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Abstract

Background Seasonal influenza epidemics have a substantial public health and economic burden, which can be
alleviated through vaccination. The World Health Organization (WHO) recommends a 75% vaccination coverage
rate (VCR) in: older adults (aged > 65 years), individuals with chronic conditions, pregnant women, children aged
6-24 months and healthcare workers. However, no European country achieves this target in all risk groups. In this
study, potential public health and economic benefits achieved by reaching 75% influenza VCR was estimated in risk
groups across four European countries: France, Italy, Spain, and the UK.

Methods A static epidemiological model was used to estimate the averted public health and economic burden

of increasing the 2021/2022 season VCR to 75%, using the efficacy data of standard-dose quadrivalent influenza vac-
cine. For each country and risk group, the most recent data on population size, VCR, pre-pandemic influenza epide-
miology, direct medical costs and absenteeism were identified through a systematic literature review, supplemented
by manual searching. Outcomes were: averted influenza cases, general practitioner (GP) visits, hospitalisations, case
fatalities, number of days of work lost, direct medical costs and absenteeism-related costs.

Results As of the 2021/2022 season, the UK achieved the highest weighted VCR across risk groups (65%), followed

by Spain (47%), France (44%) and Italy (44%). Based on modelling, the 2021/2022 VCR prevented an estimated 1.9
million influenza cases, avoiding 375,200 GP visits, 73,200 hospitalisations and 38,400 deaths. To achieve the WHO 75%
VCR target, an additional 24 million at-risk individuals would need to be vaccinated, most of which being older adults
and patients with chronic conditions. It was estimated that this could avoid a further 918,200 influenza cases, 332,000
GP visits, 16,300 hospitalisations and 6,300 deaths across the four countries, with older adults accounting for 52%

of hospitalisations and 80% of deaths. An additional €84 million in direct medical costs and €79 million in absentee-
ism costs would be saved in total, with most economic benefits delivered in France.

Conclusions Older adults represent most vaccine-preventable influenza cases and deaths, followed by individuals
with chronic conditions. Health authorities should prioritise vaccinating these populations for maximum public health
and economic benefits.
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Background

Seasonal influenza affects 5-10% of the global popula-
tion [1], accounting for 290,000—650,000 annual deaths
globally [2, 3], not including secondary complications
or underlying conditions exacerbated by influenza [3].
In addition, a 2018 systematic review of randomised
controlled trials designed to determine the incidence of
influenza showed that 1 in 10 unvaccinated adults and 1
in 5 unvaccinated children were infected with influenza
annually [4]. Risk groups for severe influenza include
individuals with chronic conditions (such as human
immunodeficiency viruses [HIV]/acquired immunodefi-
ciency syndrome [AIDS], asthma, chronic heart or lung
diseases), older adults (typically those aged >65 years),
pregnant women, and young children aged 6—24 months
[5]. Healthcare workers (HCW) also comprise a risk
group, being at increased personal risk of exposure to
infection and a potential source of further transmission
[6].

Increased general practitioner (GP) visits, hospitali-
sations, and deaths related to influenza infection are
especially common in adults aged>65 years and in
individuals with chronic conditions [7]. In addition,
pregnancy is associated with elevated risk of influenza-
related death and intensive care unit admission [8]. The
incidence of influenza-related complications leading to
hospitalisation also increases in at-risk individuals com-
pared with individuals not at risk [9]. Of those hospital-
ised, approximately 10% will be defined as complicated
hospitalisations, which require mechanical ventilation
support, lead to intensive care unit admission, or result
in death [10]. Complicated hospitalisations contribute
substantially to the overall influenza-related healthcare
burden due to excess consultations and hospitalisation
costs, as well as the broader societal and economic bur-
den associated with reduced productivity [11-13].

