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ABSTRACT

We estimated the effectiveness of the adapted monovalent XBB.1.5 COVID-19 vaccines against PCR-confirmed SARS-CoV-2 hos-
pitalisation during the BA.2.86/JN.1 lineage-predominant period using a multicentre test-negative case—control study in Europe.
We included older adults (>65years) hospitalised with severe acute respiratory infection from November 2023 to May 2024.
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Vaccine effectiveness was 46% at 14-59 days and 34% at 60-119 days, with no effect thereafter. The XBB.1.5 COVID-19 vaccines
conferred protection against BA.2.86 lineage hospitalisation in the first 4 months post-vaccination.

1 | Introduction

In the European Union/European Economic Area (EU/EEA),
from 1 September 2023 to 15 April 2024, 99% of COVID-19
vaccines administered as part of the 2023/24 vaccination cam-
paigns were adapted monovalent XBB.1.5 COVID-19 vaccines
(XBB.1.5 vaccines), with Comirnaty accounting for 97% of them,
when known [1].

The XBB.1.5-like4+F456L variant was circulating predomi-
nantly when the 2023 autumn vaccination campaigns started.
In mid-December, BA.2.86 SARS-CoV-2 lineage and sublin-
eages, including JN.1, which were associated with potential im-
mune escape [2, 3], started to dominate and effectiveness of the
XBB.1.5 vaccines became of utmost interest [4].

We estimated the vaccine effectiveness (VE) of the XBB.1.5 vac-
cines against PCR-confirmed SARS-CoV-2 hospitalisation in
Europe during the BA.2.86/JN.1 lineage-predominant period
among older adults (>65years), by age group and time since
vaccination (TSV).

2 | VEBIS Hospital VE Network

This study, part of the Vaccine Effectiveness, Burden and Impact
Studies (VEBIS), is a multicentre, test-negative case-control
study, including 77 hospitals in 11 participating European
countries (Figure 1), following a common generic protocol [5].

Hospital teams recruit patients with severe acute respiratory
infection (SARI) hospitalised for >24h with at least one symp-
tom among fever, cough, shortness of breath or sudden onset
of anosmia, ageusia or dysgeusia [6]. Cases are SARI patients
testing positive for SARS-CoV-2 by RT-PCR within 48h of ad-
mission or in the previous 14days; controls are those testing
negative.

We excluded patients with missing/erroneous information on
key variables (sex, age, chronic conditions and dates of onset,
swab and hospital admission) or vaccinated during the cam-
paign with a COVID-19 non-XBB.1.5 vaccine (Figure S1). In
Ireland and Portugal, we excluded patients with incomplete pri-
mary vaccination, as they were not eligible for XBB.1.5 vaccina-
tion during the 2023 autumn vaccination campaign (according
to their vaccination guidelines).

We excluded sites with <5 cases/controls or with no vaccinated
SARI patients (Figure S1).

3 | Definitions

The BA.2.86/JN.1 lineage-predominant start was defined as the

first week when >60% of all sequenced SARS-CoV-2 viral iso-
lates were BA.2.86/JN.1 lineage within each country, based on

data available at ECDC ERVISS GitHub (Table S2) [7]. The study
period ended in the last week with data available for all sites.

We restricted analysis to patients aged >65years. The study
started 14 days after introduction of the XBB.1.5 vaccine, or after
start of the BA.2.86/JN.1 predominant period, whichever was
the latest in each study site (Tables S1 and S2).

We defined as vaccinated SARI patients with the last
COVID-19 vaccination dose received after the introduction
of the XBB.1.5 vaccine in their country and as unvaccinated
those who never received a COVID-19 vaccine (with the ex-
ception of Portugal and Ireland), or with the last COVID-19
vaccination dose >180days prior to the start of the 2023/24
vaccination campaign. We excluded patients vaccinated
1-13 days before symptom onset.

We estimated the odds ratio (OR) of vaccination between cases and
controls using logistic regression, adjusted for study site, date of
symptom onset, sex, age and presence of a chronic condition. The
best functional forms (categories, splines and linear terms) of con-
tinuous variables (age and onset date) were selected using Akaike's
information criterion. VE was estimated as (1— OR)x 100.

