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ABSTRACT

Introduction: Seasonal influenza causes up to 50 million symptomatic cases and 15,000 — 70,000 deaths
annually within the European Union. While influenza affects all age groups, adults aged =65 years dispro-
portionately experience high rates of influenza-related hospitalizations and complications. Vaccination
remains the cornerstone of influenza prevention and the most effective intervention for reducing morbidity
and mortality.

Area covered: This review focuses on the high-dose inactivated influenza vaccine, an enhanced formula-
tion recommended for the immunization of adults aged 60/65 and older. The high dose vaccine contains
four times the hemagglutinin antigen compared to the standard dose vaccine, resulting in significantly
higher and more sustained antibody responses. This increased immunogenicity is especially pronounced
in adults aged =75 years and in those with cardiopulmonary diseases or immunocompromised states.
Expert opinion: Expanding the use of the high-dose vaccine to adults aged 50-64 years may proactively
address immunosenescence and enhance protection in this population. Moreover, the development of
multicomponent vaccines targeting both influenza and COVID-19 within a single formulation could enhance
vaccine uptake and streamline immunization programs. Ultimately, the high-dose vaccine has the potential
to replace the standard-dose formulation in older adults, thereby optimizing influenza prevention and
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reducing disease burden.

1. Introduction

Seasonal influenza is a vaccine-preventable disease that poses
a significant public health threat. The European Centre for
Disease Prevention and Control estimates that seasonal influenza
causes up to 50 million symptomatic cases each year in the
European Union/European Economic Area, and 15,000 — 70,000
deaths in European citizens for causes associated with influenza
such as increased susceptibility to secondary bacterial infections,
cardiovascular events and exacerbations of chronic underlying
conditions [1,2]. A statistical model estimated that annual influ-
enza-associated mortality was 3.1 per 100,000 person-years for
pneumonia and influenza-related deaths, 13.8 per 100,000 per-
son-years for deaths from underlying respiratory and circulatory
conditions, and 19.6 per 100,000 person-years for all-cause mor-
tality [3]. An age-specific Poisson regression model was devel-
oped using weekly influenza circulation data. Deaths were
stratified into five age groups and influenza - associated deaths
estimated separately for influenza A/H1N1, A/H3N2, and
B viruses. Viral circulation was represented by the weekly per-
centage of specimens testing positive for each influenza type
and subtype. Weekly age-specific population estimates were
used to account for changes in population trend over time.
The US populations estimates stratified by age group were
sourced from the US Census Bureau. The model developed for
this study can incorporate additional factors, such as tempera-
ture, that were not included in the previous CDC model but may

independently influence winter season mortality. Consequently,
the authors consider this new model an advancement in efforts
to more accurately quantify the burden of viral respiratory infec-
tions on mortality.

The severity and clinical outcomes of influenza depend on the
virus, host factors and other factors such as access to care [1].
Although anyone can contract influenza, older adults aged =65
years (hereinafter also referred to as the elderly) are at an increased
risk of severe illness, hospitalization, and infectious complications
due to factors such as immunosenescence, underlying chronic
conditions, or a combination of both [4,5]; hospitalization rates
for influenza are highest in this age group (309/100,000 person-
years; 95% Cl, 186.0-1103.7), followed by children aged <1 year
(151/100 000; 95% Cl, 151-660) [6]. A modeling method estimates
that an average of 27,600 respiratory deaths (ranging from 16,200
to 39,000) were associated with seasonal influenza across the 28
EU countries per winter. Of these, 88% occurred among older
adults aged =65 years, with mortality rates in this age group
approximately 35 times higher than subjects under 65 [7].

To date, vaccination remains the most effective method of
controlling seasonal influenza infections and the primary strategy
for reducing morbidity and mortality caused by influenza.
Currently, influenza vaccines contain three influenza viruses (tri-
valent): subtypes A/H1N1, A/H3N2, and the B/Victoria lineage.
Since 2024-2025 influenza season, the B/Yamagata lineage was
excluded due to the absence of its detection since March 2020,
resulting in a shift from previous quadrivalent to trivalent
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Article highlights

e The high-dose vaccine elicits stronger anti-neuraminidase antibody
responses than the standard-dose vaccine, warranting further inves-
tigation in the context of developing a universal vaccine.

o The development of a multicomponent vaccine that provides protec-
tion against both influenza and COVID-19 in a single injection could
offer a more convenient and effective approach, potentially improv-
ing adherence to immunization guidelines and reducing the overall
disease burden.

influenza vaccines [8]. Vaccine-induced immune response varies
across different age groups with the elderly exhibiting reduced
vaccine effectiveness (VE). Immunosenescence has been consid-
ered as a key factor that not only makes older adults more
susceptible to infectious pathogens but also less responsive to
vaccination [9-12]. When the vaccine strains are antigenically
well-matched with the circulating viruses, the clinical vaccine
efficacy in preventing laboratory-confirmed influenza (LCI) is esti-
mated to be approximately 70%-90% in healthy adults. In con-
trast, the clinical vaccine efficacy in the elderly seems to be lower,
about 17-53%, depending on circulating viruses [13-16]. The
wide range of vaccine efficacy may be attributed to various
factors such as age, sex, techniques used for diagnosis, location
and match or mismatch of seasonal vaccines or circulating
viruses, the impact of seasonal influenza infections outside of
peaks months, potential interaction with other pathogens, the
impact of repeated vaccinations and the immune response
including the decline in cellular and humoral immune response
associated with aging. A systematic review/meta-analysis [17]
estimates the overall seasonal influenza VE at 41% (95% Cl,
34-48) for all ages groups against hospitalizations associated
with laboratory confirmed influenza virus infection between
2010-11 and 2014-15 influenza seasons. However, VE was
lower in the elderly compared to 18-64 age group (37%; 95%
Cl, 30-44 vs. 51%; 95%Cl, 44-58), respectively). Moreover, during
seasons with an antigenic mismatch between the vaccine sub-
type A/H3N2 and circulating viruses, VE against A/H3N2 was
close to null in the elderly (43%; 95%Cl, 33-53) vs 14% due to
circulating strains that are antigenically distinct from the H3N2
component in the vaccine composition, or to adaptations and/or
alterations acquired by the vaccine seed viruses during egg-based
propagation, which affect their antigenicity. The reason why
a poorly matched A/H3N2 vaccine component would offer less
protection to the elderly is still unclear. Potential factors may
include a more narrow and specific immune response to influenza
vaccines and age-related differences in exposure history to A/
H3N2 viruses. Over past two decades, high hospitalization rates
during A/H3N2-dominated influenza seasons among subjects
aged =65 have been reported, underscoring how specific domi-
nant circulating strains, such as subtype A/H3N2, may further con-
tribute to high hospitalization levels [18].

