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ABSTRACT

Background: We report 2023/2024 season interim influenza vaccine effectiveness for three studies, namely, primary care in

Great Britain, hospital settings in Scotland and hospital settings in England.

Methods: A test negative design was used to estimate vaccine effectiveness.

Results: Estimated vaccine effectiveness against all influenzas ranged from 63% (95% confidence interval 46 to 75%) to 65%
(41 to 79%) among children aged 2-17, from 36% (20 to 49%) to 55% (43 to 65%) among adults 18-64 and from 40% (29 to 50%) to

55% (32 to 70%) among adults aged 65 and over.

Conclusions: During a period of co-circulation of influenza A(H1N1)pdm09 and A(H3N2) in the United Kingdom, evidence for

effectiveness of the influenza vaccine in both children and adults was found.

1 | Introduction

In the United Kingdom, seasonal influenza vaccination is of-
fered freely to those aged > 65, aged 16-64 within clinical groups
and at increased risk of severe influenza-related outcomes and
children aged 2-15 [1]. In Scotland, this offer was extended to
healthy adults aged 50-64 [2]. The 2023/2024 season northern
hemisphere influenza vaccine included an updated A(H1NI)
pdmO9 strain: a cell culture-propagated A/Wisconsin/67/2022

or egg-propagated A/Victoria/4897/2022 (HIN1)pdmo09-like
virus, while the A(H3N2) and B components remained the same
as for 2022/2023 [3].

Throughout the United Kingdom, indicators of influenza activ-
ity suggested low levels of circulation prior to December 2023
[4-6]. Influenza activity rose throughout December, reaching
a modest peak by late December 2023, before dropping slightly
early- to mid-January 2024. However, by late January 2024,
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influenza activity was increasing again. To January 2024, the
United Kingdom has primarily seen cocirculation of influenza
A(HIN1)pdmo09 and A(H3N2).

We report interim vaccine effectiveness (VE) in primary and
secondary care settings within the United Kingdom.

2 | Methods

We brought together primary care sentinel swabbing data from
England, Scotland and Wales (GB-PC) and conducted two sep-
arate data-linkage studies on hospitalised patients in England
(EN-H) and Scotland (SC-H). Study characteristics are sum-
marised in Table 1. Methods for all three studies have been de-
scribed elsewhere [8-11]; a protocol for GB-PC is provided in the
supporting information.

All studies used the test negative design, applying logistic regres-
sion with adjustments as outlined in Table 1 to estimate the odds
ratio (OR) of vaccination in influenza positive cases and influenza
negative controls. VE is reported as a percentage: 100X (1 —OR).
For the GB-PC study, patients presented to primary care with
acute respiratory infection (ARI), swabs known to be taken be-
yond 7days of onset were not used to estimate VE (see supporting
information for full detail). Symptom onset date was not avail-
able within hospital records. In EN-H, influenza A subtype VE
analyses were restricted to data from labs that carried out subtyp-
ing. In SC-H, potential vaccine contaminants and influenza co-
detections were removed from all analyses. SARS-CoV-2-positive
controls were excluded in the GB-PC and EN-H studies [12].

Note that for Scotland and England, the primary source of vac-
cination histories is immunisation databases; these capture
vaccinations offered freely on the National Health Service well
but may miss vaccines administered privately, for example, via
workplaces, likely leading to a small amount of exposure mis-
classification among working age adults. In Wales the primary
source of vaccination histories was through questionnaire ad-
ministered by the GP at the point of swabbing.

A sample of influenza virus positive primary care specimens
was further characterised, as described in the supporting
information.

