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ABSTRACT

We estimated the effectiveness of 2024/25 COVID-19 vaccination against medically attended SARS-CoV-2 infection in Europe,
among target groups. We included 3204 patients (8/139 cases vaccinated: 6%; 517/3065 controls vaccinated: 17%) from a multicen-
tre, test-negative design study at primary care level. Vaccine effectiveness was 66% (95% CI: 34-85) overall, 73% (95% CI: 21-94)
and 54% (95% CI: -3 to 83) in the first and second months post-vaccination, respectively. Overall vaccine effectiveness was 67%
(95% CI: 33-86) among older adults (> 60 or > 65years). This relatively high COVID-19 VE (compared with previous seasons), as
well as trends by time since vaccination, should be confirmed with additional data, as sample size was low.
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1 | Introduction

In Europe, the wave of SARS-CoV-2 infections observed in
the summer of 2024 was followed by decreased activity in the
autumn/early winter [1]. Many European countries launched
COVID-19 vaccination campaigns between September and
December 2024, recommending primarily newly authorised vac-
cines adapted to SARS-CoV-2 lineages JN.1 or KP.2 (Comirnaty
JN.1, Comirnaty KP.2, Nuvaxovid JN.1 and Spikevax JN.1) [2].
These country-specific campaigns targeted, for example, older
adults, people with chronic conditions, pregnant women and
certain professional groups (Table SI).

We estimated interim 2024/25 season COVID-19 vaccine ef-
fectiveness (VE) against medically attended, PCR-confirmed
SARS-CoV-2 infection in Europe among target groups, using
primary care data from the Vaccine Effectiveness, Burden and
Impact Studies (VEBIS) [3].

2 | Methods

VEBIS Primary Care is a test-negative design, case—control study
of COVID-19 VE conducted in 11 European study sites (Table S1).
The methods have been described elsewhere [3-5]. Briefly, the
study population comprises patients consulting primary care
physicians for acute respiratory infection [6] who are tested for
SARS-CoV-2 using RT-PCR within 10days of symptom onset.
Cases are symptomatic patients testing positive, and controls
those testing negative. Oro-/nasopharyngeal samples are also
tested for other respiratory pathogens and physicians collect de-
mographic, clinical and vaccination information via interviews
and/or linkage to electronic medical records and vaccination
registries. All or a random/systematic sample of SARS-CoV-2-
positive samples are selected for genetic sequencing. Sequences
are uploaded to GISAID [7] and phylogenetic and amino acid
substitution analyses are performed centrally at the Instituto
Nacional de Satde Doutor Ricardo Jorge, Lisbon, Portugal.

We included patients whose symptom onset occurred >14days
after the start of the autumn/winter 2024/25 COVID-19 vaccina-
tion campaign in their country (Table S1) and before 19 January
2025. We excluded controls with symptom onset prior to the week
of symptom onset for the first COVID-19 case in their study site.

We selected patients who were part of clinically vulnerable
target groups for COVID-19 vaccination according to country-
specific recommendations (Table S1). We excluded children
>6months and <5years of age because the number of rec-
ommended COVID-19 vaccine doses differed from other age
groups [8]. We further applied regular study exclusion crite-
ria (Table S2), including the exclusion of study sites with <10
cases or controls.

We defined as vaccinated patients who received any dose
of COVID-19 vaccine >14days before symptom onset and
after the start of the vaccination campaign in their study site.
Unvaccinated patients were not vaccinated during the campaign
or in the 6 months before. People vaccinated on the day of symp-
tom onset were classified as unvaccinated.

To minimise small sample size bias, we used Firth's penalised
logistic regression [9] to estimate COVID-19 VE as 1 minus the
adjusted odds ratio of vaccination among cases and controls. We
estimated VE among the whole target group for vaccination and
among older adults comprising their country’'s recommended
age-specific target group, i.e., aged >60 or >65years depend-
ing on the country (Table S1). We estimated VE overall and by
time since vaccination (TSV) using 30-day (14-29; 30-59), 42-
day (14-41; 42-83) and 60-day (14-59) intervals, as sample size
allowed. Varying the intervals minimises the sensitivity of our
results to TSV categorisation and allows comparison with vari-
ous studies.