Vaccination recommendations differ among countries; how-
ever, the World Health Organization (WHO) recommends annual
vaccination for pregnant women at any stage of pregnancy, chil-
dren aged 6 months to 5 years, the elderly, subjects with chronic
medical conditions and health workers [19]. In 2003, the World
Health Assembly urged Members States to increase influenza

vaccination coverage for all high-risk groups and to achieve cover-
age of 75% among the elderly by 2010. This goal was reaffirmed in
2005 by a European Council recommendation, which called for
Member States to increase influenza vaccination in accordance
with WHO guidance. Although most Member States recom-
mended vaccination for the elderly, coverage remains low in
many countries. Moreover, as reported in the EU Companion
Report 2019, none of the 30 EU countries achieved the WHO
target of 75% influenza vaccination coverage among older adults.
The EU average coverage rate is just 43%, and several countries
such as Belgium, Spain, Ireland, have experienced a significant
decline in recent years (Table 1) [20-23]. In Italy, vaccination cover-
age in the last season, 2023-2024, which decreased in all age
groups, was 18.9% in the general population and 53.3% in the
elderly population [24].

The degree of protection elicited by influenza vaccine
depends on a complex interplay between vaccine composition
and circulating viruses, the age of vaccine recipients, health
status and their previous exposure to influenza, product-
specific factors such as formulation [25]. Over the years, var-
ious approaches have been implemented to enhance vaccine
performance in the elderly, including the addition of adjuvants
and, more recently, the increase in the hemagglutinin (HA)
quantity, the most abundant and immunogenic protein on the
surface of influenza viruses [26].

This review focuses exclusively on the high-dose (HD) inac-
tivated influenza vaccine, an enhanced formulation recom-
mended for the immunization of adults aged 60/65 and
older and does not include comparisons between the HD
vaccine and other enhanced vaccines.

2. High-dose vaccine

HD vaccine is a split virion, inactivated vaccine containing
60 pg of HA per each virus strains, four times more than the
standard dose (SD) (15 pg) [27,28]. The HD inactivated influ-
enza vaccine (Fluzone® High-dose, Sanofi Pasteur) was
approved by the Food and Drug Administration (FDA) in
December 2009 as a single dose use in subjects aged =65
years and was available beginning with the 2010-2011 influ-
enza season in the US. In 2020, the HD vaccine received
marketing authorization in 25 European countries (under the
name Efluelda®) for use in adults 60 years of age and older. Up
to the season 2024-2025 more than 328 million of doses of
HD flu vaccine have been distributed worldwide.

2.1. Vaccine immunogenicity

HD influenza vaccines provide superior and sustained immune
responses compared to SD vaccines in older adults and high-
risk patients, supporting their preferred use for enhanced
protection against influenza.

Immunogenicity studies are a key requirement of the reg-
ulatory approval process for influenza vaccines. These studies
should assess both humoral and cellular immune responses,
where feasible and depending on the availability of appropri-
ate reagents. For a new inactivated, non-adjuvanted seasonal
influenza vaccine with a manufacturing process comparable to
that of an authorized vaccine previously evaluated by EU



Table 1. Influenza vaccination decline, influenza lower respiratory tract infection episodes, hospitalizations, and deaths among all ages by some GBD country, 2017 (adapted from GBD 2017 Influenza Collaborators).

Hospitalizations

Deaths per

Incidence per 100 000
(95% UI)

Episodes
(95% UI)

per 100 000
(95% UI)

Hospitalizations
(95% UI)

100 000
(95% UlI)

Deaths
(95% UI)

Vaccination decline

From 64% (2004) to 58% (2018)

Reference

Country

171.6
(120.4 to 234.9)

19,000
(14000 to 27,000)

86.6
(36.7 to 190.6)

10 000
(4000 to 22,000)

3.2
(2.0 to 4.8)

<1000
(<1000 to 1000)

[21]

Belgium

113.5
(80.2 to 153.4)

6000
(4000 to 7000)

1.8 2000 424
(1000 to 5000) (15.9 to 104.0)

(1.1 to 2.7)

<1000
(<1000 to<1000)

From 64% (2004) to 58% (2017)

[21]

Ireland

63.4
(44.5 to 85.1)

38,000
(27000 to 52,000)

28.2
(11.7 to 61.7)

0.8 17,000
(7000 to 37 000)

(0.5 to 1.2)

<1000
(<1000 to 1000)

From 19.1% (2008-2009) to 15.8% (2018-2019)

[20,21]

Italy

91.1

(65.0 to 120.7)

42,000
(30000 to 56,000)

37.7
(14.4 to 89.2)

17,000
(7000 to 41 000)

1.6

(1.0 to 2.3)

1000
(<1000 to 1000)

From 65% (2008) to 56% (2017)

[21]

Spain

Ul: 95% uncertainty interval.
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regulatory authorities, approval may be supported by com-
parative safety and immunogenicity studies in selected popu-
lation subgroups. Traditionally, the immunogenicity of
influenza vaccines is evaluated using two primary assays: the
hemagglutination inhibition (HAI) assay, which measures anti-
bodies against the HA, and the single radial hemolysis (SRH)
assay (as EMA guidelines). The SRH assay is a serological tech-
nique based on the passive hemolysis of red blood cells,
mediated by the complement system and induced by the
formation of antibody - antigen complexes. The resulting
‘areas of haemolysis’ are directly proportional to the concen-
tration of anti-influenza antibodies present in the serum sam-
ples [29]. The enhanced immunogenicity of the trivalent HD
influenza vaccine compared to the SD vaccine, with only
minimal increased reactogenicity, was demonstrated in
phase | and Il studies involving ambulatory, medically stable
subjects aged =65 years [30,31]. These findings were further
validated and expanded in a multicenter, randomized, double-
blind controlled phase Il trial involving subjects =65 years of
age, living in the community and medically stable, who were
randomly selected to receive either the HD (2576 subjects) or
SD (1275 subjects) vaccine [32]. Starting from similar pre-
vaccination geometric mean titers (GMTs), measured by HAI
assay, the HD vaccine induced significantly higher levels of
serum antibody response 28-day post vaccination compared
to the SD vaccine. Specifically, HAI GMTs were higher in the
HD vaccine group for all three influenza strains. In terms of
GMT ratio and seroconvertion rates (defined as an increase in
HAI titer from <1:10 to >1:40 or a = 4-fold increase from pre-
vaccination titer >1:10), the HD vaccine met superiority criteria
for both A strains and noninferiority for the B strain. Given that
older adults generally develop lower post-vaccination anti-
body titers than healthy younger adults and are more suscep-
tible to influenza infection [33], these data provide evidence of
the superior protective benefits of the HD vaccine in this age
group. Furthermore, this phase Il study demonstrated
improved immunogenicity in subjects aged >75years and
those with a history of cardiopulmonary disease, both of
whom are at higher risk of influenza-related complications.
The secondary endpoint, which evaluated the rate of seropro-
tection (defined as an HAI titer >1:40), showed higher sero-
protection rates for all three strains in the HD vaccine group
compared to the SD vaccine group. Other phase llI-IV studies
[34,35] further proven the HD superior immune response
compared to SD in terms of post-vaccination HAI titers, ser-
oconversion and/or seroprotection rates. Tsang et al. [36]
conducted a randomized, controlled multicenter, phase I
study with the secondary objective focusing on the HD vac-
cine in older adults compared to SD vaccine in both the same
age group and in younger adults (18-49 years of age). Despite
similar pre-vaccination GMTs between the older adult in HD
and SD groups, post-vaccination GMTs and seroconversion
rates were all significantly higher in the HD group for all
three strains, as observed in a previous study [32]; seroprotec-
tion rates were significantly higher for the A/HIN1 and
B strains in the HD group. Post-vaccination GMTs in older
adults receiving the HD vaccine were also significantly higher
than those in younger adults receiving the SD vaccine for the
A/H3N2 strain, but significantly lower for the A/HIN1 and
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B strains. Seroconversion rates in older adults receiving the HD
vaccine were significantly higher for A/H1N1, not significantly
different for A/H3N2, and significantly lower for B strain com-
pared to younger adults receiving the SD vaccine. Overall,
both the HD vaccine in older adults and the SD intramuscular
vaccine in younger adults elicited comparable antibody
response, and for some measures even greater for the HD
vaccine. Given that A/H3N2 viruses tend to be most severe
in the elderly and are associated with high hospitalization
rates and hospital dissemination [18,37], these data on A/
H3N2 antibody response may represent a crucial aspect of
the HD vaccine.