3 | Results

The GB-PC study included 1193 cases and 12,098 controls, in-
cluding 6343 samples from England, 6108 from Scotland and
840 from Wales; the number of specimens positive for influ-
enza A(HIN1)pdmo09 was 461, 475 A(H3N2), 215 influenza A
(untyped) and 46 influenza B, with 4 dual infections. The EN-H
study included 1359 cases and 22,539 controls; 770 influenza A
samples were untyped, 161 were influenza A(H1N1)pdm09, 395
were influenza A(H3N2) (note that more laboratories subtyped
influenza A/H3 than A/H1) and 32 were influenza B, includ-
ing 5 dual infections. The SC-H study included 1977 cases and
34,476 controls; 1567 influenza A samples were untyped, 172
were influenza A(H1N1)pdmo09, 188 were influenza A(H3N2)
and 50 were influenza B.

We note from Table 1 the distribution of influenza vaccine types
among controls. Those aged 2-17 primarily received live attenu-
ated influenza vaccine (LAIV) via nasal spray, those aged 18-64
mostly received quadrivalent cell-based vaccine (QIVc) and
those aged >65 mostly received adjuvanted egg-based vaccine
(aQIV). Use of other vaccine types—standard-dose quadrivalent
egg-based vaccines (QIVe) and recombinant quadrivalent vac-
cines (QIVr)—was limited.

VE for all studies is summarised in Figure 1. There were insuf-
ficient influenza B samples in all studies to estimate VE against
influenza B.

For all influenza cases (both influenza A and B) across all set-
tings, VE ranged from 63% (95% confidence interval [CI]: 46%-
75%) to 65% (95% CI: 41%-79%) among children aged 2-17, from
36% (95% CI: 20%-49%) to 55% (95% CI 43%-65%) among adults
18-64 and from 40% (95% CI: 29%-50%) to 55% (95% CI: 32%—
70%) among adults aged 65 and over.

In all settings, VE against influenza A(H1N1)pdm09 ranged
from 65% (95% CI: 23%-84%) to 71% (95% CI: 44%-85%) among
children aged 2-17, from 60% (95% CI: 17%-81%) to 64%
(95% CI: 22%-83%) among adults aged 18-64 and from 45%
(95% CI: 6%-68%) to 66% (95% CI: 35%-82%) among adults
aged 65 and above.

VE against influenza A(H3N2) ranged from 59% (95% CI: 18%—
79%) to 80% (95% CI: 43%-93%) among children aged 2-17, from
—3% (95% CIL: —50% to 29%) to 49% (95% CI: 26%-65%) among
adults aged 18-64 and from 39% (95% CI: 15%-56%) to 63% (95%
CI: 37%-78%) among adults aged 65 and over. Except for one result
(SC-H, ages 65+), VE point estimates against influenza A(H3N2)
were lower than those against influenza A(HIN1)pdm09.

Where influenza viruses from positive specimens in the GB-
PC study were further characterised, all A(H3N2) viruses be-
longed in genetic subclade 3C.2alb.2a.2 in the 2a.3a.1 subgroup,
while A(HIN1)pdmO09 viruses were split between subgroups
6B.1A.5a.2a (70%) and 6B.1A.5a.2a.1 (30%).

4 | Discussion

During a period of co-circulation of influenza A(H1N1)pdm09
and A(H3N2) in the United Kingdom, we found evidence of
moderate VE in both children and adults. Our results concur
with those reported for Canada during the early 2023/2024 sea-
son, who reported moderate VE during an influenza A(HIN1)
pdm09-dominated period [13].

During the 2022/2023 season, estimates of interim VE against
influenza A(HIN1)pdm09 in Europe, including some corre-
sponding results for EN-H and SC-H, were typically lower than
those we report for the 2023/2024 season, especially among
those aged 65 and above [10]. Our results suggest that VE may
have been improved by the update to the A(HIN1)pdm09 com-
ponent of the northern hemisphere vaccine for 2023/2024.

