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ABSTRACT

Introduction: Influenza is a respiratory infec-
tion associated with a significant clinical bur-
den globally. Adults aged C 65 years are at
increased risk of severe influenza-related symp-
toms and complications due to chronic
comorbidity and immunosenescence. Annual
influenza vaccination is recommended; how-
ever, current influenza vaccines confer subop-
timal protection, in part due to antigen
mismatch and poor durability. This systematic
literature review characterizes the global clinical

burden of seasonal influenza among adults aged
C 65 years.
Methods: An electronic database search was
conducted and supplemented with a conference
abstract search. Included studies described
clinical outcomes in the C 65 years population
across several global regions and were published
in English between January 1, 2012 and Febru-
ary 9, 2022.
Results: Ninety-nine publications were inclu-
ded (accounting for[ 156,198,287 total partic-
ipants globally). Clinical burden was evident
across regions, with most studies conducted in
the USA and Europe. Risk of influenza-associ-
ated hospitalization increased with age, partic-
ularly in those aged C 65 years living in long-
term care facilities, with underlying comor-
bidities, and infected with A(H3N2) strains.
Seasons dominated by circulating A(H3N2)
strains saw increased risk of influenza-associated
hospitalization, intensive care unit admission,
and mortality within the C 65 years population.
Seasonal differences in clinical burden were
linked to differences in circulating strains.
Conclusions: Influenza exerts a considerable
burden on adults aged C 65 years and health-
care systems, with high incidence of hospital-
ization and mortality. Substantial influenza-
associated clinical burden persists despite
increasing vaccination coverage among adults
aged C 65 years across regions included in this
review, which suggests limited effectiveness of
currently available seasonal influenza vaccines.
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To reduce influenza-associated clinical burden,
influenza vaccine effectiveness must be
improved. Next generation vaccine production
using mRNA technology has demonstrated high
effectiveness against another respiratory virus—
SARS-CoV-2—and may overcome the practical
limitations associated with traditional influenza
vaccine production.

Keywords: Burden of disease; Hospitalization;
Mortality; mRNA vaccine; Older adults; Strain;
Vaccination

Key Summary Points

Why carry out the study?

Risk of influenza-associated clinical
burden appeared to increase with age,
particularly in those with existing
comorbidities and infected with strain
A(H3N2)

Influenza-related hospitalization and
mortality in patients aged C65 years
varied considerably by season, likely
driven by dominant circulating influenza
strain, population immunity rates, and
the rigor of surveillance and reporting

What was learned from the study?

The presence of comorbidities was
associated with increased rates of
influenza-related hospitalization, ICU
admissions, ER visits and mortality in
patients aged C65 years

Innovative influenza vaccine design and
production, e.g., implementation of
mRNA vaccine technology, are required to
overcome existing limitations and
improve influenza vaccine effectiveness in
adults aged C65 years

INTRODUCTION

Influenza is a respiratory infection associated
with a significant clinical burden globally [1].
Annually, there are an estimated one billion
cases of influenza in the general population, of
which three to five million cases are severe [2].
The clinical burden is exacerbated by limited
regional access to annual influenza vaccines,
including limited coverage within some racial
and ethnic groups [3, 4]. Furthermore, inade-
quate influenza surveillance infrastructure,
testing practices, and healthcare services can
exacerbate influenza clinical burden in low- and
middle-income countries (LMICs) [5].

Older adults aged C 65 years are at an
increased risk of severe influenza symptoms and
the development of serious complications due
to chronic comorbidity and age-associated
decline in immune function, i.e., immunose-
nescence [6]. The US Centers for Disease Con-
trol and Prevention (CDC) estimated that
70–85% of influenza-related deaths and 50–70%
of influenza-related hospitalizations during the
2010–2011 and 2019–2020 seasons were among
those aged C 65 years [7]. Similar estimates were
reported from the World Health Organization
(WHO) and European Centre for Disease
Prevention and Control (ECDC) [8, 9]. Older
adults are a heterogenous population, in terms
of general lifestyle (active to sedentary), their
health status, living arrangements, healthcare
support requirements, and access to healthcare
resources. To improve clinical outcomes
through targeted vaccination of those most at
risk, a better understanding of how these risk
factors influence severe influenza-related clini-
cal outcomes in older adults is needed.

Influenza vaccines are fundamental to dis-
ease prevention and have been licensed in the
USA and Europe since the 1960s [1, 10]. The
WHO recommends annual vaccination of indi-
viduals at greatest risk of developing serious
complications from seasonal influenza infection
and lists older adults among the priority groups
for vaccination [8]. Despite adults aged
C 65 years being identified as a high-risk group,
there is disparate influenza vaccination cover-
age in this population globally [11]. Globally in



2019, influenza vaccination coverage rates
among adults aged C 65 years were estimated to
range from the lowest in Turkey at 5.9% to
highest in South Korea at 85.8% [11].

Egg-derived influenza vaccines are the most
distributed influenza vaccines globally [12].
However, these traditional vaccines display
limited vaccine effectiveness (VE), in terms of
strength and longevity of immunogenicity, and
breadth of protection across influenza strains
[13]. This was evident in countries with wide-
spread vaccination coverage of adults aged
C 65 years, such as 67.5% in the USA in 2020,
where a substantial influenza-associated clinical
burden persists [11, 12].

Suboptimal protection against influenza
infection and high clinical burden may be par-
tially explained by antigen mismatch between
circulating influenza strains and seasonal influ-
enza vaccines [14]. Circulating influenza strains
vary by season and region, and influenza vac-
cines are produced annually based on predic-
tions of the most prevalent circulating viruses
for the coming season [15]. Influenza A(H3N2),
which older adults are known to be more vul-
nerable to, is consistently one of the most
common circulating strains and frequently
mutates genetically and antigenically [15]. As
such, many genetically distinct subtypes of
influenza A(H3N2) co-circulate annually
around the world [16]. Considerable antigenic
drifting of A(H3N2) viruses, among others,
results in variable influenza VE due to strain
mismatch. For example, between 2012 and
2020, the US CDC estimated that influenza VE
among adults aged C 65 years ranged from 12%
[95% confidence interval (CI) - 31 to 40] to
66% (95% CI 36–82] in the 2018–2019 and
2015–2016 seasons, respectively [17].

Egg-derived influenza vaccine production
takes approximately 6 months and this time
lapse exacerbates antigen mismatch between
vaccines and circulating strains. The delay can
result in poor protection against seasonal
influenza, potentiating the clinical burden of
disease in older adults [18] . A next generation
of influenza vaccines that facilitate improved
strain matching and rapid manufacture are
necessary to improve influenza VE. Novel vac-
cine platforms, such as mRNA technology, are

well placed to address limitations associated
with traditional influenza vaccines. The mRNA
manufacturing process allows the precise tar-
geting of multiple influenza subtype strains and
is not subject to egg-adapted antigenic changes.
Moreover, mRNA vaccines can be rapidly man-
ufactured, which facilitates strain matching
nearer the start of the influenza season [19].
Currently, several promising multivalent mRNA
influenza vaccines are undergoing early phase
clinical trials [20, 21].

The aims of this review were threefold: to
characterize the clinical burden of influenza in
adults aged C 65 years, to enhance our under-
standing of the strengths and limitations of
currently used influenza vaccines, and to
understand how the unique features of mRNA
vaccines may be harnessed to reduce the clinical
disease burden in this population.

