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Summary
Background Prior studies have reported lower effectiveness of XBB.1.5-adapted vaccines against hospitalization
related to the Omicron JN.1 variant than the XBB variant. This study evaluated the effectiveness and durability of
the BNT162b2 XBB.1.5-adapted vaccine against JN.1-related hospitalization during the 2023–2024 season in Europe.

Methods A test-negative case–control study was carried out in adults (≥18 y) hospitalized between 2 October 2023 and
2 April 2024 with severe acute respiratory infection (SARI) within the id.DRIVE partnership. This study included nine
sites across Belgium, Germany, Italy, and Spain. Cases had a laboratory-confirmed JN.1 infection or a positive SARS-
CoV-2 test with symptom onset during JN.1 predominance; controls had a negative SARS-CoV-2 test and symptom
onset during JN.1 predominance. The primary objective was to estimate BNT162b2 XBB.1.5-adapted vaccine
effectiveness (VE) against COVID-19 hospitalization. One case was matched with up to four controls, according to
symptom onset date and site. Multivariable analyses were adjusted for symptom onset date, age, sex, and number
of chronic conditions.

Findings Among 308 test-positive cases and 1117 test-negative controls, BNT162b2 XBB.1.5-adapted VE against
hospitalization compared to no vaccination this season was 53.8% (95% CI 38.4–65.4) after a median of 63 days
following vaccination. Protection was sustained through five months; VE was 52.2% (95% CI 41.3–61.1) 2 to <4
weeks after vaccination, 48.9% (95% CI 17.9–68.2) at 4 to <8 weeks, and ranged from 54.6% to 59.5% at 4-week
intervals from 8 to <22 weeks.
*Corresponding author. 66 Hudson Blvd E, New York, NY 10001, United States.
E-mail address: Jennifer.Nguyen2@pfizer.com (J.L. Nguyen).

www.thelancet.com Vol 79 January, 2025 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:Jennifer.Nguyen2@pfizer.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eclinm.2024.102995&domain=pdf
https://doi.org/10.1016/j.eclinm.2024.102995
https://doi.org/10.1016/j.eclinm.2024.102995
https://doi.org/10.1016/j.eclinm.2024.102995
http://www.thelancet.com


Articles

2

Interpretation BNT162b2 XBB.1.5-adapted vaccine provided protection against JN.1-related hospitalization, regardless
of prior vaccination history, with no evidence of waning through five months. These data support yearly vaccination
against COVID-19 to prevent severe illness during the respiratory virus season.

Funding Pfizer.

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).
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Research in context

Evidence before this study
We searched Medline, Embase, and grey literature for pre-
prints and publications related to COVID-19 vaccination,
vaccine effectiveness (VE), and XBB.1.5-adapted vaccines
available through 11 August 2024 using the following search
terms: (XBB*.ab,ti,kw.) AND (exp SARS-CoV-2 vaccine/exp
mRNA Vaccines/exp elasomeran/exp tozinameran/
Vaccin$.ti.(Elasomeran or mRNA-1273 or mRNA1273 or RNA-
1273 or RNA1273 or spikevax, or moderna).ti,ab.(“Novavax”
or “Nuvaxovid” or “Covovax” or “NVX-CoV2373” or “NVX-
CoV2601” or “TAK-019” or “nvx cov 2373” or “nvx cov2373”
or nvx-cov-2373 or nvx-cov2373 or nvxcov2373 or “sars-cov-
2 rs” or “tak 019” or tak019, or NVX-
CoV2601).ti,kw,ab.(Tozinameran or ((biontech or Pfizer) adj3
vaccine) or bnt 162b2 or bnt162b2, or comirnaty).ti,ab.) AND
(exp Vaccine Efficacy/exp comparative effectiveness/
(effectiveness or efficacy).ti,ab,kw.(effective* or protect* or
prevent* or efficac$ or “real world” or real-world or rwd or
rwe, or durab$).ti,ab.). The literature search was
supplemented with articles already known to the authors to
be relevant evidence before this study. We also reviewed
government reports from countries included in our study
(Belgium, Germany, Italy, and Spain) for data on timing of
JN.1 variant predominance. JN.1 became predominant the
earliest in Spain in early December 2023, followed by Belgium
and Germany in late December 2023, and Italy in early January
2024. JN.1 is a descendant of BA.2.86 containing >30
mutations in the spike protein compared to the XBB.1.5
strain. We identified eight studies that reported VE for

XBB.1.5-adapted vaccines against JN.1-related hospitalization
during the 2023–2024 autumn/winter season, of which only
two estimated effectiveness beyond three months post-
vaccination. Reported VE against JN.1-related hospitalization
ranged from ∼30 to 60% and 23–47% at 1–3 and 3–6 months
after XBB.1.5-adapted vaccine receipt, respectively.

Added value of this study
Our study shows that the BNT162b2 XBB.1.5-adapted vaccine
was effective against hospitalization related to the JN.1
variant in Europe during the 2023–2024 season and is one of
the first studies to evaluate longer-term durability of XBB.1.5-
adapted vaccine protection against JN.1. We found an overall
VE of 54% compared to no vaccination during the 2023–2024
season, with no evidence of waning protection through five
months. Finally, BNT162b2 XBB.1.5-adapted VE against
hospitalization was similar regardless of prior vaccination
history, including prior receipt of mRNA bivalent BA.4/5
vaccine, ≥2 wildtype mRNA doses, and no prior vaccination.