Another phase llib/IV study [38], a supplemental analysis of
the original study [35], evaluated the immunogenicity of HD
vaccine compared to SD vaccine across specific age groups
(65-74 years and =75 years) and high-risk comorbid and frailty
conditions (=1 high-risk comorbidity, =2 high-risk comorbid-
ities, > 3 frailty conditions) over two years (2011 and 2012).
The HD vaccine was associated with significantly higher GMTs
compared to the SD vaccine for all strains and across all
subgroups included in the analysis. Notably, immunocompro-
mised subjects are at a significantly risk of severe illness and
complications from influenza infection. Consequently, immu-
nization is strongly recommended for transplant patients, indi-
viduals undergoing immunosuppressive therapy, and others
with immunodeficiency. However, these populations are likely
to have reduced and non-protective immune responses to the
SD vaccine. Caldera et al. [39] reviewed various strategies
aimed at enhancing influenza vaccine immunogenicity in
immunocompromised subjects. Their analysis revealed that
trivalent HD vaccine demonstrated the most success in
improving immune response, while maintaining a good safety
profile and acceptable reactogenicity in clinical trials. In most
cases, HAlI GMT ratios of trivalent HD comparing to SD against
the vaccine strains were greater than 1.0, suggesting stronger
immune responses with HD in these immunocompromised
patients. Accordingly, some scientific societies recommended
the HD influenza vaccine as a preferred option for immuno-
compromised patients. Three studies have assessed the HD
immunogenicity in HIV-infected adults over 18years, solid-
organ transplant recipients aged 18 and above, and oncology
patients younger than 65 years [40-42]. All three studies con-
sistently found that the HD vaccine elicited improved immu-
nogenicity and seroconversion [41,42] compared to the SD in
these populations, suggesting that the HD vaccine may be the
preferred option for these groups.

As mentioned earlier, starting with the 2024-2025 influenza
season, all influenza vaccines are trivalent. However, in the
previous decade the WHO recommended the inclusion of
both B lineages, resulting in a quadrivalent vaccine. Chang
et al. [43] conducted a phase Il randomized clinical trial aimed
to evaluate the immunogenicity of a quadrivalent HD vaccine
formulation compared to the licensed trivalent HD and SD
vaccines in adults aged 65 and older. The study found that
the quadrivalent HD vaccine induced HAI antibody responses
that were non-inferior to those elicited by the trivalent HD
vaccine for the three shared strains and superior responses for
the additional B-lineage. Furthermore, despite the higher anti-
gen dose in the vaccine, the inclusion of a second B lineage

enhanced immunogenicity against the added strain without
compromising the immune response to the other strains.
Other studies have also shown the highly immunogenicity of
quadrivalent HD vaccine compared to the quadrivalent SD
vaccine in older adults [44-46]. Pepin et al. [47] further eval-
uated the immunogenicity of the quadrivalent HD vaccine
compared to the SD vaccine in healthy subjects aged 60
years and older. In this study, the HD vaccine demonstrated
an enhanced immune response over the SD vaccine, as evi-
denced by higher GMTs for all four influenza strains 28 days
post-vaccination in both the 60-64 and =65 age groups.
Specifically, GMTs were higher in the 60-64 age group com-
pared to those aged =65 years.

Residents of long-term care facilities (LTCFs) are more sus-
ceptible to seasonal influenza outbreaks, which can be explo-
sive, with high mortality [48]. A French study [49] estimated
that exposure to influenza increased the risk of hospitalization
in residents of LTCFs (9.2% of the residents exposed vs. 7.4%
of the residents not exposed. All the residents included with
follow-up data were considered exposed to influenza if at least
one case of influenza-like infection was reported in their LTCF
during the influenza epidemic period) (relative risk (RR), 95%
Cl=1.24, 1.05-1.47), including hospitalizations due to respira-
tory causes (2.2% vs 1.5%) (RR, 95% Cl=1.43, 0.99-2.08).
Moreover, influenza exposure raised the all-cause risk of
death (5.8% vs. 4.3%) (RR, 95% ClI=1.36, 1.10-1.70) and
death from respiratory causes (1.5% vs 0.6%) (RR, 95%
Cl = 2.77, 1.55-4.91), despite high levels of influenza vaccina-
tion (93% of residents) [48,49]. Nace et al. [50] conducted the
first randomized controlled trial to compare the HD to SD
vaccines in frail, elderly residents of LTCFs over two influenza
seasons, 2011-2012 and 2012-2013. At day 30 post-
vaccination, GMTs were significantly higher in the HD group
compared to the SD group for all influenza strains, except for
the A/H1N1 virus in 2012-2013, where noninferiority was met.
The authors hypothesized that this could be due to the fact
that 26% of the participants in this study were involved in
both seasons, which featured the same A/HIN1 strains.
Overall, these findings suggest that the HD vaccine induced
superior antibody responses in frail, older residents of LTCFs.
In both seasons, the HD group showed higher seroconversion
rates for all influenza strains, and significantly higher seropro-
tection rates for the A/H3N2 and B strains. At day 180 (6
months after vaccination), GMTs remained significantly higher
in the HD group compared to the SD group for the A/H3N2
strain in both years. Seroprotection was significantly higher in
the HD group for influenza A strains during the 2011-2012
season, but there was no difference in the 2012-2013 season.
Notably, in this study, antibody titers showed minimal change
between 1 and 6 months, which is particularly significant con-
sidering that the duration of immunity is known to decline in
elderly subjects by 6 months after vaccination.

The key studies covered in this section are summarized in
Table 2.

2.2. Vaccine efficacy/effectiveness

HD influenza vaccine demonstrates superior efficacy and VE
compared to SD vaccines in individuals aged 65 and older,
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Table 2. Summary of the key studies included in the vaccine immunogenicity section.