METHODS

Search Strategy

The search strategy was designed to capture
publications reporting data that described the
clinical burden of influenza in older adults
(those C 65 years of age) and that were pub-
lished in English between January 1, 2012 and
February 9, 2022. Recognizing that there are
substantial differences in global influenza
surveillance infrastructure, testing practices and
reporting, healthcare services, and administra-
tion, we carefully selected countries in disparate
regions to achieve a considered global over-
view—specifically limited to France, Germany,
Italy, Spain, the United Kingdom (UK), USA,
Canada, China, Japan, Brazil, Saudi Arabia, and
South Africa.

An electronic database search was designed
following guidance from the Cochrane Hand-
book for Systematic Reviews of Interventions
[22] and conducted on February 9, 2022 in
Embase, Medline, Econlit, PsycINFO, and Evi-
dence-Based Medicine Reviews (EBMR) via the
OVID� platform.

Bibliographies of relevant systematic litera-
ture reviews (SLRs), meta-analyses, and eco-
nomic analyses identified in the database search
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were reviewed to ensure all studies that met
study inclusion criteria had been captured. The
SLR search strategy is presented in Appendix B
in the supplementary material.

The database searches were supplemented by
searching conference proceedings, and gray lit-
erature. Conferences were selected from current
infectious disease congresses following critical
review of the quantity and relevance of influ-
enza data presented in the previous 2 years.
Consequently, conference proceedings from the
International Society for Pharmacoeconomic
and Outcomes Research (ISPOR), European
Congress of Clinical Microbiology and Infec-
tious Diseases (ECCMID), American Thoracic
Society (ATS), and IDWeek (joint annual meet-
ing of the Infectious Diseases Society of America
(IDSA), Society for Healthcare Epidemiology of
America (SHEA), the HIV Medical Association
(HIVMA), the Pediatric Infectious Diseases
Society (PIDS), and the Society of Infectious
Diseases Pharmacists (SIDP)) dating from the
January 1, 2020 to February 9, 2022 were
included in the search. Gray literature that
reported the most recent epidemiological data
from the WHO, ECDC, and the US CDC were
included.

This review was based on previously con-
ducted studies and does not contain any new
studies with human participants or animals
performed by any of the authors.

Study Eligibility Criteria

All retrieved studies were screened against the
Population, Intervention, Comparison, Out-
comes, and Study (PICOS) criteria outlined in
Table 1. It was hypothesized that these out-
comes would capture the most frequent and
severe influenza-related outcomes, to compre-
hensively reflect the spectrum of clinical burden
of influenza in adults C 65 years. Studies that
did not explicitly report data for C 65 years and
that reported aggregated data across age groups
spanning from \ 65 years to C 65 years were
excluded.

The search date parameters spanned the
outbreak and height of the COVID-19 pan-
demic. As the biology and literature relating to
co-infection of influenza and SARS-CoV-2
pathogen has not yet been established, data
reporting influenza and COVID-19 co-infection
were excluded. Additionally, to ensure influ-
enza was the primary study focus, data report-
ing respiratory infections such as pneumonia
were only included if explicitly reported as
secondary infection to influenza.

Study Selection and Data Extraction

Abstract and full-text screening were conducted
by two independent reviewers, with any differ-
ences and uncertainties resolved by a third
reviewer. Data extraction was conducted by one
reviewer and verified by a second reviewer. Data
were extracted into a concise data extraction
form (DEF) developed within Microsoft Excel.
For each of the included studies, publication
information, study characteristics and methods,
population and subgroup characteristics, as well
as clinical outcomes of interest (Table 1) were
extracted. Older adults are a heterogenous
population and therefore clinical outcome data
across relevant subgroups were captured where
available (age, living arrangements, comorbidi-
ties, employment status, vaccination status).
The DEF was designed to enable direct com-
parison of clinical outcomes between these
subgroups. For the gray literature reporting
epidemiological outcomes, prevalence and
incidence rates, as well as influenza-associated
hospitalization and mortality rates were
extracted. A risk of bias assessment was per-
formed using the Joanna Briggs Institute (JBI)
Critical Appraisal Checklists [23].

RESULTS

Summary of Results

The SLR identified 99 publications that reported
clinical burden data for adults aged C 65 years
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(92 publications via database searches, five
publications via manual bibliography search,
and two conference abstracts). The number of
eligible publications identified during the

literature searches and screening process are
presented in a Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram (Fig. 1).

Table 1 Eligibility criteria

Topic Inclusion criteria Exclusion criteria

Population(s) People aged C 65 years with laboratory

confirmed seasonal influenza or symptomatic

ILI

Studies reporting data from people aged\ 65 years

Studies reporting data from people without influenza or

symptomatic ILI

Studies reporting data from people with pandemic

influenza

Studies reporting data from people co-infected with

influenza and COVID-19 where COVID-19 is not

specifically stated as a secondary infection

Interventions Any/none N/A

Comparisons All N/A

Outcomes Prevalence and incidence

Breakthrough cases

Symptoms

Morbidity and mortality

Treatment, escalation, and long-term care

Hospitalizations and ICU visits

Complications and secondary infections

Vaccine effectiveness (individuals aged

C 65 years who received their annual

influenza vaccination)

Studies reporting clinical outcomes not mentioned in

inclusion criteria

Time Studies published from January 2012 to

February 2022

N/A

Study design Randomized controlled trials

Non-randomized interventional studies

Observational studies

SLRs and meta-analyses

Editorials

Case studies

Letters to journals

Non-systematic literature reviews

Conference minutes

Other Human studies

English language

Animal studies

Duplicates

ICU intensive care unit, ILI influenza-like illness, N/A not applicable, SLR systematic literature review
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Study Characteristics

The clinical burden of influenza was reported
across multiple regions, and a breakdown of
included studies by the WHO regions and
country are presented in Fig. 2. Most studies
were conducted in the Americas (n = 43), fol-
lowed by the European region (n = 34). Sixty-six
studies were conducted in adults aged
C 65 years, while 20 studies were conducted in
wider populations but stratified into an

C 65 years subgroup, and 13 studies were con-
ducted in older age ranges (e.g., C 80 years).

A breakdown of studies identified in the SLR
by study setting and design is presented in
Fig. 2. Specific clinical outcomes were identi-
fied, and a breakdown of the studies reporting
clinical burden by outcome is also presented in
Fig. 2. Influenza-related hospitalization or ICU
admission, and mortality outcomes were
equally reported (n = 55). Most publications
reported multiple outcomes and therefore the
number of studies by outcome is greater than

Fig. 1 PRISMA flowchart of publications included in the
SLR. *SLRs and cost-effectiveness models captured in the
database search that met inclusion criteria underwent a
manual bibliography check, and data was extracted from
studies that met inclusion criteria and were not already
captured. �Search was designed to capture studies reporting

the clinical, humanistic, and economic burdens of influen-
za. For this publication only studies reporting relevant
clinical outcomes were included. CEM cost-effectiveness
model, PRISMA Preferred Reporting Items for Systematic
Reviews and Meta-Analyses, SLR systematic literature
review
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the total number of publications included in
the SLR.

Influenza-Related Hospitalization
and Outpatient Visits

The SLR identified 30 studies reporting the
burden exerted by influenza-associated hospi-
talizations, ICU admissions, emergency room

(ER) visits, and outpatient visits. Most studies
that reported the burden of influenza-associated
hospitalization were conducted in the USA;
Fig. 3 shows the breakdown across countries.

Impact of Age on Hospitalization
An overall trend of increasing hospitalization
with increasing age was observed across five

Fig. 2 Included study characteristics. Breakdown of
included studies by i. WHO region, ii. country, iii. type
of study design, iv. study setting, and v. study outcome.

ICU intensive care unit, RCT randomized controlled
study, WHO World Health Organization
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studies that reported hospitalization data strat-
ified by age (Table 2) [29, 38, 39, 43, 50].

