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ABSTRACT

The shifting global demography and ageing of
populations worldwide brings with new chal-
lenges for the health care, and an imperative for
healthy ageing and preventive health strategies
for adults. Immunization is the low hanging fruit
for healthy ageing, and yet under-utilized for
various reasons, including waning immunity in
the elderly, lack of RCT data in this age group,
and lack of provider confidence in vaccines for
the elderly. The elderly people have a higher
incidence of infection and more severe and se-
rious consequences of infection. Diseases such
as influenza, pneumococcal disease and herpes
zoster have long been recognized as causing a
high burden in the elderly, but evidence is also
emerging for other infections such as pertussis
being a major cause of the morbidity in this age
group. Now, there are several vaccines which
can prevent major infectious diseases in the
elderly. To improve uptake of these vaccines,
elderly vaccination should be viewed through a
different lens to pediatric vaccination, accepting
that vaccines are less immunogenic in the eld-
erly. The population health impact of vaccines in
the elderly, despite of immunosenescence and
lower immunogenicity, is still likely to be high
given the increased disease incidence. Vaccina-
tion is an important and readily available means
of prevention in the elderly.

Keywords: Health Ageing; Immunization;
Vaccination; Elderly

1. AGEING AND PREVENTION OF
INFECTION

The median age of population of the world is fore-
casted to increase from 26.6 years in 2000 to 45.6 years
in 2100, affecting all regions of the globe [1]. In devel-
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oped countries, it is predicted that by the middle of this
century, 25% of the population will be aged >65 years,
and further, the proportion of elderly people in residential
aged care facilities will increase substantially [2,3]. This
shifting demography brings with it new challenges for
the health care, and an imperative for healthy ageing and
preventive health strategies for adults [4].

The elderly have a higher incidence of infection and
more severe and serious consequences of infection [5].
Diseases such as influenza, pneumococcal disease and
herpes zoster have long been recognized as causing a
high burden in the elderly, but evidence is also emerging
for other infections such as pertussis being a major cause
of the morbidity in this age group [6]. In most countries,
acute hospital care consumes >90% of the health budget.
Pneumonia not only results in hospital admissions of the
elderly, but also results in a significant cost to primary
care [7]. There is also evidence that the influenza vacci-
nation prevents the acute myocardial infarction, with
infection being a likely trigger for the acute thrombosis
in underlying diseased arteries [8-10]. It has also been
shown that 10% of AMI patients have undiagnosed in-
fluenza, and patients at risk of heart disease are un-
der-vaccinated [8]. There are many opportunities for the
prevention of disease through the vaccination for the
elderly, and ensuring that vaccine-preventable causes of
hospitalization in the elderly are prevented by the appro-
priate vaccination should be a priority. With the changing
demography of society, “grandparent care” of infants and
young children is becoming common. Over 29% of
working mothers have a grandparent provide childcare
for children <5 years of age; and 35.2% (432/1229) of
children aged 0 - 3 years receive the grandparent care,
thus increasing the risk of the infectious disease trans-
mission between the very young and the old [11,12].

Furthermore, the ageing population will necessitate
increasing reliance on the elderly for workforce, with
likely older retirement ages. The ageing of populations
and the consequent increased burden on acute health
services will increase the drivers for the primary preven-
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tion and positive ageing in the coming decades. Immu-
nisation is the low hanging fruit. Rapid developments in
available vaccines, vaccination technology and modes of
delivery will offer new opportunities for the prevention
in the elderly.

However, challenges to immunisation of the elderly
include poor and waning immunity; more difficult access
and service delivery issues for immunisation compared
to infants; and lack of provider confidence in vaccines
for the elderly. Residential aged care has its own special
challenges, with outbreaks of gastroenteritis, influenza
and other respiratory infections being common and often
explosive [13-15]. Outbreaks can be particularly devas-
tating in residential aged care, with high rates of morbid-
ity and mortality, as well as sickness and absenteeism of
staff and forced closure of aged care facilities during
outbreaks. It has been shown that even an incompletely
matched influenza vaccine provides protection during an
aged care outbreak [16]. Pertussis is usually thought of
as being a serious infection only in infants. However, in
addition to influenza and other respiratory viruses, out-
breaks of pertussis, including pertussis deaths, occur in
the elderly in residential aged care [17-21]. This high-
lights that pertussis prevention is important in the elderly,
not only to prevent transmission to vulnerable infants,
but also to protect the elderly themselves from serious
morbidity and mortality.

Vaccination rates of the elderly in residential aged care
are not always adequate, with the common misconcep-
tion that pneumonia is “the old man’s friend”. Most na-
tional recommendations for elderly vaccination include
influenza and pneumococcal vaccine, yet the frail elderly
are less likely to be vaccinated than healthy elderly. It
has been shown that demented frail elderly are signifi-
cantly less likely to be vaccinated than non-demented,
and patients >80 years are less likely to be vaccinated
than those under 80 years [22]. Such subjective judge-
ments by providers disregard the human suffering caused
by infectious diseases as well as the fact that communi-
cable diseases impact more than the individual and can
cause outbreaks. In addition, demented and frail elderly
are frequently admitted to hospital with pneumonia, even
if unvaccinated.

