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ABSTRACT
We estimated XBB.1.5 vaccine effectiveness (VE) against symptomatic SARS-CoV-2 infection among adults aged ≥ 65 years dur-
ing the 2023/2024 JN.1 lineage-predominant period in a European multi-country test-negative case–control study at primary 
care level. We estimated VE adjusted by study site, age, sex, chronic conditions and onset date. We included 220 cases and 1733 
controls. The VE was 48% (95% CI: 12–71), 23% (95% CI: −11–48) and 5% (95% CI: −92–56) among those with symptom onset 
1–5, 6–11, and ≥ 12 weeks after vaccination, respectively. XBB.1.5 vaccine provided short and moderate protection against JN.1 
symptomatic infection.

1   |   Introduction

During the 2023/2024 season, the SARS-CoV-2 JN.1 lineage, a 
sublineage of BA.2.86, rapidly displaced XBB lineages. As of 30 
April 2024, > 90% of SARS-CoV-2 viruses sequenced globally 
were JN.1 or its descendants [1]. JN.1 harbours the L455S sub-
stitution in the receptor binding site in the spike protein, which 
may be associated with immune escape [2].

In the autumn/winter 2023/2024 COVID-19 vaccination 
campaigns in Europe, the XBB.1.5 vaccine was recom-
mended in most countries, comprising over 97% of vaccines 
administered [3]. Older adults were a priority group in these 
campaigns, as well as those with medical risk conditions 
and healthcare workers. In certain European countries, 
the XBB.1.5 vaccines have also been used for spring 2024 
campaigns.
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Regular monitoring of COVID-19 vaccine effectiveness (VE) is 
important to understand the performance of the vaccine in light 
of evolving variants and underlying population characteristics, 
including by time since vaccination.

The VEBIS (Vaccine Effectiveness, Burden and Impact Studies) 
project is a European multicentre test-negative case–control 
study. We estimated autumn/winter 2023/2024 COVID-19 VE 
against medically attended symptomatic SARS-CoV-2 infec-
tion in older Europeans at primary care level during a period of 
JN.1-predominance.

2   |   Methods

2.1   |   Study Design, Data Collection and Key 
Definitions

Eleven study sites in 10 European countries participated in the 
VEBIS primary care study: Croatia, France, Germany, Hungary, 
Ireland, the Netherlands, Portugal, Romania, Spain (national), 
Spain (Navarre region) and Sweden.

Methods have been described elsewhere [4, 5]. Briefly, participat-
ing physicians selected all or a systematic sample of patients with 
acute respiratory infection (ARI) for swabbing and inclusion in 
the study. Samples were tested by RT-PCR for SARS-CoV-2 and 
influenza. Those testing positive for SARS-CoV-2 were cases, and 
those testing negative were controls. Demographic (age and sex) 
and clinical (symptoms, dates of symptom onset and swabbing) 
information were collected. COVID-19 vaccination information 
was collected through vaccine registry linkage, electronic health 
record look-up and self-report. Site-specific information on pa-
tient recruitment, case definitions, 2023/2024 COVID-19 vac-
cination campaign information and data sources are specified 
in Table 1. We defined a patient as vaccinated if they received 
2023/2024 COVID-19 vaccine on or after the start of their coun-
try/region-specific autumn 2023/2024 vaccination campaign and 
≥ 7 days before symptom onset. To estimate VE, we defined the 

reference group of ‘unvaccinated’ individuals as those patients 
who did not receive 2023/2024 COVID-19 vaccine either within 
the study period before recruitment or during the 180 days prior 
to the start of the 2023/2024 COVID-19 vaccination campaign. 
Study sites sequenced all or a random sample of SARS-CoV-2 vi-
ruses below a specified cycle threshold (Ct) value.

For analysis, we restricted to those patients swabbed within 
10 days of symptom onset, meeting the EU-ARI case definition 
(sudden onset of symptoms and at least one of four respiratory 
symptoms [cough, sore throat, shortness of breath and coryza]), 
with complete and consistent key variable information, eligible 
for XBB.1.5 vaccination in the 2023/2024 season. We excluded 
patients with non-JN.1 or descendant characterised viruses and 
excluded study sites with fewer than 10 cases or controls each.

We determined the start of the JN.1 lineage-predominant week 
from the week in which ≥ 60% of sequenced viruses were JN.1 
viruses, by country, as reported by GISAID [6]. If countries se-
quenced a low number of viruses on a weekly basis, sequences 
in the neighbouring countries were used as a proxy (Table 1). 
The end of the study period was at the time of last study site data 
extraction, up to 1 March 2024.

2.2   |   Statistical and VE Analyses

We pooled individual patient data from each study site and de-
scribed the data according to baseline characteristics of cases 
and controls. In a primary analysis, we restricted to those aged 
65 years and older in order to better compare to the literature 
and in a secondary analysis to those who were part of the age-
specific target group for vaccination in each country, with ages 
ranging between 50 and 65 years and older (Table 1).

