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Abstract

Background The Influenza — Monitoring Vaccine Effectiveness in Europe (I-MOVE/I-MOVE+) and Vaccine
Effectiveness, Burden and Impact Studies (VEBIS) hospital networks have conducted seasonal multicentre, test-
negative, case—control studies in Europe to measure influenza vaccine effectiveness (IVE) since 2015/16. We measured
the effect of chronic conditions on VE of influenza A subtypes among older adults (> 65 years) using pooled-season
data (2015/16-2023/24).

Methods Hospital teams swabbed patients with severe acute respiratory infection (SARI) within 7 days of symptom
onset. Cases were RT-PCR positive for influenza A(HTN1)pdm09 or A(H3N2); controls negative for any influenza virus.
We calculated overall pooled-season IVE against influenza A(HTN1)pdm09 and A(H3N2), adjusted for study site,

sex, age and onset date; and stratified by number of and by each chronic condition (diabetes, heart disease, lung
disease/asthma, immunosuppression, kidney disease, liver disease, cancer, obesity). We investigated interaction
between vaccination and each condition.

Results We included 1805 A(HTN1)pdm09 cases with 16,329 controls; 2590 A(H3N2) cases with 14,920 controls,
from 13 study sites (12 countries). Over all seasons, 63-67% cases and 70% controls had > 2 chronic conditions.
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Against AHTNT)pdmO09, pooled-season IVE was 37% (95%Cl: 29-44) overall; 49% (95%Cl: 9-72), 30% (95%Cl: 12-44)
and 38% (95%Cl: 29-46) in those with 0, 1,> 2 chronic conditions. Most IVE point estimates were 34-45%, apart
from immunosuppression (-7%), kidney disease (17%) and liver disease (54%), but 95% Cls overlapped. Significant
interaction was observed for kidney disease (p=0.02) and immunosuppression (p=0.01). Against A(H3N2), pooled-
season IVE was 17% (95%Cl: 8-25) overall; 15% (95%Cl: -26-42), 11% (95%Cl: -8-27) and 18% (95%Cl: 7-28) in those
with 0, 1,>2 chronic conditions. Here, IVE point estimates ranged 13-25%, apart from immunosuppression (5%),
kidney disease (6%) and liver disease (31%), although 95% Cls overlapped. There were no significant interactions.

Conclusions Pooled-season results suggest low—moderate VE against influenza A subtypes among older SARI
patients; higher against A(HTN1)pdm09 than A(H3N2), with little evidence of chronic condition modifying effect,
apart from kidney disease and immunosuppression. We stress the importance of developing improved influenza
vaccines for specific populations, and encourage further research into the effect of chronic conditions on IVE in older

adults.
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Background

The World Health Organization (WHOQO) recommends
seasonal vaccination to prevent influenza and influenza-
related complications for everyone above 6 months of
age, particularly among older ages and including those
with chronic conditions such as heart disease, diabetes,
and lung disease [1]. The European Commission also rec-
ommends influenza vaccination, encouraging European
Union (EU) countries to vaccinate high-risk groups (the
elderly, immunocompromised individuals of any age or
those with chronic conditions) annually [2]. Influenza
viruses frequently mutate, resulting in antigenic shift. As
a result, vaccines are revised and may be reformulated for
each hemisphere annually, and influenza vaccine effec-
tiveness (IVE) needs to be evaluated annually. The IVE
can vary depending on vaccine product [3], time since
last vaccination [4, 5], and both prior influenza infec-
tion [6] and vaccine history [7]. Observed IVE also var-
ies from year to year among population sub-groups (age
groups, risk groups) and by influenza type, subtype [8, 9],
antigenic group [8, 10] and for each measured outcome
(e.g. infection, hospitalisation, death [11, 12]).

European countries target vulnerable populations for
vaccination against influenza, e.g. older ages (>60 or
65 years, depending on the country recommendations),
pregnant women as well as those with underlying chronic
conditions. Influenza vaccination has been shown to
reduce hospitalisation and deaths [13] among individu-
als with cardiovascular disease (CVD) [14, 15] and lung
disease [16, 17], particularly among those who are older
(=65 years [17]).

The Influenza — Monitoring Vaccine Effectiveness in
Europe (I-MOVE/I-MOVE+) study has estimated IVE
annually from 2015/16 among hospitalised patients with
severe acute respiratory infection (SARI) [18-24]. From
2021, this became the European Centre for Disease Pre-
vention and Control (ECDC) Vaccine Effectiveness,

Burden, and Impact Studies (VEBIS), which currently
encompasses most participating study sites from the
I-MOVE hospital studies.

Methods

Aim and setting

We pooled data from 19 study sites in 18 European
countries participating in either or both the I-MOVE
and VEBIS hospital networks [25] from influenza
seasons 2015/16 to 2023/24 with sufficient data to
estimate IVE against influenza A(HIN1)pdmO09 and
influenza A(H3N2) (Fig. 1). We estimated IVE against
hospitalisation due to RT-PCR-confirmed influenza A
subtypes among SARI patients>65 years old swabbed
during any of these seasons, overall, by age group and
by presence of specific chronic conditions. This study
population of older adults is indicated for influenza
vaccination regardless of underlying condition.