Author, Year Study Influenza Study
(NCT number) Reference Study design location seasons population Study outcomes  Additional information
Falsey et al., 2009 [32] Multicenter, United 2006-2007  Adults =65 e Seroconversion  Study included in the
(NCT00391053) randomized, double-blind, States years of age e HAI GMTs summary of product
controlled phase IlI trial HD: 2,575 characteristics [72].
SD: 1,262
DiazGranados [35] Phase Illb - IV, multicenter, United 2011-2012  Adults =65 e Seroconversion  Study included in the
et al., 2014 randomized, States 2012-2013 years of age e HAI GMTs summary of product
(NCT01427309) double-blind, active-controlled trial Canada HD: 15,991 characteristics [72].
SD: 15,998
Nace et al., 2015 [50] Single-blinded, randomized, controlled United 2011-2012  Frail adults e GMTs
(NCT01654224) trial States 2012-2013 >65 years of
age
HD: 94
SD: 102
Tsang et al., 2013 [36] Randomized, United 2007-2008  Adults =65 e HAI GMTs
[31] controlled, phase Il trial States years of age
(NCT00551031) HD: 635
ID: 635
SD: 319
Adults
18-49 years
of age
SD: 186
Chang et al., [43] Randomized, modified double-blind, United 2017-2018  Adults =65 e HAI GMTs Study included in the
2019 active-controlled, multi-center trial States years of age e Seroconversion summary of product
(NCT03282240) IV4-HD: characteristics [72].
1,777
1IV3-HD1:
443
1IV3-HD2:
450
Pepin et al., 2021 [47] Phase Ill, randomized, modified European  2019-2020 Adults 60-64 e Superior Study included in the
[42] double-blind, Union years of age immunogenicity summary of product
(NCT04024228) active-controlled trial HD: 378 characteristics [72].
SD: 379 of 1IV4-HD,
Adults =65 relative to lIV4-
years of age SD
HD: 394
SD: 382

GMTs: geometric mean titers; HAI: hemagglutination inhibition assay; HD: high-dose; ID: intradermal; 1IV4-HD: high-dose quadrivalent inactivated influenza vaccine;
1IV3-HD1: high-dose trivalent inactivated influenza vaccine containing the Victoria-lineage B strain; [IV3-HD2: high-dose trivalent inactivated influenza vaccine
containing the Yamagata-lineage B strain; [IV4-SD: standard-dose quadrivalent influenza vaccine.

significantly reducing the incidence of LCl, hospitalizations,
and influenza-related complications across varying influenza
seasons and patient subgroups.

Influenza vaccine performance is evaluated by efficacy (mea-
sured in randomized controlled trials [RCTs]) and VE, assessed in
real-world observational studies. Regulatory authorities, such as
the FDA in the U.S.A. and EMA in Europe, require strong evidence
of vaccine efficacy, which is essential for vaccine approval.
Efficacy refers to the vaccine’s ability to reduce the risk of infec-
tion and subsequent disease under ideal circumstances, typically
measured through RCTs. These trials assess various outcomes,
including LCl, influenza-related ilinesses (e.g. medically attended
influenza), influenza-associated hospitalizations, and influenza-
related deaths. In contrast, VE measures how well the vaccine
reduces disease outcomes (e.g. disease incidence, hospital admis-
sion) among subjects vaccinated in ‘real-world’ conditions. VE is
typically evaluated through observational studies [14].

The HD vaccine is the only licensed influenza vaccine to
have shown greater efficacy compared to a SD vaccine in
preventing LCl in a RCT [51]. The study [35], conducted over
two years (year 1: 2011-2012, year 2: 2012-2013; both influenza
seasons characterized by A/H3N2 as the predominant virus),
included a total of 31,989 subjects aged 65 and older.

Notably, the total sample size required to provide 80% power
to demonstrate the superior efficacy of HD vaccine was 30,000
participants, assuming a 30% relative vaccine efficacy and a 2%
influenza incidence for the SD group. The primary endpoint was
the occurrence of LCl, caused by any influenza viral types or
subtypes, at least 14 days after vaccination, in association with
protocol-defined influenza-like illness (PD-ILI). This endpoint
was met by a total of 529 participants, 228 (1.4%) in the HD
group and 301 (1.9%) in the SD group, with a relative efficacy of
HD to SD of 24.2%. This indicates that administering the HD
vaccine (alternatively to SD vaccine) may prevent approximately
one-quarter of all breakthrough influenza illness and over
a third of those caused by strains similar to the vaccine. While
this study did not provide direct data to estimate absolute
efficacy, it can be inferred considering estimates external to
the study of the absolute efficacy of SD vaccines. Previous
studies have suggested that inactivated vaccines similar to
trivalent SD offer approximately 50% protection against influ-
enza in older adults. Assuming 50% absolute efficacy for SD in
the elderly, the HD absolute efficacy would be estimated at
62%, a level of protection similar to that reported in SD vaccines
in younger adults. These findings are consistent with the afore-
mentioned study [36], which showed comparable antibody
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response for both the HD vaccine in older adults and the SD
intramuscular vaccine in younger adults. Therefore, vaccination
with the HD vaccine provides additional protection against
influenza for a large number of subjects compared to the SD
vaccine. The findings of this RCT are even more compelling
when considered in the context of the influenza seasons
involved. The first season, 2011-2012, experienced low influ-
enza activity and a moderate-to-good match between the vac-
cine and circulating strains, while the second season,
2012-2013, was characterized by high influenza activity and
a mismatch between the circulating strains and vaccine strains.
Despite these significant differences, the HD vaccine demon-
strated to be more efficacious than the SD in preventing LCI.
Supplemental analyses performed on the original study pro-
vided additional data [38,52]. The HD vaccine demonstrated
borderline significant overall VE over the SD for the prevention
of all-cause hospitalization (6.9%; 95%CI, 0.5-12.8). However,
the most significant reduction in disease was observed for
serious pneumonia, which occurred 39.8% (95%Cl, 19.3-55.1)
less frequently among HD recipients than among SD recipients
when combining data from both seasons. The relative VE (rVE)
was 46.4% (95%Cl, 15.9-65.8) in the first season and 34.3%
(95% Cl, 3.1- =55.4) in the second season. Additional data on
serious cardio-respiratory events, congestive heart failure, and
other respiratory events were also provided. For serious cardio-
respiratory events, the combined HD rVE (calculated as (1 —
RR) x 100 [52]) was 17.7% (95%Cl, 6.6-27.4), indicating that the
HD was significantly more effective than SD in preventing
serious cardio-respiratory events possibly related to influenza,
most of which involved hospitalizations. For congestive heart
failure, the combined rVE was 24.0% (95% Cl, —7.2-46.1). For
other respiratory events, a rVE of 34.0% (95%CI, —3.8-58.1) was
reported. Considering the varying features of the influenza
seasons mentioned earlier, rates of serious events were consis-
tently lower with HD vaccine compared to the SD vaccine in
both study years for three of the seven pre-selected serious
cardio-respiratory event categories, as well as for the aggregate
occurrence of any serious event possibly related to influenza.
Overall, these supplemental analyses suggest that, compared to
SD, HD reduces the risk of serious adverse events related to
influenza infection [38]. The other supplemental analyses were
conducted to explore the efficacy of HD vs SD vaccines against
laboratory-confirmed, PD-ILI by age groups (65-74years and
>75years), and high-risk comorbid and frailty conditions.
There was a noted increase in the HD vaccine efficacy com-
pared to the SD against PD-ILI with advancing age: 19.7% (95%
Cl, 0.4%-35.4%) for subjects 65-74 years, and 32.4% (95% Cl,
8.1%-50.6%) for those aged 75 years and older [38]. Notably, the
analysis of participants with one, two, or three or more baseline
frailty conditions consistently favored HD over SD. The relative
efficacy point estimates ranged between 16.0% and 27.5%
against any influenza strain, regardless of its similarity to the
vaccine, and from 8.3% to 49.6% against strains antigenically
similar to the vaccine components. Overall, the HD vaccine
appears to offer benefits over the SD vaccine for all adults
aged 65 and older, regardless of age, presence of comorbidities,
or frailty-associated conditions. These findings further support
the inclusion of the HD vaccine in vaccination programs target-
ing older adults and individuals with baseline frailty conditions.