We present VE estimates by TSV in 60-day bands and by age
group (65-79, >80years). To estimate the potential waning ef-
fect, we estimated the OR for each TSV band (60-119, > 120days),
using 14-59days as the reference.

Participating sites, included in the analysis . Participating sites, not included in the analysis

FIGURE 1 | Countries and sites included in the VEBIS hospital
network, Europe, 22 November 2023-18 May 2024. VEBIS: Vaccine
Effectiveness, Burden and Impact Studies Twelve participating sites:
Belgium (BE), Czechia (CZ), Germany (DE), Spain (ES), Croatia (HR),
Hungary (HU), Ireland (IE), Lithuania (LT), Malta (MT), Navarre re-
gion, Spain (NA), Portugal (PT) and Romania (RO). Included in this
analysis: BE, DE, ES, HU, IE, LT, MT, NA and PT.
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We performed sensitivity analyses: (1) changing the criterion
for ‘vaccinated’ from > 14 to > 7 days pre-symptom onset; (2) ex-
cluding patients with the last dose 120 and 270days instead of
180days before the vaccination campaign starts; (3) excluding
controls with known influenza or RSV co-infections; (4) using
an 80% threshold for BA.2.86/JN.1 predominant period.

4 | SARI Patient Description and VE

We included 661 cases and 7386 controls aged > 65years, from
64 study sites, between 22 November 2023 to 18 May 2024, after
exclusions (Figure S1). A total of 312 (47%) cases and 4333 (59%)
controls were vaccinated (Figure S2). Median time between vac-
cination and symptom onset was 75days for cases and 95days
for controls (Table 1).

Among those > 65years old, VE overall was 45% (95% CI: 29; 58)
in the first 14-59 days post-vaccination, 34% (95% CI: 18; 47) for
60-119days, and with no effect thereafter (Table 2).

For those aged 65-79years, VE was 47% (95% CI: 22; 65) in the
first 14-59 days post-vaccination and 33% (95% CI: 6; 53) at 60—
119 days, with no effect thereafter (Table 2). For individuals aged
>80years, VE was 45% (95% CI: 22; 61) in the first 14-59days
post-vaccination and 32% (95% CI: 9; 49) at 60-119 days, with no
effect thereafter (Table 2).

The odds of COVID-19-related hospitalisation increased with
TSV, doubling at >120days post-vaccination compared with the
first 14-59days overall and across all age groups, with ORs of
2.0 (95% CI: 1.3; 3.1) for those aged > 65years, 1.9 (95% CI: 1; 3.8)
for those aged 65-79years and 2.1 (95% CI: 1.2; 3.8) for those
aged >80years.

In sensitivity analyses (1) and (2), the differences in VE estimates
were <5% and <8% for (3). Larger differences were seen with
some stratifications of sensitivity analysis (4), with VE lower by
19% absolute among those aged >80years at 14-59days post-
vaccination when a predominance threshold of 80% was used
(Table S3).

5 | Discussion

The adapted monovalent XBB.1.5 COVID-19 vaccines conferred
moderate protection among individuals aged >65years during
the BA.2.86/JN.1 lineage predominance, but VE waned over
time from 45% (95% CI: 29; 58) at 14-59 days post-vaccination,
to 34% (95% CI: 18; 47) at 60-119 days, with no vaccine effect ob-
served thereafter. Similar VE and potential waning effects were
found across age groups.

Early XBB.1.5 VE results published from the VEBIS network
(data from October 2023 to January 2024: a period of mostly
XBB predominance) showed slightly higher estimates for those
aged >80years, at 14-29days with 76% (95% CI: 53; 90) and
at 30-59days with 55% (95% CI: 34; 70) post-vaccination [8],
versus our 45% (95% CI: 29; 58) for 14-59 days post-vaccination.
Differences in point estimates cannot be explained only
by different TSV, as the median TSV for the 30-59days

TABLE 1 | Characteristics of SARI patients by case and control
status, VEBIS hospital study, Europe, 22 November 2023-18 May 2024
(n=28047).