Vaccination against seasonal influenza is effective in
reducing both influenza disease burden in risk groups
and the cost of annual influenza epidemics [13]. In 2003,
the World Health Organization (WHO) urged European
Union (EU) and European Economic Area member states
to achieve a 75% vaccination coverage rate (VCR) target
among risk groups by 2010 [14, 15]. Despite this target,
VCRs in most countries across Europe remained subop-
timal in all risk groups during the 2022-2023 influenza
season [16]. As such, the WHO-recommended 75% tar-
get VCR remains unchanged. To appropriately allocate
resources, understanding the public heath, economic,

and broader benefits of vaccination is required; this
can be accomplished by measuring achieved VCR and
modelling the impact of increasing VCR [17]. Although
such analyses have proven beneficial in decision-making
around the use of vaccine prioritisation strategies [18],
no up-to-date analyses have measured the benefits of
increasing the influenza VCR in Europe. The potential
public health and economic benefits of reaching a target
seasonal influenza VCR of 100% for all risk groups across
25 EU member states have been estimated in 2006 [13].
Achieving such a target would have led to an estimated
approximate reduction in influenza cases of 7.22 mil-
lion, 797,000 fewer hospital admissions and 68,500 fewer
influenza related deaths for all 25 EU member states [13].
A subsequent 2014 study, using an adapted version of
the 2006 model [17], estimated that achieving 75% VCR
across 27 EU member states would increase the number
of averted annual cases of influenza by 1.6—1.7 million
and would prevent influenza-related costs of between
€190 and €226 million. Updated data are needed to pro-
vide accurate estimates of the potential current health
and economic benefits, along with a need for data that
focus on the potential benefits in groups at risk from
severe influenza.

This study aimed to provide estimates of the health and
economic benefits associated with seasonal influenza
immunisation at the 2021/2022 VCR in France, Italy,
Spain and the UK, while exploring the potential further
benefits achieved by reaching the WHO-recommended
75% VCR target in risk groups in these countries.

Methods
Computational model
A static epidemiological model was developed to cap-
ture the clinical and economic consequences of seasonal
influenza illness for WHO risk groups. The epidemio-
logical model was constructed as a deterministic disease
transition model in Microsoft Excel 365 MSO® (Fig. 1).
To denote the value of vaccination versus no vaccina-
tion, transition between states occur with different prob-
abilities related to the reduced risk of influenza and its
potential consequences. Algebraic computations display
the potential benefits of achieving a 75% VCR, with an
exhaustive number of details according to the country
setting, subpopulation, and outcome of interest.

Starting with comprehensive epidemiological inputs
from these risk groups, the model computed the number
of individuals that would avoid influenza disease and its
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Fig. 1 Decision flow of the epidemiological model

associated events (GP visits, hospitalisations, death and
work absenteeism) as a result of achieving a particular
VCR. The underlying direct medical and absenteeism
costs from averted cases are presented at a country level
and then combined. Disaggregated computations sepa-
rately informed several subgroups of analysis, as follows:

« five WHO risk groups, as per the latest WHO Stra-
tegic Advisory Group of Experts recommendations
for seasonal influenza vaccination [19]: older adults
(aged > 65 years), individuals with chronic conditions
(e.g. HIV or AIDS, asthma, chronic heart or lung dis-
eases), pregnant women, children aged 6—-24 months
and HCW.

+ two alternative VCRs: the 2021/2022 VCR achieved
in each country and the WHO-recommended 75%
VCR target.

« four European countries: France, Italy, Spain, and the
UK.

To avoid double counting individuals with chronic con-
ditions, the populations sizes of pregnant women and
HCWs were adjusted by excluding those with chronic
conditions, as detailed in Clark et al. [20].

Model endpoints refer to averted: influenza cases; GP
visits (any laboratory-confirmed consultations, or influ-
enza-like illness consultations, adjusted with a positivity

rate); hospitalisations (any hospitalisations coded as
influenza or associated with influenza cardio-respiratory
complications); case fatalities (based on excess death
modelling associated with influenza); the underlying
direct medical costs (relating to GP visits and hospitalisa-
tions); and the number of days of work lost and associ-
ated absenteeism-related costs.

This study builds upon the design from the publication
by Preaud et al., which focused on 27 EU member states
[17]. However, the current study has a reduced scope
to four European countries, France, Italy, Spain and the
UK, which represent nearly 50% of the 2022 EU and UK
populations compared with Preaud et al. All inputs were
revised and updated with recent local data for each risk
group, where available.