Implications of all the available evidence
BNT162b2 XBB.1.5-adapted vaccine provided effective
protection against hospitalization during the 2023–2024
season against two highly distinct variants, Omicron XBB and
JN.1, although protection was lower for JN.1. Further, vaccine
protection against hospitalization is likely sustained for at
least six months, indicating that vaccination provides
protection against severe outcomes throughout the autumn/
winter respiratory virus season.
Introduction
On 31 August 2023, the European Medicines Agency
(EMA) authorized BNT162b2 XBB.1.5-adapted mRNA
vaccine (Pfizer/BioNTech Manufacturing GmbH
2023–2024 formulation; hereafter referred to as
BNT162b2 XBB vaccine) for the prevention of corona-
virus disease 2019 (COVID-19) in individuals 6 months
of age and older for the 2023–2024 autumn/winter
season.1 At the time of authorization and launch of the
2023–2024 national vaccine campaigns, most adults in
the European Union/European Economic Area
(EU/EEA) had already received a first booster of COVID-
19 vaccine (median cumulative uptake = 65.5% for age
≥18 years and 84.9% for age ≥60 years),2 and severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
Omicron XBB-related lineages were predominant. Of
the approximately 22.7 million COVID-19 vaccine doses
administered in the EU/EEA until January 2024, 97%
were BNT162b2 XBB vaccine.3

Early estimates from real-world studies conducted
during periods of XBB predominance showed XBB.1.5-
adapted vaccine effectiveness (VE) against hospitalization
www.thelancet.com Vol 79 January, 2025
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due to SARS-CoV-2 ranging from 66% to 76% effective-
ness among older adult populations in the EU/EEA,4–7 and
63% effectiveness among adults in the United States.8 By
December 2023, however, the Omicron JN.1 variant – a
highly transmissible descendant of BA.2.86 with over 30
spike protein mutations relative to the XBB.1.5 strain9 –

had become predominant across Europe.10 Although
XBB.1.5-adapted vaccines have been shown to elicit
neutralizing antibodies against BA.2.86 and JN.1,11,12 the
early data from studies that evaluated lineage-specific
effectiveness – 2 from the United States and 1 from
Europe – found that VE was lower for JN.1-related hos-
pitalization (35–57%) than for XBB-related hospitalization
(61–74%), suggesting that XBB.1.5-adapted vaccines may
have reduced effectiveness against the JN.1 variant.7,13,14

Consistent with these early data, in late April 2024 both
EMA and the World Health Organization (WHO) rec-
ommended a change to the antigenic composition of
authorized COVID-19 vaccines to target JN.1 lineages for
the upcoming 2024–2025 vaccination campaign.15,16

This study evaluated the real-world effectiveness and
durability of the BNT162b2 XBB vaccine against
COVID-19 hospitalization related to the JN.1 variant
across four EU countries (Belgium, Germany, Italy, and
Spain) during the 2023–2024 autumn/winter respiratory
virus season.
Methods
Study design
id.DRIVE is a multi-country, multi-center, test-negative
case–control study that was established in Europe in
November 2020 to estimate VE against COVID-19 hos-
pitalization, defined as laboratory-confirmed SARS-CoV-
2 infection in individuals hospitalized with a severe
acute respiratory infection (SARI). The id.DRIVE Master
protocol (EUPAS42328) was approved by independent
ethics committees (IECs) at all participating hospitals or
hospital networks. SARI patients were recruited pro-
spectively at nine study sites including seven individual
hospitals and two hospital networks during 2 October
2023 to 2 April 2024 (Supplementary Table S1) in
Belgium, Germany, Italy, and Spain. The study start
date coincided with 14 days following the date of first
availability of XBB-adapted vaccines among the four
study countries (Germany: 18 September 2023).

Study objectives
The primary objective of this study was to estimate the
VE of at least one dose of BNT162b2 XBB vaccine
against hospitalization due to laboratory-confirmed
SARS-CoV-2 in SARI patients compared to no receipt
of any COVID-19 vaccine (i.e., no receipt of any
XBB.1.5-adapted or non-XBB.1.5-adapted vaccine) dur-
ing the 2023–2024 autumn/winter season regardless of
prior COVID-19 vaccine history, including the never
vaccinated. Secondary objectives were to estimate VE of
www.thelancet.com Vol 79 January, 2025
at least one dose of BNT162b2 XBB vaccine against
confirmed COVID-19 hospitalization in SARI patients
compared to various histories of COVID-19 vaccination
among those who did not receive any COVID-19 vaccine
during the 2023–2024 autumn/winter season: (a)
received ≥1 BA.4/5 bivalent dose, defined as receipt of
at least one mRNA BA.4/5 bivalent dose as last dose
between 12 September 2022 and 31 August 2023,
(b) received ≥2 mRNA wildtype (i.e., ancestral) doses
only, and (c) have never received any COVID-19 vac-
cines (‘never vaccinated’). Additionally, as a secondary
objective, we estimated VE by age group, number and
type of chronic conditions, and time since BNT162b2
XBB vaccination.