Study design

This is a test-negative, case—control study [26] in which
participating sites use a common generic protocol [27,
28], adapted for local use. We contacted personnel at
each study site since the 2015/16 season for permission
to use already-collected data, which has been previously
described [18-25]. In brief, for each influenza season,
hospital teams swab patients and collect demographic,
clinical and influenza vaccination information via elec-
tronic medical records or patient interview.

Definitions

Study period and site

Within each influenza season from 2015/16 to 2023/24,
we defined the start of the season as> 14 days after the
start of that season’s vaccination campaign, or the date
of the first included influenza case in each participating
country, whichever was later. The end of the season was
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Fig. 1 Participating sites in the I-MOVE/I-MOVE +and VEBIS studies, 2015/16-2023/24. AL: Albania; BE: Belgium; CZ: Czechia; DE: Germany; ES: Spain
(except Navarre Region); Fi: Finland; FR: France; HR: Croatia; HU: Hungary; IE: Ireland; I-MOVE: Influenza — Monitoring Vaccine Effectiveness in Europe; IT: Italy;
LT: Lithuania; MT: Malta; NA: Navarre Region, Spain; NL: the Netherlands; PL: Poland; PT: Portugal; RO: Romania; SC: Scotland; VEBIS: Vaccine Effectiveness,

Burden and Impact Studies

defined as the week of the last included case, or week 20,
whichever was earlier.

We defined a study site as a country or region with at
least one participating hospital.

SARI patients, cases and controls

For data collected within the I-MOVE network period
(seasons 2015/16-2019/20), we defined a SARI patient
as any individual hospitalised for >24 h with at least one
systemic symptom or sign: fever or feverishness, malaise,
headache or myalgia or deterioration of general condi-
tion (asthenia, loss of weight or anorexia, confusion or
dizziness) and at least one respiratory symptom or sign
(cough, sore throat or shortness of breath) at admission
or within 48 h after admission. For data collected within
the VEBIS network period (seasons 2022/23-2023/24),
we defined a SARI patient as any individual hospital-
ised for >24 h with either: fever, cough, or shortness of
breath at admission or within 48 h after admission. SARI
patients were excluded from analyses if their symptoms
had started (or clearly worsened, if chronic) more than
7 days prior to sample collection.

We defined cases as SARI patients who, within 48 h
of admission, were positive by RT-PCR for any influ-
enza A subtype; controls were RT-PCR-negative for any
influenza.

Presence of chronic conditions

Study sites collect information on chronic conditions
either from the patients’ hospital records or by patient
or family member interview. Not all sites collect infor-
mation on all chronic conditions. Commonly collected
chronic conditions across all study sites were: heart dis-
ease, diabetes, being immunocompromised, and “lung
disease or asthma” (one site only collects this informa-
tion together). We defined the variable “presence of
chronic conditions’, to be used in adjustment for overall
and age-stratified estimates, as at least one of heart these
four conditions, as not all study sites collect information
on all other conditions. “No chronic conditions” for this
adjustment variable was defined as a “no” response for all
of these commonly collected conditions. For number of
chronic conditions, we included the four commonly col-
lected conditions plus cancer, liver disease, kidney dis-
ease and obesity (body mass index > 29).

Vaccination
We defined “vaccinated” as individuals receiving
influenza vaccine>14 days before onset (those

vaccinated 1-13 days before onset were excluded;
those vaccinated on or after onset were considered
unvaccinated). Vaccination status was obtained either
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from vaccination registries, patients’ medical records,
patient self-report, or a combination of these methods
(depending on study site and season).

Analysis

We estimated influenza A subtype-specific VE for each
individual season, for pooled seasons in which each sub-
type circulated (1- and 2-stage analyses), and stratified
by number of chronic conditions (none, one and at least
two). We estimated IVE overall (> 65 years), by age group
(65—79 and >80 years), and among those having each of
the eight chronic conditions (regardless of the presence
of other conditions). We also estimated IVE among those
without each of these conditions (regardless of the pres-
ence of other conditions) for comparison purposes to
try to tease out the impact of each specific condition, as
overall IVE includes those with and without each con-
dition. As a supplementary analysis, we estimated IVE
among those having only one chronic condition, for
each of the eight chronic conditions (where sample size
allowed).

In sensitivity analyses, we estimated IVE among the
VEBIS seasons datasets only (2022/23 and 2023/24), as in
these seasons (a) a new case definition was used, and (b)
as it was post-pandemic, influenza test-negative controls
could be positive for SARS-CoV-2. (1) In the first sensi-
tivity analysis, we selected SARI patients using the older
(I-MOVE) vs the newer (VEBIS) case definition, to allow
us to observe whether using different case definitions
affected the IVE. (2) In the second sensitivity analysis, we
excluded SARS-CoV-2 positive controls, as those positive
for SARS-CoV-2 were more likely to have been unvacci-
nated against COVID-19 and therefore potentially also
more likely to have been unvaccinated against influenza.
If this were true, including the SARS-CoV-2-positive
controls would mean that we had been underestimating
the IVE.

