subclade 2a.3a.1 (J.2.1), and 2% (7/ 
431) to other subclades. Subclade 2a.3a.1 (J.2) predominated 
throughout the season (Supplementary material 5). Of the 434 
A(H3N2) sequenced viruses, 66 (15%) harbored amino acid 
substitutions T135A and 26 (6%) T135K. Furthermore, 165 
(38%) viruses carried an amino acid substitution at least at 
one of three so-called ‘Koel’ positions (S145N/G and/or N158K/ 
S and/or K189R) [15]. A minority of viruses (6%; 25/434), all 
from one study site, carried the double substitution N158K 
+K189R. These substitutions were observed in 41% of viruses 
from subclade 2a.3a.1 (J.2), 33% of viruses from subclade 
2a.3a.1 (J.2.2), and 14% of viruses from subclade 2a.3a.1 (J.1), 
with the double substitution N158K+K189R occurring exclu
sively in subclade 2a.3a.1 (J.2).

Of the 915 sequenced influenza B viruses, 534 (58%) 
belonged to subclade V1A.3a.2 (C.5.1), 211 (23%) to subclade 
V1A.3a.2 (C.5.6), 167 (18%) to subclade V1A.3a.2 (C.5.7), and 
<0.5% (3/534) to other subclades. The distribution of sub
clades remained relatively stable throughout the season, 
with subclade V1A.3a.2 (C.5.1) predominating in most weeks 
(Supplementary material 5).

3.3. Vaccine effectiveness estimates by influenza (sub) 
type and (sub)clade

The VE estimates for all ages, by age group (0–17, 18–64, and 
≥65 years) and in the target group for influenza vaccination 
against any influenza and by (sub)type and (sub)clade, are 
shown in Table 3.

EXPERT REVIEW OF VACCINES 3



3.3.1. Any influenza
The overall VE against any influenza was 46% (95% CI: 
40–52), ranging from 28% (95% CI: 12–42) in older adults 
(≥65 years) to 61% (95% CI: 51–68) in children (0–17 years). 
The VE in the vaccination target group was 41% (95% CI: 
33–48).

3.3.2. Influenza A(H1N1)pdm09
Against influenza A(H1N1)pdm09, the overall VE was 30% 
(95% CI: 19–40), ranging from 16% (95% CI: −12–36) in older 
adults (≥65 years) to 34% (95% CI: 19–48) in adults aged 
18–64 years. The VE in the vaccination target group was 26% 
(95% CI: 12–38).

The overall VE against clade 5a.2a (C.1.9) was 28% (95% CI: 
7–45), 19% (95% CI: −36–52) in children (0–17 years), 39% 
(95% CI: 12–58) in adults aged 18–64 years, and 29% (95% 
CI: 4–48) in the vaccination target group.

Against clade 5a.2a.1 (D), the overall VE was 6% (95% CI: 
−62–45), 47% (95% CI: −32–78) in adults aged 18–64 years.

VE estimates against the parental clade 5a.2a C.1.9 (exclud
ing viruses from subclades C.1.9.1, C.1.9.2, C.1.9.3, and C.1.9.4), 

subclade 5a.2a (C.1.9.3), and subclade 5a.2a.1 (D.3+) are pre
sented in Supplementary material 7.

No statistically significant differences in VE against influ
enza A(H1N1)pdm09 by birth cohort were observed 
(Supplementary material 8–9).

3.3.3. Influenza A(H3N2)
Against influenza A(H3N2), the overall VE was 38% (95% CI: 
26–49), ranging from 20% (95% CI: −4–38) in adults (18–64  
years) to 66% (95% CI: 46–79) in children (0–17 years). The 
VE was 32% (95% CI: 14–46) in the vaccination target 
group.

The overall VE against subclade 2a.3a.1 (J.2) was 37% (95% 
CI: 10–56), 48% (95% CI: −38–80) in children (0–17 years), 30% 
(95% CI: −16–58) in adults aged 18–64 years, and 30% (95% CI: 
−9–55) in the vaccination target group.

