expert reviews

http://www.expertreviews.org/ in molecular medicine

Age-related changes in immunity:
implications for vaccination
In the elderly

Rania D. Kovaiou, Dietmar Herndler-Brandstetter and Beatrix
Grubeck-Loebenstein*

Average life expectancy is continuously rising in all developed countries, leading
to an ever-increasing elderly population. Of the many functions of the body
affected by the complex process of ageing, the immune system in particular
undergoes various changes, collectively termed immunosenescence. As a
result, elderly people are more susceptible to infections and are frequently
less protected by vaccines. This review summarises the effect of ageing on
immunity, emphasising the age-associated changes within T and B cells at a
molecular and cellular level. Furthermore, it discusses strategies, such as the
addition of immunostimulatory adjuvants and the use of potent antigen-
delivery systems, that may counteract age-related defects in immune
responses to vaccination. A proper understanding of how immunological
memory is affected by ageing, and the introduction of strategies to ameliorate
vaccine efficacy in the elderly, might reduce the incidence and the severity of
infectious disease within this fragile age group and have a strong impact on
the quality of life of elderly individuals.

Thanks to improved public health measures and
standards of living, and the advent of
antibacterial drugs, large-scale vaccinations and
other advances of medical treatment, human
longevity has been considerably prolonged,
causing a dramatic change in the age structure
of developed countries. It has been predicted
that ~40% of the population in Europe and the
USA will be more than 60 years of age in 2050
(Ref. 1). Unfortunately, the overall increase in
average lifespan has not come without a price.

Over the past 20 years, the UK has gained
about four years in both female and male life
expectancy, but only two years in healthy
female life expectancy (Ref. 2). Data from the
Netherlands corroborate the UK findings:
during the 1990s, average life expectancy
increased by two years accompanied by an
increase in the number of years with disease
(Ref. 3). Thus, the increase in average lifespan is
accompanied by an incremental burden of age-
associated diseases (Ref. 4), with a significant
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percentage of the newly gained years spent in
poor health.

In addition to age-associated diseases such as
Alzheimer’s disease, atherosclerosis, diabetes
mellitus, sarcopenia and osteoporosis — which
have been associated with an wunregulated
systemic inflammation that typically appears in
old age as a result of the broad range of
changes that the immune system undergoes
during ageing (Refs 4, 5, 6, 7) — the elderly
population is very susceptible to infectious
diseases. The increased prevalence and severity
of infectious diseases among this age group
reflects dysfunction of the aged immune system.
Pneumonia and infections of the urinary tract,
skin and soft tissue (Ref. 8), and reactivation of
latent pathogens such as varicella zoster virus
(VZV) (Ref. 9), mycobacteria (Ref. 10) and
cytomegalovirus (CMV) (Ref. 11), occur very
commonly in the elderly. Influenza and its
secondary complications represent the fourth
leading cause of death in persons over the age of
65 in the USA (Ref. 12). In Austria, it is
estimated that between 1000 and 6000 people die
during an epidemic influenza outbreak (Ref. 13),
with the elderly and immunocompromised
persons being at enhanced risk. A newly
recognised health issue in the geriatric
population is acquired immune deficiency
syndrome (AIDS): 11% of patients with AIDS are
over 50 years of age in the USA, and ageing
itself represents an independent risk factor for
rapid progression of the disease (Refs 14, 15).

Vaccines constitute cost-effective measures for
preventing disease. The ultimate goal of a
vaccine is to develop long-lived immunological
protection, whereby the first encounter with a
pathogen is ‘remembered’, leading to an
improved memory response that prevents or at
least reduces the severity of the disease upon
re-infection (Ref. 16). This goal is achieved by
generating antigen-specific memory T and B cells
together with serum antibodies (Ref. 17) (Fig. 1).
The memory T-cell compartment consists of both
CD4" and CD8" T cells that can rapidly acquire
effector functions to kill infected cells and/or
secrete pro-inflammatory cytokines that inhibit
replication of the pathogen. Effector CD4" T cells
also help B-cell responses and enhance CD8"
T-cell development, through the activation of
antigen-presenting cells (APCs) or secretion of
cytokines such as interleukin (IL)-2, IL-4 and
IL-5. The memory B-cell compartment consists of

long-lived effector B cells (plasma cells), which
secrete high-affinity 'neutralising’ antibodies
(Ref. 16) (Fig. 1). A periodic re-exposure to the
pathogen is of fundamental value for effectively
maintaining high levels of immunity.