Of note, Pacis et al. (2022) was a conference
abstract that analyzed hospitalizations data
between January 1, 2019 and May 31, 2020. The
author stated that the decreased rate of hospi-
talizations was likely due to the national
COVID-19 lockdown measures (social distanc-
ing and facemasks) that were introduced during
this time period [59].

Impact of Living Arrangements
Gruneir et al. (2014) and Andrew et al. (2021)
reported hospitalization outcomes by patients’
living arrangements [53, 54]. Gruneir et al.
(2014) reported that Canadian long-term care
residents aged 66–105 years were at greater risk
of hospitalization than community residents in
the same age range (322.5 vs 86.0, both per
100,000 population). Increased risk of influen-
za-related hospitalization among long-term care
residents persisted following stratification into
66–85 years (319.5 vs 69.1, both per 100,000
population) and 86–105 years (325.4 vs 215.7,
both per 100,000 population) age subgroups
[54]. Frequency of influenza-related ER visits
was also reported to be higher among long-term
care residents than community-dwelling

patients aged C 65 years [54]. In another Cana-
dian study, Andrew et al. (2021) reported that
15% of patients aged C 65 years who were
admitted to hospital with influenza-like illness
(ILI) (n = 346) were admitted from long-term
care facilities [53]. Neither study commented on
the impact of vaccination status on hospital-
ization from long-term care.

Hospitalization by Circulating Strain
Six studies stratified hospitalization rate by
influenza strain and reported data for influen-
za A strains A(H3N2) and A(H1N1), and
influenza B [25, 30, 34, 36, 37, 38]. Of these
strains, influenza A(H3N2) was the strain asso-
ciated with the highest rate of influenza-related
hospitalization across all studies
[25, 34, 36, 37, 38], defined as A(H3) in one
study [30]. All but one study [34] reported that
influenza B was associated with more hospital-
izations than A(H1N1) [25, 36, 37, 38] or A(H1)
[30]. Li et al. (2021) reported opposing results
[34]. The six studies were conducted in China
[34, 36, 37] or the USA [25, 30, 38], and, when
reviewed together, suggest that the A(H3N2)
strain has been consistently associated with the
highest rates of influenza-associated hospital-
ization among those aged C 65 years over the

Fig. 3 Studies reporting the burden of influenza-associated
hospitalization by country. USA [24, 25, 26, 27, 28,
29, 30, 31, 32, 33], China [34, 35, 36, 37, 38, 39, 40], Spain

[41, 42, 43, 44, 45, 46, 47], France [48, 49, 50, 51, 52],
Canada [52, 53, 54], Japan [55, 56], UK [57, 58], Germany
[59], Multinational (Brazil, Canada, and the USA) [60]
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past 20 years [25, 30, 34, 36, 37, 38]. High hos-
pitalizations in A(H3N2)-dominated seasons
demonstrate how specific dominant circulating
strains such as A(H3N2) can further contribute
to high levels of hospitalizations [41].

Chung et al. (2020) discussed that in the
2018–2019 US influenza season, the vaccine
provided little protection over A(H3N2) due to
antigenic drifting [25]. Moreover, while the
A(H1N1)pdm09 viruses were genetically mat-
ched, only small proportions of hospitalizations
in adults aged C 65 years were prevented by the
influenza vaccine in 2018–2019 [25]. The study
therefore demonstrated the challenges with
antigen mismatch and highlighted that pro-
tection against A(H1N1) alone does not prevent
high levels of hospitalizations in those aged
C 65 years as A(H3N2) results in a greater bur-
den in this population [25].

Hospitalization by Season
Seven studies identified in the SLR estimated
the hospitalization burden of influenza by
influenza season and highlighted the seasonal
variation in clinical burden among those aged
C 65 years (Table 3) [26, 27, 40, 41, 48, 50].
Across the studies seasonal variation in the
clinical burden of influenza was reported, with a
trend toward increasing hospitalization of those
aged C 65 years in more recent years (ca.
2013–2014 onwards) [26, 27, 40, 41, 48, 50].

As depicted in Fig. 4, Reed et al. (2015) (US-
based study) reported a peak in the latter season
of study with a higher hospitalization rate in
2012–2013 than in the previous two seasons
[26]. However, as no further seasons were
observed in this study, it was unclear whether
this peak represents the start of a trend toward
higher hospitalization in this population, or if
hospitalization rates decreased in consequent
seasons [26]. Interestingly, Oliva et al. (2018)

Table 2 Studies reporting the impact of age on hospitalization rate

Country Author Key clinical outcome(s)

USA Chan, 2015

[39]

Between 1998 and 2012 across influenza strains (A and B), hospitalization rates were higher

among adults aged C 75 compared to 65–74 years

Matias, 2017

[61]

The mean annual rate of influenza-attributable hospitalizations was higher among patients

aged C 75 years than patients aged 65–74

Ortiz, 2013

[29]

The rates of hospitalization for patients aged 65–74, 75–84, and C 85 years were 8.7 (95% CI

0.3–77.7), 16.5 (95% CI 1.5–126.2), and 27.9 (95% CI 3.2–170.4) per 100,000 population

France Lemaitre, 2022

[50]

Between 2010 and 2018, there was a higher overall hospitalization incidence among patients

aged C 75, but similar hospitalization incidence in the 75–84 years and C 85 years age

groups

Pivette, 2020

[48]

Between 2012 and 2017 the mean annual rate of influenza hospitalization was 134 per

100,000 population

Over the study period, hospitalization rate ranged between 28 and 358 per 100,000

population, during the 2013–2014 and 2016–2017 seasons, respectively

Spain Ramos, 2016

[43]

During 2015, the proportion of influenza hospitalizations was greater among those aged

[ 80 years (n = 87, 4.9% of total number of patients admitted to study hospital) compared

to those in the 65–79 years age group (n = 77, 3.0% of total number of patients admitted)

Germany Pacis, 2022

[59]

Mean rate of weekly influenza-related hospitalizations among patients aged C 80 years

decreased from 5.8 in 2019, to 2.2 in 2020 (aIRR 0.4, 95% CI 0.3–0.5, p\ 0.001)

aIRR adjusted incidence rate ratio, CI confidence interval
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(Spain-based study) and Lemaitre et al. (2022)
(France-based study) did not observe the same
increase from 2011–2012 to 2012–2013 as
reported by Reed et al. (2015), which may sug-
gest that the circulating influenza strains in the
USA in 2012–2013 led to greater morbidity than
in Europe (Fig. 4) [26, 41, 50]. However, Reed
et al. (2015) did not comment on the circulating
strain, and further direct comparisons of studies

are limited because of heterogeneity across
study populations and design. National census
data for the population aged C 65 years was also
plotted in Fig. 4, and population aged
C 65 years increased over time across the three
countries (USA, Spain, France) [62, 63, 64].
Across the studies, the number of influenza-re-
lated hospitalizations did not consistently
increase with population age, indicating that an

Table 3 Studies reporting the hospitalization burden of influenza by season

Country Author Key clinical outcome(s)

Spain Oliva, 2018

[41]

Between 2010 and 2016, the rate of influenza-related hospitalizations was 16.5 (95% CI

15.7–17.4) per 100,000 population. Oliva et al. (2018) reported an increasing rate of

hospitalization from 2013 to 2014 onward (Fig. 4)

A(H1N1)2009 was the dominant strain in two of the three seasons with the highest numbers

of hospitalizations (2013–2014 and 2015–2016) and A(H3N2) as the dominant strain in

the other (2014–2015)

Dominant strains in 2010–2011 and 2011–2012 were also A(H1N1)2009 and A(H3N2),

respectively, but Oliva et al. (2018) reported much lower numbers of hospitalizations in these

seasons

France Lemaitre, 2022

[50]