Test-negative

SARS-CoV-2 controls
cases (n=661) (n=7386)
SARI patient
characteristic n % n %
Age (years)
65-79 279 42 3658 50
>80 382 58 3728 50
Median (IQR) 81 (75-87) 80 (73-86)
Female 311 47 3629 49
Any chronic 532 80 6101 83
condition®
Vaccination
status at
the time of
symptom onset
Vaccinated® 312 47 4333 59
Unvaccinated® 349 53 3053 41

Days since the last dose at the time of symptom onset¢

60-day bands

14-59 days 95 30 881 20

60-119 days 149 48 1900 44
>120days 68 22 1552 36

Median (IQR) 75 (55-109) 95 (65-140)

Abbreviations: IQR: interquartile range; SARI: severe acute respiratory
infection; VEBIS: Vaccine Effectiveness, Burden and Impact Studies.
2Common chronic conditions: diabetes, heart disease, lung disease/asthma and
immunodeficiency.

PReceived a COVID-19 vaccine dose after the roll-out of the XBB.1.5 vaccine

in each country. For Portugal and Ireland, vaccinated patients were defined

as those receiving at least their third COVID-19 dose after the roll-out of the
XBB.1.5 vaccine or, if known, at least their second dose if the product of the
primary series vaccination was Jcovden. Dates of the roll-out of the XBB.1.5
vaccine are in Table S1.

“Never-vaccinated for COVID-19 or with the last COVID-19 vaccination dose
received 180days prior to the start of the 2023/24 vaccination campaign in each
country. For Portugal and Ireland, the unvaccinated were individuals with at
least primary series vaccination (only individuals previously vaccinated with
at least primary series vaccination were eligible to receive an XBB.1.5 booster
dose). Start dates of the 2023/24 vaccination campaign are in Table S1.
dRestricted to those vaccinated with an XBB.1.5 vaccine during the 2023/24
vaccination campaign.

post-vaccination group in the previously published analysis
was similar to that for the 14-59 days post-vaccination group in
this analysis (47 vs. 45days) [8]. Similarly, higher VE was found
in the earlier analysis among those aged >65years. For the
80% versus 60% predominance threshold within age groups,
we found lower VE despite having the same median TSV. The
lower VE may therefore be better explained by a higher im-
mune escape of the BA.2.86/JIN.1 lineages compared to XBB,
rather than by TSV. As precision was low, and confidence in-
tervals overlapped, random variation may also play a role.
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TABLE 2 | Vaccine effectiveness of adapted monovalent XBB.1.5 COVID-19 vaccines against hospitalisation among SARI patients > 65years old
during the BA.2.86/JN.1 variant-predominant period, by TSV (60-day bands) and by age group, VEBIS hospital study, Europe, 22 November 2023-18
May 2024 (n=8047).

Days from the
Vaccination SARI patient last dose to '
statusd/ numbers symptom onset? VE® Waning effect?
Age group TSV (days) Cases Controls Median IQR % 95% CI OR 95% CI
>65years® Unvaccinated 349 3053 676 459-819 Ref. Ref. NA NA
14-59 95 881 45 34-53 45 29; 58 Ref. Ref.
60-119 149 1900 83 71-100 34 18; 47 1.2 0.9;1.6
120-235 68 1552 154 137-178 -10 —58; 24 2.0 1.3;3.1
65-79years Unvaccinated 165 1738 738 470-827 Ref. Ref. NA NA
14-59 36 447 43 33-52 47 22;65 Ref. Ref.
60-119 54 774 82 69-102 33 6; 53 1.3 0.8;2.0
120-234 24 699 154 137-180 -1 —78; 43 1.9 1;3.8
>80years® Unvaccinated 184 1315 545 450-804 Ref. Ref. NA NA
14-59 59 434 46 35-54 45 22;61 Ref. Ref.
60-119 95 1126 84 72-100 32 9; 49 1.2 0.8;1.8
120-235 44 853 154 137-177 -18 -92;27 2.1 1.2;3.8

Abbreviations: CI: confidence interval; IQR: inter-quartile range; OR: odds ratio; Ref.: reference category for logistic regression; SARI: severe acute respiratory
infection; TSV: time since vaccination; VEBIS: Vaccine Effectiveness, Burden and Impact Studies.