Vaccines are routinely administered worldwide,
based on the common-sense principle that it is
better to keep people from falling ill than to treat
them once they are ill. Mass immunisation
programs have led to the virtual eradication
of several diseases that used to be associated
with significant morbidity and mortality. It is
estimated that more than 2 million deaths were
averted worldwide in the year 2003 by
immunisation (Ref. 18). Vaccine efficacy depends
on the ability of the individuals to exhibit an
adequate immune response. Thus, the
immunisation of very young infants, the elderly
and immunocompromised persons poses a great
challenge. In industrialised countries, where an
increasing proportion of the population is over
65 years of age, public health immunisation
programmes are progressively targeting the
elderly. However, immunosenescence blunts the
immune response to many vaccines (Refs 19, 20).

This review aims to summarise recent reliable
data on age-associated changes in immunity and
to highlight their implications for vaccination in
the elderly. Improving our understanding of
immune ageing is a necessary step toward
identifying ways to treat the underlying causes
of immunosenescence and to upgrade immune
responses of the elderly population to vaccination.

Age-related changes within the

immune system
In animal models as well as humans, the immune
system undergoes profound alterations during
ageing. Those alterations are complex and
widespread, extending from haematopoietic
stem cells and lymphoid progenitors to mature
lymphocytes in secondary lymphoid organs
(Ref. 21). Although intensive research over
the past decades has attempted to clarify the
basic mechanisms of age-related immune
dysfunctions, the underlying causes of the
defects of the aged immune system are not
fully understood yet. However, as a result of
coordinated efforts by many laboratories
worldwide focusing on immunosenescence, and
the advancing knowledge of immune-system
biology, a convincing and clear-cut picture has
started to emerge.
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Schematic representation of the immune response to a pathogen
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Figure 1. Schematic representation of the immune response to a pathogen. After invading the body, the
pathogen is phagocytosed by antigen-presenting cells, such as monocytes and dendritic cells. Peptides
derived from pathogen proteins are presented by the major histocompatibility complex (MHC) molecules at
the surface of the antigen-presenting cell. T cells recognise these peptide—MHC complexes via their specific
T-cell receptor (TCR) and are activated. Activated CD4 " (effector CD4™) T cells can stimulate B cells, which
will consequently differentiate into plasma cells and produce antibodies. Activated CD8" (effector CD8™)
T cells can mediate the killing of tumour cells and host cells that have been infected by the pathogen. The
activation of CD4* and CD8" T cells also leads to the formation of long-lasting immunological memory,
which is the aim of vaccination.

Innate immunity and ageing
Innate immunity represents the first line of host
defence and provides the basis for an adequate

response to pathogens. Ageing is associated
with a breakdown of the epithelial barriers
of the skin, lung and gastrointestinal tract,
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which enables pathogenic organisms to invade
mucosal tissues and thus results in an
increased challenge for the aged innate
immune system (Ref. 22).