These data align with a retrospective cohort analysis [53] of
beneficiaries aged 65 years and older who received HD or SD
vaccines in community pharmacies during the 2012-2013 influ-
enza season. The HD vaccine was 22% (95% Cl, 15-29) more
effective than the SD in preventing probable influenza infection
(rapid influenza test followed by oseltamivir treatment) across
all beneficiaries. Furthermore, there was a 36% (95% Cl, 13-54)
reduction in infection among subjects aged 85 years and older,
although the difference in rVE between the two groups was not
statistically significant. This study presented, for the first time,
relevant information on the reduction of influenza-related hos-
pital admissions in HD compared to SD vaccine recipients, with
a r'VE of 22% (95% Cl, 16-27) in all beneficiaries, consistent with
findings from another study (rVE of 23.3%, 95%Cl, 8.4-35.8) [54].
In the same influenza season, the HD vaccine was shown to be
36.4% (95% Cl, 9.0%-56%) more effective in reducing post-
influenza deaths [55], a season characterized by the circulation
of A/H3N2 virus. As mentioned above, when this subtype pre-
dominates, there tends to be a higher rate of hospitalizations
and severe complications. In the following season, the HD VE
was not confirmed for reducing post-influenza deaths, showing
to be minimal and not statistically significant. However, it
remains relevant in reducing the rate of influenza-related hos-
pitalizations (12%, 95% Cl, 4.9-19.9). The reduced or absent VE
of the HD vaccine during the 2013-2014 season could be
attributed to several factors, including differences in the subjects
who received the HD vaccine by season, variations in the circula-
tion patterns of specific influenza viruses by season, and differ-
ences in the antigenic similarity between the vaccine and
circulating viruses by season. Moreover, the authors speculated
that this season was predominately characterized by the A/H1N1
virus, which accounted for 90% of influenza A detections. Data
from a previous trial [35] suggested that the HD vaccine had
greater relative efficacy against the A/H3N2 virus compared to A/
H1N1, although this difference was not statistically significant.
Therefore, it remains uncertain whether the findings of this study
reflect a difference in comparative effectiveness by A subtype
viruses.

Lee and colleagues conducted three systematic reviews
and meta-analysis over multiple influenza seasons (2009-2010
to 2021-2022, excluding the 2020-2021 season), with varying
sample sizes, to evaluate the HD VE across different endpoints
[56-58]. The first systematic review and meta-analysis included
clinically relevant outcomes from both randomized and obser-
vational studies spanning six influenza seasons [56]. They
found that the HD vaccine was more effective than SD in
preventing probable or laboratory-confirmed ILI (f'VE = 19.5%;
95% Cl, 8.6-29.0), hospitalized cases of influenza (rVE =17.8%;
95% Cl, 8.1-26.5), pneumonia (r'VE = 24.3%; 95% Cl, 13.9-33.4)
and cardiorespiratory events (rVE = 18.2%; 95% Cl, 6.8-28.1) in
adults >=65. Additionally, it was more effective in reducing
hospital admission in older adults living in both the commu-
nity setting or in LTCFs (r'VE=9.1%, 95% Cl, 2.4-15.3). The
pooled rVE estimates indicated a moderate, though statisti-
cally non-significant, impact of HD versus SD on death follow-
ing hospital admission or emergency department visit for
influenza (r'VE=22.2%; 95% Cl, —18.2-48.8). Limited benefit
was found for all-cause mortality (rVE =2.5%; 95% Cl, —5.2—-
9.5). The updated review over 10 influenza seasons not only



confirmed the findings from the previous one but also pro-
vided new insights into the HD efficacy/effectiveness based on
characteristics of each influenza season [57]. It reported reduc-
tions in mortality due to pneumonia/influenza (rVE =39.9%,
95% Cl, 18.6-55.6%) and cardiorespiratory causes (f'VE =27.7%,
95% Cl, 13.2-32.0%). Similar pooled rVE estimates were
observed in both matched and mismatched seasons, as well
as in seasons where A/H3N2 or A/HT1N1 viruses predominated.
The prevention of hospitalization in mismatched seasons may
be attributed to cross-reactive T cell responses, which protects
against serious complications from all influenza A/H3N2
strains, even when strain specific antibodies fail to prevent
infection [59,60]. The most recent review and meta-analysis,
covering 12 influenza seasons, further supported the previous
findings and provided new outcomes on hospitalization/emer-
gency room (ER) visit and cardiovascular hospitalization, with
the HD vaccine offering better protection than the SD (rVE=
10.4%, 95% Cl, 6.8%-13.9%; rVE =12.8%, 95% Cl, 10.2%-15%)
[58]. Regarding influenza-related hospitalizations/ER visits, the
HD vaccine was more effective than SD vaccine during
matched and mismatched seasons, as well as during A/H3N2
and A/HIN1 dominant seasons. The analysis of subgroups by
age (65-74years, > 75years, > 85years) revealed that HD
provided better protection than SD against ILI in subjects
aged 65-74years and =75 years. Specifically, the rVE of HD
compared to SD against ILI was 21.1% (95% Cl, 12.4%-28.9%;)
in the 65-74 age group, increasing to 24.8% (95% Cl; 12.3%-
35.6%) in those aged =75 years. For influenza related hospita-
lizations, the rVE was 8.7% (95% Cl; 1.5%- 5.2%) among sub-
jects aged 65-74 years, with a notable increase observed with
advancing age: 12.2% (95% Cl; 7.3%-16.9%;) in those aged 75
years, and 16.0% (95% Cl; 9.8%-21.8%) in those aged =85
years. Furthermore, HD vaccination was associated with
improved protection against hospitalization/ER visits in those
aged =75 years and =85 years, but not in those aged 65-74
years. Overall, these reviews consistently support the
enhanced protection offered by the HD vaccine compared to
the SD vaccine in adults aged =65 years, with increasing ben-
efit observed in the older age groups.

Gravenstein et colleagues [61] conducted the first rando-
mized, prospective study in a population of long-stay nursing
home residents (92,269 residents across 823 recruited nursing
homes) to assess the effect of the HD versus SD vaccine on
hospital admissions related to respiratory infections during the
2013-2014 influenza season. The study found a 12.7% relative
reduction in the incidence of hospital admissions for respira-
tory illness among residents in HD vaccine facilities and
a 20.9% relative reduction in hospital admissions for pneumo-
nia, despite the predominance of the A/HIN1 virus during the
2013-2014 influenza season.