Data collection

Model inputs in four data clusters (population size, VCR
data, epidemiological rates, and cost inputs; see Supple-
mentary Material) were gathered using a dual approach
based on a systematic literature review (SLR) and an
additional manual search of local influenza surveillance
systems and VCR monitoring schemes. The literature
reviews were performed primarily to identify the epi-
demiological inputs and unitary cost rates. Key search
terms were tested through Emtree searches to ensure rel-
evance. Several equations were tested for each category
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of data and consistency checks were carried out by com-
paring results and relevant publications gathered previ-
ously through a manual search. Overall, two searches
were conducted, one for each of the selected outcomes
— clinical burden of the disease and economic burden
of the disease. Searches and associated results are listed
in Additional file 1: Table S1.1; Table S1.2. For the VCR
data, multiple sources provided estimates per risk group,
such as national public health agencies, pan-European
surveys, as well as clinical and behavioural studies that
collected patients’ immunisation status. A targeted litera-
ture review was performed to review the national pub-
lic health agencies, as well as relevant European sources
(Additional file 1: Supplementary Materials). Given the
large range of model inputs required, a tailored approach
was necessary to hierarchise the most relevant data from
the most robust sources (Additional file 1: Supplemen-
tary Materials).

Population characteristics

Studies were excluded if any of the following applied:
unsuitable publication type (e.g. research group reports;
white papers; book chapters; conference proceed-
ings; thesis/dissertations; ongoing research; press arti-
cles [Additional file 1: Table S1.3]); reported regionally
(except economic and VCR searches); included other
countries or combined countries; years of data collec-
tion pre-dated the 2011-2012 season; or reported over
the 2019-2020 season (to avoid inaccurate or mislead-
ing results due to the COVID-19 pandemic); or if they
reported weekly or monthly. The full list of eligibility cri-
teria is listed in Additional file 1: Table S1.3. The break-
down of at-risk populations by target group and country
is available in the Supplementary Material (Additional
file 1: Tables S2.1 and 2.2; Fig. S2.1).

Model inputs

Detailed data collection methods and model inputs
for the population-size inputs, VCR inputs, epidemio-
logical inputs, vaccine efficacy and cost inputs are pre-
sented in the Supplementary Material (Additional file 1:
Table S2.3).

For the VCR inputs, the latest available country-spe-
cific VCR data for the 2021/2022 seasonal influenza sea-
son were collected for each WHO risk group. For the
epidemiological inputs, a 2018 meta-analysis from Somes
et al. was selected as the source for influenza attack rates
[4].

Values used as model inputs for vaccine efficacy are
shown in Table 1. As the standard-dose (SD) quadriva-
lent influenza vaccine (QIV) is used as a standard of care
for influenza vaccination across most of Europe, base-
line figure vaccine efficacy for QIV-SD was derived from
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Table 1 Baseline vaccine efficacy of the QIV-SD, by age group

Vaccinationage  Older adults 6 months-17 years 18-65 years
group (>65 years)
Baseline vaccine 60 (39-95) 67 (51-89) 61 (54-71)

efficacy, % (range)

QIV-SD Quadrivalent inactivated vaccine standard dose; TIV Trivalent inactivated
vaccine

Source: Transformed from TIV vaccine efficacy (Jefferson et al. [21], Demicheli
et al. [22], Demicheli et al. [23]) accounting for B-strain circulation, risk

of mismatch, and cross-protection. Further details are available in the
Supplementary Material

published SD trivalent (TIV) influenza vaccine efficacy
values [21-23] (Table 1 and Additional file 1: Table S2.16).
The use of vaccine efficacy estimates from meta-analysis
of randomised controlled trials in a Cochrane review was
preferred, in order to base the input on the highest level
of evidence. This input was critical in the model and was
tested in the deterministic sensitivity analysis (DSA).
For a scenario analysis, high-dose (HD) relative vaccine
efficacy values compared with SD were used for older
adults in countries where HD is approved (France, Italy
and Spain). In this scenario, QIV-HD was selected over
QIV-SD due to clinical data indicating the potential supe-
riority of QIV-HD across all strains in terms of efficacy
compared with QIV-SD in adults aged > 65 years [24—26]
and the increasing availability of QIV-HD vaccines in
the near future [16, 27]. Reductions in vaccine-induced
immune responses in this population highlight the bene-
fits of HD vaccinations [28]. For this later analysis, a rela-
tive vaccine efficacy of 24% for QIV-HD versus QIV-SD,
as reported in a head-to-head randomised clinical trial,
was applied [24].

