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Abstract
Influenza can lead to serious illness, particularly for older adults. In addition to short-term morbidity and mortality dur-
ing the acute infection, recovery can be prolonged and often incomplete. This may lead to persistent declines in health and 
function, including catastrophic disability, which has dramatic implications for the well-being and support needs of older 
adults and their caregivers. All of this means that prevention of infection and effective treatment when illness has occurred 
are of paramount importance. In this narrative review, we discuss the effectiveness of influenza vaccines for the prevention 
of influenza illness and serious outcomes in older adults. We review evidence of vaccine effectiveness for older adults in 
comparison with younger age groups, and also highlight the importance of frailty as a determinant of vaccine effectiveness. 
We then turn our attention to the question of why older and frailer individuals have poorer vaccine responses, and consider 
changes in immune function and inflammatory responses. This sets the stage for a discussion of newer influenza vaccine 
products that have been developed with the aim of enhancing vaccine effectiveness in older adults. We review the available 
evidence on vaccine efficacy, effectiveness and cost benefits, consider the potential place of these innovations in clinical 
geriatric practice, and discuss international advisory committee recommendations on influenza vaccination in older adults. 
Finally, we highlight the importance of influenza prevention to support healthy aging, along with the need to improve vac-
cine coverage rates using available vaccine products, and to spur development of better influenza vaccines for older adults 
in the near future.
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Key Points 

Older adults are particularly vulnerable to poor outcomes 
from influenza over both short- and long-term time 
horizons.

Although immune responses generally decline with age, 
the prevention of influenza with vaccination is an impor-
tant strategy to support healthy aging.

Several vaccine products are available for older adults, 
including standard-dose trivalent and quadrivalent 
vaccines, high-dose vaccine, adjuvanted vaccine, and 
recombinant vaccine.

Improving vaccine coverage rates using available vaccine 
products is an important goal.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40266-018-0597-4&domain=pdf
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1  Introduction

1.1 � Influenza Can Have a Severe and Lasting Impact 
on Older Adults’ Health and Well‑Being

Older adults are disproportionately affected by influ-
enza and its complications. In the short-term (at the 
time of the acute infection), morbidity and mortality 
are significant problems [1]. Worldwide, it is estimated 
that 291,243—645,843 people die from influenza and 
its respiratory complications each year, of whom older 
adults age 75+ years are the most at-risk age group, with 
51.3–99.4 deaths per 100,000 people aged 75+ years 
versus 13.3–27.8/100,000 for ages 65–74  years and 
1.0–5.1/100,000 for those < 65 years of age [2]. Notably, 
many older adults with severe illness require hospital 
admission. For example, in the Canadian Serious Out-
comes Surveillance (SOS) Network of acute care hospitals, 
3394 adults were admitted to hospital with laboratory-con-
firmed influenza over three consecutive influenza seasons 
(2011/2012 through 2013/2014), of whom 2078 (61.2%) 
were aged 65 years and over. At 9.1%, mortality was high 
in the overall cohort, and increased with age (3.5% for 
ages 16–49 years, 6.2% for ages 50–64 years, 6.9% for 
ages 65–75 years, and 14.3% for those aged > 75 years) 
[3]. Experience from other national and international sur-
veillance networks paints a similar picture of serious out-
comes being more often experienced by older adults; this 
evidence has contributed to international advisory body 
recommendations as discussed below. Despite the severity 
of outcomes associated with influenza, and recommenda-
tions for vaccination for older adults and other high-risk 
groups in many jurisdictions, vaccine coverage remains 
below the 75–80% target for the over 65 years popula-
tion [4]. For example, in the United States [5] and Canada 
[6], vaccination rates among older adults have plateaued 
and remain below 70%. In the European Union, influenza 
vaccine coverage in high-risk groups has declined over 
the period from 2007 to 2015; for those aged 65 + years, 
coverage varied widely (1.0–78.7%) across member 
states, with a median vaccination rate of 47.6% [7]. In 
Australia, 2012–2013 estimates of vaccine coverage were 
70.9 and 64.4% for Australian-born and immigrant older 
adults aged 65+ years, respectively [8]. Vaccine coverage 
in some populations may be higher; a 2013 study by the 
Australian Influenza Complications Alert Network esti-
mated influenza vaccine coverage at 81% for test-negative 
control inpatients aged 65+ years [9], although it is diffi-
cult to extrapolate hospital-based estimates to the general 
population.