Statistical analysis

Using logistic regression, we compared the odds of vac-
cination between cases and controls, adjusting the odds
ratio (OR) of vaccination by sex, presence of at least
one of the four commonly collected chronic conditions
listed above, and by age as a restricted cubic spline or
age group as a categorical variable. We calculated IVE
as 1 — adjusted OR (expressed as a percentage). We
included study site as a fixed effect in the 1-stage analy-
sis. To find the best functional form for calendar time,
we created variables for season-month, season-week and
season-biweek, including date of onset as a categorical
variable, and selected the model with the best functional
form designated using the Akaike information crite-
rion. We did not include “any chronic condition” (of the
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four commonly collected conditions) as an adjustment
variable for any of the estimates stratified by chronic
condition.

For the 2-stage IVE analysis, firstly, IVE estimates were
calculated for each season included in the 1-stage analy-
sis, using time as a restricted cubic spline of onset date
or onset month as a categorical variable. Then, season-
specific IVE estimates were pooled using a random-
effects meta-analysis, and the proportion of inter-season
variation due to heterogeneity rather than chance (I?)
estimated.

We excluded sites with<10 cases or controls for the
pooled-season dataset, and excluded seasons with
fewer than three sites in total. We did not perform a
pooled-season analysis for any (sub)type unless there
were at least three seasons of data available after apply-
ing the previous two criteria. We estimated interaction
terms between vaccination and (1) age group (65-79
and > 80 years); (2) number of chronic conditions (none,
one, two or more) and (3) each of the eight individual
chronic conditions as described above.

Where the number of cases or controls per IVE model
parameter was<10, we conducted sensitivity analy-
sis using Firth’s method of penalised logistic regression
(PLR) to assess small sample bias [29, 30]. We do not
report estimates having an absolute difference>10%
between the PLR and original VE estimate, as we consid-
ered them indicative of small sample bias. Similarly, we
do not present estimates for analyses with < 20 vaccinated
cases or controls, or where the number of cases divided
by 10 was less than the number of included sites.

All analyses were performed using Stata statistical soft-
ware Release 19 (College Station, TX: StataCorp LLC.)

Results
Overall, we included SARI patients aged>65 years
from >80 European hospitals, in 13 of 19 participat-
ing study sites (Fig. 1) providing sufficient data for this
period.

We included 18,134 SARI patients in the influenza
A(HIN1)pdmO09 analysis, covering six seasons (2015/16,
2017/18-2019/20, 2022/23, 2023/24); 1805 were cases
and 16,329 were controls. We included 17,510 SARI
patients in the influenza A(H3N2) analysis, covering six
seasons (2016/17-2019/20, 2022/23, 2023/24); 2590 were
cases and 14,920 were controls.

Fifty-four percent of influenza A(H3N2) and 41% of
influenza A(HIN1)pdmO09 cases were aged>80 years.
Each subtype analysis included 54% controls in this age
group. Heart disease was the most common chronic con-
dition (present in about 67% of patients with both sub-
types and 73% of controls). About 40% of cases of both
subtypes were patients with lung disease/asthma vs 46%
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controls and about 33% cases of both subtypes were
patients with diabetes vs 38% controls. The frequency of
all other individual chronic conditions ranged from 5 to
24% among patients with each subtype, and their con-
trols (Table 1).

All seasonal influenza epidemics prior to 2019/20
included slightly more controls than influenza cases,
ranging from a ratio of 1.4:1 to 3.4:1 (Table 1; Fig. 2).
However, since then, the number of controls has risen
each year, with currently a 10:1 ratio of controls to cases
(Table 1; Fig. 2).

Three sites did not report vaccine brand/type. For the
influenza A(H1IN1)pdmO9 analysis, 16% vaccinated cases
and 27% vaccinated controls were missing this informa-
tion; 12% cases and 26% controls were missing vaccine
brand/type for the influenza A(H3N2) analysis (Table 1).
In the influenza A(HIN1)pdmO09 analysis, 20% vaccinated
cases and 26% vaccinated controls received high dose or
adjuvanted vaccine, while in the influenza A(H3N2) anal-
ysis, 11% vaccinated cases and 29% vaccinated controls
received these enhanced vaccine types (Table 1).

Vaccine effectiveness

The VE against hospitalisation with influenza A(H1N1)
pdm09 overall and in both age groups was higher than
against influenza A(H3N2) (Table 2).

Against influenza A(HIN1)pdmO09, VE was 3-7 per-
centage points higher among those who received a high-
dose or adjuvanted vaccine type, and 10-27 percentage
points lower among those who received all other vaccine
types, although numbers were small, 95%CIs wide and
only three sites were included in the analysis (data not
shown). We did not estimate type-specific VE against
influenza A(H3N2) as there were only two sites with
cases who received neither high-dose nor adjuvanted
vaccines, predicating a pooled analysis. Against both
subtypes, the overall IVE was similar for 1- and 2-stage
analyses (heterogeneity of VE by season, I*’=0 for each
(Additional file 1: Figures Sla and S1b), and was slightly
higher among those aged 65-79 than among those
aged >80 years. Against influenza A(H1IN1)pdmo09, VE
was 49% (95%CIL: 9-72) among those with none, 30%
(95%CI: 12—44) among those with one, and 38% (95%CI:
29-46) among those with two or more chronic condi-
tions (Table 2). Against influenza A(H3N2), VE was 15%
(95%CI: —26—42), 11% (95%CI: —8-27) and 18% (95%CI:
7-28) among those with none, one, or two or more
chronic conditions, respectively (Table 2). Interaction
terms between vaccination and age group, and vaccina-
tion and number of chronic conditions, were not statisti-
cally significant (p > 0.05; data not shown).