Scenario and deterministic sensitivity analysis

Given the potential variability and uncertainty of particu-
lar inputs, DSA assessed the impact of all key variables
on model outcomes (Table S4.1).

To further analyse the public health benefits and eco-
nomic impact of achieving the 75% VCR for risk groups
across France, Italy, Spain and the UK, a DSA was per-
formed investigating univariate changes in the most
sensitive parameters of the model (Additional file 1:
Supplementary Materials). GP visit, hospitalisation and
absenteeism rates were analysed with a range of +20%
based on differences across seasons. Similarly, costs
associated with GP visits and hospitalisations were ana-
lysed with a+20% range (+20% arbitrary range, +20% to
show the increase in costs for an individual with chronic
conditions).

Within the scenario analysis, influenza-associated
hospital admission rates were compared with those
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for excess influenza-associated hospitalisations for the
older adult population as influenza can trigger cardio-
respiratory complications, which can result in prolonged
hospitalisations, medical support and eventually death.
Hospital admission rates for influenza only were obtained
from national public health reports, while excess influ-
enza-associated hospitalisation rates were the same as
per the main model epidemiological inputs. A summary
of the methodological steps conducted in the current
study are provided in Fig. 2

For illustrative purposes, an algebraic estimation of the
potential investment needed to achieve 75% VCR in the
at-risk groups was conducted by multiplying published
average acquisition prices of vaccinations (QIV-SD) by
the gap population between current VCR and 75% VCR.
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Results

Population characteristics and VCR in 2021/2022

Two searches were completed (between January 2021
and March 2022), retrieving 5,508 hits for clinical bur-
den of disease and 436 for economic burden from 2012
to 2020 (Additional file 1: Table S1.1). The total number
of studies used for data extraction was 44 for clinical
burden, and 37 for economic burden (Additional file 1:
Fig. S1.1). Across the four countries, risk groups for sea-
sonal influenza vaccination in the 2021/2022 season
represented approximately 96 million individuals (Addi-
tional file 1: Table S2.2). Older adults (approximately 50
million individuals) accounted for 52% of this eligible
population (53% in France, 57% in Italy, 51% in Spain and
48% in the UK), while individuals with chronic conditions

Preaud et al. [17]

Concept
e The concept of the current study was based on a published 2014 study by

e Preaud et al. [17] generated a model to assess the public health benefits and economic
importance of influenza vaccination, in 27 European countries

|

Preaud et al. [17]

Reduced scope for specificity
e The current study builds upon Preaud et al; however, with a narrowed score, and models
4 European countries (France, Italy, Spain, and the UK)
e These countries represent nearly 50% of the 2022 EU and UK populations compared with

|

using Embase

Data collection
e Data for the model inputs were collected using a dual approach:
1. SLRforthe epidemiological, absenteeism, and direct cost inputs was conducted

2. Manual searches of local influenza surveillance systems and VCR
monitoring schemes were conducted to supplement the SLR

|

e Population size inputs from Eurostat

e VCRinputs primarily from national
public health agencies

e Epidemiological inputs including
laboratory-confirmed, attributable to
influenza, influenza-like illness

Model inputs

e Vaccine efficacy

e Direct cost inputs
(influenza-associated GP and hospital
and intensive care unit admission costs)

e Indirect cost inputs
(influenza-associated absenteeism)

|

Results gathered
e  Population characteristics and VCR in 2021/2022
e Averted public health burden at the achieved 2021/2022 VCR
e Averted public health burden with the WHO-recommended 75% target VCR

Fig. 2 Summary of methodology. £U European; GP general practitioner; SLR systematic literature review; UK United Kingdom; VCR vaccine coverage

rate
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(approximately 35.5 million individuals) accounted
for 37% (34%, 35%, 40% and 40% in France, Italy, Spain
and the UK, respectively) (Additional file 1: Table S2.2).
Pregnant women (approximately 2 million individuals),
children aged 6-24 months (approximately 3 million
individuals) and HCW (approximately 5.5 million indi-
viduals) accounted for 2%, 3%, and 6% of the total eligible
population, respectively.