It is becoming increasingly evident that longer-term 
complications are also common. Following an acute care 

hospitalization, a substantial proportion of older adults 
will not return to their prior baseline of health and func-
tional status [10]. In the SOS Network, an estimated 19% 
of older adults aged 65 + years admitted with respiratory 
illness, including laboratory-confirmed influenza, suffered 
catastrophic disability (defined as persistent loss of func-
tion in two or more activities of daily living 30 days fol-
lowing hospital discharge) [11, 12]. Even older adults who 
are not hospitalized can experience persistent declines in 
function and prolonged recovery from influenza or influ-
enza-like illness. A Canadian survey of 5014 relatively fit 
older adults found that 39.3% of those reporting having 
experienced influenza or an influenza-like illness during 
the most recent influenza season took longer than 2 weeks 
to recover, one-fifth reported needing new assistance in 
daily functional tasks, 13.9% were admitted to hospital, 
and 3.1% never fully recovered [13].

Frailty is an important concept when it comes to older 
adults and influenza, and can be measured and defined in 
many ways. Generally speaking, frailty represents vulner-
ability to adverse outcomes [14]. Frailty is associated with 
reduced vaccine effectiveness, and is therefore important to 
consider in studies of vaccine protection [15]. Frailty also 
predicts outcomes from influenza illness; frail older adults 
are more likely to suffer adverse outcomes and less likely to 
return to their prior baseline function [11, 12]. As such, frail 
older adults have the most to lose from an influenza infec-
tion and the most to gain in preventing it, but have poorer 
responses to vaccination. This makes improved vaccination 
strategies, along with other preventive approaches, all the 
more important for this vulnerable population.

It is important to distinguish between vaccine efficacy and 
vaccine effectiveness. Vaccine efficacy estimates are derived 
from research study settings, usually randomized controlled 
studies, under ideal conditions. In contrast, vaccine effec-
tiveness reflects the benefit seen with a particular vaccine in 
real-world settings [16]. Confusingly, both can be abbrevi-
ated as ‘VE’, therefore it is important to know to which a 
particular study is referring. It is also important to clearly 
define the outcomes measured in vaccine-effectiveness stud-
ies. Many studies, for example from outpatient sentinel sur-
veillance networks, report vaccine effectiveness (VE) for the 
prevention of medically attended influenza [17–19]. This is 
an important outcome, although it generally captures and 
reflects milder cases that do not lead to hospital admission. 
Certain age groups (for example, working-age adults who 
require sick notes for missed work) are generally overrepre-
sented in outpatient sentinel surveillance, while others (for 
example, older adults, particularly those who are frail) are 
underrepresented. These studies are important for describ-
ing the circulation of influenza strains over geographical 
areas, and, because they capture illness that leads to missed 
work or school, are also critical in informing economic 
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evaluations of the impact of influenza [20–23]. Other stud-
ies report VE in the prevention of serious outcomes, such as 
hospital admissions, intensive care unit admissions, need for 
mechanical ventilation, and death [3, 15, 24–26]. Vaccine-
effectiveness estimates, even for the same product and in 
the same influenza season and strain circulation, may there-
fore be different between studies that report on the preven-
tion of medically attended influenza and those that examine 
prevention of severe outcomes [27]. For example, a report 
from the European I-MOVE network study in the 2016/2017 
influenza season found an adjusted VE against medically 
attended influenza in primary care of 38.0% (95% confidence 
interval [CI] 21.3–51.2) for all age groups; among adults, 
the VE was lower in those ≥ 65 years of age (23.4%; 95% CI 
− 15.4 to 49.1) than in those aged 15–64 years (46.9%, 95% 
CI 25.2–62.3). The same study also reported much lower VE 
against more severe illness requiring hospital admission in 
that season; the adjusted VE was 2.5% (95% CI − 43.6 to 
33.8) for those aged ≥ 65 years [27].