A peak in hospitalizations was reported in 2014–2015, with higher numbers of

hospitalizations observed from 2016–2017 onwards

Dominant strains in the seasons with the highest number of hospitalizations were A(H3) for

2016–2017 and A(H1)/B for 2017–2018. However, these strains were also dominant in

previous seasons where considerably lower hospitalizations were reported (Fig. 4)

Pivette, 2020

[48]

Between 2012 and 2017, mean annual rates of hospitalization among those aged C 80 years

ranged from 28 per 100,000 population in 2013–2014 to 358 per 100,000 population in

2016–2017. A peak in hospitalization was also reported in 2014–2015 at 174 per 100,000

population

The 2014–2015 and 2016–2017 seasons were dominated by A(H3N2), resulting in poorer

outcomes among the C 80 years subgroup

USA Reed, 2015

[26]

The rate of influenza-related hospitalizations per 100,000 population over the three seasons of

study was 335 (95% CI 208–462) in 2010–2011, 170 (95% CI 96–245) in 2011–2012, and

1033 (95% CI 712–1355) in 2012–2013

D’Mello, 2015

[40]

The overall rate of influenza-associated hospitalization was 258 per 100,000 population in

2014–2015 with the rate across the three previous seasons ranging from 30.2 to 183.2 per

100,000 population

Appiah, 2015

[27]

The annual rate of influenza-related hospitalizations was 322.8 cases per 100,000 population

during the 2014–2015 season, with a rate ranging from 30.2 to 183.2 between 2010 and

2014

CI confidence interval
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Fig. 4 Trends in hospitalization for influenza in patients
aged C 65 years by season, reported by three publications
[26, 41, 50], and national census data for population aged
C 65 years. i. Number of influenza-related hospitalizations
among those aged C 65 years by Reed et al. (US-study).
Dominant strains not reported, US census data over study
period [62]. ii. Number of severe hospitalized confirmed
influenza cases among those aged C 65 years reported by

Oliva et al. (Spanish study, n of age subgroup not
reported). Dominant strains [41], and Spanish census data
over the same period [63]. iii. Number of influenza-related
hospitalizations; average number of cases reported for
C 65 years subgroups (French study) (n of age subgroup
not reported). Dominant strains [50] and French census
data over the same period [64]
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increasing older adult population was not the
only determinant of influenza-related hospital-
ization frequency.

The burden of pandemic influenza was not
included in the SLR. However, many studies
presented pooled hospitalization data that
comprised influenza seasonal strains and previ-
ously pandemic strains that circulate seasonally
(e.g., A(H1N1)2009). Data captured in the SLR
indicate that these circulating pandemic influ-
enza strains contributed to the burden of
influenza across these seasons [41]. High hos-
pitalizations in A(H3N2)-dominated seasons
also align with the finding that influenza strain
impacts influenza hospitalization, with
A(H3N2) contributing to high levels of hospi-
talization [41, 48]. Importantly, however, lower
number of hospitalizations were also observed
in A(H1N1)2009 and A(H3N2)-dominated sea-
sons [41, 50].

While vaccination status was not reported,
Pivette et al. (2020) commented on the
2014–2015 mismatch between the Northern
Hemisphere seasonal vaccines and the circulat-
ing influenza A(H3N2) viruses, in addition to
the considerable genetic diversification of the
circulating A(H3N2) viruses in 2016–2017 [48].
D’Mello et al. (2015) similarly highlighted
antigenic and genetic drifting of A(H3N2) in
2014–2015 and the reduced VE of Northern
Hemisphere vaccines which likely contributed
to the higher hospitalizations that season [40].

Readmittance to Hospital
Three studies reported hospital readmittance
outcomes with conflicting results [24, 42, 50].
Gonzalez et al. [42] reported a 30-day all-cause
hospitalization readmission rate of 4% among a
Spanish population (N = 44) of patients aged
C 75 years with influenza A [42]. Similar rates
were reported by Lee et al. (2021) in a US study
(N = 78,668) where readmittance within
30 days of influenza-related hospitalization was
higher among patients aged C 80 years than
those aged 65–79 years (5.8% vs 4.8%) [24].
A French study conducted by Lemaitre et al.
(2022) assessed 3-month readmittance and
conversely reported higher readmittance of
those aged 65–74 vs 75–84 or C 85 years (27.7%
vs 26.0% and 21.9% for all-cause readmittance,

respectively) [50]. In this study, similar propor-
tions of patients were readmitted after 3 months
for cardiac and respiratory causes [50]. None of
the studies contained data on vaccination status
and therefore the impact of the seasonal influ-
enza vaccine on readmittance to hospital could
not be determined.

Influenza-Related Mortality

Influenza-related mortality was reported by 39
studies in adults aged C 65 years. A breakdown
of study location is presented in Fig. 5. In-hos-
pital mortality, post-hospital discharge, and
ICU mortality were the most reported mortal-
ity-related outcomes (Fig. 5).

Similarly to hospitalization, the SLR identi-
fied studies that concluded that risk of influen-
za-related mortality increased among older
patients (aged C 75 years vs aged C 65–74 years)
[2, 24, 39, 44, 46, 50, 65, 66, 67, 68, 69], those
aged C 65 years with existing comorbidities
[61, 70, 71], and when infected with influen-
za A(H3N2) [25, 34, 37, 72, 73, 74, 75, 76]. Both
the proportion and risk of in-hospital mortality
increased with age [46]. Lemaitre et al. (2022)
and Czaja et al. (2019) reported higher risk of
in-hospital mortality among older patients aged
C 85 years [50, 67]. Arrieta et al. (2021) reported
a 64% influenza vaccination rate for the season
of study and there was no significant difference
in vaccination status between patients aged
C 85 years who were discharged alive or who
died [46]. No studies were identified that com-
pared the rate of mortality in patients admitted
to hospital versus patients who died outside of a
clinical setting.

When influenza-associated mortality rate
was examined by influenza strain, influen-
za A(H3N2) resulted in more deaths than both
influenza A(H1N1) and influenza B in eight
studies [25, 34, 37, 72, 73, 74, 75, 76]. In par-
ticular, Jin et al. (2020) reported 97.02 deaths
per 100,000 persons with influenza A(H3N2)
compared to 23.4 deaths per 100,000 person in
influenza A(H1N1) and 10.3 deaths per 100,000
persons with influenza B, between 2010 and
2015 [72]. Conversely, Qi et al. (2020) reported
higher all-cause influenza-related mortality in
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patients with influenza B compared to A(H3N2)
in a study in China (82.0 deaths per 100,000
persons aged C 65 years compared to 13.8
deaths per 100,000 in the same age group,
respectively), between 2012 and 2018 [77].

Influenza-attributable mortality rates by
influenza season were reported in three studies
[26, 78, 79]. Pebody et al. (2018) reported on the
proportion of patients aged C 65 years who died
as a result of influenza across seven influenza
seasons (2008–2016) [78]. In the 2008–2009
season, 14,261 persons died (95% CI
13,514–15,023) compared to the 2015–2016
season where a significant increase was reported
(26,542; 95% CI 25,301–27,804). Similarly, a
separate study reporting on influenza seasons
from 2010 to 2013 found that more recent
seasons had a higher overall mortality rate
compared to the earlier seasons [22.8 per
100,000 population (95% CI 13.1–32.5) vs 54.6
per 100,000 (95% CI 36.2–73.0)] [26]. This
upward trend was not found by Wu et al. (2018)
where influenza seasons from 2007 to 2013 were
assessed in China. The highest rate of influenza-
associated deaths was reported in the earliest
influenza season (2007–2008) with 164.1 deaths
per 100,000 population (95% CI 101.2–499.9)
compared to the most recent season

(2012–2013) recording a rate of 75.6 deaths per
100,000 population (95% CI 15.2–349.5) [79].