The weighted average of influenza VCR across all risk
groups was 47%, with substantial variation observed
between countries (Additional file 1: Table S2.3). As
of the 2021/2022 season, the UK achieved the high-
est weighted VCR across risk groups (65%), followed by
Spain (47%), and then France and Italy (both 44%). Older
adults had the highest VCR among eligible groups, with
a weighted average of 66%; 82% in the UK, 69% in Spain,
58% in Italy and 57% in France. The highest VCR for chil-
dren aged 6-24 months was observed in Italy (7.0%),
compared with 6.8%, 4.9%, and 0.4% in Spain, France, and
the UK, respectively.

When aggregating the VCR data for each risk-group
across all four countries, 48.3 million people were esti-
mated to receive influenza vaccination per year (Fig. 3).
Thus, it was estimated that approximately an additional

30,000,000 —

26,659,805

25,000,000 —

20,000,000 —

8,345,697
15,000,000

Number of individuals

10,000,000 —

11,649,156
5,000,000 -

France Italy

W 2021/2022 vaccinated population

24,735,673

7,692,629

10,859,125

W Vaccination gap to reach 75% target
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24 million individuals would need to be vaccinated to
achieve 75% VCR across all risk groups. Older adults and
individuals with chronic conditions represented most
of the unvaccinated population, accounting for 23% and
59% of the total, respectively. Pregnant women, children
aged 6-24 months, and HCW accounted for 4%, 9%, and
8% of the unvaccinated population, respectively.

Averted public health burden at the achieved 2021/2022
VCR

The 2021/2022 VCR was estimated to have averted
approximately 1.9 million influenza cases, 375,200 GP
visits, 73,200 hospital admissions and 38,400 deaths
annually (Table 2). Based on age-specific influenza attack
rates and vaccine efficacy values, 77% of influenza cases
averted were in older adults, 19% in individuals with
chronic conditions, 1% in pregnant women, 1% in chil-
dren aged 6-24 months, and 3% in HCW (Table 2).
Influenza cases averted at the 2021/2022 VCR are
reported by risk group for each country in Additional
file 1: Table S3.1. In Spain and Italy, older adults repre-
sented >80% of the cases averted, accounting for 83% of
all cases averted in Spain, and 82% in Italy respectively
(Additional file 1: Table S3.1). In France, 77% of cases

26,380,870

18,585,180

2,654,721

5,296,440

17,130,931

8,642,446

Spain UK

All eligible population

Fig. 3 Vaccination gap to reach WHO-recommended 75% VCR target among all the eligible population for influenza vaccination. UK United

Kingdom; VCR Vaccination coverage rate; WHO World Health Organization
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averted were in the older adult age group, and 69% of
cases in the UK (Additional file 1: Table S3.1).

Older adults and individuals with chronic conditions
accounted for 50% and 43% of the GP visits averted with
the 2021/2022 VCR, respectively (Table 2). Spain had
the highest number of GP visits avoided for older adults,
accounting for 61% of GP visits in that country, and
France had the highest number of GP visits for individu-
als with chronic conditions, accounting for 52% of visits.
Older adults accounted for 89% of the 73,200 estimated
hospitalisations averted and 97% of the 38,400 estimated
avoided deaths.

On average, each influenza GP visit costs €45 and
influenza hospitalisation costs averaged at €3,651 per
visit across the countries covered. Savings in direct costs
achieved through the 2021/2022 VCR were estimated at
€16 million for GP visits and €319 million for hospitali-
sations (Table 2), with estimated indirect cost savings of
€61 million. Public health costs averted were greatest in
the UK (€127 million), followed by France (€121 million),
Spain (€109 million) and Italy (€38 million) (Table 2).

Older adults alone accounted for 90% of the direct
cost savings (GP visits and hospitalisations) and 76% of
the total averted costs, while individuals with chronic
conditions accounted for 9% and 20% of the direct cost
savings and total averted costs, respectively. Among indi-
viduals with chronic conditions, the subgroup of adults
aged 50—64 years old accounted for 62% of the total costs
saved for this risk group.