1.2 � Vaccine Effectiveness of Flu Vaccine Traditional 
Products

Traditional influenza vaccines are either split-virus or subu-
nit vaccines that contain distinct antigens that are selected to 
match predicted circulating strains each season, and stand-
ardized according to the content of hemagglutinin (HA; 
standard dose = 15 ug) for each of the vaccine strains. The 
hemagglutination inhibition (HAI) assay is the gold-standard 
assay of antibody titers against HA and is used as a sur-
rogate of vaccine efficacy for the prevention of influenza 
infection. In addition to HA, subunit and split-virus vaccines 
contain unspecified quantities of neuraminidase (NA). Split-
virus vaccines also contain internal proteins of the virus, 
most notably matrix (M1) protein and nucleoprotein (NP). 
Trivalent vaccines contain three strain antigens (two influ-
enza A strains, A/H1 and A/H3) and one B lineage (either 
Victoria or Yamagata). Since it is difficult to predict which 
of the B lineages will be circulating in a given year (and 
indeed, they sometimes co-circulate) [25], quadrivalent vac-
cines have been developed to include both B lineages. Strain 
selection is done separately for the Northern and Southern 
Hemisphere products.

While antibody responses play a role in the prevention 
of influenza infection, cell-mediated immune responses 
play a role in both the prevention of infection and of serious 
complications of influenza, especially when antibody levels 
are low (as in the case of an influenza pandemic), or fail to 
prevent infection (as is often the case in older adults) [28]. 
Compared with the usual surface protein vaccine targets (HA 
and NA), internal virus proteins evolve more slowly and are 
more often preserved across influenza, strains, types and 

subtypes, making them attractive potential vaccine targets. 
Cell-mediated immunity, notably cytotoxic T lymphocyte 
(CTL) responses to internal viral proteins, including M1 and 
NP, is increasingly recognized as important in protecting 
against severe outcomes of influenza; CTLs are required to 
clear influenza from the lungs. Moreover, in contrast to the 
strain-specific antibody response to HA and NA, the CTL 
response to influenza A (or B) is cross-protective because 
the internal viral proteins (including M1 and NP) are shared 
across all influenza strains, and immunologic memory can be 
recalled from prior exposure to influenza A (or B) through 
infection or vaccination.

Many factors contribute to fluctuations in VE estimates 
across seasons, including differences in strain circulation 
and epidemiology, drift and mismatch with vaccine strains, 
and historical cohort immunity (or lack thereof). As such, 
it is difficult to generalize VE estimates across seasons and 
between jurisdictions. In general, influenza VE tends to be 
moderate, but, again, season, strain and subgroup differ-
ences abound. A recent meta-analysis of 30 studies from the 
2010/2011 through 2014/2015 seasons found a pooled VE of 
41% (95% CI 34–48) for the prevention of hospital admis-
sion from influenza, and VE was lower among older adults 
aged 65+ years, at 37% (95% CI 30–44), versus younger 
adults aged 18–64 years, at 51% (95% CI 44–58) [29]. In 
pooled results from the Canadian SOS Network, across three 
influenza seasons (2011/2012–2013/2014), VE was 48.0% 
(95% CI 37.5–56.7) for adults 19–64 years of age, and 39.3% 
(95% CI 29.4–47.8) in those 65 + years of age. Notably, VE 
was higher for the prevention of the most serious outcomes; 
VE for the prevention of any influenza-associated death was 
74.5% (95% CI 44.0–88.4) for those aged 65 + years [3].