As a result of the heterogeneity in study
settings (USA, UK, and China) it is difficult to
conclude on seasonal mortality trends; how-
ever, seasonal variability in the mortality bur-
den of influenza was apparent.

Morbidity and Complications
Nine studies reported data on ICU admissions
when characterizing the hospitalization burden
of influenza in patients aged C 65 years
[26, 31, 41, 44, 45, 48, 50, 53, 56]. The propor-
tion of hospitalized patients aged C 65 years
admitted to ICU ranged from approximately 4%
to 27.3% across studies, with most studies
reporting a rate of between 10% and 20%
[26, 31, 45, 48, 50, 53, 56].

Chaves et al. (2015) reported that 62% of the
study population (N = 6593) had received their
seasonal influenza vaccine [31]. Considering all
vaccinated and non-vaccinated patients, 13%
required ICU admissions. Notably, extended
care needs at hospital discharge were required
in similar proportions of those vaccinated ver-
sus not vaccinated (82–84%) [31]. Extended care
was defined as placement in a long-term care
facility or rehabilitation facility [31].

Fig. 5 Studies reporting the burden of influenza-associated mortality by country
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Lemaitre et al. (2022) and Soldevila et al.
(2021) assessed ICU admissions by age, and
reported that increasing age was associated with
decreasing ICU admissions [44, 50]. Lemaitre
et al. found that the proportions of patients
admitted to ICU were higher among those aged
65–74 years than 75–84 and C 85 years. Simi-
larly, Soldevila, et al. reported higher odds of
ICU admission in patients aged 65–74 years
than C 75 years [44, 50].

Seasonal variability was reported in ICU
admission rates, with a possible trend for
increasing rates in more recent years. Reed et al.
(2015) reported a higher ICU admission rate in
2012–2013 vs the previous two seasons [26].
Oliva et al. (2018) reported a marked increase in
the annual number of influenza-at-
tributable ICU admissions between 2010 and
2016 [41]. In the latter three seasons included in
the study (2013–2014, 2014–2015, and
2015–2016), the dominant strains were
A(H1N1)2009, A(H3N2), and A(H1N1)2009,
respectively, which further suggests that the
circulating pandemic strain and A(H3N2) result
in increased ICU admissions in the older adult
population [41]. Pivette et al. (2020) reported
that the proportion of ICU admissions among
those aged C 80 years remained relatively
stable between 2012 and 2016 (7–9%), decreas-
ing to 4% in the 2016–2017 season. However,
the lower proportion of ICU admissions in
2016–2017 was likely due to the considerably
higher number of hospitalizations in
2016–2017 (13,277 vs 1034–6460 in the previ-
ous four seasons), as the number of ICU
admissions in 2016–2017 was still higher than
in previous seasons (597 vs 90–448) [48]. Similar
to Oliva et al. (2018), the dominant strain in
2016–2017 was A(H3N2) which is known to
cause a higher burden in patients aged
C 65 years. Pivette et al. (2020) also reported a
peak in both hospitalizations and ICU admis-
sions in 2014–2015, in which the dominant
strain was also A(H3N2), suggesting that the
circulation of this strain drives more severe
influenza cases and ICU admissions in the older
population [48].

The most severely affected patients with
influenza infection may be admitted to an ICU
and placed on a mechanical ventilator to

support breathing. Only three studies included
data on mechanical ventilation in those aged
C 65 years [31, 42, 46]. A US study by Chaves
et al. (2015) found that 4% of patients with
influenza aged C 65 years required mechanical
ventilation from 2010 to 2013 (N = 6593) [31].
In a Spanish study (N = 117) of patients aged
C 85 years, Arrieta et al. (2021) reported that
only one patient required non-invasive
mechanical ventilation [46]. Of note, only
54.7% of the 117 patients had received the
current seasonal influenza vaccination [46].
This proportion of patients requiring mechani-
cal ventilation is higher when considering only
those admitted to ICU. Another Spanish study
(N = 44) conducted by Gonzalez et al. (2016)
found that 27% of patients aged C 75 years
admitted to ICU required invasive mechanical
ventilation [42]. However, given the small
sample size and limited data available for this
study, results should be interpreted with
caution.

Comorbidities
The presence of comorbidities was associated
with increased rates of hospitalization, ICU
admissions, and ER visits in patients aged
C 65 years (Table 4) [38, 80, 81]. The risk of
influenza-related hospitalization was higher
among adults aged C 65 years with existing
cardiovascular diseases (CVD), respiratory dis-
eases, immunosuppressive conditions, diabetes
mellitus, metabolic conditions, kidney diseases,
and neurological conditions compared to those
without these comorbidities [38, 80, 81]. Most
studies reported more than one comorbidity,
with the majority focusing on people with heart
conditions (Fig. 6).

Conflicting results were reported by Jin et al.
(2020) and Qi et al. (2020) for people aged
C 65 years with laboratory-confirmed influenza
in China. Jin et al. reported that among strains
in people with ischemic heart disease or chronic
obstructive pulmonary disease (COPD),
influenza A(H3N2) resulted in a higher
influenza-associated excess mortality rate than
other influenza viruses (2010–2015) [72]. In
contrast, Qi et al. reported that in people with
ischemic heart disease or COPD,
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Table 4 Studies reporting the burden of hospitalizations and ER visits among patients aged C 65 years with existing
comorbidities

Country Author Key clinical outcome(s)

Hospitalizations USA Owusu, 2020

[82]

Mean annual rate of influenza-related hospitalization was higher among patients with

diabetes mellitus [276 (95% CI 230–330) per 100,000 population] than without [181

(95% CI 150–217) per 100,000 population]

Near, 2020

[80]

The rate of influenza-related hospitalizations was higher among older patients [C 65

(9.4%] vs C 75 years (25.7%)]

The rate of influenza-related hospitalizations among patients aged C 65 increased to

27.4% when patients presented with pre-existing COPD or CHF

Matias, 2017

[61]

Between 1997 and 2009, annual mean hospitalization rates among patients aged

65–74 years and C 75 years were 256 (SD 91, range 83–385) and 589 (SD 216, range:

173–864), per 100,000 population, respectively

During the study period, hospitalization rate across the low- and high-risk cohorts was

higher among patients aged C 75 years compared to patients aged 65–74 years

The highest hospitalization rate across risk and age groups was incurred by

influenza A(H3N2)

Young-Xu,

2017 [81]

The mean annual rate of influenza-attributed hospitalization was 71 (95% CI 60–83) per

100,000

Patients were stratified into high- and low-risk groups, with those defined as high risk

having had at least one diagnosis code for chronic cardiac, pulmonary, renal, metabolic,

liver, neurological diseases, diabetes, hemoglobinopathies, immunosuppressive conditions,

or malignancy assigned during the influenza season

The mean annual rate of influenza-attributed hospitalizations was higher in the high-risk

group of patients [144 (95% CI 121–167) per 100,000 population] than the low-risk

group [0 (95% CI 0–1) per 100,000]

Of note, the high- and low-risk group sample sizes were 2029 and 4, respectively

China Chair, 2020

[35]

Between 1997 and 2017, 1199 patients were admitted for heart failure within 12 months

of influenza-associated hospitalization

The aOR for heart failure-related admittance was 1.1 (95% CI 1.0–1.2)

England Cromer, 2014

[70]

Patients with an acute respiratory illness code and with ICD-10 codes in other diagnostic

fields for conditions indicated for seasonal influenza vaccination were flagged as being in

a clinical risk group

Among adults aged C 65 years, being in a risk group increased the hospital admission rate

by 1.8-fold (from 0.5 to 0.8/1000). Average annual admissions in those at clinical risk vs

not at clinical risk were 368,489 vs 53,254, respectively

ER visits USA Near, 2020

[83]

The presence of comorbidities in patients with influenza is associated with an increased

rate of ER visits

The proportion of patients visiting the ER with CKD stage 5/ESRD/dialysis and

influenza was higher than CKD stage 5/ESRD/dialysis only (60 vs 28%, p\ 0.5).