Study participants
The study population consisted of individuals admitted
to the hospital for at least one overnight stay with SARI,
based on the European Centre for Disease Prevention
and Control (ECDC) SARI case definition.17 Qualifying
SARI symptoms were cough, objective fever ≥38 ◦C,
shortness of breath, anosmia, ageusia, or dysgeusia.
Symptom onset must have occurred within 14 days
prior to hospital admission. The study included adults
aged ≥18 years who were eligible for COVID-19 vacci-
nation according to national or regional immunization
recommendations. Patients were excluded if they were
hospitalized for COVID-19 in the 3 months prior to the
current hospital admission, unable to provide a naso-
pharyngeal or oropharyngeal specimen, or if their last
COVID-19 vaccine dose was a brand not approved by
EMA. Patients or their legal representatives were
required to provide informed consent except where
waivers were authorized by IECs.

SARI patients who were either infected with the JN.1
variant of SARS-CoV-2, confirmed by whole genome
sequencing (WGS) or next generation sequencing
(NGS), or who experienced symptom onset during a
period when JN.1-related lineages comprised ≥70% of
samples sequenced as part of national SARS-CoV-2
genomic surveillance, were included. Country-specific
JN.1 predominance periods were defined according to
national surveillance reports.18–21 The following dates
were used to define the start of the JN.1-predominant
period per country: 3 December 2023 for Spain,18 29
December 2023 for Belgium,19 31 December 2023 for
Germany,20 and 1 January 2024 for Italy.21 The earliest
symptom onset date for a patient infected with JN.1 was
27 November 2023. No patients had a sequencing result
of a non-JN.1 lineage during JN.1 predominance
periods.

Exposure and outcome definition
The exposed group was defined as patients vaccinated
with at least one dose of BNT162b2 XBB vaccine,
regardless of prior COVID-19 vaccine history. Patients
who received the vaccination within 14 days prior to
3
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SARI symptom onset or ≤12 weeks after receipt of any
other COVID-19 vaccine were excluded from the ana-
lyses. The unexposed group was defined as patients who
had not been vaccinated against COVID-19 during the
2023–2024 season. The unexposed group included those
never vaccinated and those who have received any
COVID-19 vaccine before the 2023–2024 season, which
must have occurred >12 weeks prior to SARI symptom
onset. This minimum interval of >12 weeks since prior
COVID-19 vaccination or SARS-CoV-2 infection was
required for both exposed and the unexposed groups, in
accordance with national recommendations on eligi-
bility for the 2023–2024 seasonal vaccine.22 The unex-
posed group was further stratified by prior COVID-19
vaccination categories: 1) patients who have received at
least one BA.4/5 bivalent dose, 2) patients who have only
received at least two mRNA wild type doses, and 3)
patients who have never been vaccinated with any
COVID-19 vaccine.

‘Test-positive cases’ were defined as patients who
met the SARI case definition and tested positive on at
least one of the following: SARS-CoV-2 reverse tran-
scription polymerase chain reaction (RT-PCR), multi-
plex PCR, or transcription mediated amplification
(TMA) assay. Cases were infected with laboratory-
confirmed JN.1 or had a positive SARS-CoV-2 test
with symptom onset during a period of JN.1-
predominance. ‘Test-negative controls᾿ were defined as
patients who met the SARI case definition and tested
negative on all SARS-CoV-2 tests conducted, with
symptom onset during JN.1 predominance. Specimens
for both test-positive cases and test-negative controls
must have been collected between 14 days prior to and
up to 72 h after hospital admission.

Data collection and management
Data on COVID-19 vaccination were gathered from
vaccination registries, medical records, or vaccination
cards. Genomic sequencing was performed on SARS-
CoV-2-positive samples. Data were collected on age, sex,
chronic conditions (Supplementary Table S2), body
mass index (BMI), pregnancy status, history of influ-
enza and pneumococcal vaccination, prior SARS-CoV-2
infection, and long-term care facility residence. Study
staff gathered data from hospital medical records, gen-
eral practitioner medical records, or patient interview,
which were subsequently entered into an electronic
Case Report Form (eCRF, Castor®). Only pseudony-
mized data were transferred to a secured central
research server hosted by P95 for analysis.

Statistical methods
Odds ratios and 95% Wald confidence intervals (CI) that
compared the odds of vaccination among test-positive
cases to the odds of vaccination among test-negative
controls were estimated from multivariable general-
ized estimating equation (GEE) logistic regression
models that accounted for potential intra-cluster corre-
lation among subjects from the same study site23 and
adjusted for date of symptom onset, age, sex, and
number of chronic conditions. An independent working
correlation matrix was recommended to mitigate biased
estimates if there is cluster based confounding (CBC),
informative cluster sizes (ICS), or both present.24,25

Matching of one case with up to four controls by site
and 2-week interval from earliest onset date was per-
formed for each study objective separately (i.e., using
separate datasets) to account for potential residual time-
varying confounding. Calendar time for symptom onset
date was modeled using a cubic spline with two knots.
Age was modeled using a cubic spline with two knots at
age 50 and 65 years, except when the analysis dataset
contained <10% patients aged <50 years, in which case a
single knot at age 65 was utilized. The selection of knots
was based on the cut-off points used to define age group
categories. For analyses stratified by age group, the knot
was set at the median age of patients in each group.
Spline terms for symptom onset date were penalized to
overcome multicollinearity while fitting GEE models
using the (modified) Penalized Generalized Estimating
Equation (PGEE) package by allowing for a ridge penalty
term. Sensitivity analyses were performed to investigate
the robustness of results obtained from the PGEE
approach and the number and location of the knots for
both symptom onset date and age. In addition, sensi-
tivity analyses including stratification by prior
COVID-19 infection, adjustment for 2023–2024 sea-
sonal influenza vaccination status, adjustment for the
presence of hypertension, and use of a stricter case
definition in which symptom onset must have occurred
within 7 days prior to hospitalization were performed.