We adjusted for the following a priori confounders and explored
all possible combinations of the following functional forms of
variables: study site (categorical variable), symptom onset date
(categorical variable; restricted cubic spline with 3-5knots),
age (continuous variable; categorical variable with different age
bands; restricted cubic spline with 3-5knots) and sex (binary
variable). We performed complete case analyses.

For each analysis, we chose the best-fitting, fully adjusted model,
using the Akaike information criterion. We also examined odds
ratios and their standard errors for unstable results.

In the sensitivity analyses, we explored whether the presence
of chronic conditions (at least one of diabetes, immunodefi-
ciency, lung disease or heart disease) could confound our VE
estimates by excluding patients with missing information on
this variable and estimating VE adjusted and unadjusted for
chronic conditions. We also replicated all VE analyses using
a cut-off of vaccination 7 days prior to symptom onset (rather
than 14 days) for considering someone as being immunised.
We excluded influenza-positive controls to correct for poten-
tial confounding bias due to correlated COVID-19 and in-
fluenza vaccination behaviours [10]. We excluded from TSV
analyses vaccinated patients whose 2024/25 season vaccina-
tion date was imputed (as, in one study site, imprecise vac-
cination dates were imputed as the last day of the month of
vaccination). Finally, we replicated all analyses using stan-
dard logistic regression.

For each analysis, we did not estimate VE if either: the num-
ber of sites was higher than the number of cases (or controls)
divided by 10, or if there were <20 vaccinated or unvaccinated
patients. We also assumed small sample size bias if the VE esti-
mates from standard logistic regression differed by >10% from
those obtained with penalised logistic regression and did not
show these estimates.

3 | Results

After restrictions (Table S2), we included 3204 patients compris-
ing 139 (4%) cases and 3065 (96%) controls from five study sites,
with onset dates spanning from 1 October 2024 to 9 January
2025. The median age was 66years (interquartile range [IQR]:
53-73) among cases and 63years (IQR: 47-72) among controls
(Table S3). Sixty percent (81/134) of cases and 70% (2099/3019)
of controls had at least one chronic condition.
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Among cases, 6% (8/139) received COVID-19 vaccination this
autumn/winter of 2024/2025, compared with 17% (517/3065)
among controls (Table S3). The median number of days since
last vaccination among the vaccinated was 42days (IQR: 34-
47) among cases and 41days (IQR: 27-55) among controls.
Among vaccinated patients with vaccine brand information,
83% (5/6) of cases and 97% (469/486) of controls received
Comirnaty vaccines, and among those, 80% (4/5) of cases and
60% (283/469) received Comirnaty JN.1 where vaccine anti-
gen was known. As of January 2025, 22% (31/139) of SARS-
CoV-2-positive samples were sequenced. Ninety-four percent
(29/31) belonged to the BA.2.86 lineage, of which 66% (19/29)
belonged to the sub-lineage XEC and 24% (7/29) to KP.3.

Overall COVID-19 VE was 66% (95% CI: 34%-85%) among the
whole target group for vaccination (Table 1). The VE was 73%
(95% CI: 21%-94%) 14-29 days post-vaccination and 54% (95% CI:
—3% to 83%) 30-59days post-vaccination. Among older adults,
COVID-19 VE was 67% (95% CI: 33%-86%) overall, 68% (95% CI:
3%-93%) 14-29 days post-vaccination and 59% (95% CI: 0%—-87%)
30-59days post-vaccination. Estimates for 42-day and 60-day
intervals are presented in Table 1.

The majority of sensitivity analyses resulted in absolute changes
in VE point estimates of <3% (Table S4a—e). Using 7 days post-
vaccination to define someone as immunised increased VE by
6%-13% for any TSV and in early TSV intervals and decreased
VE by 2%-3% in later intervals. When excluding patients with
imputed vaccination dates, who represented 2% (10/517) of the
vaccinated, absolute changes in VE by TSV were <9%.

TABLE1 |

4 | Discussion

COVID-19 vaccines administered during the autumn/winter
2024/25 vaccination campaigns in Europe showed approxi-
mately 65% effectiveness against symptomatic SARS-CoV-2 in-
fection in primary care among target groups, in the 3months
post-vaccination, although confidence limits overlapped. VE de-
clined from 73% in the first month to 54% in the second month.
Estimates were similar (67% overall) among older adults, as they
contributed substantially to VE among the whole target popula-
tion (representing 87% of vaccinated patients).