2. AGEING, IMMUNITY AND EVIDENCE

Ageing is accompanied by a wide range of defects of
both cellular and humoral immunity, termed “immuno-
senesence” [23,24]. Reduced numbers and defects in
antigen-presenting cells such as plasmacytoid dendritic
cells have been described; altered activation of T cells,
especially CD8 cells, results in impaired cytokine pro-
duction and cell mediated immunity; defects in humoral
immunity have also been described, with reduced func-
tion and diversity of B cells [25,26]. The exponential rise
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of herpes zoster incidence after the age of 50, as first
described by Hope-Simpson, is thought to reflect the co-
rresponding decline in cell-mediated immunity, with the
elderly being at risk for herpes zoster despite commonly
having high antibody levels to varicella-zoster virus
[27,28]. Immunosenescence combined with the tendency
for waning vaccine-induced immunity for many vaccines
of importance to the elderly, such as influenza, pneumo-
coccus and herpes zoster [6,25,29], places the elderly at
greater risk and poses a challenge that require innovative
solutions.

A key obstacle to finding such solutions is the fact that
the frail elderly are often routinely excluded from clini-
cal trials of new vaccines, which usually specify co-
morbidities, polypharmacy or dementia as exclusion cri-
teria. This is compounded by the increased difficulty of
recruiting older people into clinical trials because of
cognitive impairment, longer recruitment processes (of-
ten requiring guardian consent), isolation, low mobility,
difficulty attending follow up, altered body-mass index
and potential lower renal and hepatic clearance of drugs
and risk of adverse events, high mortality rates and attri-
tion rates from trials (affecting statistical power) [30,31].

The systematic exclusion of frail elderly from RCTs
results in a lack of evidence to inform immunization pol-
icy in the largest growing area of health need. This ex-
clusion results in a vicious cycle of lack of evidence, lack
of recommendation, and lack of protection for the oldest
and frailest people in society, who have the highest bur-
den of disease and risk of complications and death for all
the major vaccine-preventable diseases of old age. The
Shingles Prevention Study, for example, had fewer sub-
jects aged >79 years compared to subjects aged 60 - 79
years, with reduced statistical power to determine vac-
cine efficacy >80 years of age [32]. Yet the need for an
evidence-base in the frail elderly will increase as the
population continues to age, and there is an urgent need
for more clinical trials in this group.

3. EVIDENCE AROUND SPECIFIC
VACCINES

Influenza has a high burden of disease in the elderly
and causes significant morbidity and mortality. Influenza
vaccine is subject to seasonal variation in circulating
virus match to vaccine, and within these limitations is
shown to have acceptable efficacy in healthy adults, but
not as much in the elderly [33]. A Cochrane Review
which included only one randomized controlled trial of
influenza vaccine concluded the vaccine has little or no
efficacy in the elderly [34].

However, the challenge of doing a RCT of influenza
vaccine efficacy is that firstly, such trials are subject to
seasonal variation in influenza activity, and need to be
run over several seasons to increase the probability of
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having enough circulating influenza; secondly that there
is good vaccine match with circulating strains; thirdly,
that follow up and laboratory testing of subjects for inci-
dent influenza is highly resource-intensive; and finally
that the statistical power for showing efficacy against
prevention of laboratory confirmed influenza requires
trials of a scale that are unfeasible for independent re-
searchers and can generally only be done by pharmaceu-
tical companies. Trivalent Influenza vaccines are li-
censed on the basis of immunogenicity data, so there is
no imperative for pharmaceutical companies to do such
research. As such, most of the available data on influenza
vaccine effectiveness come from observational epidemi-
ologic studies and from outbreaks. Many of these studies
do show effectiveness in the elderly, but each study is
specific to the vaccine used at the time, the circulating
influenza strains and the clinical outcome used in the
study, which varies from death and hospitalization, in-
fluenza-like illness to laboratory confirmed infection
[16,35-37].

A wide variation in vaccine effectiveness has been
found in the elderly, but the extremely high burden of
disease means that even a vaccine of lower effectiveness
may have a population health impact on morbidity and
mortality. Further, a vaccine which does not prevent in-
fluenza may still reduce the severity of infection and the
risk of complications and death. A well conducted meta-
analysis showed good effectiveness of pneumococcal
polysaccharide vaccine against IPD, but not pneumonia,
in the elderly [38] and yet there is a general lack of faith
in this vaccine among providers. The prevailing lack of
confidence in vaccines for the elderly filters down to
affect the provider attitudes, which is one of the most
powerful determinants of immunization [39,40].

A paradigm shift would require acceptance of waning
immunity with increasing age (along with lower vaccine
effectiveness) as an immutable factor, and a shift of focus
instead on solutions to this problem. Adjuvants have
been explored as a means of improving influenza vaccine
responses in the elderly [25], as has intradermal admini-
stration [41]. Both show some promise. Conjugate tech-
nology, developed to improve immune responses to chil-
dren under the age of 2 years to polysaccharide vaccines,
has been studied for elderly pneumococcal vaccination,
with several studies comparing polysaccharide and con-
jugate vaccines in adults, but without a clear apparent
benefit of one vaccine over the other [42]. However, a
large RCT of 13-valent conjugate vaccine in adults is
currently underway, powered to examine efficacy against
pneumonia [43].