All analyses included only patients with complete
data on exposure status, test results, and relevant con-
founders adjusted in the models.26 Since COVID-19
status was included in the primary data collection, test
status information was available for nearly all partici-
pants. Additionally, data on exposure status and poten-
tial confounders (such as age, sex, number of chronic
conditions, and symptom onset dates) were sourced
from pre-existing medical records, vaccine registries,
and other records. Consequently, performing a com-
plete case analysis was deemed unlikely to produce
biased estimates and precision loss. Sample size was
calculated to achieve a 95% CI width (upper value minus
lower value of the 95% CI) of 50% or less, leading to a
target of 820 SARI patients (164 test-positive cases and
656 test-negative controls) for the primary objective.
Sample size calculations were simulation-based and
relied on assumptions regarding overall vaccine
coverage (40%), proportion of vaccinated subjects
receiving the BNT162b2 XBB vaccine (90%), case–
control ratio (1:4), and presumed VE (70%), taking
into account the prespecified statistical analysis
approach (GEE). More details regarding model fitting,
www.thelancet.com Vol 79 January, 2025
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sample size calculation, and the matching process are
provided in Supplementary Material sections A.1, A.2,
and A.3, respectively.

All analyses were performed in R version 4.1.2.

Role of the funding source
Pfizer is a partner in the id.DRIVE consortium (https://
iddrive.eu/) and funded this study. This study was
conducted as a clinical research collaboration between
Pfizer and P95, co-coordinator of the id.DRIVE con-
sortium and acting as the study sponsor. Pfizer was
involved in the study design, data collection, data
interpretation, writing of the manuscript, and decision
to submit for publication.
Results
Study population
Of 2759 total patients hospitalized with SARI from 2
October 2023 to 2 April 2024, 1425/2759 (51.6%) pa-
tients were included in the analysis, of which 308/1425
(21.6%) were test-positive cases. Of the cases, 45/308
(14.6%) were infected with laboratory-confirmed JN.1
and 263/308 (85.4%) had unknown genetic variant but
symptom onset during JN.1 predominance
(Supplementary Fig. S1). In total, 0.6% (17/2759) of
SARI patients were excluded from analysis due to
missing data on number of chronic conditions (n = 12),
sex (n = 4), and age (n = 1).

Overall, 78.0% (1111/1425) of all SARI hospitalized
patients were aged ≥65 y, 50.0% (713/1425) were male
and 88.1% (1256/1425) had at least one chronic condi-
tion (Table 1). The most prevalent chronic conditions
were hypertension (63.9%), cardiovascular disease
(44.4%), lung disease (35.7%), and type 2 diabetes
(28.4%). Immunodeficiency or cancer was present in
19.5% of patients. Most (88.0%) SARI patients were
recruited at hospitals located in Spain. Supplementary
Fig. S2 shows the distribution of enrolled SARI pa-
tients over time and for each country.

Median age of test-positive cases was 79.5 years
(interquartile range [IQR] 66.0–86.2) and half were male
(50.0%, n = 154). Of 1117 test-negative controls, 50.0%
were male (n = 559) and median age was 77 years (IQR
66.0–85.0). Test-positive cases had a lower prevalence of
asthma than test-negative controls (6.5% vs 10.6%) and
higher prevalence of cardiovascular disease (48.1% vs
43.4%), chronic liver disease (18.8% vs 14.5%), and
immunodeficiency or cancer (23.4% vs 18.4%).

Overall, 50.6% (721/1425) had received BNT162b2
XBB vaccine (120/308 [38.9%] of test-positive cases and
601/1117 [53.8%] of test-negative controls) (Table 1). No
patients had received multiple doses of any XBB-
adapted vaccine. Among the 704 patients who had not
received any COVID-19 vaccine in the 2023–2024 sea-
son, 80 (11.4%) had never been vaccinated, 338 (48.0%)
had received ≥2 mRNA wildtype doses only, and 195
www.thelancet.com Vol 79 January, 2025
(27.7%) had received an mRNA bivalent BA.4/5 booster
as last dose. Patients who had not received any COVID-
19 vaccine in the 2023–2024 season were younger
compared to their counterparts who were vaccinated
with the BNT162b2 XBB vaccine [median age of 71
years (IQR 59.0–81.0) vs 81 years (74.0–88.0)]. They also
had a lower percentage of ≥3 chronic conditions (34.2%
vs 48.5%). Overall, they were more frequently not
vaccinated for influenza (77.7% vs 5.7%) or pneumo-
coccal vaccine (69.2% vs 47.0%).