The DANFLU-1 trial is a pragmatic, open-label, active-
controlled randomized trial designed to assess the feasibility
of randomizing a representative sample of Danish citizens
aged 65-79 to receive either HD or SD quadrivalent influenza
vaccines during the 2021-2022 influenza season. Conducted
within a registry-based framework using existing vaccination
infrastructure, the study serves as a pilot trial for a potential
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future fully powered trial [62]. Indeed, nationwide healthcare
databases offer the opportunity to combine the gold stan-
dard of individual randomization, thereby providing unbiased
results from which causal conclusions can be inferred, with
real-world, representative patient populations and pragmatic
data collection. This approach integrates rigorous randomiza-
tion of treatment allocation with existing data-collection plat-
forms, enabling efficient collection of baseline and follow-up
information while significantly reducing complexity and costs.
The study yielded valuable insights, particularly for designing
future fully powered vaccine trials, as well as for trials explor-
ing other interventions. A post-hoc analysis of DANFLU-1 trial
[63] found that the HD vaccine was associated with
a reduction in the incidence rates of hospitalizations due to
pneumonia or influenza and all-cause hospitalizations, com-
pared to the SD vaccine. These trends were evident regard-
less of influenza circulation levels. An exploratory subgroup
analysis of the all-cause hospitalizations outcome suggested
increased rVE of the HD versus SD in subjects without
chronic cardiovascular (CV) disease as compared to those
with (no chronic CV disease: 427 vs. 531 events, incidence
rate ratio (IRR) 0.79 (95% Cl, 0.67-0.92); chronic CV disease:
220 versus 211 events, IRR 1.11 (95% Cl, 0.88-1.39). The data
showing a reduced incidence of hospitalization for influenza
and pneumonia align with another study [64], which also
found a reduction in all-cause mortality in favor of the HD
vaccine. A further analysis was conducted on 12,477 partici-
pants related to DANFLU-1 trial, of whom 2540 (20.4%) had
chronic CV disease, 275 (2.2%) heart failure (HF), 962 (7.7%)
ischemic heart disease (IHD), and 878 (7.0%) atrial fibrillation
[65]. In this study, the HD vaccine, compared to SD, was
associated with a reduced incidence of hospitalizations for
pneumonia or influenza and all-cause mortality, irrespective
of chronic CV disease, HF, IHD and atrial fibrillation. However,
the presence of chronic CV disease modified the rVE of HD
compared to SD for all-cause hospitalizations. Additionally, in
patients with chronic CV disease, a secondary exploratory
analysis found that time since latest all-cause hospitalization
prior to randomization might influence the rVE of HD com-
pared to SD against all-cause hospitalizations. The superior
performance of HD compared to SD vaccines in reducing the
risk of first and recurrent hospitalization for pneumonia and
influenza, as well as recurrent all-cause hospitalizations or all
cause-mortality, was also observed in subjects with chronic
kidney disease [66]. Another study conducted over three
influenza seasons in patients with high-risk CV disease
found that the HD trivalent vaccine did not significantly
reduce all-cause mortality or hospitalizations for cardiac or
pulmonary causes when compared to SD vaccine [67]. The
comparison between HD and SD vaccines favored HD in
lowering the risk of the first occurrence of all-cause death
or hospitalization for pneumonia and influenza also in sub-
jects with diabetes [68]. Moreover, the HD vaccine was asso-
ciated with a reduction in the rate of all-cause
hospitalizations, regardless of diabetes status.

The key studies covered in this section are summarized in
Table 3.
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2.3. Vaccine safety

Although the HD influenza vaccine contains a greater amount
of HA antigen than the SD vaccine, multiple randomized con-
trolled trials and systematic reviews demonstrate that the HD
influenza vaccine maintains a favorable safety profile with no
significant increase in serious adverse events compared to the
SD vaccine in adults aged 60 or 65 years and older. While local
and systemic reactogenicity, such as injection-site pain, head-
ache, and myalgia, is more frequent with the HD vaccine,
these effects are generally mild and transient. Enhanced sur-
veillance studies further confirm its consistent safety across
diverse populations, including at-risk groups, supporting its
continued use without major safety concerns. However, redu-
cing both local and systemic reactogenicity could improve
vaccine uptake, as even minor adverse events may decrease
the likelihood of individuals getting vaccinated annually.
Despite the higher dose of HA in the HD vaccine, no safety
concerns have been reported. DiazGranados et colleagues [35]
in a RCT showed that the relative risk of experiencing at least
one serious adverse event with the HD, compared to the SD,
was 0.92 (95% Cl, 0.85 - 0.99) in subjects 65 years of age and
older. Studies consistently indicate that the HD vaccine is
generally well tolerated, though more solicited reactions
than the SD were reported in people aged 60/65 years or
older [32,43,47]. For instance, within 7 days following vaccina-
tion, the most frequently reported solicited injection-site reac-
tion was pain [47]. In the 60-64 age group, 51.7% of
individuals in the HD group experienced pain compared to
23.6% in the SD group. In the =65 age group, pain was
reported by 39.4% of those in the HD group and 18.3% in
the SD group. Regarding solicited systemic reactions in the
60-64 age group, the most common were myalgia (31.0%)
and headache (30.2%) in the HD group, compared to head-
ache (19.9%) in the SD group, while in the =65 age group
were myalgia (21.6%) in the SD group and headache (17.3%)
in SD group. A systematic review [69], assessing the safety of
the HD vaccine in subjects aged 18 years and older across 24
studies (19 RCTs and 5 non-randomized studies), concluded
that HD vaccine was associated with increased rates of local
and systemic adverse events compared to SD. These adverse
events included combined local reactions, pain at injection
site, swelling, induration, headache, chills and malaise.
Specifically, serious adverse events were reported in 4 studies
and were considered potentially related to the administration
of the HD influenza vaccine (for examples small-fiber neuro-
pathy, cranial-nerve VI palsy, Crohn’s disease). The HD vaccine
showed a significantly higher frequency of combined local
reactions (RR=1.40, 95% Cl, 1.20-1.64), pain (RR=1.56, 95%
Cl, 1.26-1.93), swelling (RR=2.20, 95% Cl, 1.12-4.32) and
induration (RR=1.63, 95% Cl 1.10-2.39). Additionally, the vac-
cine was also associated with a significantly higher frequency
of headache (RR=1.35, 95% Cl, 1.02-1.77), chills (RR=1.73,
95% Cl, 1.07-2.81) and malaise (RR=1.28, 95% Cl, 1.08-1.51).
However, there were no significant differences between the
two vaccine groups in terms of combined systemic reactions,
fever, myalgia, diarrhea and fatigue. The safety profile was also
evaluated in at-risk populations, including subjects with malig-
nancy, rheumatoid arthritis, hematopoietic stem cell
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transplant (HSCT) recipients, transplant recipients and those
undergoing oncological interventions. Overall, no significant
safety concerns were raised. In some cases, no significant
differences were found in the incidence of new onset
immune-related adverse events following vaccination with
both vaccines in subjects with malignancy or undergoing
oncological treatment, as well as in local or systemic reactions
in solid-organ transplant recipients. For HSCT subjects, there
were no differences in systemic reactions between the two
groups, although the HD vaccine was associated with
a significantly higher frequency of combined local reactions
in HD group compared to SD.