The annual VE against influenza A(H1N1)pdmO09 over
the seasons ranged from 30% (95% CI 3-50) in 2022/23
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to 53% (95% CI 36-65) in 2019/20 (Additional file 1:
Figure Sla). Against influenza A(H3N2), the VE ranged
from 10% (95% CI —13-28) in 2018/19 to 27% (95% CI
6—44) in 2022/23. (Additional files 1: Figure S1b).

Against influenza A(H1N1)pdmO09, we observed the
highest IVE among those with liver disease (54%; 95%CI:
24-72), and lowest among those with kidney disease
(17%; 95%CIL: —7-36) and those who were immunosup-
pressed (—7%; 95%CIL: —61-29) (Table 2). Numbers were
particularly small among cases who were immunosup-
pressed, obese or who had liver disease. Against influenza
A(H1IN1)pdmO09, those with no chronic condition had a
higher IVE point estimate (49%; 95%CI: 9-72) than than
those with each of the other chronic conditions, except
those with liver disease (54%). Statistically significant
interaction terms were observed only between vaccina-
tion and kidney disease (p =0.023), and between vaccina-
tion and immunosuppression (p=0.01) (data not shown).

We observed very similar VE against influenza
A(H3N2) among all those with none, and with each of
the eight chronic conditions, with again the highest IVE
among those with liver disease (31%; 95%CI: —9-57) and
lowest IVE among those with kidney disease (6%; 95%CI:
—18-26) and those who were immunosuppressed (5%;
95%CI: —47-38). Here, those with no chronic condi-
tions had VE against influenza A(H3N2) of 15% (95%Cl:
—26-42). Numbers were particularly small among cases
who were immunosuppressed, obese or had liver disease.
None of the interaction terms between vaccination and
individual chronic condition was statistically significant
(p>0.05; data not shown).

In supplementary analyses, VE point estimates against
influenza A(H1IN1)pdmO09 among most of those with and
without each specific condition were 2—-11 percentage
points different, except among those with heart, liver or
kidney disease, or immunosuppression. Those with heart
disease or liver disease had an IVE respectively 12 or 17
percentage points higher than those without the condi-
tion (p=0.12 and p=0.04, respectively), while those
without kidney disease or immunosuppression had an
IVE respectively 27 and 47 percentage points higher than
among those with the condition (p=0.07 for each) (Addi-
tional files 1: Figure S2).

Against influenza A(H3N2), we observed point esti-
mate differences among those with and without most
conditions ranging from 1 to 9 percentage points.
Patients without kidney disease or immunosuppression,
however, had IVE point estimates 15 percentage points
higher than those with each condition (p=0.30 and 0.49,
respectively), while those without liver disease had a VE
point estimate against influenza A(H3N2) which was 12
percentage points lower than the IVE among those with
liver disease (p=0.34) (Additional files 1: Figure S3).
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Table 1 Patient characteristics of cases and controls, Influenza — Monitoring Vaccine effectiveness in Europe (-MOVE/I-MOVE+) and
Vaccine Effectiveness, Burden and Impact Studies (VEBIS) hospital networks, pooled influenza seasons 2015/16-2023/24, Europe

Influenza A(H1N1)pdmO09 Influenza A(H3N2)
Patient characteristic Cases (n=1805) Controls (n=16,329) Cases (n=2590) Controls (n=14,920)
Median age in years (IQR) 78 (71-84) 80 (73-87) 80 (73-86) 81(73-87)
No % No % No % No %

Age groups (years)

65-79 1060 58.7 7586 46.5 1200 46.3 6830 458

>80 745 413 8743 535 1390 537 8090 54.2
Sex

Male 950 526 8444 517 1274 49.2 7683 515

Female 855 474 7885 483 1316 50.8 7237 48.5
Number of chronic conditions®

None 86 5.0 642 4.1 203 8.0 629 43

One 483 28.0 3815 24.1 746 294 3473 239

Two or more 1159 67.1 11,347 71.8 1590 62.6 10,422 71.8

Missing data 77 43 525 32 51 20 396 2.7
Individual chronic conditions
Heart disease 1202 66.9 11,926 734 1745 67.7 10,907 734
Missing data 9 0.5 48 03 Il 04 29 0.2
Lung disease/asthma 721 409 7233 455 992 386 6694 46.0
Missing data 40 22 417 26 19 0.7 358 24
Diabetes 595 34.1 6064 384 799 312 5614 388
Missing data 58 3.2 521 3.2 32 12 449 3.0
Kidney disease 349 20.0 3687 236 502 199 3301 235
Missing data® 53 30 678 42 35 14 697 49
Cancer 302 18.3 2348 154 465 18.6 1997 14.2
Missing data® 6 0.4 44 0.3 4 02 12 0.1
Obesity 181 13.0 1614 139 254 10.7 1539 141
Missing data? 376 212 4619 285 204 79 3996 26.8
Immunosuppression 136 79 1283 83 127 50 1248 838
Missing data 73 40 860 53 34 13 804 54
Liver disease 87 6.3 841 5.8 115 48 850 6.1
Missing data® 403 22.7 1842 114 147 57 921 6.2
Influenza vaccination