COVID-19 vaccine effectiveness
Overall adjusted VE of BNT162b2 XBB vaccine (vs not
having received any COVID-19 vaccine during the
2023–2024 season) against hospitalization related to the
JN.1 variant was 53.8% (95% CI 38.4–65.4) at a median
(IQR) of 63 (48–79) days since vaccination (Fig. 1). In
analyses stratified by age group, VE estimates were
comparable across age with overlapping CIs, with the
oldest age group having the lowest VE; VE was 56.5%
(95% CI 18.6–76.8) among those 18–64 y, 62.5% (95%
CI 40.0–76.6) among those 65–79 y, and 48.8% (95% CI
36.9–58.5) among those aged ≥80 y. VE was generally
similar among patients with 0–1, 2, or ≥3 chronic
conditions, and across types of chronic conditions (e.g.,
lung disease, cardiovascular disease, renal disease). VE
estimates for chronic liver disease and type 2 diabetes
should be interpreted with caution due to imprecision
(wide 95% CIs). In sensitivity analyses stratified by prior
COVID-19 infection, VE estimates were comparable
across groups; 58.2% (95% CI 34.0–73.5) in patients
with documented prior COVID-19 infection and 53.9%
(95% CI 27.5–70.7) in patients with no documented
prior COVID-19 infection (Supplementary Material
section A.4). Adjusted VE by time since BNT162b2
XBB vaccine receipt was 52.2% (95% CI 41.3–61.1) at 2
to <4 weeks, 48.9% (95% CI 17.9–68.2) at 4 to <8 weeks,
56.9% (95% CI 39.5–69.2) at 8 to <12 weeks, 54.6%
(95% CI 50.2–58.5) at 12 to <16 weeks, and 59.5% (95%
CI 21.4–79.1) at 16 to <22 weeks (maximum follow-up
after vaccination was 151 days; Fig. 1). Results by time
since last dose were similar when limited to patients
aged ≥65 y (Supplementary Fig. S3).

When compared to patients who had not received
any COVID-19 vaccine during the 2023–2024 season but
had received previous versions of COVID-19 vaccines
(i.e., ≥1 BA.4/5 bivalent mRNA dose or ≥2 mRNA
wildtype doses only), BNT162b2 XBB VE was similar
across vaccination history (VE was 61.0% (95% CI
35.1–76.6) and 48.8% (95% CI 44.2–53.0), respectively;
Fig. 2). BNT162b2 XBB VE was also similar when
compared to patients who were never vaccinated; overall
VE was 52.1% (95% CI 9.8–74.5) (Fig. 2) and protection
was sustained through <22 weeks.

Results from sensitivity analyses that used the PGEE
approach to determine the number and location of knots
were consistent with the main analysis (Supplementary
5
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Total, N (col %) Received BNT162b2 XBB.1.5-adapted vaccine
in 2023–2024 season, (N, col %)

Did not receive any COVID-19 vaccine in
2023–2024 season, (N, col %)

Test-positive cases Test-negative controls Test-positive cases Test-negative controls

Total 1425 120 601 188 516

Prior COVID-19 vaccination

Never vaccinated 85 (6.0) 0 (0.0) 5 (0.8) 18 (9.6) 62 (12.0)

≥2 mRNA wildtype doses only 438 (30.7) 17 (14.2) 83 (13.8) 89 (47.3) 249 (48.3)

≥1 mRNA bivalent BA.4/5 booster 787 (55.2) 99 (82.5) 493 (82.0) 63 (33.5) 132 (25.6)

Othera 115 (8.1) 4 (3.3) 20 (3.3) 18 (9.6) 73 (14.1)

Sex

Female 712 (50.0) 52 (43.3) 295 (49.1) 102 (54.3) 263 (51.0)

Male 713 (50.0) 68 (56.7) 306 (50.9) 86 (45.7) 253 (49.0)

Age, years

Median (IQR) 77.0 (66.0, 86.0) 84.0 (76.0, 88.0) 80.0 (73.0, 87.0) 75.0 (61.0, 84.0) 70.5 (58.0, 80.0)

18–49 110 (7.7) 0 (0.0) 7 (1.2) 23 (12.2) 80 (15.5)

50–64 204 (14.3) 9 (7.5) 47 (7.8) 37 (19.7) 111 (21.5)

≥65 1111 (78.0) 111 (92.5) 547 (91.0) 128 (68.1) 325 (63.0)

Symptom onset, month

Nov 2023 4 (0.3) 0 (0.0) 0 (0.0) 4 (2.1) 0 (0.0)

Dec 2023 717 (50.3) 58 (48.3) 295 (49.1) 95 (50.5) 269 (52.1)

Jan 2024 582 (40.8) 50 (41.7) 262 (43.6) 74 (39.4) 196 (38.0)

Feb 2024 113 (7.9) 12 (10.0) 41 (6.8) 13 (6.9) 47 (9.1)

Mar 2024 9 (0.6) 0 (0.0) 3 (0.5) 2 (1.1) 4 (0.8)

Country of hospitalization

Belgium 10 (0.7) 1 (0.8) 6 (1.0) 1 (0.5) 2 (0.4)

Germany 15 (1.1) 0 (0.0) 0 (0.0) 4 (2.1) 11 (2.1)

Italy 146 (10.2) 12 (10.0) 17 (2.8) 33 (17.6) 84 (16.3)

Spain 1254 (88.0) 107 (89.2) 578 (96.2) 150 (79.8) 419 (81.2)

Body mass index (BMI), kg/m2b

Median (IQR) 25.6 (22.9, 29.5) 25.4 (22.6, 29.2) 25.9 (23.1, 29.8) 25.0 (22.8, 28.0) 25.4 (22.6, 29.9)

Underweight (BMI < 18.5) 38 (3.8) 7 (8.2) 14 (3.1) 6 (5.0) 11 (3.2)

Normal weight (BMI ≥ 18.5 to <25.0) 395 (39.1) 33 (38.8) 177 (38.6) 50 (41.3) 135 (39.0)

Overweight (BMI ≥25.0 to <30.0) 316 (31.3) 25 (29.4) 144 (31.4) 42 (34.7) 105 (30.3)