The 2023/2024 A(H3N2) northern hemisphere vaccine strain
belongs to subgroup 2a of genetic subclade 3C.2alb.2a.2.
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Experiments to evaluate the vaccine's ability to recognise
subgroup 2a.3a.1 viruses similar to those circulating have
reported mixed findings [14]. Our 2023/2024 VE estimates
against A(H3N2) are higher than those reported for 2022/2023
in SC-H as well as among children and adults aged 65 and

of the vaccine and circulating viruses have not resulted in re-
duced VE. However, no effectiveness was demonstrated in the
2023/2024 EN-H for those aged 18-64years. Healthy adults
aged 50-64 were influenza vaccine eligible in 2022/2023,
but in 2023/2024, this was withdrawn in England and Wales

above in EN-H [8], suggesting that the differences in subgroup

while continuing in Scotland; evidence for residual protection

TABLE1 | Summary of methods and characteristics of three 2023/2024 season influenza vaccine effectiveness studies in Great Britain.

Study
Study GB-Primary Care England-Hospital
characteristics (GB-PC) (EN-H) Scotland-Hospital (SC-H)
Study period 4 Sep 2023 to 19 Jan 2024 2 Oct 2023 to 15 Jan 2024 2 Oct 2023 to 28 Jan 2024
Setting Primary care Hospital Hospital
Location England, Scotland, Wales ~ England Scotland
Study design Test negative design Test negative design Test negative design

Data source

Age groups of study
population

Case definition for
patient recruitment

Selection of patients

Vaccine types in
the study among
controls aged 2-17

Vaccine types in
the study among
controls aged 18-64

Vaccine types in
the study among
controls aged 65 and
above

Vaccination definition

Variables of
adjustment

Physicians and
laboratory, in some
sites data linkage
to electronic health
records

All ages

Patients consulting
within primary care
with ARI symptoms

At practitioner's/
clinician's judgement
LAIV 96%, QIVc 4%

QIVc 94%, aQIV 4%, QIVe
2%, QIVr 1%

aQIV 98%, QIVc 2%, QIVr
1%

>14days post vaccination

Age group, region,
clinical risk status, sex,
calendar time as week
(spline)

Data linkage of sentinel
laboratory surveillance
(Respiratory DataMart),
the Immunisations
System (IIS), and the
Emergency Care DataSet
(ECDS)

All ages

Patients with an influenza
swab test 14 days
before to 2days after
hospitalisation via
emergency care

At practitioner's/
clinician’s judgement
LAIV 88%, QIVc 12%

QIVc 86%, aQIV 6%, QIVe
6%, QIVr 3%

aQIV 96%, QIVc 3%, QIVr
1%

>14days post vaccination

Age group, region, clinical
risk status, calendar
time as week (spline)

EAVE-II national patient-level dataset,
Electronic Communication of
Surveillance in SC (ECOSS; all virology
testing national database), Rapid
Preliminary Inpatient Data (RAPID;
Scottish hospital admissions data),
National Records of Scotland (NRS; death
certification), National Clinical Data Store
(NCDS; vaccination events in SC)

All ages

Patients with EU ARI? symptoms and
clinician's judgement that there is an
infection® and limited to emergency care
where the influenza test occurs 14 days
before admission or within 48 hours after
admission

At practitioner's/clinician’s judgement

LAIV 85%, QIVc 15%

QIVc 97%, aQIV 3%

aQIV 99%, QIVc 1%

>14days post vaccination

Age (spline), sex, number of QCOVID¢
clinical risk groups (0, 1, 2, 3, 4, >5)¢,
time (days, spline), setting (community or
hospital) and deprivation quintile (SIMD)

Abbreviations: aQIV, adjuvanted QIV; ARI, acute respiratory infection; GB, Great Britain; GP, general practitioner; LAIV, quadrivalent live attenuated influenza

vaccine; QIVc, cell-grown quadrivalent influenza vaccine; QIVe, egg-grown quadrivalent influenza vaccine; QIVr, recombinant quadrivalent influenza vaccine; SIMD,
Scottish Index of Multiple Deprivation; TND, test-negative design.
2The EU-ARI definition is sudden onset of symptoms AND > 1 of cough, sore throat, shortness of breath or coryza AND a clinician’s judgement that the illness is due to

an infection.