The overall VE against subclade 2a.3a.1 (J.2.2) was 32% 
(95% CI: −37–66).

It was not possible to estimate the VE for specific amino 
acid substitutions (e.g. T135A/K, S145N/G and/or N158K/S 
and/or K189R) because of the small sample size.

Figure 1. Number of influenza cases and test-negative controls by week of symptom onset, and number of vaccinated patients by week of vaccination, I-MOVE 
primary care multicenter study, Europe, 2024/25 influenza season.
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3.3.4. Influenza B
The overall VE against influenza B was 76% (95% CI: 69–81), 
80% (95% CI: 71–87) in children (0–17 years), 70% (95% CI: 
59–78) in adults (18–64 years), and 73% (95% CI: 64–80) in the 
vaccination target group. It was not possible to estimate the 
VE in older adults (≥65 years) because of the small sample size.

The overall VE against subclade V1A.3a.2 (C.5.1) was 85% 
(95% CI: 69–93), 90% (95% CI: 46–98) in children (0–17 years), 
and 80% (95% CI: 51–92) in adults aged 18–64 years.

Against subclade V1A.3a.2 (C.5.6), the overall VE was 77% 
(95% CI: 42–91), 69% (95% CI: −1–90) in children (0–17 years), 
and 82% (95%: 31–96) in adults ages 18–64 years.

Against subclade V1A.3a.2 (C.5.7), the overall VE was 53% 
(95% CI: −21–82), and 65% (95% CI: 0–88) in adults aged 
18–64 years.

3.4. Vaccine effectiveness estimates by time since 
vaccination

The VE estimates in all ages against each influenza (sub)type 
by categories of TSV are shown in Table 4. The VE by TSV 

modeled as a continuous variable (where a linear term was the 
best fit for all influenza (sub)types) is presented in 
Supplementary material 10.

The VE against influenza A(H1N1)pdm09 was 38% (95% CI: 
22–51), 26% (95% CI: 12–39), and 20% (95% CI: −17–48) at 
14–59 days (<2 months), 60–119 days (2–3 months), and 
120–207 days (4–7 months) since vaccination, respectively. 
There were no statistically significant differences in pairwise 
comparisons among vaccinated individuals between cate
gories of time since vaccination. In the continuous model, 
the VE declined by 0.3% per day since vaccination (p = 0.131).

The VE against influenza A(H3N2) was 62% (95% CI: 42–76), 
36% (95% CI: 19–49), and 23% (95% CI: −6–45) at 14–59 days 
(<2 months), 60–119 days (2–3 months), and 120–196 days 
(4–7 months) since vaccination, respectively. Pairwise compar
isons showed the VE at 60–119 days (2–3 months) since vacci
nation (p = 0.031) and 120–196 days (4–7 months) since 
vaccination (p = 0.009) were significantly lower than at 14–59  
days (<2 months) since vaccination. Modeling TSV as 
a continuous variable, we observed a decline in VE of 0.4% 
per day (p = 0.073).

Table 1. Characteristics of influenza A(H1N1)pdm09, A(H3N2) and B cases, and controls included in the I-MOVE primary care multicenter study, Europe, 2024/25 
influenza season.

Characteristics

Test-negative 
controls 

(N = 17516)a 

n (%)

All influenza 
cases 

(N = 7275) 
n (%)

Influenza A(H1N1)pdm09 
cases 

(N = 2304) 
n (%)

Influenza A(H3N2) 
cases 

(N = 1385) 
n (%)

Influenza 
B cases 

(N = 2907) 
n (%)