Age-associated alterations have also been
observed in the cells responsible for innate
immunity. Neutrophilic granulocytes produce
reduced amounts of superoxide anion in
response to granulocyte—macrophage colony-
stimulating factor and Gram-positive bacteria
in old age. Furthermore, changes in
membrane fluidity, in chemotaxis to selected
chemoattractants and in various signal
transduction pathways have been detected,
although, interestingly, the number of this cell
type is not affected by ageing (Ref. 23). An
overwhelming body of evidence indicates that,
similar to granulocytes, ageing macrophages
have an impaired respiratory burst and a
reduced capacity to produce superoxide anion
and nitric oxide (Refs 24, 25, 26). They are
also unable to upregulate the expression of
major histocompatibility complex (MHC) class
II, thus impairing their capacity to present
antigen and to trigger CD4" T-cell responses
(Ref. 27). Defects at the level of Toll-like
receptor expression and function may increase
susceptibility to and severity of bacterial,
mycotic and viral infections in the elderly
population (Ref. 28).

Although the number of natural killer (NK)
cells increases with age, NK cell cytotoxicity
and the production of cytokines in response to
activation are impaired on a per cell basis
(Refs 29, 30). It is still unclear whether and to
what extend dendritic cells (DCs) are affected
by ageing. Experiments in mice suggest that the
density of DCs in the skin, the expression of
MHC class II and other cell-surface molecules,
and the capacity of DCs to present antigen can
all be altered with increasing age (Ref. 31);
however, only a few studies have been carried
out to analyse these effects in humans (Ref. 32).

Adaptive immunity and ageing

T cells

One of the most pronounced changes of the
ageing immune system is a direct consequence
of thymic involution (Ref. 33). The thymus, a
central lymphoid organ that lies in the upper
anterior thorax just above the heart, is
responsible for the development, selection and
output of mature naive T cells into the

periphery in a process called thymopoiesis.
With progressive ageing, the thymus involutes.
As a result, the output of naive T cells declines
dramatically with age. The reduced thymic
output together with a life-long exposure to
antigens leads to a shrinkage of the naive T-cell
pool in elderly persons (Ref. 34) and
consequently to limitations in the host’s ability
to respond to new antigens. This is particularly
disturbing when old individuals contract newly
emerging diseases, such as the severe acute
respiratory syndrome (SARS), which killed 50%
of infected persons over 50 years of age (Ref. 35).

Additionally, the naive T cells found in old age
have resided for decades in the periphery and
have been exposed to a series of factors, such as
oxidative stress and limited concentrations of
survival factors, that may have a negative
impact on cell function (Refs 36, 37). Naive
CD4" T cells from aged animals, compared
with cells from young mice, produce
significantly less IL-2, expand poorly and give
rise to fewer effectors, with a less activated
phenotype and reduced ability to produce
cytokines (Ref. 38). However, newly generated
CD4™" T cells in old animals respond strongly to
antigens in vivo and in vitro, are able to
expand, produce IL-2 and exhibit cognate
helper function. Thus, age-related defects in
response to antigenic stimulation may, at least
in part, be due to the chronological age of CD4™
T cells (Ref. 37).

The age-associated reduction in the number of
naive cellsisaccompanied by a parallel increase in
the number of antigen-experienced memory or
effector cells (Refs 6, 39). This results in a shift
of the phenotype of circulating T cells from
early to later differentiation stages. Cells of later
differentiation stages are characterised by the
loss of the costimulatory molecule CD28.
CD28" T cells are long-lived lymphocytes with
a limited proliferative capacity. CD28 CD8" T
cells may be CD27" or CD27  (Ref. 40); by
contrast, CD28 CD4" T cells are strictly CD27 "~
(Refs 41, 42, 43). CD28 CD8"' as well as
CD28 CD4™" T cells produce large amounts of
interferon (IFN)-y and perforin and express a
variety of killer cell Ig-like receptors (KIRs)
normally found on NK cells (Refs 44, 45). Due
to their tissue-damaging properties, it is
believed that they contribute to the
development and perpetuation of age-related
diseases. CD28~ T cells frequently exhibit
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specificity for persistent viruses — mainly for
cytomegalovirus (CMYV), but also for Epstein—
Barr virus (EBV) or hepatitis C virus (HCV)
(Ref. 46). Loss of CD28 in CD4" T cells is
accompanied by a concomitant defect in CD154
(CD40L) expression; hence, they provide little
cognitive help for the induction of humoral
responses, leading to reduced B-cell expansion,
reduced differentiation to a germinal-centre
(GC) phenotype and reduced IgG production
(Refs 36, 47, 48). A high frequency of CD28™ T
cells has been correlated with a low humoral
immune response to influenza vaccination in
elderly persons (Refs 49, 50).