Averted public health burden

with the WHO-recommended 75% target VCR

Increasing the VCR to 75% from the 2020-2021 VCR of
each county (Additional file 1: Table S2.3) was estimated
to avert an additional 918,200 cases of influenza each
year. The greatest benefit would be observed in France
(34% of averted cases) followed by Italy (30%), Spain
(20%) and the UK (16%). Annually, an estimated 332,000
additional GP visits, 16,300 hospitalisations and 6,300
deaths could be averted (Table 3). Older adults repre-
sented 52% of the incremental avoidable hospitalisations
and 80% of the incremental avoidable deaths.

The associated economic impact was estimated as an
additional €13 million saved for GP visits, €71 million
saved for hospitalisations and €79 million saved for indi-
rect costs. In total, the economic impact of achieving the
75% VCR target would represent an additional €163 mil-
lion offset for influenza-related costs in the risk groups
studied (Table 3). Most public health cost benefits would
be delivered in France, with €82 million in total sav-
ings, followed by Spain with €43 million, Italy with €22
million and the UK with €15 million (Table 3). Overall,
older adults and individuals with chronic conditions
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accounted for the largest proportion of the avoidable eco-
nomic burden of influenza, accounting for 51% and 42%
of the direct costs and 26% and 59% of total costs saved,
respectively.

Scenario and deterministic sensitivity analysis

In a scenario in which vaccination rates are improved
from the 2021/2022 rate to the 75% VCR (i.e., in which
the ‘gap’ between the two is bridged) and QIV-HD is used
instead of QIV-SD alone in older adults, an estimated
975,000 influenza cases, 340,000 GP visits, 18,000 hos-
pital admissions and 7,500 deaths would be averted. This
change from QIV-SD to QIV-HD translates into savings
of €95 million for direct medical costs and €79 million for
absenteeism costs (Additional file 1: Table S5.1).

Using the DSA to assess total economic incremen-
tal benefit/average cost savings (lower boundary; upper
boundary), vaccine efficacy (€133 million—€210 million)
was the main variable contributing to savings, followed
by the population size of individuals with chronic condi-
tions (€134 million—€202 million) and GP visit rate (€146
million—€181 million) (Fig. 4).

The comparison between influenza-associated hospi-
tal administration rates and excess influenza-associated
hospitalisations demonstrated that hospitalisations due
to influenza complications avoided at the 2021/2022 VCR
are three times higher than influenza-only hospitalisa-
tions (Additional file 1: Fig. S5.1).

The estimation of the potential investment needed to
achieve 75% VCR in at-risk groups is reported in Addi-
tional file 1: Table S6.1. However, as the value of vacci-
nation is best estimated in terms of long-term costs and
quality-adjusted life years in the context of a willingness-
to-pay threshold, these illustrative estimates should be
interpreted cautiously.

Discussion

Modelling the impact of influenza vaccination, particu-
larly in high-risk groups, is important to support vaccine
implementation and inform resource allocation. This
epidemiological model based on the 2021/2022 VCR,
showed that approximately 1.9 million influenza cases,
73,200 hospitalisations and 38,400 deaths were avoided
across France, Italy, Spain and the UK. However, the
weighted average 2021/2022 VCR (47%) was much lower
than the WHO target of 75%. Increasing the seasonal
influenza VCR to this 75% target in all WHO-recom-
mended risk groups would achieve substantially greater
public health and economic benefits in these countries,
due to the reduction in influenza disease burden in risk
groups and in the cost of annual influenza epidemics (due
to reductions in lost productivity and absenteeism) [17].
As part of its Global Influenza Strategy 2019-2030, the
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Vaccine efficacy
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Fig. 4 DSA of the average incremental costs or cost savings of increasing the VCR to 75%. DSA Deterministic sensitivity analysis; GP General

practitioner; HCW Healthcare worker; VCR Vaccination coverage rate

WHO aims to continue supporting countries to imple-
ment national immunisation policies for risk groups,
as recommended by the Strategic Advisory Group
of Experts on Immunization, and to monitor uptake
through national databases [29].