Age
Mean (SD) 37 (25) 33 (22) 39 (23) 35 (23) 26 (17)
Median (IQR) 38 (14–57) 33 (13–49) 42 (18–55) 33 (17–53) 25 (11–40)
Age group (years)
0–4 2365 (14) 628 (9) 226 (10) 125 (9) 218 (8)
5–17 2596 (15) 1687 (23) 346 (15) 232 (17) 949 (33)
18–64 9775 (56) 4404 (61) 1463 (64) 877 (63) 1697 (58)
≥65 2780 (16) 556 (8) 269 (12) 151 (11) 43 (2)
Age by birth cohort (years)
0–6 2850 (16) 953 (13) 306 (13) 186 (14) 379 (13)
7–16 1952 (11) 1263 (17) 252 (11) 155 (11) 728 (25)
17–26 1618 (9) 811 (11) 161 (7) 195 (14) 408 (14)
27–39 2678 (15) 1354 (19) 345 (15) 279 (20) 641 (22)
40–48 2039 (12) 1075 (15) 357 (16) 150 (11) 473 (16)
49–57 2055 (12) 827 (11) 396 (17) 156 (11) 189 (7)
58–68 2210 (13) 578 (8) 282 (12) 153 (11) 63 (2)
69–91 2050 (12) 405 (6) 203 (9) 108 (8) 25 (1)
Sex
Female 9801 (56) 3953 (54) 1263 (55) 763 (55) 1539 (53)
Male 7715 (44) 3322 (46) 1041 (45) 622 (45) 1368 (47)

Seasonal influenza vaccination
No 14,034 (80) 6568 (90) 1975 (86) 1198 (87) 2822 (97)
Yes 3482 (20) 707 (10) 329 (14) 187 (14) 85 (3)

Type of influenza vaccine (among vaccinated)b

IIV4e-SD 1690 (49) 401 (57) 201 (61) 93 (50) 67 (79)
IIV4e-Adjuvanted 491 (14) 59 (8) 19 (6) 10 (5) 3 (4)
IIV4e-HD 276 (8) 36 (5) 22 (7) 8 (4) 2 (2)
IIV4cc-SD 246 (7) 17 (2) 4 (1) 5 (3) 1 (1)
LAIV (any valency) 238 (7) 44 (6) 17 (5) 9 (5) 4 (5)
Other or unspecified IIVc 156 (5) 24 (3) 6 (1.8) 8 (4) 3 (4)
Unknown 385 (11) 126 (18) 60 (18) 54 (29) 5 (6)
Chronic conditiond

Absence of chronic condition 12,841 (73) 5924 (81) 1774 (77) 1079 (78) 2545 (88)
Presence of at least one chronic 

condition
4675 (27) 1351 (19) 530 (23) 306 (22) 362 (13)

Abbreviations: I-MOVE, Influenza Monitoring Vaccine Effectiveness in Europe; SD, Standard deviation; IQR, Interquartile range. 
aControls for ‘Any influenza’ used here (number of controls differs slightly for influenza (sub)types analyses, due to the inclusion criteria). 
bIIV4e-SD = Egg-based, inactivated, non-adjuvanted, standard dose; IIV4e-Adjuvanted = Egg-based, inactivated, adjuvanted with MF59; IIV4e-HD = Egg-based, 

inactivated, non-adjuvanted, high dose; LAIV = Live Attenuated Influenza Vaccine (any valency); IIV4cc-SD = Cell-passaged, inactivated, adjuvanted, normal dose. 
cAluminum phosphate-adjuvanted inactivated vaccine or unspecified egg-based or cell-based IIV. 
dAt least one of four commonly collected chronic condition (lung disease, heart disease, immunodeficiency, and diabetes mellitus). 
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The VE against influenza B was 76% (95% CI: 63–85), 76% 
(95% CI: 68–82), 73% (95% CI: 55–86) at 14–59 days (<2 months), 
60–119 days (2–3 months), 120–198 days (4–7 months) since vac
cination, respectively. Pairwise comparisons among vaccinated 

individuals between categories of time since vaccination showed 
no statistically significant differences. The continuous model 
indicated the VE increased by 0.2% per day since vaccination; 
this change was not statistically significant (p = 0.494).