Using logistic regression, we estimated VE as (1 − odds 
ratio) * 100, with study site as fixed effects and adjusting for a 
priori confounders of age, sex, onset date and presence of at least 
one of four commonly collected chronic conditions. We used 

FIGURE 1    |    Patients included in the VEBIS primary care study by COVID-19 case status and ISO week of symptom onset, Europe, 20 November 
2023–1 March 2024 (n = 1953). ISO, International Organisation for Standardisation; VEBIS, Vaccine Effectiveness, Burden and Impact Studies.
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the Akaike information criterion to select the best functional 
form of the continuous variables age and onset date, modelled as 
either a restricted cubic spline with three to five knots, categori-
cal or continuous variables. We estimate VE overall and by time 
since vaccination using cut-offs of 1–5, 6–11 and ≥ 12 weeks.

All analyses were performed in R software Version 4.3.2 
(R Project for Statistical Computing).

Using the 10 events per parameter rule of thumb, we re-analysed 
the data using Firth's penalised logistic regression if the num-
ber of parameters in the model exceed the number of cases (or 
controls) divided by 10 [7]. If the VE estimates of standard and 
Firth's logistic regression differed by > 10%, we excluded the es-
timates, assuming bias due to overfitting.

2.3   |   Sensitivity Analyses

We estimated VE defining a person as vaccinated if they re-
ceived vaccination 14 days or more before symptom onset, rather 
than 7 days, in order to better compare to the literature. We also 
used monthly cut-offs for time since vaccination: 7–29, 30–59, 
60–89 and ≥ 90 days.

3   |   Results

We included 1953 patients aged 65 years and older, of which 220 
were cases and 1733 controls. Our study period ranged from 
20 November 2023 to 1 March 2024 (Figure  1). The median 
age of both cases and controls was 74 years (Table  2). Among 

TABLE 2    |    Baseline characteristics of patients included in the VEBIS primary care study by COVID-19 case status among adults aged ≥ 65 years, 
during the JN.1 lineage-predominant period, Europe, 20 November 2023–1 March 2024.

Variables
Number of COVID-19 cases (%)

n = 220
Number of test-negative controls (%)

n = 1733

Median age (IQR) 74 (69–80) 74 (69–80)

Age groups (years)

65–69 57/220 (26) 471/1733 (27)

70–79 107/220 (49) 823/1733 (47)

≥ 80 56/220 (25) 439/1733 (25)

Female 140/220 (64) 1005/1733 (58)

Presence of four commonly collected chronic 
conditionsa

159/220 (72) 1248/1733 (72)

Received COVID-19 vaccination as part of the 
autumn/winter 2023/2024 campaign

75/220 (34) 753/1733 (43)

Number of COVID-19 doses received at time 
of autumn/winter 2023/2024 campaignb

1 0/75 (0) 1/747 (0)

2 0/75 (0) 2/747 (0)

3 2/75 (3) 15/747 (2)

4 5/75 (7) 95/747 (13)

5 59/75 (79) 542/747 (73)

6 6/75 (8) 48/747 (6)

7 3/75 (4) 43/747 (6)

8 0/75 (0) 1/747 (0)

Missing 0 6

Median number of days between last 
COVID-19 vaccination received in the 
autumn/winter 2023/2024 campaign and 
symptom onset (IQR) b

54 (45–77) 67 (47–87)

Influenza virus RT-PCR positive 11/220 (5) 329/1721 (19)

Missing 0 12

Abbreviations: IQR, interquartile range; VEBIS, Vaccine Effectiveness, Burden and Impact Studies.
aDiabetes, heart disease, chronic lung disease, and immunodeficiency.
bOut of all those vaccinated in the autumn/winter 2023/2024 COVID-19 vaccination campaigns.
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cases, 34% (75/220) were vaccinated against COVID-19 in the 
2023/2024 autumn/winter campaign vs. 43% (753/1733) of con-
trols (Table  2). Vaccine brand was known among 562 of 828 
vaccination patients (68%), of these 561 (100%) were vaccinated 
with Comirnaty and one with Spikevax.

The VE among those aged ≥ 65 years was 28% (95% CI: 2–48) 
overall and 48% (95% CI: 12–71), 23% (95% CI: −11–48) and 5% 
(95% CI: −92–56) at 1–5, 6–11 and ≥ 12 weeks after vaccination, 
respectively (Table 3).

In our secondary analysis among older adults who were part of 
the countries' age-specific target group for vaccination, there 
was overlap with the ≥ 65-year-old age group analysis, with 71% 
of cases and 69% of controls aged ≥ 65 years. The VE point esti-
mates differed by ≤ 6%, depending on analysis (Table 3).