The Enhanced Passive Safety Surveillance (EPSS), introduced
by the EMA in 2014, aims to improve early detection of vaccine-
related adverse drug reactions (ADRs) through near real-time
spontaneous reporting. It supports early identification of clini-
cally relevant safety signals before peak influenza vaccination
periods, encouraging reporting by both patients and healthcare
providers [70]. Two EPSS studies conducted in Germany and
Finland during the 2021-2022 and 2022-2023 influenza sea-
sons assessed adverse events following immunization (AEFI)
within seven days post-vaccination for both HD and SD influ-
enza vaccines [70,71]. In Germany, the HD vaccine was intro-
duced in 2021 and preferentially recommended over other
influenza vaccines for adults aged 60 years and older. In con-
trast, in Finland, the SD vaccine is recommended for individuals
aged 65 years and older, children aged 6 months to 6 years,
pregnant women, and individuals with underlying health con-
ditions. In Germany, vaccinee reporting rates were lower in
2022-2023 than in 2021-2022, with consistent trends across
both seasons. Most new AEFI reported were already listed in
the Summary of Product Characteristics (SmPC). In Finland,
aggregate reporting rates remained stable, though local reac-
tions like erythema and swelling were slightly higher in
2022-2023. Ten newly reported AEFI were not in the SmPC
but did not raise safety concerns [70,71]. Overall, both studies
confirmed the consistent and well-established safety profile of
split-virion influenza vaccines.

The key studies covered in this section are summarized in
Table 4.

3. Conclusions

Seasonal vaccination remains the most effective public health
strategy for reducing morbidity and mortality associated with
influenza. Factors such as lower VE, predominant viral subtypes,
degree of vaccine mismatch and poor antibody response in the
elderly contribute to a higher disease burden in older adults.
Our review supports existing literature evidence on the HD
vaccine, an enhanced formulation containing four times the HA
content of a SD vaccine. This vaccine has been shown to elicit
significantly stronger antibody responses in the elderly and to be
more efficacious than the SD in preventing LCl and influenza-
related hospitalizations [72]. Additionally, it reduces the risk of
serious adverse events related to influenza infection and offers
benefits over the SD vaccine for all adults aged 65 and older,
regardless of age, presence of comorbidities, or frailty-associated
conditions. Furthermore, the HD vaccine is associated with an
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Table 4. Summary of the key studies included in the vaccine safety section.

Author, Year Study Influenza Study Additional
(NCT number) Reference  Study design  location seasons Population Study Endpoint Outcomes information
DiazGranados [35] Phase Illb - IV, United 2011-2012  Adults =65 e Serious adverse events Relative risk for Study included in
et al. 2014 multicenter, States 2012-2013 years of having at least the summary
(NCT01427309) randomized, Canada age one serious of product
double- HD: 15,991 advent events characteristics
blind, SD: 15,998 with 1IV3-HD [72].
active- compared to
controlled 1IV3-SD was
trial 0.92
Gandhi-Banga [70] Enhanced Germany ~ 2021-2022  Adults =60 e Reporting rate of
et al. 2023 passive Finland years of suspected adverse drug
safety age reactions occurring <7
surveillance HD-lIV4 days post-vaccination
(Germany):
903
Subjects
aged =6
months
SD-1IvV4
(Finland):
1000
De Avila [71] Enhanced Germany ~ 2022-2023  Adults aged e Reporting rate of
Machado et al. passive Finland >60 years suspected adverse events
2024 safety of age following immunization
surveillance (Germany) occurring <7 days post-
HD-1IV4: vaccination
1041 e Estimating the vaccinee
Subjects reporting rate occurring
>13 years <7 days post-vaccination
of age according to pre-defined
(Finland) age groups (=6 months to
SD-1IV4:971 < 6years, 26 to < 13 years,

>13 to < 18 years, 218 to
<65 years and > 65 years)
with the SD-1IV4 vaccine in
Finland

e Estimating the vaccinee
reporting rate for serious
suspected adverse events
followingimmunization
over the entire follow-up
period in Finland and
Germany

e Comparing the vaccinee
reporting rate of sus-
pected adverse events fol-
lowing immunization
observed during the cur-
rent EPSS with the rates
reported during EPSS in
the 2021/22 season in
each country and with the
rates reported in the
Summary of Product
Characteristics for each
vaccine

HD-IV4: high-dose — quadrivalent inactivated split-virion influenza vaccines; SD-1IV4: standard dose — quadrivalent inactivated split-virion influenza vaccines; 1IV3-HD
: high-dose trivalent inactivated influenza vaccine; 1IV3-SD: standard-dose trivalent inactivated influenza vaccine; Enhanced Passive Safety Surveillance.

increase in the number of subjects to be protected after vaccina-
tion. Another important aspect not considered in this review is
the cost-effectiveness and public health impact of using HD
influenza vaccine. A study conducted among older adults in
Japan found that switching from SD to HD is a favorable strategy
from the healthcare payer perspective [73]. When considering
only the vaccine effective against influenza hospitalizations,
administering HD vaccine instead of SD over an influenza season
in older adults aged =65 years resulted in a greater reduction in
influenza cases, influenza-related hospitalizations and deaths,

and outpatient and outpatient/emergency department visits,
making it a cost-effective approach. When broader outcomes
were considered, including pneumonia and influenza, respiratory
and cardiorespiratory hospitalizations possibly related to influ-
enza, the HD vaccine led to even greater reductions in hospita-
lizations, bed occupancy days (alleviating the burden on
hospitals), and subsequent deaths compared to SD.
Additionally, the HD vaccination was found to be a cost-saving
strategy when considering the cardiorespiratory hospitalization.
Other studies [74,75] support these findings, reinforcing that the



switch to HD influenza vaccine is a cost-effective intervention,
particularly in seasons with higher disease burden.

Taken together, these literature findings underscore the
benefits of the HD vaccine for the elderly, which is included
among the recommended options for this age groups in most
countries. It is important to note, however, that this review
focuses exclusively on the HD vaccine and does not cover
other enhanced vaccines or alternative vaccination improve-
ments currently available.

4. Expert opinion

This review summarizes the current literature on the enhanced
immunogenicity of the HD influenza vaccine in individuals aged
65 and older. Notably, evidence indicates increased immuno-
genicity with advancing age, in frail individuals and those with
underlying risk conditions, populations highly vulnerable to
severe influenza outcomes. A study has shown that, in addition
to higher HAI antibody titers, the HD vaccine elicits stronger
neutralizing and anti-neuraminidase (NA) antibody responses
than the SD vaccine [76]. Specifically, the HD vaccine contains
eight times the NA activity of the SD vaccine and induced
a significantly higher frequency of antibody responses, as well
as higher mean postvaccination anti-NA titers against the N1
and N2 of the A/HINT and A/H3N2 viruses included in the
vaccines compared to the SD vaccine. These findings warrant
further investigation, especially considering the potential future
availability of vaccines that include standardized NA content.
Currently licensed influenza vaccines primarily target HA immu-
nity with standardized content, but there are no such standards
for NA content. Consequently, NA levels can vary between
vaccines and manufacturing processes, and the full extent of
NA-based protection remains unclear [77]. Notably, quantifica-
tion of the total NA content in six recently available commercial
influenza vaccines revealed that the highest NA content was
observed in the HD vaccine [78]. However, current estimates
suggest that seasonal inactivated influenza vaccines result in
only approximately 30% seroconvertion against NA in humans.
A straightforward step toward developing a universal influenza
vaccine would be to enhance seasonal vaccines by increasing
their ability to elicit robust antibody responses to NA, regardless
of whether broadly protective NA epitopes can be specifically
targeted [79]. However, the development of a truly universal
vaccine may require broader recognition of NA subtypes. In
addition, more intensive research is needed, particularly
focused on the continued isolation and characterization of NA-
specific human monoclonal antibodies from different indivi-
duals, as has previously been done for HA. These efforts may
support a deeper characterization of the immunodominance
hierarchy of NA epitopes, the identification of common mole-
cular patterns in NA-specific antibody responses across indivi-
duals and potentially uncover additional broadly protective
epitopes [79]. Recent preclinical studies indicate that targeting
both HA and NA would lead to better antiviral activity and
improved protection compared to targeting HA alone. This
dual targeting could help mitigate reduced vaccine efficacy
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caused by HA drift and the resulting mismatch in vaccine
formulations. Emerging evidence also shows that NA induces
protective antibodies that often exhibit increased breadth of
recognition across strains. Human studies suggest that NA inhi-
bition antibody titers independently correlate with protection
and may even serve as a more reliable predictor of protection
or reduced disease severity than HAI antibody titers [77].