Figure 2. Percentage of vaccine types administered among vaccinated controls by age group and in the target group for influenza vaccination, I-MOVE primary care 
multicenter study, Europe, 2024/25 influenza season. IIV4e-SD = Egg-based, inactivated, non-adjuvanted, standard dose; IIV4e-Adjuvanted = Egg-based, inactivated, 
adjuvanted with MF59; IIV4e-HD = Egg-based, inactivated, non-adjuvanted, high dose; IIV4cc-SD = Cell-passaged, inactivated, adjuvanted, normal dose; LAIV = Live 
Attenuated Influenza Vaccine (any valency); Other (e.g. Aluminum phosphate-adjuvanted inactivated vaccine, unspecified egg- or cell-based IIV).

Table 2. Influenza viruses characterized by (sub)clade, I-MOVE primary care multicenter study, Europe, 2024/25 
influenza season.

Reference influenza virus for indicated (sub)cladea Clade n %

Total influenza A(H1N1)pdm09b n = 2304
Sequenced 903 39%
A/Lisboa/188/2023-like 5a.2a (C.1.9) 791 88%
A/Victoria/4897/2022-likec 5a.2a.1 (D) 112 12%
Total influenza A(H3N2)b n = 1385
Sequenced 434 31%
A/Thailand/8/2022-likec 2a.3a.1 (J) 0 0%
A/Croatia/10136RV/2023-like 2a.3a.1 (J.2) 350 81%
A/Lisboa/216/2023-like 2a.3a.1 (J.2.2) 63 15%
A/West Virginia/51/2024-like 2a.3a.1 (J.2.1) 14 3%
A/Finland/402/2023-like 2a.3a (G.1.3.1) 5 1%
A/Sydney/856/2023-like 2a.3a.1 (J.1) 2 0.5%
Total influenza Bb n = 2907
Sequenced 915 31%
B/Austria/1359417/2021-likec V1A.3a.2 0 0%
B/Catalonia/2279261NS/2023-like V1A.3a.2 (C.5.1) 534 58%
B/Switzerland/329/2024-like V1A.3a.2 (C.5.6) 211 23%
B/Guangxi-Beiliu/2298/2023-like V1A.3a.2 (C.5.7) 167 18%
B/Stockholm/3/2022-like V1A.3a.2 (C.5) 2 0.2%
B/Moldova/2030521/2023-like V1A.3a.2 (C.3) 1 0.1%

aAs defined by the World Health Organization Collaborating Center, London, for ECDC/WHO-Europe reporting. 
bFor one study site (France), only viruses from 1/4 laboratories are included in this count. 
cStrain included in the 2024/25 northern hemisphere influenza vaccine. 
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3.5. Sensitivity analyses

Excluding SARS-CoV-2 positive controls changed VE estimates by 
<1% absolute. Excluding RSV positive controls changed the VE 
by <2%.

4. Discussion

In this study, we found that approximately one in two vaccinated 
individuals were protected against medically attended, labora
tory-confirmed influenza in primary care in Europe in 2024/25, 
although protection varied by (sub)type and age group.

There was evidence of low VE against influenza A(H1N1) 
pdm09, ranging from 16% to 34% across all age groups and in 

the vaccination target group, consistent with early-season 
findings [16]. These VE estimates were the lowest observed 
over the past four seasons in the I-MOVE primary care network 
in Europe, during which overall estimates ranged from 46% to 
75% [6,17,18]. Higher 2024/25 interim VE estimates in primary 
care settings were reported from Canada [19] (50% in 1–64- 
year-olds; 57% in ≥65-year-olds), and the United States [20] 
(53% in children <18 years; 42% in adults ≥18 years). Interim 
estimates from the United Kingdom varied between 42% and 
48% by age group [16].

As in 2023/24, clades 5a.2a (which would evolve next sea
son to 5a.2a C.1.9) and 5a.2a.1 (evolving to 5a.2a.1 D) co- 
circulated in 2024/25 in Europe. The vaccine component 
belonged to clade 5a.2a.1, which remained unchanged from 

Table 3. Pooled seasonal vaccine effectiveness against any influenza, influenza A(H1N1)pdm09, A(H3N2), and B, overall, by age group and in the vaccination target 
group, I-MOVE primary care multicenter study, Europe, 2024/25 influenza season.