Crucially, although VE is usually thought to be lower 
in older adults than in younger adults, actually this is not 
always the case. In reports from the 2011/2012 season in 
the Canadian SOS Network, adjusted VE for preventing 
hospitalization was 42.8% (95% CI 23.8–57.0) for all adults 
aged ≥ 16 years, but was lower for adults aged 16–64 years 
(33.2%; 95% CI − 6.7 to 58.2) than for those aged ≥ 65 years 
(58.0%; 95% CI 34.2–73.2) [15, 25]. Clearly, seasonal dif-
ferences in circulating strains will play an important role 
(e.g. when a type or subtype predominates, i.e. A(H3N2), 
A(H1N1)pdm, B Victoria, B Yamagata, or some combina-
tion of these; interestingly, during the 2011/2012 season in 
Canada, all four of these strains co-circulated). The greatest 
impact in older adults occurs during years when A/H3N2 
is the predominant circulating strain. Lower hospitalization 
rates of older adults during years when pH1N1 predominates 
may be explained by ‘immunologic memory’ from child-
hood exposure to similar H1N1 strains conferring protection 
in the current cohort of older adults. Other potential contrib-
utors to these findings include differences in control group 
composition (e.g. if the younger adults admitted to hospital 
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tended to have more comorbidities that would also affect the 
response to influenza vaccination), and robust accounting for 
confounders, including frailty [30].

Regardless of the details of differences in VE across sea-
sons and age groups, it is clear that older adults are dis-
proportionately affected by influenza and its complications, 
and better vaccines are an important part of addressing this 
problem.

2 � Influenza and the Aging Immune System

Functional integrity of the immune system is affected by 
aging, manifesting as reductions in humoral immunity (with 
declines in antibody titers and decreased antibody avidity), 
reductions in certain aspects of cell-mediated immunity, 
and dysregulation of cytokine responses needed to activate 
both innate and adaptive immune mechanisms. For exam-
ple, anti-inflammatory responses protect against the tissue-
damaging effects of chronic inflammation associated with 
many chronic diseases, referred to as ‘inflammaging’ [31]. 
However, in the setting of acute infection such as influenza, 
regulation of these inflammatory processes is needed to turn 
on cell-mediated immune mechanisms and protect against 
tissue damage. Changes in antigen processing and presen-
tation may also be involved. Aging is also associated with 
weakening host defenses such as mucociliary clearance 
and less effective cough (e.g. stemming from sarcopenia or 
reductions in muscle strength) [32].

Given these changes across all facets of the immune sys-
tem, traditional measures of vaccine response such as anti-
body titers do not correlate well with strain-specific vaccine 
efficacy. This presents challenges for predicting responses 
to vaccination. Antibody responses are routinely used to 
screen new vaccines but their limitations as sole predictors 
of vaccine efficacy are increasingly recognized [33–36]. For 
instance, vaccinated older adults who develop laboratory-
confirmed influenza illness due to A/H3N2 infection have 
similar A/H3N2-specific antibody titers following vaccina-
tion compared with those who do not develop laboratory-
confirmed influenza [37–39], suggesting that antibody titers 
alone cannot predict strain-specific vaccine efficacy.

Across the lifespan, responses of the immune system 
are the result of interactions between innate versus adap-
tive immunity and associated regulatory pathways. Innate 
immunity consists of non-clonotypic responses to pathogen 
challenge, including physical and chemical barriers, phago-
cytic cells, natural killer cells and plasma proteins. Nota-
bly, features that are beneficial early in life (e.g. a robust 
response to novel infections, supporting early-life survival), 
may contribute to inflammatory illness later in life if not 
kept in check by anti-inflammatory regulatory processes 
[31]. The latter rely inter alia on CD4+ T cells (including 

T-helper [Th] cells and regulatory T cells). The subsets of 
Th lymphocytes are ideally in balance; Th1 are generally 
pro-inflammatory, while Th2 are anti-inflammatory [40]. 
Regulatory pathways involving different types of CD4+ T 
cells are crucial for maintaining an appropriate balance 
between fighting off threats (pathogens), not attacking self 
(auto-immunity), and preventing chronic inflammation on 
resolution of pathogen challenge.