Similar trends were observed for influenza with and without CAD (37 vs 14%, p\ 0.5),

COPD (44 vs 18%, p\ 0.5), CHF (49 vs 23, p\ 0.5)
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influenza A(H3N2) resulted in a lower mortality
incidence rate than influenza B (2012–2018)
[77].

The comorbidity reported to result in the
highest proportion of influenza-related deaths
was congestive heart failure [50% (OR 2.5;
95% CI 1.5–4.2)] [71]. Cromer et al. (2014)
reported data for patients with comorbidities
more broadly, by classifying the risk level of
certain conditions using International Classifi-
cation of Diseases (ICD)-10 codes [70]. The
mortality rate of hospitalized patients and
number of deaths per influenza-related hospital

admission were reported in adults C 65 years by
clinical risk level. The annual prevalence of in-
hospital mortality among adults C 65 years not
at clinical risk (without aforementioned diag-
nosis codes) was 378.0 deaths (SD ± 11) com-
pared with those clinically at risk 1298 (SD
± 56). Mortality rates per 1000 influenza
admissions were 185 (95% CI 179–192) vs 428
(95% CI 391–473) in the same populations,
suggesting that those with comorbidities are at
increased risk of influenza-related mortality
[70].

Fig. 6 Patient comorbidities in studies reporting clinical
burden of influenza among patients with underlying
conditions. COPD chronic obstructive pulmonary disease,
CVD cardiovascular disease. COPD [24, 71, 72, 77],

diabetes mellitus [24, 71, 75, 84], respiratory disease
[71, 75, 76, 84], ischemic stroke [77], CVD [75, 76, 85],
heart failure [24], ischemic heart disease [72, 77, 85]

Table 4 continued

Country Author Key clinical outcome(s)

Mortality Spain Soldevila,

2020 [71]

The comorbidity reported to result in the highest proportion of influenza deaths was

congestive heart failure [50% (OR 2.5; 95% CI 1.5–4.2)]

China Qi, 2020 [77] The annual influenza-associated mortality rate in patients with influenza A(H3N2) and B,

and underlying COPD was 7.9 per 100,000 population (95% CI 6.3–9.5) and 23.1 per

100,000 population (95% CI 22.3–24.0), respectively

The annual influenza-associated mortality rate in patients with influenza A(H3N2) and B,

and underlying ischemic heart disease was 5.5 per 100,000 population (95% CI 4.5–6.5)

and 11.1 per 100,000 population (95% CI 10.6–11.6), respectively

aOR adjusted odds ratio, CAD coronary artery disease, CHF congestive heart failure, CI confidence interval, CKD chronic kidney disease,

COPD chronic obstructive pulmonary disorder, ER emergency room, ESRD end-stage renal disease, ICD-10 International Classification

of Disease 10th edition, OR odds ratios, SD standard deviation
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Matias et al. (2014) also stratified patients by
risk status, age, and influenza strain; high risk
was defined as the presence of COPD, CVD,
kidney disorders, diabetes, immunosuppres-
sion, liver disorders, stroke, or CNS disorders,
while low risk was the absence of these comor-
bidities [61]. A(H3N2) was the strain associated
with the highest number of deaths, and of
patients with this strain, high-risk adults had
higher mortality than low-risk adults [61]. A
higher number of deaths was reported in those
aged C 75 years vs 65–74 years [61]. Addition-
ally, high-risk subgroups had a higher influen-
za B-associated mortality rate vs low-risk
subgroups for either age group [61].

Burden of Influenza by Region
and Hemisphere

Global and Regional Differences
A modeling study by Iuliano et al. (2018) pre-
dicted a global annual mortality rate of
13.4–27.8 per 100,000 for adults aged
65–74 years and 51.3–99.4 per 100,000 for
adults aged [74 years [2]. By region/country,
the lowest mortality rates (per 100,000) were
reported for South Korea (3.8–24.9) and Japan
(3.5–27.5), followed by Canada (6.1–44.5), the
USA (8.6–49.4), Spain (6.8–54.7), the UK
(17.3–66.6), Hong Kong (12.0–84.6), Brazil
(19.8–111.1), China (19.1–112.7), and South
Africa (37.4–123.3). These data suggested a
higher mortality burden among upper-middle-
income countries. Across all countries, mortal-
ity was highest in adults aged [ 74 years vs
65–74 years.

In the Americas, Cheng et al. (2015) also
reported that influenza-related mortality rates
due to respiratory causes and/or circulatory
causes were higher in Southern Brazil than in
the USA [65]. Conversely, Palekar et al. (2019)
found a lower burden of influenza in Brazil;
influenza hospitalizations were lower in Brazil
than Canada and the USA (2010–2015) [60].
Drivers for this were suggested, as there is a
lower bed density in countries with lower
income which may account for the lower hos-
pitalization reported. Disparities in surveillance

and reporting methodology and circulating
strain may also have contributed.

In Europe, Paget et al. (2022) found that
influenza respiratory mortality in 2002–2011
was similar across France, Germany, Italy, and
Spain (ranging from 28.3 to 29.1 per 100,000)
and slightly lower in the UK (25.5 per 100,000)
[86].

Northern Hemisphere
All studies conducted in the Northern Hemi-
sphere were in high-income countries, except
for China. Despite socioeconomic and demo-
graphic differences, there was an increased risk
of influenza-associated hospitalization
[41, 42, 57] and mortality among adults aged
C 65 years across the regions
[2, 48, 50, 65, 66, 87]. Seasonal variation in
clinical burden was reported across France
[48, 50], Spain [41], and the USA [26, 27, 40].
Influenza A(H3N2) was the strain responsible
for the highest frequency of influenza-associ-
ated hospitalizations and mortality in adults
aged C 65 years across several seasons
[25, 26, 34, 36, 37, 39]. No data were identified
for Saudi Arabia.

Several studies commented on the mismatch
between Northern Hemisphere vaccines and
how this was driving high clinical burden in
adults aged C 65 years, notably in the
2014–2015 and 2016–2017 influenza seasons
[40, 48, 88]. During the 2014–2015 influenza
season, the influenza vaccine strains selected for
the Northern Hemisphere were antigenically
mismatched with the circulating A(H3N2)
strains as a result of antigen mutation [89].
Genetic egg-adapted changes led to differences
between H3N2 egg-derived vaccines and circu-
lating strains during the 2016–2017 season [19].

Continental and seasonal climates can vari-
ably affect the seasonality and transmission
dynamics of influenza [90]. Regions in the
Northern Hemisphere with subtropical cli-
mates, such as China, can experience more
variable seasonality than in temperate climates
[90]. Feng et al. (2012) reported that mean
annual incidence of all-cause influenza-associ-
ated mortality was high across both subtropical
and temperate regions of China, with higher
mortality reported in cities with temperate
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climates, possibly driven by differences socioe-
conomics and reporting [91]. A review of influ-
enza burden and transmission across tropical
regions by Ng and Gordon (2015) reported that,
similar to data seen for temperate regions, levels
of influenza-related hospitalization and mor-
tality were high among adults aged C 65 years
[90].