YVaries according to SARS-CoV-2/influenza testing practices by Health Board.
“The QCOVID risk groups are defined as the number of generic comorbidity conditions of a patient, and are used as a measure of comorbidity. The list of conditions is
found in the study of Clift et al. [7].
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controls cases
influenza / study group vacc total vacc total VE (95% Cl)
All influenza, GB-PC !
ages 2-17 459 1768 22 95 — 65% (41 to 79%)
ages 18-64 1663 7727 125 928 —u— 55% (43 to 65%)
ages 65+ 1781 2603 113 170 | — 55% (32 to 70%)
All influenza, EN-H 5
ages 2-17 951 3259 35 192 —— 63% (46 to 75%)
ages 18-64 1790 7388 126 609 —— 36% (20 to 49%)
ages 65+ 7005 11892 308 558 —— 40% (29 to 50%)
All influenza, SC-H :
ages 2-17 1247 3491 83 276 —— 65% (52% to 74%)
ages 18-64 2655 10837 210 810 : —a— 51% (40% to 59%)
ages 65+ 10498 20148 636 891 —a 53% (44% to 61%)
Influenza A(H1N1)pdm09, GB-PC :
ages 2-17 459 1768 9 39 —=— 65% (23 to 84%)
ages 18-64 1663 7727 47 370 —— 62% (46 to 74%)
ages 65+ 1781 2603 31 52 —=—  66% (35 to 82%)
Influenza A(H1N1)pdm09, EN-H
ages 2-17 294 1232 5 24 ‘ insufficient
ages 18-64 561 2308 10 76 — 60% (17 to 81%)
ages 65+ 1637 2955 30 61 —_— 45% (6 to 68%)
Influenza A(H1N1)pdm09, SC-H ;
ages 2-17 1247 3491 14 52 ——  71% (44 to 85%)
ages 18-64 2655 10837 10 49 —=—  64% (22 t0 83%)
ages 65+ 10498 20148 46 71 e 61% (30 to 79%)
Influenza A(H3N2), GB-PC ‘
ages 2-17 459 1768 13 49 | ——=—  59% (18 to 79%)
ages 18-64 1663 7727 48 348 — 49% (26 to 65%)
ages 65+ 1781 2603 56 78 *—'— 44% (-3 to 70%)
Influenza A(H3N2), EN-H '
ages 2-17 404 1635 4 44 —=— 80% (43 to 93%)
ages 18-64 915 3738 49 183 «—=— -3% (-50 to 29%)
ages 65+ 3308 5777 89 168 — 39% (15 to 56%)
Influenza A(H3N2), SC-H '
ages 2-17 1247 3491 11 35 —=—  64% (24 to 83%)
ages 18-64 2655 10837 17 64 '—-— 47% (-1 to 72%)
ages 65+ 10498 20148 63 89 | — 63% (37 to 78%)
I

[ [ I I I I |
-40-20 0 20 40 60 80 100
VE (%)

FIGURE1 | Interim vaccine effectiveness (VE) against all laboratory-confirmed influenza (A and B), A(H1IN1)pdm09 and A(H3N2), by each of
three studies in Great Britain and by age group, influenza season 2023/2024.

leading to reduced VE will be investigated at the end of the
season.

Interim estimates are inevitably restricted by sample size. End-of-
season final estimates will further explore VE by vaccine type and
possibly provide VE against influenza B, depending on circulation
during the rest of the season. VE estimates were often lower in
EN-H; hospitalisation definitions differ to SC-H and further explo-
ration of this is planned. In a hospital setting, testing is among pa-
tients presenting with ARI symptoms, but a limitation is that this
may not be the main reason for hospitalisation. Unlike previous
seasons, Scotland successfully collected individual-level vaccina-
tion data for children from all health boards, resulting for the first
time in a national hospital study population.

Estimates of interim 2023/2024 season influenza VE within the
United Kingdom are encouraging, especially in that reasonably
robust effectiveness against hospitalisation with both influenza
A(HIN1)pdmo09 and A(H3N2) was demonstrated among those
aged 65. These findings further reinforce the importance of the
annual UK influenza vaccination programme.
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