The herpes zoster vaccine contains the same Oka
strain of vaccine virus used in the varicella vaccine but
with over fourteen times the potency as the pediatric
formulation [32]. Whilst this elicits good efficacy in the
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elderly within five year, efficacy declines with age and
waning of vaccine immunity over time occurs [29]. In
such a case, the exponentially rising burden of zoster
with increasing age needs to be balanced with the reduc-
ing efficacy with age, rather than dismissing the vaccine
entirely in the “older” elderly.

4. THE NEED FOR A PARADIGM SHIFT
FOR ELDERLY VACCINATION

Elderly vaccination is too often viewed through the
same lens as infant vaccination. For infant vaccination
programs, we deal with an immature immune system
which matures with age, especially with the waning of
maternal antibodies by six months of age and the imma-
ture thymus in the first 6 months of life [44]. Infant vac-
cination programs are designed around a maturing im-
mune system, knowing that with cumulative doses in a
schedule, not only is immunological memory triggered
by a second and third dose, but that the immune system
of the infant becomes progressively more robust with the
passing of time. With the elderly, however, we face a gra-
dual decline in immune function, with consequent wan-
ing of vaccine induced immunity and decreasing vaccine
effectiveness with increasing age [24].

A paradigm shift would involve changing the way we
view elderly vaccination from viewing natural and pro-
gressive failure of the immune system as an insurmoun-
table obstacle which makes vaccination pointless, to
thinking of risk-benefit equations, the trade-off of burden
of disease with vaccine effectiveness, and of creative and
innovative strategies to boost immune responses in the
elderly.

A vaccine which has hypothetically 70% efficacy in
younger adults but only 50% efficacy in older adults,
might still have the population health impact on older
adults if the disease burden is higher in older adults. For
example, if there are 100,000 cases of a vaccine-pre-
ventable disease in a population among people aged 75 -
84 years, and 50,000 cases in people aged 65 - 74 years,
then vaccinating the younger age group (70% efficacy)
will prevent 35,000 cases, but vaccinating the older age
group with a vaccine that loses efficacy (50% efficacy)
would prevent 50,000 cases. The important vaccine-
preventable diseases of the elderly such as influenza,
pneumococcal disease and herpes zoster all have an in-
creasing burden of disease with age, so that waning effi-
cacy should be considered in the context of increasing
disease incidence. A paradigm shift would require an
assessment of the expected population health benefit of
vaccines with lower effectiveness in the elderly, given
higher burden of disease. This shift also requires the rec-
ognition that vaccinology is a predominantly pediatric
discipline, with peak advisory bodies well represented in
pediatrics and less well represented in adult medicine. As
a result, the field of vaccinology has far fewer champions
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for adult immunization than it does for pediatric immu-
nization. Further, adults represent the majority of the
population, yet countries which have childhood vaccina-
tion registers have no adult vaccination registers, making
immunization programs more challenging to monitor
[45].

Unlike infants, adults are a mobile population with no
easy access point for immunization, making them more
difficult to target for scheduled vaccines. Some adults
may not have contact with providers, or more commonly,
the elderly may have multiple providers. The lack of
universal health records or vaccination registers makes
keeping track of vaccination in adults a challenge. It has
been shown that doctor-recommendation predicts vacci-
nation, even in people with negative perceptions of vac-
cination [40]. This means that the lack of provider con-
fidence in elderly vaccination is a significant barrier.

5. CONCLUSIONS

In summary, developed countries are undergoing ma-
jor demographic changes and ageing populations, yet our
approach to immunization has not kept abreast of these
changes. Protecting the elderly from the vaccine-pre-
ventable diseases is possible, and is not simply a function
of the immune system and vaccine effectiveness. Whilst
improved vaccine technologies must be developed to
address the weakened elderly immune system, improving
vaccination coverage and recording of adult vaccinations,
addressing provider and patient barriers, and building an
evidence-base of vaccine RCTS in the frail elderly are
equally important. Other neglected areas include travel
vaccination in the elderly, with a higher proportion of the
elderly travelling after retirement [25]. Finally, cancer-
preventing vaccines such as hepatitis B and Human
papillomavirus vaccines have a long lead time from vac-
cination in childhood to prevention of cancer [46], and
their benefits in adulthood are heavily discounted in
standard cost-effectiveness analyses, which are biased
against long-term benefits of vaccines [47].

Given the ageing of the population in high and middle
income countries, it is time to view elderly vaccination
through a different lens, to ensure the adequate represen-
tation on peak vaccination bodies with experts in geriat-
rics, to accept that vaccines are less immunogenic in the
elderly, to not reject vaccines because they are less im-
munogenic in this age group, but to consider their popu-
lation health impacts in the context of increased disease
incidence, to view the glass as half full rather than half
empty, and to make the most of vaccination as an avail-
able means of prevention in the elderly.
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