Obese (BMI ≥30.0)c 261 (25.8) 20 (23.5) 123 (26.9) 23 (19.0) 95 (27.5)

Missing 415 35 143 67 170

Number of chronic conditions

0–1d 444 (31.2) 26 (21.7) 132 (22.0) 67 (35.6) 219 (42.4)

2 390 (27.4) 35 (29.2) 178 (29.6) 48 (25.5) 129 (25.0)

≥3 591 (41.5) 59 (49.2) 291 (48.4) 73 (38.8) 168 (32.6)

Type of chronic condition

Asthma 138 (9.7) 8 (6.7) 61 (10.1) 12 (6.4) 57 (11.0)

Lung disease 509 (35.7) 45 (37.5) 243 (40.4) 60 (31.9) 161 (31.2)

Cardiovascular disease 633 (44.4) 64 (53.3) 318 (52.9) 84 (44.7) 167 (32.4)

Hypertension 910 (63.9) 88 (73.3) 439 (73.0) 110 (58.5) 273 (52.9)

Renal disease 92 (6.5) 7 (5.8) 32 (5.3) 15 (8.0) 38 (7.4)

Liver disease 220 (15.4) 27 (22.5) 107 (17.8) 31 (16.5) 55 (10.7)

Type 2 diabetes 404 (28.4) 45 (37.5) 202 (33.6) 44 (23.4) 113 (21.9)

Immunodeficiency or cancere 278 (19.5) 24 (20.0) 109 (18.1) 48 (25.5) 97 (18.8)

Level of SARI severityb

Hospital admission without intensive care unit
(ICU) admission and without in-hospital death

1297 (91.5) 104 (88.1) 543 (90.5) 178 (95.7) 472 (92.0)

ICU admission without in-hospital death 41 (2.9) 1 (0.8) 15 (2.5) 3 (1.6) 22 (4.3)

In-hospital death 79 (5.6) 13 (11.0) 42 (7.0) 5 (2.7) 19 (3.7)

Missing 8 2 1 2 3

(Table 1 continues on next page)
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Total, N (col %) Received BNT162b2 XBB.1.5-adapted vaccine
in 2023–2024 season, (N, col %)

Did not receive any COVID-19 vaccine in
2023–2024 season, (N, col %)

Test-positive cases Test-negative controls Test-positive cases Test-negative controls

(Continued from previous page)

Length of hospital stay, daysb

Median (IQR) 6.0 (4.0, 10.0) 6.0 (4.0, 9.0) 6.0 (4.0, 10.0) 6.0 (4.0, 10.0) 6.0 (4.0, 9.0)

1–3 275 (19.6) 20 (17.1) 107 (17.9) 36 (19.7) 112 (22.2)

4–6 474 (33.8) 44 (37.6) 194 (32.4) 61 (33.3) 175 (34.7)

7–13 457 (32.6) 40 (34.2) 213 (35.6) 59 (32.2) 145 (28.7)

14–27 168 (12.0) 11 (9.4) 75 (12.5) 23 (12.6) 59 (11.7)

28–41 21 (1.5) 2 (1.7) 7 (1.2) 2 (1.1) 10 (2.0)

≥42 8 (0.6) 0 (0.0) 2 (0.3) 2 (1.1) 4 (0.8)

Missing 22 3 3 5 11

Pregnancyb,f

Yes 2 (0.3) 0 (0.0) 1 (0.3) 0 (0.0) 1 (0.4)

No 704 (99.7) 52 (100.0) 294 (99.7) 101 (100.0) 257 (99.6)

Missing 6 0 0 1 5

Reported prior SARS-CoV-2 infectionb

Yes 300 (25.4) 22 (21.8) 140 (26.7) 34 (23.3) 104 (25.5)

No 880 (74.6) 79 (78.2) 385 (73.3) 112 (76.7) 304 (74.5)

Missing 245 19 76 42 108

Influenza vaccination within 12 months prior to
hospitalizationb

Yes 822 (58.3) 112 (93.3) 566 (94.5) 51 (27.6) 93 (18.4)

No 588 (41.7) 8 (6.7) 33 (5.5) 134 (72.4) 413 (81.6)

Missing 15 0 2 3 10

Pneumococcal vaccinationb

Yes 576 (41.1) 66 (55.0) 312 (52.3) 63 (34.4) 135 (26.9)

No 826 (58.9) 54 (45.0) 285 (47.7) 120 (65.6) 367 (73.1)

Missing 23 0 4 5 14

Smoking historyb

Never-smoker 591 (44.4) 52 (48.6) 266 (46.3) 77 (47.2) 196 (40.2)

Ex-smoker 488 (36.6) 43 (40.2) 233 (40.5) 59 (36.2) 153 (31.4)

Occasional smoker 37 (2.8) 2 (1.9) 10 (1.7) 4 (2.5) 21 (4.3)

Daily smoker 216 (16.2) 10 (9.3) 66 (11.5) 23 (14.1) 117 (24.0)

Missing 93 13 26 25 29

Long-term care facility residentb

Yes 57 (4.1) 7 (6.0) 29 (4.9) 4 (2.2) 17 (3.3)

No 1350 (95.9) 110 (94.0) 568 (95.1) 180 (97.8) 492 (96.7)

Missing 18 3 4 4 7

a“Other” includes the following: mRNA bivalent BA.1 vaccine, a single mRNA wildtype dose only, a single mRNA wildtype dose following non-mRNA dose(s), ≥2 mRNA wildtype doses following non-
mRNA doses, any number of non-mRNA doses. bPercentages exclude subjects with missing values. cObese classification was based on both BMI ≥30.0 kg/m2 and obesity as a categorical variable (yes/no).
dThe categories “0” and “1” among the number of chronic conditions are counted as separate categories of number of chronic conditions, based on the list of chronic conditions provided in Supplementary
Table S2. Here, the cell counts among participants having “0–1” chronic conditions are provided as a composite. eThe categories “Cancer” and “Immunodeficiency” among chronic conditions are identified
as separate types of chronic conditions, as presented in Supplementary Table S2. Here, the cell counts among participants having “Immunodeficiency or cancer” are provided as a composite. fPregnancy
status counts and percentages were counted in female patients.