In the sensitivity analysis with a patient considered as ‘im-
munised’ after 14 days post-vaccination, instead of 7 days, all VE 
point estimates differed by < 2% (Table S1). When using monthly 
cut-offs for time since vaccination, the VE point estimates 
were 40% (95% CI: −15–72), 28% (95% CI: −9–53), 29% (95% CI: 
−15–58) and 5% (95% CI: −110–61) at 7–29, 30–59, 60–89 and 
≥ 90 days after vaccination (Table S2).

4   |   Discussion

Our results indicate that XBB.1.5 VE against JN.1 symptomatic 
infection among adults aged ≥ 65 years medically attended at 
primary care level was initially moderate at 48% 1–5 weeks after 
vaccination, but declined quickly to 23% within 6–11 weeks, 
with little effect from 12 weeks after vaccination onwards, al-
though precision was low, particularly from 12 weeks onwards.

We are not aware of other outpatient-based studies among older 
adults estimating symptomatic COVID-19 VE due to JN.1. 
Among studies of persons aged ≥ 18 years, Caffrey et al. report 
a VE of 31% within 60 days of vaccination and 20% within 61–
133 days [8]. Link-Gelles et al. report a VE of 49% among a study 
population with median delay of 80 days since vaccination [9]. 
Our results suggest a potentially lower VE with more time since 
vaccination than those studies, although comparison is diffi-
cult without similar groupings for time since vaccination in the 
other studies. Additionally, due to low sample size and precision 
among those with 12 weeks since vaccination, it is difficult to 
conclude from our study if the decline in VE by time since vacci-
nation is moderate or rapid from its peak.

We previously reported within the VEBIS primary care study 
a VE of 45% (95% CI: 26–60) within 1–5 weeks of vaccination 
among adults in the older age target group in the early 2023/2024 
season (September 2023 to January 2024), when the majority of 
viruses were likely to be XBB and its descendants [10]. When 
linking epidemiological and sequencing data, the XBB lineage-
specific VE in the same study and age group was 63% (95% CI: 
−2–90) within 1–5 weeks of vaccination. Comparison to the cur-
rent VE of 51% (95% CI: 20–71) against JN.1 within the same 
population and time since vaccination suggests no difference in 
VE or at most a modestly higher VE against XBB than against 
JN.1. Neutralisation studies indicate that JN.1 has more immune T
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escape compared to XBB, although the drop in neutralisation 
titres are moderate [11]. VE in other studies suggest potentially 
greater differences in VE between XBB and JN.1 than we ob-
serve [9, 12, 13]. More studies on VE against symptomatic infec-
tion in the XBB and JN.1 lineage-predominant periods among 
older adults are needed to help understand if our results are due 
to small sample size and/or differing population characteristics 
or if XBB.1.5 vaccine may work similarly against XBB and JN.1 
lineages within a very short time after vaccination.

As with all observational studies, our study is subject to residual 
and unmeasured confounding. Additionally, the low sample size 
of cases in the JN.1 period limits the precision around our esti-
mates. VE among those vaccinated within 12–20 weeks of symp-
tom onset was particularly imprecise, and inferences should 
be made with caution. Due to low numbers and in particular 
low vaccine coverage among the younger target group for vac-
cination (< 50–64 years, depending on country-specific recom-
mendations), we were unable to provide estimates in this group 
within the JN.1 period. Our previous work suggests VE may be 
higher in this younger target group [10]. The Spanish study site 
dominated in our study (73%, data not shown). Although we 
are not aware of any differences in terms of vaccine brands or 
schedules used in Spain compared to other countries, we can-
not exclude heterogeneity among countries in terms of previous 
SARS-CoV-2 infection, which may result in heterogeneity in 
VE. We determined the JN.1 lineage-predominant period using 
external surveillance data, as sample size was too small for an 
analysis using within-study sequencing data. Using a 60% cut-
off may have resulted in contamination of our estimates with 
non-JN.1 viruses, although mainly in the early study period, as 
the proportion JN.1 viruses increased rapidly.

A strength of our study is to be able to provide COVID-19 VE 
results in the outpatient setting, where there are limited studies. 
Our long-standing platform can provide VE results across sea-
sons, which is useful for comparison. Ongoing monitoring of VE 
is key in the context of the WHO recommendation of JN.1 vac-
cines in the autumn/winter 2024/2025 vaccination campaigns 
[14] and the diversification of JN.1 viruses into sublineages.

In conclusion, our results suggest XBB.1.5 vaccines provide short 
and moderate protection against symptomatic infection with 
JN.1 lineages among older patients, similar to the VE against 
predominantly XBB lineages earlier in the season. Careful tim-
ing of COVID-19 vaccination campaigns is needed to ensure op-
timal protection of vulnerable populations.
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