Study population N Cases
Cases  

vaccinated Controls
Controls  

vaccinated VEa (95% CI)

Any influenza
All ages 24 791 7 275 707 17 516 3 482 46 (40–52)
0–17 years 7 276 2 315 133 4 961 873 61 (51–68)
18–64 years 14 179 4 404 278 9 775 1 028 45 (36–52)
≥65 years 3 336 556 296 2 780 1 581 28 (12–42)
Target group 10 566 2 335 567 8 231 2 981 41 (33–48)
Influenza A(H1N1)pdm09
All ages 19 109 2 304 329 16 805 3 400 30 (19–40)
0–17 years 5 432 572 52 4 860 867 32 (6–52)
18–64 years 10 734 1 463 126 9 271 992 34 (19–48)
≥65 years 2 943 269 151 2 674 1 541 16 (−12–36)
Target group 8 777 909 269 7 868 2 911 26 (12–38)

Influenza A(H1N1)pdm09 clade 5a.2a (C.1.9) Lisboa
All ages 14 548 788 102 13 760 2 997 28 (7–45)
0–17 years 4 278 225 18 4 053 810 19 (−36–52)
18–64 years 7 928 489 38 7 439 832 39 (12–58)
Target group 6 854 265 78 6 589 2 578 29 (4–48)

Influenza A(H1N1)pdm09 clade 5a.2a.1 (D) Victoria
All ages 10 198 110 21 10 088 2 553 6 (−62–45)
18–64 years 5 326 72 6 5 326 724 47 (−32–78)
Influenza A(H3N2)
All ages 17 890 1 385 187 16 505 3 417 38 (26–49)
0–17 years 5 070 357 22 4 713 872 66 (46–79)
18–64 years 9 999 877 81 9 122 998 20 (−4–38)
≥65 years 2 821 151 84 2 670 1 547 30 (−2–52)
Target group 8 350 505 157 7 845 2 924 32 (14–46)
Influenza A(H3N2) subclade 2a.3a.1 (J.2)
All ages 12 366 350 54 12 016 2 768 37 (10–56)
0–17 years 3 615 97 5 3 518 787 48 (−38–80)
18–64 years 6 654 207 20 6 447 732 30 (−16–58)
Target group 5 798 116 45 5 682 2 367 30 (−9– 5)
Influenza A(H3N2) subclade 2a.3a.1 (J.2.2)
All ages 8 483 60 10 8 423 2 212 32 (−37–66)
Influenza B
All ages 19 297 2 907 85 16 390 3 386 76 (69–81)
0–17 years 5 915 1 167 28 4 748 859 80 (71–87)
18–64 years 10 684 1 697 46 8 987 990 70 (59–78)
Target group 8 406 629 53 7 777 2 903 73 (64–80)
Influenza B subclade V1A.3a.2 (C.5.1)
All ages 13 561 534 10 13 027 2 848 85 (69–93)
0–17 years 4 255 249 2 4 006 767 90 (46–98)
18–64 years 7 166 277 6 6 889 799 80 (51–92)
Influenza B subclade V1A.3a.2 (C.5.6)
All ages 9 822 210 5 9 612 1 978 77 (42–91)
0–17 years 3 064 111 3 2 953 482 69 (−1–90)
18–64 years 5 210 97 2 5 113 582 82 (31–96)
Influenza B subclade V1A.3a.2 (C.5.7)
All ages 8 852 162 6 8 690 1 808 53 (−21–82)
18–64 years 4 739 100 4 4 639 520 65 (0–88)

Abbreviations: I-MOVE, Influenza Monitoring Vaccine Effectiveness in Europe; CI, confidence interval; VE, vaccine effectiveness. 
aModels adjusted by age, sex, presence of at least one of four commonly collected chronic conditions (lung disease, heart disease, immunodeficiency, and diabetes 

mellitus), date of symptom onset. 
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the previous season [21]. Similar to observations from 2023/24 
[6,22,23], we found a higher VE against 5a.2a (C.1.9) than 
against the vaccine-matched clade 5a.2a.1 D (28% versus 6% 
in all ages in 2024/25). It has been hypothesized that egg- 
adaptive mutations in the vaccine strain and/or immune 
imprinting effects may explain this difference [23].