Southern Hemisphere
All of the studies conducted in the Southern
Hemisphere were in upper-middle-income
countries and confined to Brazil and South
Africa as per the study scope. Consistent with
the Northern Hemisphere data, the risk of
influenza-associated mortality increased with
age, among adults aged C 65 years [2, 65]. Brazil
experiences equatorial, tropical, and subtropical
climates which impacts influenza activity. The
lack of winter in tropical climates such as Brazil
means that year-round influenza circulation can
occur, with multiple peaks of high disease bur-
den [90].

Of the countries within our study scope, the
SLR identified a clear gap in data available for
adults aged C 65 years for countries in the
Southern Hemisphere.

DISCUSSION

There are limited existing SLRs which focused
on exploring the clinical burden of influenza in
a single country or region with scope not lim-
ited to those aged C 65 years and including
other high-risk subpopulations. The focus of
this SLR was to enhance our understanding of
the current clinical burden of influenza among
adults aged C 65 years from a global perspec-
tive, and the potential clinical benefit of har-
nessing mRNA vaccine technology.

Data identified in this SLR reflect the sub-
stantial clinical burden of influenza among
adults aged C 65 years, characterized by high
rates of hospitalizations, escalation of care (such
as ICU admissions) and mortality. These out-
comes were also reported to worsen with
increasing age—people aged C 75 years were
more likely to be hospitalized for influenza than
those aged C 65–74 years [29, 38, 39, 50], with

some indication that the hospitalization risk
continues to increase with age [29, 43]. Fur-
thermore, people with influenza aged
C 75 years were more likely to die than those
aged 65–74 years
[2, 24, 39, 44, 46, 50, 65, 66, 67, 68, 69]. Older
adults (aged C 65 years) are a growing subpop-
ulation [92], and have greater healthcare needs,
which frequently require hospitalization. These
findings suggest that influenza infection exac-
erbates the existing clinical burden and high-
lights the need for improved influenza VE and
vaccination coverage in this age group.

Older adults are a heterogenous population
in terms of health and care requirements. Vari-
ous comorbidities are common among adults
aged C 65 years [92], placing them at a higher
risk for several conditions and contributing to
their increased vulnerability to influenza. The
literature identified in this SLR largely suggested
that the burden of disease is exacerbated in
older adults with comorbidities. Existing car-
diovascular diseases, respiratory diseases,
immunosuppressive conditions, diabetes melli-
tus, metabolic conditions, kidney diseases, and
neurological conditions were all associated with
increased risk of poor clinical outcomes among
patients aged C 65 years with influenza. The
high prevalence of these comorbidities among
older adults in the general population puts this
population at risk of serious influenza infection,
hospitalization, and death, highlighting the
need for effective vaccination programs is this
population [92]. Older adults also vary widely in
terms of working and living arrangements.
Although few data were identified, and were
limited to Canada, the findings of this SLR
suggested that long-term care residents with
influenza were more likely to be hospitalized
than community residents, even when stratified
by age group [54]. These findings are consistent
with CDC guidance, which states that people
who live in nursing homes or other long-term
care facilities are at higher risk of serious influ-
enza complications [93]. This is an important
trend, considering that from 2011 to 2026,
there is a projected 71% increase in the number
of Canadian residents aged C 65 years who will
require continuing care [94]. Therefore, greater
understanding of the variable risk of influenza
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infection based on living arrangements in
Canada and across regions would improve tar-
geting of the most at-risk adults aged C 65 years
for influenza vaccination. No data characteriz-
ing differences in influenza clinical outcomes
between minority and ethnic groups or
employment status (e.g., retired, semi-retired,
working) were identified. Therefore, further
research across countries and older adult sub-
populations may enhance the understanding of
differential risk within the C 65 years
population.

While this SLR aimed to characterize the
burden of disease across countries, the majority
of identified studies were limited to North
America and Europe, with a good representa-
tion of high-income countries in the Northern
Hemisphere. Conversely, the data identified for
Southern Hemisphere countries were limited
and confined to Brazil and South Africa, both
upper-middle-income countries. The high vol-
ume of burden data available for countries such
as the USA could be due to the sophisticated
influenza surveillance programs in these high-
income countries. No differences between
Northern and Southern hemisphere countries
were identified, with all studies in this SLR
reporting high clinical burden in the older
population. However, as representative data for
Southern Hemisphere countries was lacking, in-
depth comparisons could not be made. Given
the hemispheric differences in seasonality, cir-
culating strains, and vaccination recommenda-
tions [95], further investigation into the
differences in clinical burden of influenza across
these regions is needed to characterize the
specific burden of influenza among adults aged
C 65 years in the Southern Hemisphere.

The SLR was, however, able to consider the
potential impact of income status on country-
level differences in influenza burden. Disparities
in disease burden by income status were repor-
ted by a global modeling study which reported
the lowest mortality rates in high-income
countries (South Korea and Japan) and the
highest in the upper-middle-income countries
included in this SLR (Brazil, China, and South
Africa) [2]. Two further studies compared data
for Southern Brazil and the USA; mortality was
similarly higher in Southern Brazil than in the

USA in the first [65], while the second reported
fewer hospitalizations in Southern Brazil than
the USA [60]. Drivers for the lower hospitaliza-
tion in Brazil were suggested, including a lower
bed density in countries with lower income
[60]. This can contribute to fewer hospitaliza-
tions which may therefore skew the burden of
disease data where hospitalization data is used
as a proxy. Differences in surveillance and
reporting methodology and circulating strain
may also have contributed to country-level dif-
ferences. Improved and standardized influenza
surveillance infrastructure and reporting prac-
tices would facilitate better comparisons of the
true burden of disease across countries.

Moreover, studies were often conducted
across single or few cities within countries or
regions, and therefore were unlikely to provide
an accurate representation of the clinical bur-
den at a national or regional level. This is due to
population differences, variability in the level of
available healthcare, and potential differences
in climates across countries. Climatic differ-
ences in particular can affect the seasonality
and transmission dynamics of influenza,
thereby contributing to differences in influenza
burden within countries or regions [90]. This is
particularly relevant in countries where both
temperate and tropical climates exist. The tim-
ing of the WHO influenza vaccination recom-
mendations often does not correspond to the
dynamics of the tropical regions in areas such as
South America, China, and Africa as influenza
activity is often out of phase with other
dynamics in the hemispheric group [96].
Suboptimal recommendations and subsequent
vaccine-induced protection across such regions
may explain why these areas were found to be at
high risk of clinical burden of influenza in the
studies included in this SLR. This highlights the
need to tailor vaccine formulation and timing
of administration to each geographic area to
better protect against influenza each season.

Understanding the seasonal nature and
variability of influenza is vital to optimize vac-
cination strategies. This SLR emphasized the
differential impact of influenza among adults
aged C 65 years between seasons with high
levels of seasonal variability in clinical out-
comes including hospitalizations and mortality
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identified across the literature. The seasonal
differences are likely driven by a variety of fac-
tors including the level of natural and vaccine-
induced immunity in the population, differen-
tial surveillance and reporting across seasons,
and the seasonal dominant strain and its
transmissibility. Influenza A(H3N2) is often
associated with more severe flu seasons and is
known to result in poor outcomes among the
older adult population
[25, 30, 34, 36, 37, 38, 41].