No 940 52.1 5691 349 1208 46.6 5309 356

Yes 865 479 10,638 65.1 1382 534 911 644
Influenza vaccine type (among vaccinated)

High-dose or adjuvanted® 145 19.9 1998 25.7 135 111 2101 294

Other 584 80.1 5776 743 1086 889 5051 706
Missing data 136 15.7 2864 26.9 161 12.0 2459 25.6
Influenza season

2015/16 305 16.9 786 48 £ £

2016/17 NA NA 1042 40.2 1463 9.8

2017/18 112 6.2 1503 9.2 331 12.8 1326 89

2018/19 269 14.9 1177 72 536 20.7 1292 8.7

2019/20 281 15.6 1141 7.0 65 25 578 39

2021/22 £ -f £ -f

2022/23 190 10.5 5182 31.7 328 12.7 4006 269

2023/24 648 359 6540 40.1 288 1.1 6255 419
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Table 1 (continued)

Influenza A(H1IN1)pdm09 Influenza A(H3N2)

Patient characteristic Cases (n=1805) Controls (n=16,329) Cases (n=2590) Controls (n=14,920)

Median age in years (IQR) 78 (71-84) 80 (73-87) 80 (73-86) 81(73-87)
No % No % No % No %

Site/country?®
Belgium 116 6.4 923 57 72 28 817 55
Germany 32 1.8 117 0.7 10 04 21 0.1
Spain (except Navarre Region) 615 34.1 7794 477 929 359 8112 544
France 61 34 463 2.8 203 7.8 582 39
Croatia 89 4.9 158 1.0 60 23 59 04
Ireland 0 0 19 0.7 127 0.9
Italy 21 1.2 359 22 73 2.8 136 1.0
Lithuania 58 32 180 1.1 127 49 163 1.1
Malta 21 1.2 186 1.1 25 1.0 144 1.0
Navarre Region, Spain 578 320 5441 333 697 269 4114 276
Netherlands 22 1.2 36 0.2 84 32 192 13
Portugal 55 31 342 2.1 113 44 160 1.1
Romania 137 76 330 20 178 6.9 293 20

IQR interquartile range, NA not applicable (in the 2016/17 season, there were no influenza A(H1N1)pdm09 cases submitted to the study)

2 At least one of eight chronic conditions: diabetes, heart disease, lung disease/asthma, immunosuppression (collected by all sites in all seasons); cancer (not collected
by two sites in one season, and one site in another season), liver disease (not collected by two sites in one season), renal disease (not collected by two sites in one
season), and obesity (not collected by one site in one season)

b Two sites did not collect information on kidney or liver disease for influenza A(H3N2) analysis, and one site for influenza A(H1N1)pdmO09 analysis (the other site
began collecting these data in 2023/24). Total N for A(H1N1)pdmO09 analyses: 1795 cases, 16,308 controls; for influenza A(H3N2) analyses: 2555 cases, 14,755 controls
“Two sites do not collect information on cancer. Total N for A(HTN1)pdm09 analysis: 1657 cases, 15,289 controls; for influenza A(H3N2) analysis: 2508 cases, 14,082
controls

9 One site does not collect information on obesity. Total N for A(H1N1)pdm09 analyses: 1773 cases, 16,212 controls; for influenza A(H3N2) analyses: 2580 cases, 14,899
controls

€ For influenza A(H1N1)pdm09, the 146 cases of “high dose or adjuvanted” vaccine were reported from a total of three sites, but for influenza A(H3N2), the 135 cases
were reported from only two sites

fIn season 2015/16 there were no submitted influenza A(H3N2) cases, 5o this season was not included in the influenza A(H3N2) pooled-season analyses; in 2021/22
there were no submitted influenza A(H1N1)pdm09 cases, and only two sites submitted influenza A(H3N2) cases for this season, so this season was not included in any

of the pooled-season analyses

9 Final cleaned and restricted data for Albania, Czechia, Hungary and Scotland included < 10 influenza cases or controls and, for Poland, included no vaccinated
controls; so these sites were not included in either subtype vaccine effectiveness (VE) analysis. Final data for Ireland included < 10 influenza A(H1N1)pdm09 cases, so

Ireland was not included in A(H1N1)pdm09 VE analyses

In sensitivity analyses comparing the two case
definitions, we observed small (<5 percentage points)
differences in VE against influenza A(HIN1)pdmO9.
Against influenza A(H3N2), in those aged >65 years
we observed differences <10 percentage points in IVE
point estimates overall, with larger differences among
those with at least two chronic conditions, although
numbers were small and 95% Cls were very wide
(Additional file 1: Figure S4). Differences in IVE point
estimates after excluding controls positive for SARS-
CoV-2 ranged from 0 to 7 percentage points against
influenza A(HIN1)pdmO9 and from 1 to 6 percentage
points against influenza A(H3N2) (Additional file 1:
Figure S5).