Nonetheless, compared to 2023/24 [6], in 2024/25 we 
observed a VE against clade 5a.2a lower by 13% and up to 
58% overall and in all age groups, except in younger adults 
aged 18–64 years. This could suggest genetic changes within 
clade 5a.2a (C.1.9) this season. The majority of the 2024/25 
5a.2a (C.1.9) viruses in our study belonged to subclade C.1.9.3, 
characterized by amino acid substitution K169Q, and VE was 
lower against this subclade than against the parental clade 
C.1.9 (excluding viruses from subclades C.1.9.1–C.1.9.4) (20% 
versus 40% in all ages). Although we found evidence of a birth 
cohort effect in 2023/24 when we reported a lower VE among 
individuals born in 1976–1984 whose first encounter with 
previous seasonal influenza virus A(H1N1) infection was with 
A/USSR/90/77 or A/Chile/1/83 [6], we were unable to repeat 
this observation with our data in 2024/25. Further clade- and 
subclade-specific VE estimates, as well as birth cohort-specific 
VE estimates, from other studies around the world will help 
validate our findings.

We found a moderate overall VE (38%) against influ
enza A(H3N2). This estimate was higher than the 2024/25 
interim VE (29%) [16], but broadly comparable to the 
2023/24 end-of-season VE (35%) [6] and previous seasons 
[18,25]. The VE varied by age group, with a higher VE in 
children (66%), and a lower VE in adults, particularly 
younger adults (20% in 18–64-year-olds, 30% in those 
aged ≥65 years).

The circulating clades for influenza A(H3N2) were similar to 
the updated vaccine clade 2a.3a.1 [2]. Antigenic studies sug
gested reduced reactivity of ferret antibodies raised against 
the vaccine virus, including 2a.3a.1 (J.2), the predominant 
subclade in our study [24,25]. In our study, a moderate pro
portion (21%) of sequenced influenza A(H3N2) viruses, almost 
exclusively from subclade 2a.3a.1 (J.2), harbored amino acid 
substitutions T135A or T135K associated with the loss of 
a N-linked glycosylation site, which are linked to antigenic 
drift compared to the vaccine strain and may contribute to 
reduced VE (28,29). Furthermore, 38% of viruses harbored 
amino acid substitutions at one of three so-called ‘Koel’ posi
tions [15] (S145N/G and/or N158K/S and/or K189R), which may 
significantly impact the antigenic properties of the virus. This 
proportion reached 41% among viruses from subclade 2a.3a.1 
(J.2). Amino acid substitutions at these positions have pre
viously been linked to a major antigenic drift [15]. In particular, 
viruses with the N158K+K189R combination showed highly 
reduced reactivity with ferret antisera directed at the vaccine 
strain [24].

Yet, the VE against subclade 2a.3a.1 (J.2) was not substan
tially lower than the VE against all influenza A(H3N2) viruses, 
and the all-ages VE estimates against subclade 2a.3a.1 (J.2) 
and against subclade 2a.3a.1 (J.2.2) were also comparable 
(37% and 32%, respectively). Our findings may partially reflect 
the combined effect of age- and (sub)clade- or amino acid 
substitution-specific VE, although it was not possible to fully 
disentangle their respective contributions due to low 
numbers.

The VE against influenza B was high (≥70%) for all age 
groups, and higher than the 2024/25 interim estimates [16]. 
All viruses belonged to the vaccine clade V1A.3a.2, although 

Table 4. Pooled seasonal vaccine effectiveness against any influenza, influenza A(H1N1)pdm09, A(H3N2), and B, by time since vaccination, all ages, I-MOVE primary 
care multicenter study, Europe, 2024/25 influenza season.