Older adults represented the greatest clinical and
economic burden in terms of influenza cases, hospitali-
sations and deaths. Given local vaccine recommenda-
tions and the contribution of older adults to the total
estimated clinical and economic outcomes, an analysis
scenario applying QIV-HD in older adults was con-
sidered relevant. The efficacy of QIV-HD relative to
QIV-SD was 24%, in the prevention of laboratory-
confirmed cases of influenza or influenza-like illness,
in older adults (aged > 65 years old) [23]. This suggests
that one quarter of all breakthrough influenza could
be prevented if QIV-HD was used over QIV-SD, and

evidences the potential alleviation of economic burden
within the population. Previous studies have indicated
that using QIV-HD over QIV-SD may be cost-effective
in several European settings for this at-risk population
[30, 31], and may contribute to additional public health
and economic benefits beyond those calculated in this
study, such as reduced rates of influenza-related sec-
ondary bacterial infections, functional decline and poor
pregnancy outcomes, and improved child education
and macroeconomic stability due to reduced absentee-
ism [32].

Given the increasingly ageing population (population
aged > 65 years is projected to increase by 12% between
2022 and 2030) [33], a growing prevalence of chronic
underlying conditions and emerging respiratory virus
threats, the need to protect vulnerable adults across
Europe is imperative [34]. Given these trends, modelled
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estimates in this study may represent only a fraction of
the future influenza-related burden and costs of disease.

Compared with the previous findings [17], our model
found an increased public health burden, which may be
possible to avert by achieving the WHO target of 75%
VCR. Achieving a 75% VCR in the four selected countries
led to 54% fewer influenza cases (compared with achiev-
ing the 75% VCR in the Preaud et al. model from 2014
[17]), 5% more GP visits, 134% fewer hospital admis-
sions and 90% fewer deaths. Prevention of these addi-
tional influenza cases and events through achieving the
75% VCR also translates into 205% and 29% lower direct
and indirect cost savings, respectively, compared with the
previous model [17]. These differences may be explained
by the higher proportion of older adults in the current
population versus the previous study population, use of
epidemiological excess rates, a higher vaccine efficacy
for QIV-SD versus trivalent inactivated vaccine standard
dose (TIV-SD), and fewer GP visits.

In this study population, older adults represented a
large proportion of the influenza cases, hospitalisations,
GP visits, and nearly all of the deaths avoided at the
2020/2021 VCR or by achieving a 75% VCR. Older adults
and individuals with chronic conditions accounted for
the largest proportion of the avoidable economic burden
of influenza. Therefore, it is imperative that HCWs pri-
oritise vaccination of these subgroups, to maximise the
public health impact and reduce the economic burden
[35].

Influenza is a leading cause of work absenteeism, yet
is frequently overlooked by conventional surveillance
systems, which rely on healthcare data from GP or hos-
pital records [36, 37]. Capturing data on individuals who
do not seek medical attention will therefore enhance
influenza reporting [36, 37]. Uhart et al. modelled the
distribution of cost savings from a societal perspec-
tive if the QIV-SD vaccine was used instead of TIV-SD
across Europe [38]. In Europe, the VCR in working adults
remains far lower than the VCR seen among older adults
in a context where, unlike in the United States (US) and
Canada, there is no universal influenza vaccination reim-
bursement [39].

This study utilised an influenza VCR considered to
be reflective of a post-COVID-19 scenario. COVID-
19 vaccination and surveillance provided an opportu-
nity to improve other adult immunisation programmes,
reinforce infrastructures and assess potential synergies
between COVID-19 and influenza management strate-
gies, including enhanced epidemiological surveillance
[19]. Well-established adult influenza vaccination pro-
grammes proved to be a key component of the success of
the response to the COVID-19 pandemic by facilitating
access to and acceptance of mass vaccination campaigns
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[40], highlighting that implementing annual adult immu-
nisation programmes could be mutually beneficial in pro-
tecting vulnerable adults against a variety of respiratory
pathogens, including influenza, severe acute respiratory
syndrome coronavirus 2 (SARS CoV-2), pertussis, pneu-
mococcal diseases and respiratory syncytial viruses. As
suggested by the Board of the Vaccination Calendar for
Life in Italy, an innovative and concerted model based on
co-administration of adult vaccines should ensure immu-
nisation reaches vulnerable populations, in social and
health residential facilities, and at home [41].