Discussion

Our results from this multi-country European hospital
study suggest that the overall pooled-season moderate
VE point estimate against influenza A(HIN1)pdm09
among those aged > 65 years in this setting (37%) did
not vary much among those with any of the three main
chronic conditions (diabetes, heart disease and lung
disease/asthma: range 34-41%). We observed a simi-
lar pattern, though with lower point estimates, against
influenza A(H3N2) (IVE 17% overall; range 16-25%).
Against both subtypes, however, comparatively higher
IVE point estimates were observed among those with
liver disease (54% against influenza A(H1N1)pdmO9;
31% against influenza A(H3N2)), and low to no protec-
tion among those who had kidney disease (17% and 6%,
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Fig. 2 Number of cases and controls over time, I-MOVE/I-MOVE+and VEBIS studies, pooled influenza seasons 2015/16-2023/24, Europe®.
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respectively) or were immunosuppressed (—7% and 5%,
respectively), although numbers were small and most
95% Cls overlapped.

Among individuals with heart disease, there is much
supporting literature on the beneficial effect of influenza
vaccination in preventing more severe cardiac events [31,
32] and even reduction in all-cause mortality [33-36],
although some studies cite low certainty of this evidence
[37, 38]. There are some studies providing evidence of a
protective effect among this patient group, particularly
if aged>65 years, against influenza-related hospitalisa-
tions and deaths [18, 39, 40]. Among individuals with
diabetes, although some reviews report little evidence to
show the benefit of influenza vaccination [37, 41], other
studies show reductions in influenza occurrence [42, 43]
and hospital admissions [43, 44] among these patients.
Influenza vaccination has been found to reduce hospi-
talisation from lung diseases [17], and a Cochrane review
showed that influenza vaccination limited aggravation
of chronic obstructive pulmonary disease among hospi-
talised patients [45]. Although one study found a benefit
among immunocompromised patients with end-stage
renal disease (in the early days following kidney trans-
plant [46]), there are many that found little to no effect
of influenza vaccination among immunocompromised
patients [47-50]. However, due to the high risk of influ-
enza complications and the low vaccine response among
those who are immunocompromised, authors of one
review highlight the importance of influenza vaccination
among family members and healthcare workers caring

for this population [50]. There is a study reporting a pro-
tective effect against hospitalisation after influenza vacci-
nation among those with liver disease [51]. A systematic
review revealed many studies with low quality evidence,
reflecting uncertainty in the influenza vaccine’s protec-
tive effect among patients with chronic liver disease [52],
but the authors nonetheless believed that the benefits of
the vaccine outweighed the risks among these patients,
considering their high risk of severe outcomes.

Among this older population of hospitalised SARI
patients, one-third of cases and almost three-quarters
of controls had heart disease, between one-third and
one-half of SARI patients had lung disease or asthma,
and about one-third had diabetes. Two-thirds of all
recruited SARI patients had two or more chronic
conditions. One of the limitations of this analysis
is therefore the inability to disentangle the effects
of age (as we only included older adults) as well as
the effects of one individual chronic condition from
another, particularly among these three most common
conditions. Another limitation is the proportion
of SARI patients missing some chronic condition
information, other than the principal conditions used
in analysis adjustments, which all had <5% missing
values (although this varied by site and condition; see
Additional file 1: Table S1). The smaller sample sizes
among patients with liver disease (6—-23% among cases;
6-11% among controls) or obesity (8-21% among
cases, 27-29% among controls) could lead to biased
IVE estimates among patients with these conditions if
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Table 2 Vaccine effectiveness against influenza hospitalisation, Influenza — Monitoring Vaccine Effectiveness in Europe (I-MOVE/I-
MOVE +) and Vaccine Effectiveness, Burden and Impact Studies (VEBIS) in the hospital setting, pooled influenza seasons 2015/16-
2023/24, Europe

Main analysis 1: pooled-season influenza A subtype VE overall, by age group and by number of chronic conditions

Influenza A subtype No. sites (N) Vaccinated/unvaccinated cases; VE? 95% CI
vaccinated/unvaccinated controls

Influenza A(H1N1)pdm09
All > 65 years (1-stage) 12°(18,134) 865/940; 10,638/5691 37 29-44
Age group (years)
65-79 12° (8646) 445/615;4459/3127 39 29-48
>80 12°(9488) 420/325;6179/2564 32 18-43
Number of chronic conditions®
None 104 (728) 24/62; 338/304 49 9-72
One 12°(4219) 222/261;2370/1445 30 12-44
Two or more 12°(12,012) 596/563; 7661/3686 38 29-46
Missing chronic condition information (602) 23/54; 269/256 NA
Influenza A(H3N2)
All= 65 years (1-stage) 13%(17,510) 1382/1208; 9611/5309 17 8-25
Age group (years)
65-79 13€(8030) 530/670; 3965/2865 20 8-31
>80 13€(9480) 852/538; 5646/2444 14 0-25
Number of chronic conditions®
None 10f(832) 92/111,322/307 15 —26-42
One 13°(4219) 382/364;2129/1344 1 -8-27
Two or more 13%(12,012) 898/692; 6971/3451 18 7-28
Missing chronic condition information (447) 10/41;189/207 NA

Main analysis 2: pooled-season influenza subtype VE by individual chronic conditions?