Pandemic influenza A/H1N1 (pH1N1) provides an inter-
esting example of the critical roles of both humoral and cell-
mediated immunity. It has been suggested that older adults 
aged 65+ years have pre-existing memory from early child-
hood exposure to pH1N1-related strains that is re-stimulated 
with vaccination, leading to lower attack rates when pH1N1 
strains circulate [41]. However, in the very old (> 80 years of 
age), higher pH1N1 antibody titers relative to 65- to 79-year-
olds do not necessarily translate to lower influenza illness 
rates [42], and diminished cell-mediated immunity with 
increasing age may contribute to greater severity once older 
people become infected [41]. Therefore, although humoral 
memory provides some protection against the initial steps 
of infection, once the infection takes hold the aging immune 
system has a harder time fighting it off.

Vaccination brings important opportunities to hone 
and prepare immune responses, even in older adults. Prior 
exposure to influenza through infection or vaccination has a 
greater impact on antibody titers and antibody responses to 
vaccination than aging, which may not be so deleterious as 
previously believed. In contrast, the decline in cell-mediated 
immune responses to influenza is related to aging, rather 
than exposure to the virus, and may lead to age-associated 
increased susceptibility to disease [41]. Age-related differ-
ences in T cell responses have been associated with a decline 
in the antibody response to influenza vaccination [43, 44], 
but, in contrast to cellular immunity, this appears to be more 
related to the effect of annual repeated vaccination rather 
than age per se [45]. Notably, inducible activity levels of 
cytolytic mediators, Granzyme B (GrB), and the ratio of 
interferon (IFN)-γ (pro-inflammatory) to interleukin (IL)-10 
(anti-inflammatory) [IFNγ:IL-10 ratio] secreted by periph-
eral blood mononuclear cells (PBMCs) challenged ex vivo 
with live flu virus predict a protective response to A/H3N2 
infection; older adults who go on to develop influenza ill-
ness have low IFNγ:IL-10 ratios and low Ievels of induc-
ible GrB activity [37, 46]. These low levels are also highly 
correlated with influenza illness severity [38]. Additionally, 
in these vaccine ‘non-responders’, influenza A/H3N2 infec-
tion fully restored the GrB response to influenza challenge 
to that of uninfected individuals in the study cohort [38]. 
Those ‘non-responders’ who have had a recent influenza ill-
ness mount an even greater GrB response to a subsequent 
influenza vaccination [37]. The fact that influenza infection 
can stimulate the immune response in older adults in ways 
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that vaccines currently cannot reproduce suggests that weak 
cell-mediated immune responses to influenza vaccination are 
a limitation of the vaccine rather than of the aging immune 
system. Hence, efforts at improving influenza vaccines for 
older adults should focus on increasing the potency of cell-
mediated immunity.

Options that have been explored to date for improved 
influenza vaccines include increasing the dose of antigen to 
better stimulate weaker adaptive responses, adding chemical 
agents (adjuvants) that stimulate the innate inflammatory 
response and enhance the ability of dendritic cells to present 
antigen to T cells, thus bringing more exposure to adaptive 
immune cells in the reactive milieu which ensues, and using 
recombinant antigens.

3 � Overview of Currently Available Influenza 
Vaccine Products Specifically Targeted 
to Older Adults

3.1 � High‑Dose Influenza Vaccine

To enhance the antibody response in older individuals, 
high-dose antigen vaccines have been developed in an 
effort to increase vaccine efficacy/effectiveness. As shown 
in Table 1, the current high-dose formulation is a split-virus 
influenza vaccine (includes M1 and NP) containing four 
times the dose of each of the three influenza antigens in 
comparison with standard-dose trivalent vaccines. Multiple 
studies demonstrate that this strategy elicits a more robust 
immune response in older individuals, even those with mul-
tiple comorbidities and those who are frail. This enhanced 
immune response appears to translate into improved vaccine 
efficacy. In a large phase IIIb/IV study of 31,989 subjects 
aged 65 years or older over two influenza seasons, high-
dose trivalent influenza vaccine (TIV) demonstrated better 
protection against laboratory-confirmed influenza over the 
standard-dose trivalent vaccine (relative efficacy 24.1%, 95% 
CI 9.7–36.5). Importantly, this benefit was observed even 
in those older than 75 years of age (relative efficacy 32.4%, 
95% CI 12.5–52.5) and among participants with laboratory-
confirmed influenza A(H3N2) [relative efficacy 23.3%, 