Table 1: Characteristics of study participants according to receipt of BNT162b2 XBB.1.5-adapted vaccine and SARS-CoV-2 case classification.

Articles
Material sections A.4.1 and A.4.2). COVID-19 VE esti-
mates were also comparable to results from the main
analysis when separately adjusting for hypertension
(Supplementary Material section A.4.7) and when
applying a stricter SARI case definition of symptom
onset within 7 days of hospitalization (Supplementary
Material section A.4.8). The overall COVID-19 VE esti-
mate of 53.8% (95% CI: 38.4%-65.4%) was slightly
www.thelancet.com Vol 79 January, 2025
higher (61.8% [95% CI: 56.1%-66.7%]) after adjusting
for 2023–2024 seasonal influenza vaccination status
(Supplementary Material section A.4.6).
Discussion
This large, multi-center test-negative case–control study
conducted in four EU countries shows that the
7
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Fig. 1: Vaccine effectiveness1 against COVID-19 hospitalization in SARI patients who received at least one dose of BNT162b2 XBB.1.5-
adapted vaccine compared to patients who did not receive any dose of a COVID-19 vaccine in the 2023–2024 autumn/winter season.
1Vaccine effectiveness estimates are adjusted for date of symptom onset, age, sex, and number of chronic conditions. 2‘Never vaccinated’
subjects were excluded when calculating the median (IQR) of time since last vaccine dose in the unexposed group (patients who did not receive
any dose of a COVID-19 vaccine in the 2023–2024 autumn/winter season). 3The categories “Cancer” and “Immunodeficiency” among chronic
conditions are counted as separate types of chronic conditions in all adjusted VE estimates. Here, the VE estimate among participants having
“Immunodeficiency or cancer” is provided as a composite. 4The categories “0” and “1” among the number of chronic conditions are counted as
separate categories of number of chronic conditions in all adjusted VE estimates. Here, the VE estimate among participants having “0–1”chronic
conditions is provided as a composite.
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BNT162b2 XBB vaccine was effective against hospitali-
zation related to the JN.1 variant in Europe during the
2023–2024 season and is also one of the first studies to
report on the durability of XBB.1.5-adapted vaccine
protection against JN.1 beyond 3 months post-
vaccination. We observed an overall BNT162b2 XBB
VE of 54% (95% CI 38–65) against JN.1 (at a median of
63 days following vaccination) that was sustained for at
least 5 months.

Our results are consistent with prior studies report-
ing XBB.1.5-adapted VE against JN.1-related hospitali-
zation ranging from ∼30 to 60% at 1–3 months post-
vaccination7,13,14,27–31 and no evidence of waning in
periods of up to 133–179 days (i.e., 4.5–6 months) since
vaccination.13,14,30,31 Two studies have reported VE at
90–179 days (i.e., 3–6 months) after XBB.1.5 vaccine
receipt. Nunes and colleagues’ study of adults aged ≥65
years who had completed at least COVID-19 primary
series vaccination conducted within the EU/EEA multi-
country Vaccine Effectiveness Burden and Impact
Studies project Electronic Health Record network
(VEBIS-EHR) reported that XBB.1.5-adapted VE against
JN.1-related hospitalization was 51% (95% CI 45–56) at
14–89 days, and 47% (95% CI 32–59) at 90–179 days,
among adults aged 65–79 years. Among adults aged ≥80
years, vaccine protection was lower; XBB.1.5-adapted VE
was 42% (95% CI 36–47) at 14–89 days, and 36% (95%
CI 11–54) at 90–179 days.30 Ma et al. utilized the US
www.thelancet.com Vol 79 January, 2025
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Fig. 2: Vaccine effectiveness1 against COVID-19 hospitalization in SARI patients who received at least one dose of BNT162b2
XBB.1.5-adapted vaccine using various prior vaccination categories as reference groups. 1Vaccine effectiveness estimates are
adjusted for date of symptom onset, age, sex, and number of chronic conditions. 2‘Never vaccinated’ subjects were excluded when
calculating the median (IQR) of time since last vaccine dose among patients who did not receive any dose of a COVID-19 vaccine in the
2023–2024 autumn/winter season. 3Stratifications of comparison groups were assessed on matched data per exposure of interest and
numbers will therefore not add up to the numbers provided in Table 1. Patient characteristics of these subsets are shown in
Supplementary Table S3.
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multi-site inpatient Investigating Respiratory Viruses in
the Acutely Ill (IVY) network to evaluate XBB.1.5-adapted
VE against XBB- and JN.1-related hospitalization among
adults aged ≥18 years. The authors found that VE was
lower against JN.1 than against XBB (33% and 54% in the
7–89 days after dose receipt, respectively) and also did not
observe evidence of waning vaccine protection against
JN.1; VE was 33% (95% CI 2–54) at 7–89 days, and 23%
(95% CI −12 to 48) at 90–179 days.31