Sample size and precision were low for these analyses, presum-
ably due to reduced SARS-CoV-2 circulation in the autumn and
early winter, and to the relatively low proportion of patients
vaccinated against COVID-19 in the 2024/25 season. Therefore,
caution is warranted when interpreting these estimates.
Nevertheless, all estimates presented here fulfil criteria estab-
lished a priori to minimise small sample size bias. High SARS-
CoV-2 circulation in the summer could have led to lower vaccine
uptake and lower risk of infection among unvaccinated patients
with prior infection, thereby biasing VE downwards [11]. Given
the high VE, this potential bias likely had little impact on our
results.

We present timely, post-marketing, independent estimates of sea-
sonal COVID-19 VE against symptomatic infection at European
level. Our findings suggest a higher VE than in the previous sea-
son (VE was 40% [95% CI: 26%-53%) for the same period and pop-
ulation in 2023/24 [4]). This may be due to a better match of the

Pooled vaccine effectiveness against medically attended, symptomatic, PCR-confirmed SARS-CoV-2 infection among target groups for

vaccination, VEBIS primary care study, Europe, October 2024-January 2025.

Median TSV (in Median TSV (in
Population group days) among days) among
and TSV analysis TSV (in days) Cases cases (IQR) Controls controls (IQR) VE (95% CI)
Whole target group Unvaccinated 131 — 2548 — —
Any 8 42 (34-47) 517 41 (27-55) 66 (34-85)
30-day TSV intervals 14-29 2 18 (17-20) 159 22 (18-26) 73 (21-94)
30-59 5 43 (40-46) 255 44 (36-51) 54 (—3-83)
42-day TSV intervals 14-41 4 30 (20-39) 264 27 (21-33) 70 (30-90)
42-83 4 48 (45-56) 249 55 (48-65) 53 (—13-85)
60-day TSV interval 14-59 7 40 (30-44) 414 34 (24-46) 64 (28-85)
Older adults (part of Unvaccinated 79 — 1306 — —
the age-specific target Any 7 40 (30-49) 448 41 (27-56) 67 (33-86)
group for vaccination)
30-day TSV intervals 14-29 2 19 (17-20) 131 22 (18-26) 68 (3-93)
30-59 4 43 (40-47) 225 44 (36-51) 59 (0-87)
42-day TSV intervals 14-41 4 30 (20-39) 225 27 (21-33) 66 (18-89)
42-83 3 51 (49-62) 219 55 (49-65) 64 (4-90)
60-day TSV interval 14-59 6 40 (26-45) 356 35 (25-46) 65 (25-86)

Abbreviations: CI, confidence interval; IQR, interquartile range; TSV, time since vaccination; VE, vaccine effectiveness; VEBIS, Vaccine Effectiveness, Burden and

Impact Studies.
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vaccine to circulating viruses in 2024/25 compared with 2023/24
[12]. In this season, Omicron XBB.1.5 vaccines were predomi-
nantly used in our study, whereas among sequenced samples of
cases nearly 40% of viruses belonged to Omicron BA.2.86 and
descendants. Indeed, the 2023/24 XBB-lineage-specific VE point
estimate among older adults in the target group for vaccination
within 6 weeks post-vaccination was higher at 63% (95% CI: -2 to
90), although precision was low.

The antigen composition of 2024/25 COVID-19 vaccines varied
slightly between the United States, where the Food and Drug
Administration recommended KP.2-adapted vaccines [13], and
Europe (both JN.1- and KP.2-adapted vaccines recommended,
with JN.1 vaccines authorised earlier [2]). Limited serological
evidence suggests that JN.1 vaccines may perform better against
SARS-CoV-2 lineages circulating this season (e.g., KP.3) [14],
and our VE results are slightly higher than early US estimates of
the Comirnaty KP.2 VE against outpatient visits [15] and higher
than VE against urgent care and emergency care visits (noting
these can include hospitalisation) [16] in the United States.

These results are to be confirmed later in the 2024/25 season,
with additional data, as sample size was low, and longer TSV
intervals. Other research questions of interest include the esti-
mation of VE against specific lineages circulating this season
and by vaccine antigen component.
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