Following the COVID-19 pandemic and vaccine roll-
outs, lessons can be learned in terms of how to drive
vaccine uptake, particularly for vulnerable populations
[42]. Countries such as the UK, Portugal and Spain
achieved record influenza VCRs during the 2020/2021
and 2021/2022 influenza seasons, thus increasing the
benefits of influenza prevention at a time when health-
care systems were particularly under stress [43]. Further-
more, the experience of the pandemic has highlighted
the importance of identification of risk groups, namely,
people more at risk of experiencing complications from
infectious diseases, therefore warranting increased vac-
cination efforts, and reinforcing the importance of high
adult vaccination coverage as a tool for pandemic pre-
paredness. The US Biomedical Advanced Research and
Development Authority has recently set goals of accel-
erating vaccine development and production, as well as
improving vaccine performance [44, 45]. Newly intro-
duced influenza vaccines have been shown to provide
better protection for vulnerable populations with HD
vaccines showing increased benefits in older adults [25].
In parallel, the medical community is looking towards
a future research and development roadmap for novel
influenza vaccines, which it expects, among other
improvements, to lead to better protection and reduced
production times [46].

Several limitations apply to our analysis. Due to its
static nature, our model does not account for the impact
of vaccination on the reduction of the force of infection
(i.e., the rate at which susceptible individuals in popula-
tion acquire an infection disease), also called the indirect
effect of vaccination, benefiting primarily the unvacci-
nated population. Hence, our result may be considered as
an underestimation of the true potential impact of influ-
enza vaccination. Also, as QIV-SD efficacy data were not
uniformly available for all selected risk groups, a proxy
based on TIV-SD efficacy in randomised trials (estimated
by meta-analysis in Cochrane reviews) had to be used,
adjusting for the benefit of protection against both B
lineages [47]. In addition, due to data paucity, several of
the influenza VCRs and epidemiological and cost inputs
that were used may not precisely match the risk group,
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period, and country considered; in those cases, a poten-
tial underestimation of the real burden can exist, as the
study prioritised conservative assumptions. Influenza is
also a significant driver of emergency visits and intensive
care admissions, but available data (from surveillance
systems and literature) does not allow for accurate evalu-
ation of the overall impact on healthcare systems and the
proportion of these events potentially avoided by vacci-
nation [48]. When combined with COVID-19, respira-
tory syncytial virus and other pathogens, influenza exerts
a compounded pressure during winter and contributes to
the overall saturation and disruption of healthcare sys-
tems, another aspect that was not modelled in this study
[49, 50]. Lastly, the estimated cost of vaccine acquisition
provided in this study should be noted as a limitation.
The cost of vaccine acquisition is a single component of
the resources necessary for vaccine implementation, with
additional resources required for vaccine application and
immunisation campaigns. Due to the complexities asso-
ciated with obtaining the necessary local data to pro-
vide accurate estimates, the estimated costs are unlikely
to reflect the real value of vaccine acquisition for payors
and could be easily misinterpreted in the context of this
research.

Conclusions

Across France, Italy, Spain and the UK, the seasonal influ-
enza VCR remains below the 75% target recommended
by the WHO, with substantial heterogeneity across coun-
tries and risk groups [17, 51, 52]. Despite suboptimal cov-
erage, vaccination had a considerable positive impact on
reducing overall influenza-related burden, resulting in
cost savings.

By achieving the recommended 75% VCR, twice as
many influenza cases could be prevented, avoiding thou-
sands of hospitalisations and physician visits, and thereby
reducing the burden on healthcare systems. Impor-
tantly, this study revealed that older adults account for
the majority of preventable cases and deaths, along with
those with chronic conditions, highlighting the need for
health authorities and HCWs to prioritise these popula-
tions during their efforts to increase influenza vaccina-
tion uptake. By doing so, the public health and economic
burdens associated with influenza could be substantially
reduced. With an ageing population, pressured health-
care systems and budget constraints, the economic
benefits of reducing influenza cases and the associated
complications are of paramount importance.
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