Study 
population Time since vaccination N Cases

Median TSV in days among cases 
(IQR) Controls

Median TSV in days among controls 
(IQR) VEa (95% CI)

Influenza A(H1N1)pdm09 (N = 19 109; Cases: 2304, Controls: 16,805)
All ages Unvaccinated 15 380 1 975 – 13 405 – –

14–59 days (<2  
months)

1 311 102 44 (33–52) 1 209 35 (24–47) 38 (22–51)

60–119 days (2–3  
months)

1 441 197 83 (71–98) 1 244 89 (75–104) 26 (12–39)

120–207 days (4–7  
months)

977 30 134 (128–142) 947 147 (133–164) 20 (−17–48)

Influenza A(H3N2) (N = 17 890; Cases: 1385, Controls: 16,505)
All ages Unvaccinated 14 286 1 198 – 13 088 – –

14–59 days (<2  
months)

1 237 22 40 (32–52) 1 215 35 (24–47) 62 (42–76)

60–119 days (2–3  
months)

1 366 116 88 (74–106) 1 250 89 (75–105) 36 (19–49)

120–207 days (4–7  
months)

1 001 49 137 (129–149) 952 147 (133–164) 23 (−6–45)

Influenza B (N = 19 297; Cases: 2907, Controls: 16,390)
All ages Unvaccinated 15 826 2 822 – 13 004 –

14–59 days (<2  
months)

1 201 21 45 (22–53) 1 180 36 (25–47) 76 (63–85)

60–119 days (2–3  
months)

1 305 51 84 (74–94) 1 254 89 (75–104) 76 (68–82)

120–207 days (4–7  
months)

965 13 127 (124–135) 952 147 (133–163) 73 (55–86)

Abbreviations: I-MOVE, Influenza Monitoring Vaccine Effectiveness in Europe; CI, confidence interval; IQR, interquartile range; TSV, time since vaccination; VE, vaccine 
effectiveness. 

aModels adjusted by age, sex, presence of at least one of four commonly collected chronic conditions (lung disease, heart disease, immunodeficiency, and diabetes 
mellitus), date of symptom onset. 
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there was some diversity in circulating subclades. In all age 
groups, the VE was higher for subclade V1A.3a.2 (C.5.1) and 
V1A.3a.2 (C.5.6) and lowest for subclade V1A.3a.2 (C.5.7) (over
all VE 85%, 77%, 53%, respectively). Subclade V1A.3a.2 (C.5.7) 
represented 18% of the sequenced influenza B viruses and is 
characterized by amino acid substitution E128G located in the 
120-loop of the hemagglutinin, a major target for neutralizing 
antibodies, which could explain the lower VE observed for 
these subclades.

For all influenza (sub)types, there was some decline in VE over 
time; however, statistically significant differences were observed 
for influenza A(H3N2) only, consistent with observations from 
previous seasons [17]. Larger sample sizes and clade-specific VE 
estimates by time since vaccination are needed to better under
stand the potential decline in VE in relation to intraseasonal wan
ing immunity and changes in the circulating clades driven by 
antigenic drift.

Limitations include the small sample size for sequencing 
and for some sub-analyses (e.g. (sub)clade-specific VE), which 
resulted in wide confidence limits of some estimates. In 
particular, we were unable to estimate the VE estimates 
against influenza B in older adults (≥65 years) due to the 
small number of cases in this age group. Similarly, the sample 
size did not allow to conduct VE analyses against specific 
amino acid substitutions in influenza A(H3N2) viruses. As in 
any observational study, there is a potential risk for unmea
sured confounding.

5. Conclusions

The 2024/25 end-of-season estimates from the European 
I-MOVE primary care multicenter network showed that influ
enza vaccination protected approximately one in two vacci
nated individuals against medically attended, laboratory- 
confirmed influenza. The VE against influenza A(H1N1)pdm09 
was low (VE ranging between 16% and 34% by age group), 
and moderate against influenza A(H3N2) (VE ranging between 
20% and 66% by age group). Protection was highest against 
influenza B (VE ≥70% across all age groups), consistent with 
observations from previous seasons.
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