Influenza A subtype and individual chronic No. sites (N) Vaccinated/unvaccinated cases; VE? 95% Cl

condition vaccinated/unvaccinated controls

Influenza A(H1N1)pdm09
Heart disease 12°(13,128) 585/617;8024/3902 41 32-48
Lung disease/asthma 120 (7954) 419/302; 4903/2330 34 21-44
Diabetes 120 (6659) 306/289; 4053/2011 34 20-46
Kidney disease 11" (4036) 209/140; 2562/1125 17 —7-36
Cancer 109 (2650) 144/158;1653/695 45 27-59
Obesity 11" (1795) 72/109; 964/650 36 7-56
Immunosuppression 12°(1419) 78/58; 769/514 -7 —-61-29
Liver disease 111(928) 36/51;553/288 54 24-72

Influenza A(H3N2)
Heart disease 13€(12,652) 959/786; 7304/3603 21 10-30
Lung disease/asthma 13¢(7686) 565/427,4488/2206 25 12-36
Diabetes 13%(6413) 462/337;3750/1864 16 -1-30
Kidney disease 11 (3803) 308/194; 2260/1041 6 -18-26
Cancer 11%(2462) 270/195;1370/627 16 —7-34
Obesity 11'(1793) 99/155;921/618 13 —24-39
Immunosuppression 13%(1375) 66/61;736/512 5 —47-38
Liver disease 117 (3803) 59/56; 546/304 31 —-9-57

20dds ratio adjusted (aOR) by country, time (restricted cubic spline of swab date or swab month as categorical variable, depending on model and including season),
age (restricted cubic spline or age as linear variable, depending on model), sex, presence/absence of at least one chronic condition (immunocompromised, diabetes,
heart disease, lung disease/asthma); VE = 1-aOR

b Twelve sites: Belgium, Croatia, France, Germany, Italy, Lithuania, Malta, Navarra, the Netherlands, Portugal, Romania and Spain
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Table 2 (continued)
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©In analyses stratified by chronic condition, the adjustment for presence/absence of chronic condition was removed

dTen sites: Croatia, France, Italy, Lithuania, Malta, Navarra, the Netherlands, Portugal, Romania and Spain

€ Thirteen sites: Belgium, Croatia, France, Germany, Ireland, Italy, Lithuania, Malta, Navarra, the Netherlands, Portugal, Romania and Spain

fTen sites: Croatia, France, Ireland, Italy, Lithuania, Navarra, the Netherlands, Portugal, Romania and Spain

9 Regardless of the presence of other chronic conditions. For these analyses, adjustment was made for presence/absence of at least one chronic condition as above,
except without including the condition being analysed (for each of the four commonly collected conditions used in adjustment). For example, the OR for estimating
VE among those with diabetes was adjusted by country, time, age, sex, and “at least one of immunocompromised, heart disease, lung disease/asthma”

" Eleven sites: Belgium, Croatia, France, Italy, Lithuania, Malta, Navarra, the Netherlands, Portugal, Romania and Spain

iTen sites: Belgium, Croatia, France, Italy, Lithuania, Malta, Navarra, Portugal, Romania and Spain

J Eleven sites: Belgium, Croatia, France, Ireland, Italy, Lithuania, Navarra, the Netherlands, Portugal, Romania and Spain

K Eleven sites: Croatia, France, Ireland, Italy, Lithuania, Malta, Navarra, the Netherlands, Portugal, Romania and Spain

"Eleven sites: Belgium, France, Ireland, Italy, Lithuania, Malta, Navarra, the Netherlands, Portugal, Romania and Spain

the missingness is related to vaccination or case status.
In addition to these points, there is also the potential
for heterogeneity between sites/countries (and perhaps
even between hospitals) in terms of how each chronic
condition is defined/ascertained and recorded. While
some conditions may have standard definitions (e.g.
diabetes), others may vary. For example, we ask sites
to provide information on “immunosuppression”. In
some sites, this includes patients who are HIV +as
well as those on chemotherapy for active cancer or
who are taking immunosuppressive medication post-
transplant. Other sites only include those who are
HIV +. However, the number of patients overall who
are immunosuppressed is very small (< 10%).

Other limitations include those related to the het-
erogeneity inherent to pooled multi-country estimates
and to pooling data across several seasons. We used a
pooled-season approach to increase sample size. Dif-
ferences in VE by season, along with different chronic
condition distribution by season, could introduce bias.
However, our analysis of VE by individual season indi-
cates little differences in point estimates (shown in
Additional file 1: Figure S1) or in proportion of chronic
conditions by season (data not shown).

We observed that IVE estimates among those with
and without each of the individual chronic conditions
(regardless of the presence of other conditions) were
very similar except for three conditions (kidney disease,
liver disease, immunosuppression) against both sub-
types. Against both subtypes, the IVE point estimate
among those with the condition was considerably lower
than among those without the condition for kidney
disease and immunosuppression, and higher for liver
disease. Against influenza A(HIN1)pdmO09, although
IVE point estimates were 12 percentage points higher
among those with than without heart disease, 95% CI
overlapped and we did not find evidence of a statisti-
cally significant difference (p=0.12). Significant inter-
actions were only observed in the influenza A(H1N1)

pdmO9 analysis, between vaccination and each of the
two chronic conditions with low to no observed protec-
tion. Possibly the sample size was too low in influenza
A(H3N2) analyses to detect significant interactions,
although total analytic sample sizes were not much
lower in the A(H3N2) than A(HINI1)pdmO09 analy-
ses. (The total number of SARI patients was 4036 and
1419 for influenza A(HIN1)pdmO09 kidney disease and
immunosuppression analyses, respectively, vs 3803 and
1375 in the influenza A(H3N?2) analyses.)