2Vaccinated: were those who received a COVID-19 vaccine dose after the roll-out of the XBB.1.5 vaccine in each country. For Portugal and Ireland, vaccinated patients
were defined as those receiving at least their third COVID-19 dose after the roll-out of the XBB.1.5 vaccine or, if known, at least their second dose if the product of the
primary series vaccination was Jcovden. Dates of the XBB.1.5 vaccine roll-out are in Table S1; Unvaccinated: did not receive a vaccine during the campaign and were
either never-vaccinated for COVID-19 or received their last COVID-19 vaccination dose in the 180days prior to the start of the vaccination campaign in their country.
For Portugal and Ireland, the unvaccinated were individuals with at least primary series vaccination, received 180days prior to the start of the vaccination campaign
in their country (only individuals previously vaccinated with at least primary series vaccination were eligible to receive an XBB.1.5 booster dose). Start dates of the
2023/24 vaccination campaign are in Table S1.

bAmong patients who have received at least one COVID-19 vaccine dose.

‘The OR of vaccination was estimated using a logistic regression model with site as a fixed effect and adjusted for date of symptom onset, sex, age and presence of any
chronic condition (diabetes, heart disease, lung disease/asthma and immunodeficiency). The best functional forms of the continuous variables age and onset date
(categories, splines and linear terms) were selected using the Akaike information criterion. Vaccine effectiveness is given by VE=(1 — OR) x 100.

dThe potential waning effect is estimated as the OR of vaccination between cases and controls for each later TSV band (60-119, > 120days), using the first band
(14-59days) as the reference group.

“Maximum age included in the analysis: 105years.

results. In addition, analyses were conducted assuming that all
vaccines administered after XBB.1.5 vaccine introduction in

Other European studies and two US studies found similar
results; all suggested a lower VE against BA.2.86/JN.1 than

XBB lineages [9-12] albeit with some differences in study de-
sign and population [11, 12]. Results from other studies also
suggested lower effectiveness against BA.2.86 than against
XBB lineages [13, 14]. To the best of our knowledge, no other
study has found no effect from the vaccine from 4 months post-
vaccination. Those reporting VE by TSV have either (1) shorter
periods of observed TSV in their data [10, 11] and (2) used 90-
day TSV bands [9, 12], with low/moderate VE estimates at
90-179days. Low sample size, depletion of susceptibles or low
specificity of the outcome may also have contributed to this
finding.

Although the cases included met the SARI case definition and
were PCR-positive for the SARS-CoV-2 virus, they might have
been hospitalised for reasons unrelated to COVID-19, which
might underestimate VE [15]. Sensitivity analysis excluding
patients with influenza or RSV co-infections yielded similar

each country were XBB.1.5 vaccines, as vaccine brand/type was
not systematically collected by all sites.

Due to the lack of information from all sites on the penultimate
COVID-19 dose received, we could not further minimise the
risk of ineligibility, residual vaccination effect and potential
VE estimate inflation by excluding patients vaccinated in the
2023/24 campaign who had received a previous COVID-19 vac-
cine within 180days prior to the start of the campaign (as we did
for the unvaccinated). However, this only affected 7% of those
vaccinated, of whom 3% were in the only country with a spring
campaign.

Strengths of the study included its multi-country com-
ponent with a larger sample size enhancing population
representativeness across Europe, providing a more gener-
alisable pooled VE estimate. The use of a generic protocol
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mitigated potential sources of heterogeneity and increased
internal validity.

Our results suggested that among older adults (> 65years), pro-
tection of XBB.1.5 vaccines against SARS-CoV-2 BA.2.86/JN.1
hospitalisation in Europe was moderate up to 4months post-
vaccination, with low to no effect thereafter.
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