Multiple studies in this SLR found that sea-
sons dominated by A(H3N2) were associated
with high rates of hospitalization and mortality
and more severe infection, resulting in ICU
admissions [25, 30, 34, 36, 37, 38]. The sub-
stantial burden exerted by A(H3N2) may, in
part, be due to the frequency that A(H3N2)
mutates genetically and antigenically, which is
higher than other common influenza subtypes
[97]. The mutagenic nature of A(H3N2) increa-
ses the likelihood of antigen mismatch and
suboptimal VE, which in turn increases the risk
of influenza-associated hospitalization/ICU
admission and mortality in seasons dominated
by the A(H3N2) strain [97]. This challenge was
discussed across several studies included in this
SLR where the mismatched Northern Hemi-
sphere vaccine in specific seasons was con-
cluded to drive the peaks in clinical burden
observed [40, 48, 88]. The clinical burden gen-
erated by influenza A(H3N2) may therefore
persist despite vaccination in the C 65 years
population due to a mismatch between seasonal
vaccines and circulating strains and subsequent
suboptimal vaccine-induced immunity.

As a result of the increased risk of developing
serious influenza-associated outcomes and
complications among older adults, the WHO
recommends that this population receive an
annual influenza vaccination [8]. While vacci-
nation coverage varies across regions, adults
aged C 65 years are a priority group for influ-
enza vaccination, globally [7]. However, as
found in this SLR, the clinical burden of influ-
enza persists among older populations despite
the availability of seasonal vaccine, which fur-
ther suggests that there may be limitations in
the current influenza vaccination programs and
formulations. High-dose vaccines were

developed to address reduced protection against
severe influenza outcomes offered by standard-
dose influenza vaccines in adults aged
C 65 years [7]. Currently available influenza
vaccines have been shown to reduce the burden
of influenza-related morbidity and mortality
[98].

Despite the evolution of influenza vaccine
formulations (first inactivated influenza vaccine
[99], egg-derived and cell-based [100], addition
of a fourth strain in recent years, and develop-
ment of adjuvanted and recombinant vaccines
[101, 102], and different dose formulations), we
continue to see a significant clinical disease
burden. Although currently available influenza
vaccines have been shown to reduce the burden
of influenza-related morbidity and mortality,
the findings of this review demonstrate that a
high clinical burden of influenza persists among
older populations. The continued clinical bur-
den of influenza disease and limitations of cur-
rent vaccines support the entry and positioning
of mRNA vaccine technology as a potential
solution.

Seasonal variation observed in both high-
dose and standard-dose influenza VE
[103, 104, 105, 106] suggests that the differ-
ences are driven in part by seasonal factors, such
as the prevalent circulating strain. In this SLR,
the mismatch of seasonal influenza vaccines
and circulating strains was reiterated across the
findings of several studies, demonstrating sub-
optimal vaccine-induced immunity against
dominant strains. Mismatch is particularly evi-
dent when genetic and antigenic variations
occur after seasonal predictions have been made
and vaccine manufacture has begun, which in
some seasons can result in inadequate vaccine-
induced protection. Moreover, studies reporting
influenza VE for France, Germany, Italy, Spain,
and UK have found a lower VE associated with
increasing age and variable effectiveness against
severe influenza-related outcomes in patients
aged C 65 years [45, 87, 107, 108, 109, 110].
These findings suggested that current influenza
vaccines are suboptimal within a population
with high morbidity and mortality. This was
mirrored by the high rates of hospitalization
and mortality in older adults seen across Euro-
pean countries included in this SLR. Limitations
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of current vaccines therefore persist despite
strain prediction methods across a range of
global regions, highlighting the need for more
consistently effective seasonal vaccines. To
overcome the limitations of antigen mismatch,
the development of ‘‘universal’’ influenza vac-
cines that target antigenic determinants is nee-
ded [13]. New technologies may improve
influenza VE by offering a solution for the
challenges experienced with strain predictions
and the time taken to develop traditional vac-
cines. Novel vaccine production methods such
as using mRNA technology offers precise tar-
geting of the antigenic determinants of multi-
ple regional-specific influenza subtype strains
and rapid manufacture. The manufacturing
benefits of mRNA technology would facilitate
strain prediction nearer the start of the influ-
enza season, which is currently difficult con-
sidering the production demands for national
antigen-based influenza vaccination schemes.
Further, mRNA vaccines are not subject to lim-
itations affecting traditional egg- and cell-based
influenza vaccines, such as egg-adapted chan-
ges, which frequently alter immunogenicity
and result in suboptimal VE [19].

The COVID-19 pandemic has generated an
unprecedented wealth of data reporting the
real-world safety and effectiveness of mRNA
vaccines and has provided a clinical proof of
concept to support mRNA-based influenza vac-
cines [111]. Post-authorization safety surveil-
lance from the distribution of four billion doses
of mRNA-based COVID-19 vaccines has not
uncovered a major safety signal (only very rare
reports of myocarditis in select age groups and
anaphylaxis) and provides reassurance about
the safety profile of this novel vaccine platform
[111]. Several promising multivalent mRNA
influenza vaccines are currently undergoing
early phase clinical trials [20, 21] Although
further research is required, early data consid-
ered in the context of the findings of this SLR
suggest the novel mRNA vaccine technology
may avoid some of the manufacturing limita-
tions seen with current influenza vaccines, and
attenuate the high clinical burden of seasonal
influenza among adults aged C 65 years.

A potential limitation of this SLR was the age
restriction applied to the study population. The

search strategy relied on relevant literature
being appropriately indexed, with influenza
and age stratification of outcomes present in the
study title or abstract. Only data explicitly
reported for adults aged C 65 years was extrac-
ted. This may have led to the exclusion of data
for the older adult population that was defined
by a different threshold (e.g., 60–80 years). To
refine the scope of the search, studies that made
no reference to age stratification or older age/
elderly patients were excluded at abstract
screening stage. In addition, any studies that
only referred to patient populations as ‘‘older’’
or ‘‘elderly’’ adults without specifying an age
range of at least C 65 years were excluded at
full-text stage. It should be noted that co-in-
fection data for influenza and other respiratory
diseases (e.g., pneumonia, COVID-19, respira-
tory syncytial virus) were also excluded from
this SLR to refine search scope and ensure that
influenza remained the primary focus. How-
ever, as these respiratory infections often co-
exist with influenza and are common among
older adults, it is likely that the clinical burden
of disease reported here is underestimated.

The lack of reported vaccination status in
many of the included studies may have also
limited interpretation of current vaccination
efficacy on influenza-related outcomes captured
in this SLR. Furthermore, limited available data
for the countries within study scope (particu-
larly for Southern Hemisphere countries) and
disparate influenza vaccination surveillance and
reporting practices limited direct comparison of
clinical outcomes across different regions.

This SLR also did not identify any data
reporting long-term sequelae of influenza in the
included studies. While long-term complica-
tions of influenza may be present among those
recovering from infection, this was not a focus
of the studies reviewed. To date, there is no
published literature reporting the clinical bur-
den of long-term sequelae of influenza in older
populations. Therefore, further empirical
investigation into the prolonged clinical burden
of influenza in this population is warranted.
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CONCLUSION

Older adults are at high risk of influenza-asso-
ciated hospitalizations and mortality, which is
further exacerbated in the presence of comor-
bidities. A wealth of data highlighted the poor
clinical outcomes in high-income countries,
despite established national vaccination pro-
grams and relatively high influenza vaccination
coverage in adults aged C 65 years. Seasonal
variation in disease burden was apparent, due in
part to mismatched seasonal vaccines, suggest-
ing that more accurate prediction and design of
influenza vaccines to better match the circulat-
ing strains would improve VE in adults
C 65 years. mRNA vaccine technology devel-
oped for the COVID-19 pandemic may address
the challenges in seasonal strain prediction,
antigen mismatch, and manufacture time, and
help reduce the overall clinical burden of
influenza in adults aged C 65 years.
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