95% CI 6.0–37.5] [47]. These findings are supported by a 
meta-analysis of seven trials, which found a significantly 
reduced risk of developing laboratory-confirmed influenza 
among older persons receiving high-dose vaccine versus 
those having received standard dose (risk ratio 0.76, 95% 
CI 0.65–0.90) [48]. In a study conducted as a collabora-
tion between the US FDA, the Centers for Disease Control 
and Prevention, and the Centers for Medicare and Medic-
aid Services (CMS), analysis of the CMS database for the 
2012/2013 influenza season among approximately 2.5 mil-
lion Medicare beneficiaries reported high-dose TIV was 
found to have an overall relative effectiveness of 22% (95% 
CI 15–29) for the prevention of laboratory-confirmed influ-
enza, and relative effectiveness of 22% (95% CI 16–27) for 
the prevention of influenza-related emergency room visits or 
hospitalizations. Among persons 85 years and older, high-
dose TIV was 36% (95% CI 13–54) more effective in the 
prevention of laboratory-confirmed influenza [49]. Benefit 
of the high-dose TIV compared with standard TIV appears 
to be greatest against influenza A(H3N2). In a compara-
tive effectiveness study among US Medicare beneficiaries, 
overall relative effectiveness of high-dose TIV was 24% 
(95% CI 0.6–42) for the prevention of 30-day mortality fol-
lowing an emergency room visit or hospitalization with an 
administrative code for influenza over two influenza seasons; 
relative effectiveness was 36.4% (95% CI 9–56) during the 
2012/2013 season during which influenza A(H3N2) circu-
lation dominated, and 2.5% (95% CI − 47 to 35) during 
the 2013/2014 season dominated by circulation of influenza 
A(H1N1) [50]. A more recent, large observational study of 
over 200,000 veterans aged 65 years and older demonstrated 
a relative vaccine efficacy of 25% (95% CI 2–43) against 
influenza- or pneumonia-associated hospitalization for high-
dose versus standard-dose recipients [51].

A single-blind, cluster-randomized trial of US nursing 
home residents demonstrated a significant reduction in risk 
of hospital admission for respiratory illness during a single 
influenza season among facilities that used high-dose vac-
cine versus those that administered standard dose (RR 0.873, 
95% CI 0.776–0.9882) [52].

Despite its higher product cost, high-dose vaccine has 
been found to be cost effective due to a reduction in overall 

Table 1   Influenza vaccine formulations available for older adults

HA hemagglutinin, rHA recombinant hemagglutinin, IM intramuscularly

Vaccine Type Content Dose, mL Route

Inactivated tri- or quadrivalent vaccine Subunit 15 ug HA per antigen 0.5 IM
Adjuvanted inactivated trivalent influenza vaccine Subunit MF59 adjuvant

15 ug HA per antigen
0.5 IM

High-dose inactivated trivalent influenza vaccine Subunit 60 ug HA per antigen 0.5 IM
Recombinant quadrivalent influenza vaccine Recombinant 45 ug rHA per antigen 0.5 IM
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influenza-related medical encounters, particularly hospitali-
zations [53, 54]. Based on an economic analysis of the phase 
IIIb/IV study, using the healthcare payer perspective, high-
dose vaccine was indeed shown to be cost saving compared 
with standard-dose vaccine. Overall costs (US$) associated 
with standard-dose vaccine were $116 higher for all partici-
pants, $106 higher for participants with at least one comor-
bid disorder, and $12 higher for participants aged 75 years 
and older. Cost differences were slightly higher when esti-
mated using a societal perspective ($128, $119, and $22 for 
all participants, those with comorbid disorders, and those 
aged 75 years or older, respectively) [54].