Notably, we found that the BNT162b2 XBB vaccine
showed similar protection against COVID-19 hospitali-
zation related to the JN.1 variant when compared to a
variety of prior vaccination histories, including prior
receipt of the mRNA bivalent BA.4/5 vaccine, ≥2 wild-
type mRNA doses, and no prior vaccination. This is
consistent with findings from the United States, in
which the BNT162b2 XBB vaccine was similarly effec-
tive against COVID-19 hospitalization and ambulatory
care visits regardless of comparison group during an
XBB predominant period.8 The US study also found that
there was little, if any, residual protection retained from
non-XBB-adapted COVID-19 vaccine formulations
received in prior seasons. Although we did not observe
any evidence of waning VE against hospitalization in the
first five months following vaccination, altogether the
available evidence support yearly immunization with
COVID-19 vaccines regardless of previous COVID-19
vaccination history for optimal protection against se-
vere illness, given the eventual waning of vaccine
www.thelancet.com Vol 79 January, 2025
protection to a level akin to never being vaccinated, and
the continuous evolution of SARS-CoV-2 that may result
in lower effectiveness against new circulating strains.

Our results were robust to a broad range of sensi-
tivity analyses including the number and location of
knots for symptom onset date and age, as well as when
applying a stricter SARI case definition, and adjusting
for hypertension, among other factors. VE was slightly
higher when influenza vaccination status was included
in the model given that influenza vaccination status is
correlated with both COVID-19 vaccination and likeli-
hood of enrollment as a test-negative control, which has
been shown to lead to an underestimation of VE.32

One of the key strengths of this multi-center study
was the inclusion of sites located across four European
countries, which allowed increased coverage for the
early detection of SARS-CoV-2 Omicron JN.1 predomi-
nance and enabled us to investigate VE against JN.1 up
to 22 weeks post-vaccination. We ascertained vaccina-
tion status through vaccine registries, vaccination cards,
and medical records, which likely limited exposure
misclassification. The presence of SARS-CoV-2 was
confirmed with RT-PCR or similar molecular assays on
nasopharyngeal and/or oropharyngeal swabs, which
have high specificity and sensitivity,33 which minimized
the risk of case–control misclassification. Finally, use of
the test-negative design addresses unmeasured con-
founding due to health care-seeking behavior,34 as well
as due to exposure to infectious diseases, as both cases
9
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and controls were required to have respiratory symp-
toms in order to be eligible for inclusion in the study.35

Several limitations for this study should be noted.
First, although VE estimates were adjusted for age, sex,
chronic conditions, and date of symptom onset, there
may be residual confounding by variables with insuffi-
cient or missing data, such as prior infection. Indeed,
prior infection is associated with both vaccination status
and clinical outcomes, since recent SARS-CoV-2 infec-
tion could delay vaccine receipt per national recom-
mendations, and since hybrid immunity may decrease
the risk of severe infection.36 Although prior infection
was recorded where documented, it frequently could
have been undocumented due to asymptomatic/sub-
acute infection or the reduction in case reporting, and
this information was missing from at least 17.2% of
participants. Nevertheless, sensitivity analyses showed
comparable VEs across patients with documented prior
COVID-19 and patients with no documented prior
COVID-19. However, due to insufficient data for long
term care residency (57/1425) and co-infection (8/1425),
we could not measure the effect of these factors on the
VE estimates. Similar, the effect of potential other un-
measured confounders (such as ethnicity and socio-
economic status) could not be assessed. Second,
SARS-CoV-2 genetic variant information was unavai-
lable for 85.4% of test-positive cases. We addressed this
limitation by using official reports on national JN.1
prevalence to define country-specific JN.1 predominance
periods. Even so, some variant misclassification is likely
and could influence VE estimates. Third, our findings
could differ from future VE reports evaluating JN.1-
related outcomes due to expected variant drift, depend-
ing on the prevalence of JN.1 descendants (e.g., KP.2,
KP.3, LB.1). Fourth, limited sample size for some
stratified analyses (e.g., age, chronic conditions, waning)
led to a lack of precision in VE estimates. While the
point estimates provide valuable insights, they should be
interpreted with caution. Fifth, it cannot be excluded
that some incidental COVID-19 cases, defined as pa-
tients admitted to the hospital for reasons other than
COVID-19, may have been included in the study pop-
ulation. Although all patients met the SARI case defi-
nition, the primary reason for admission could have
nonetheless been unrelated to SARS-CoV-2 infection,
potentially leading to an underestimation of VE.37

Finally, the uptake of BNT162b2 XBB vaccine in
Europe was highest among older individuals with
comorbidities, which may affect the generalizability of
our findings.

In conclusion, we found that the BNT162b2 XBB
vaccine provided protection against JN.1-related hospi-
talization in Europe during the 2023–2024 season with
no evidence of waning through five months. The level of
protection, however, was lower compared to previously
reported estimates against XBB.4–8,13,14 These data sup-
port yearly vaccination against COVID-19 to prevent
severe illness during the respiratory virus season.
Future studies with longer follow-up are needed to
assess the long-term durability of XBB.1.5-adapted vac-
cines, as well as of JN.1- and KP.2-adapted vaccines,
against JN.1 sublineages and future variants.
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