The recent COVID-19 pandemic has reinforced the importance
of vaccination as the most crucial tool for controlling infectious
diseases. The coadministration of influenza and COVID-19 vaccines
is currently endorsed by the WHO and national health authorities.
However, despite the availability of vaccines, uptake for both
influenza and COVID-19 remains suboptimal. Given the annual
circulation and continuous evolution of influenza viruses and
SARS-CoV-2, there is a continued need to enhance vaccine cover-
age. A multicomponent vaccine that provides protection against
both diseases in a single injection may offer a more convenient and
effective solution, potentially improving adherence to immuniza-
tion guidelines and reducing the overall disease burden. Various
strategies are being explored to advance the development of
a combined vaccine. One approach is the mRNA platform, which
may offer great advantages including the elimination of potential
virus egg-adaptation, rapid production timelines, flexibility to
update vaccine composition as needed, and the ability to induce
broad immunity and robust T-cell responses for the influenza
component. An alternative approach involves developing
a vaccine based on a recombinant protein combined with an
adjuvant [80].

Another current strategy involves combination vaccine candi-
dates that incorporate already licensed vaccines to protect against
both influenza and COVID-19. The FDA has granted Fast Track
designation to two such candidates designed for individuals
aged 50 and older. Both candidates combine two established
vaccines with proven efficacy demonstrated through RCTs and
favorable tolerability profiles. The first candidate pairs a HD influ-
enza protein-based trivalent vaccine with an adjuvanted recombi-
nant COVID-19 vaccine; placebo will be co-administered in the HD
vaccine alone, adjuvanted recombinant COVID-19 vaccine alone,
and combined vaccine study groups [81]. The second combines
a recombinant protein-based trivalent influenza vaccine with the
same adjuvanted recombinant COVID-19 vaccine; placebo will be
co-administered in the recombinant alone, adjuvanted recombi-
nant COVID-19 vaccine alone, and combined vaccine study groups
[82]. These combinations aim to leverage the advantages of both
influenza vaccines, which have shown superior protection against
influenza infections in older adults compared to SD influenza
vaccines in pivotal clinical trials. Moreover, real-world evidence
has demonstrated their significant and consistent reductions in flu-
related hospitalizations. The COVID-19 vaccine used in these com-
binations has exhibited a better tolerability profile than currently
available mRNA COVID-19 vaccines when administered as
a booster dose. It has also demonstrated high efficacy as
a primary vaccination in two pivotal phase Il studies. To evaluate
the safety and immunogenicity of these combination candidates,
two separate phase I/ll parallel, randomized, modified double-
blind, multi-arm studies have been initiated [83]. However, the
development of a combined vaccine may present technical chal-
lenges and potential limitations. One critical aspect to be
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considered is the phenomenon observed with repeated influenza
vaccinations, where diminished immune response and reduced VE
have been documented over time. This raises an important con-
sideration for future combination vaccine strategies involving
COVID-19: repeated administration in a combination vaccine for-
mat may similarly lead to reduced immunogenicity. Therefore,
further research is essential to validate this hypothesis and to
optimize combination vaccine strategies to effectively address
evolving viral threats. Antigenic interference is another significant
challenge. This may occur when the immune response to one
antigen affects the response to another, potentially reducing the
overall efficacy and safety of combination vaccines compared to
standalone formulations. Minimizing such antigen interference is
critical to ensuring that the immune responses are comparable to
those elicited by individual vaccines. Compatibility issues may also
arise from the key components or additives such as adjuvants.
Additionally, identifying robust correlates of protection remains
a pressing need. Ongoing research is necessary to establish new
correlates and to better understand the mechanisms that underpin
durable and broadly protective immunity. From a technical per-
spective, combination vaccines require the separate production of
multiple antigens, each with its own specific manufacturing and
quality control requirements. These antigens must then be inte-
grated into a single formulation, making the production process
significantly more complex than that of a single-antigen vaccine.
A further concern is the interdependence of antigen supply:
a delay or failure in the production of one antigen can halt the
entire manufacturing process, leading to supply chain disruptions.
This complexity also limits the number of manufacturers capable
of large-scale production, increasing the risk of global shortages
[84,85].

In the coming years, the use of the HD influenza vaccine in
older adults is expected to continue growing each influenza
season, gradually replacing SD vaccines within this population.
As of the 2024-2025 season, over 328 million doses of the HD
influenza vaccine have been distributed worldwide. This figure is
likely to grow further in the next years as additional countries
recommend the vaccine. Increased usage will also generate addi-
tional data to further support the added benefits of the HD
vaccine for older adults [86]. Another important consideration is
the potential extension of the HD vaccine to subjects younger
than 60 years. Most European countries, currently recommend
influenza vaccination for persons aged 65 and older, as well as
for high-risk groups. However, countries such as Hungary,
Germany, Greece, Italy and Portugal have set the influenza vacci-
nation age threshold at 60 years, while others, including the
United States, Canada, and Belgium, recommend vaccination for
adults aged 50 and above. Expanding vaccination coverage to
include adults aged 50-64 could substantially reduce the annual
burden of influenza. Although the risk of severe influenza
increases with age, the 50-64 age group still experiences
a significant burden of severe disease [87,88]. Vaccinating this
population has been demonstrated to be cost-effective
[23,89,90]. Evidence suggests that broadening influenza vaccina-
tion programs beyond traditional target groups may represent an

effective alternative strategy to decrease influenza burden. This
approach could lead to higher overall vaccine uptake and be
easier to implement compared to risk-based recommendations
[91]. A multicenter, modified double-blind, randomized, active-
controlled phase Il trial demonstrated that the trivalent HD influ-
enza vaccine was more immunogenic than the SD vaccine in
adults aged 50-64, while maintaining an acceptable safety profile.
Administering this vaccine to the 50-64 age group could help
address immunosenescence [92]. Notably, epidemiological data
suggest that the initial decline in immune competence begins
around age 50 and accelerates after 65-70 [91]. Given the signifi-
cant burden of influenza in this age group, the HD vaccine may
have a substantial public health impact by offering improved
protection compared to SD vaccines. However, other enhanced
vaccines and alternative vaccination improvements currently
available are not addressed in this review.
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