Taken together, these data suggest that high-dose influ-
enza vaccine reduces laboratory-confirmed influenza and 
influenza-related hospitalizations even among nursing home 
residents, who are more likely to be frail, and is cost effec-
tive when compared with standard-dose influenza vaccine. 
This evidence base has led some jurisdictions to provide 
preferential wording in their recommendations regarding 
high-dose vaccine in older adults (see section on Advisory 
Body Recommendations).

3.2 � Adjuvanted Influenza Vaccine

Adjuvants have been added to subunit vaccine formulation 
to enhance antibody response to vaccination. Adjuvanted 
TIV contains MF59, an oil-in-water emulsion of squalene, 
which potentiates immune response by recruiting and acti-
vating immune cells at the injection site [44]. This in turn 
allows for greater uptake, transportation and processing of 
the antigens, allowing for improved T-cell priming [44, 55]. 
Numerous studies have shown that older adults, includ-
ing those with comorbidities, as well as those residing in 
nursing home settings, exhibit a greater immune response 
to MF59-adjuvanted influenza vaccine in comparison with 
non-adjuvanted formulations [56–58].

While there are no randomized controlled trials directly 
comparing vaccine efficacy between MF59 adjuvanted and 
non-adjuvanted formulations in older persons, a recent 
meta-analysis pooled VE data from several observational 
studies [59]. Adjuvanted vaccine was more effective than 
non-adjuvanted vaccine in preventing laboratory-confirmed 
influenza (odds ratio [OR] 0.37, 95% CI 0.14–0.96) and in 
preventing hospitalizations due to pneumonia/influenza (RR 
0.75, 95% CI 0.57–0.98). Furthermore, results from the sin-
gle study conducted in a long-term care setting found a VE 
of adjuvanted vaccine of 94% (95% CI 47–100) in reducing 
influenza-like illness among older residents of long-term 
care facilities. Those with underlying chronic cardiorespira-
tory diseases demonstrated the greatest benefit [60]. VE was 
51% (95% CI 39–61) for preventing hospitalization second-
ary to pneumonia/influenza in older community-dwelling 
adults. Interestingly, adjuvanted vaccine was also effective 

in reducing admissions for both acute coronary syndrome 
and cerebrovascular disease (VE 87%, 95% CI 35–97, and 
VE 93%, 95% CI 52–99, respectively) [61]. Overall, these 
data suggest that MF59-adjuvanted influenza vaccine may 
be associated with a reduced risk of influenza-related com-
plications in older adults in comparison with standard-dose 
influenza vaccine; this is reflected in some advisory state-
ments (see section on Advisory Body Recommendations).

3.3 � Recombinant Influenza Vaccine

Recombinant influenza vaccine (RIV) utilizes DNA recom-
binant technology to produce influenza HA protein in cell 
culture rather than cultivating live influenza virus in embry-
onated hen eggs [62]. A number of RIV formulations are in 
various stages of development and marketing.

While originally indicated for adults 18–49 years of age, 
an RIV vaccine made using a baculovirus/insect cell sys-
tem has recently been approved by the US FDA for adults 
aged 50 years and older [63]. In addition to utilizing unique 
technology, this vaccine contains three times the HA of the 
standard influenza vaccine (Table 1). Consequently, there 
is growing interest regarding the efficacy of RIV in older 
persons. Although no studies have specifically compared 
recombinant vaccine with standard-dose vaccine in those 
aged 65 years and older, one clinical trial included a sub-
group analysis of this population [64]. When compared 
with inactivated, quadrivalent influenza vaccine (QIV), 
the quadrivalent RIV containing recombinant HA proteins 
demonstrated a relative vaccine efficacy of 42% (95% CI 
9–65) in the prevention of culture-positive, protocol-defined, 
influenza-like illness among participants aged 65+ years. 
Further research is needed to determine if this and other 
RIVs reduce the risk of influenza and its complications in 
older individuals.