Many IVE estimates among those with a less prevalent
chronic condition were very similar to the overall IVE,
due in part to some “masking” of any differences among
these less prevalent conditions by the high prevalence of
the three main conditions. We also investigated IVE with
and without each condition alone (i.e. among those with
only one condition), but sample sizes were too small to
draw conclusions from the results (data not shown).

Sensitivity analyses mostly showed little to no differ-
ence in IVE with different case definitions used, nor
when excluding those positive for SARS-CoV-2 among
controls.

Conclusions

Our multi-country, pooled-season study suggests low—
moderate IVE against influenza A subtypes among SARI
patients > 65 years for 2015/16—2023/24, higher against
A(HIN1)pdmO09 than against A(H3N2), with little evi-
dence of a modifying effect for most chronic conditions.
We stress the importance of developing improved influ-
enza vaccines for specific populations, in particular,
the lower IVE consistently observed against influenza
A(H3N2). The much lower VE observed against both
influenza subtypes among those with kidney disease
and those who were immunosuppressed warrant further
investigation, and we encourage further research into the
effect of chronic conditions on IVE in older adults.

Abbreviations
aOR Adjusted odds ratio
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IVE Influenza vaccine effectiveness

NA Not applicable

OR Odds ratio

PLR Penalised logistic regression

SARI Severe acute respiratory infection

VE Vaccine effectiveness

VEBIS Vaccine Effectiveness, Burden and Impact Studies

WHO World Health Organization
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Additional File 1: Figures S1-S5, Table S1. Fig. S1. Vaccine effectiveness
among those aged > 65 years against (a) influenza A(HTN1)pdm09 and
(b) A(H3N2), by individual season and pooled (1- and 2-stage analysis)
over six seasons, 2015/16-2023/24, I-MOVE and VEBIS multicentre hospital
studies, Europe®. I-MOVE: Influenza — Monitoring Vaccine Effectiveness

in Europe; VEBIS: Vaccine effectiveness, Burden and Impact Studies.

“Note: we adjusted the odds ratios for each individual season using

the same variables used in the final pooled-season analysis, to have
better comparison between the 1- and 2-stage pooled VE results. Some
minor differences between these and previously published data for any
individual season may therefore exist, due to differences in adjustment
variables and analytic approaches. For each subtype, heterogeneity

12=0 for the 2-stage analysis. Fig. S2. Vaccine effectiveness among

those aged > 65 years against influenza A(H1N1)pdmO09 by presence

and absence of (a) heart disease, lung disease/asthma, diabetes, and
kidney disease; (b) cancer, obesity, immunosuppression and liver disease,
pooled over six seasons, 2015/16-2023/24, I-MOVE and VEBIS multicentre
hospital studies, Europe. I-MOVE: Influenza — Monitoring Vaccine
Effectiveness in Europe; VEBIS: Vaccine effectiveness, Burden and Impact
Studies. Fig. S3. Vaccine effectiveness among those aged > 65 years
against influenza A(H3N2) by presence and absence of (a) heart

disease, lung disease/asthma, diabetes, and kidney disease; (b) cancer,
obesity, immunosuppression and liver disease, pooled over six seasons,
2015/16-2023/24, I-MOVE and VEBIS multicentre hospital studies, Europe.
I-MOVE: Influenza — Monitoring Vaccine Effectiveness in Europe; VEBIS:
Vaccine effectiveness, Burden and Impact Studies. Fig. S4. Sensitivity
analysis 1. Vaccine effectiveness among those aged > 65 years and among
those with at least two chronic conditions against (a) influenza A(HTNT1)
pdm09 and (b) A(H3N2) by SARI case definition, 2022/23 and 2023/24,
I-MOVE and VEBIS multicentre hospital studies, Europe. I-MOVE: Influenza
- Monitoring Vaccine Effectiveness in Europe; VEBIS: Vaccine effectiveness,
Burden and Impact Studies. Fig. S5. Sensitivity analysis 2. Vaccine
effectiveness among those aged >65 years and among those with at
least two chronic conditions against influenza (a) A(HIN1)pdm09 and (b)
A(H3N2), overall and excluding SARS-CoV-2-positive controls, 2022/23 and
2023/24, -MOVE and VEBIS multicentre hospital studies, Europe. I-MOVE:
Influenza — Monitoring Vaccine Effectiveness in Europe; VEBIS: Vaccine
effectiveness, Burden and Impact Studies. Table S1. Proportion of each
chronic condition among test-negative controls, by site/country, among
hospitalised SARI patients aged > 65 years, pooled seasons 2015/16—
2023/24, -MOVE and VEBIS multicentre hospital studies, Europe. I-MOVE:
Influenza — Monitoring Vaccine Effectiveness in Europe; SARI: Severe acute
respiratory infection; VEBIS: Vaccine effectiveness, Burden and Impact
Studies. * Two sites did not provide information on liver disease. ® One site
did not provide information on renal disease. “ Two sites did not provide
information on cancer.
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