4 � Advisory Body Recommendations 
Regarding Seasonal Influenza Vaccination 
for Older Adults

Many advisory bodies recommend seasonal influenza vac-
cination for older adults due to their high risk of influenza 
illness and its complications [4, 63, 65–67]. The Canadian 
National Advisory Committee on Immunization (NACI) 
statement mentions standard-dose TIV and QIV, adjuvanted 
TIV, and high-dose TIV as approved options for older adults, 
and reads: “Based on the available evidence, NACI con-
cludes that there is evidence that high dose TIV should 
provide superior protection compared with standard-dose 
TIV for adults ≥ 65 years of age. This superior relative pro-
tection compared to standard-dose TIV appears to increase 
with increasing age over 65 years” [67]. The United States 
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Advisory Committee on Immunization Practices (ACIP) 
lists trivalent and quadrivalent, standard- or high-dose, 
adjuvanted or unadjuvanted, or RIVs as potential options 
for older adults, and states that high-dose influenza vaccine 
may provide better protection than standard-dose vaccine 
for this age group [63]. The Australian Immunization Hand-
book states that high-dose and adjuvanted influenza vaccines 
are both preferentially recommended compared with other 
available influenza vaccines for older adults aged 65 years 
and older; no preference is expressed between the two [65].

On the other hand, other advisory bodies have not made or 
suggested potential prioritization recommendations, includ-
ing the European Centre for Disease Prevention and Control 
(ECDC) and the World Health Organization [4, 66]. The 
ECDC mentions that QIVs are available in some European 
countries and they anticipate that they will replace TIV over 
time, although they do not specifically mention their use in 
older adults. The ECDC also mentions adjuvanted vaccines, 
which are available in some but not all European jurisdic-
tions, stating: “It is currently not clear if any of them per-
form better than the unadjuvanted vaccines although the first 
studies indicate better protection in the oldest age group” 
[68]. High-dose vaccines and RIVs are not mentioned in the 
2017–2018 ECDC guidelines. Recombinant vaccines are at 
a relatively early stage of evidence, and this is reflected in 
the lack of specific advisory statements about the use of RIV 
in older adults, other than the ACIP mention of RIV as an 
available option in this population [63]. As the newer vac-
cine products are introduced, they tend to have relatively low 
coverage. This means that the availability of postmarketing 
‘real world’ evidence is limited as the field aims to advance 
the results of randomized controlled trials and inform policy 
and inform advisory statement recommendations.

As emphasized in the ACIP published recommendations 
paper, no comparative data are available between the newer 
products, which they conclude prevents recommending one 
over another in older adults. Indeed, based on the pressing 
need to improve vaccine coverage, they emphasize that “vac-
cination should not be delayed if a specific product is not 
readily available” [63].

5 � Conclusions

Older adults are vulnerable to poor outcomes from influ-
enza over both short- and long-term time horizons. Both 
complications of acute illness and persistent functional dis-
ability have important impacts on the health and well-being 
of older adults and their loved ones. Prevention is therefore 
of upmost importance as a strategy to support healthy aging. 
Even though immune responses to vaccination may be sub-
optimal in older adults, particularly those who are frail, vac-
cination continues to be an important tool in the prevention 

of severe outcomes from influenza. Several vaccine products 
are available for older adults, including standard-dose triva-
lent and quadrivalent formulations of split virus and subunit 
vaccines, high-dose split-virus vaccine, adjuvanted subunit 
vaccine, and recombinant HA vaccine. Because the relative 
merits and availability of these products may vary between 
jurisdictions, vaccinating with whatever appropriate and 
approved product is available remains a prime recommen-
dation; vaccination coverage remains suboptimal in most 
jurisdictions. As our understanding of immune changes with 
aging, and frailty progresses, vaccine products will ideally 
be further tailored to generate optimal protection for this 
vulnerable population.
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