A typical feature of the aged immune system
is the presence of oligoclonal expansions of
nontransformed T-cell populations. In most
aged mice and almost all humans over the age
of 40, expanded clones of CD8" T cells exist
that are large enough to distort the aff T-cell
repertoire (Refs 21, 51, 52). Outgrowth of CD4™
T-cell clonotypes might also occur but is
believed to be much less common. The
development of tetramer technology enabled
the identification of CD8" T cells carrying
receptors for single peptide epitopes. Although
the aetiology of clonally expanded populations
is not thoroughly understood, evidence is
accumulating that repeated viral infections or
the establishment of chronic infections drive the
CD8" T-cell repertoire towards oligoclonality
(Ref. 53). It has been hypothesised that chronic
antigenic stimulation by CMV leads to an
increasing prevalence of senescent, dysfunctional
T cells, and therefore contributes to more general
alterations in the immune system, which are
associated with earlier mortality (Ref. 54). In
order to connect the occurrence of CMV clones
with immunosenescence, it has been suggested
that the accumulation of highly differentiated
T cells consisting of a few expanded clones
directed to a restricted number of epitopes leads
to filling up of the immunological space,
resulting in a more restricted repertoire. This
results in the inability of CD8" T cells from
elderly individuals to respond to new antigens
and they might also lose the ability to respond
to secondary antigenic challenge because CD8"
memory T cells might be lost through
competition with expanded clonal populations
for survival signals (Ref. 55).

Memory CD4" Tcells are pivotal in controlling
humoral and cellular responses, and so their

longevity and response to vaccination are
critical for the maintenance of protective
immunity (Ref. 17). Memory T cells generated
from aged naive T cells survive and persist well
in vivo but they are markedly defective in their
proliferation and cytokine secretion during
recall responses, whereas memory cells
generated in young individuals retain function
for extended periods of time as their host ages
(Ref. 56). These data, from animal studies, have
recently been confirmed in humans. Healthy
elderly individuals are able to mount a CD4™
T-cell response comparable to that observed in
younger individuals when vaccinated against
influenza, but they exhibit an impaired long-
term CD4" T-cell immune response to the
influenza vaccine (Ref. 57). The defects at the
CD4" T-cell level have in part been attributed
to the age-related increase in cholesterol content
within lipid rafts affecting the formation of
immunological synapses with APCs. This leads
to perturbations in the recruitment of key
signalling molecules such as p56-* and LAT
(‘linker for activation of T cells’) to lipid rafts
(Refs 58, 59, 60, 61, 62) and consequently
impairs the priming of naive CD4" T cells.

B cells
As for T cells, the peripheral blood B-cell pool
appears to ‘fill up’ with memory cells, as a
result of concurrent displacement of naive cells.
The percentage of naive B cells, which are
defined by the absence of CD27, is significantly
lower in aged individuals than in the young.
The opposite is true for memory cells. In
addition, memory B cells from aged individuals
show a decreased susceptibility to apoptosis
(Ref. 63). The kinetics of the peripheral blood B
cells are similar between elderly and young
subjects, although there may be a trend towards
a slower rate of proliferation in the elderly
(Ref. 64). Similar to T cells, ageing is associated
with the appearance of B-cell clonal expansions.
This limits the diversity of the B-cell repertoire
and may very likely induce monoclonal serum
immunoglobulins and  B-cell neoplasms
(Ref. 65). Additionally, there is a shift from B2
to Bl cells. Most foreign protein antigens
stimulate B2 cells in the presence of T-cell help,
while carbohydrate antigens do not depend on
T-cell help and stimulate B1 cells (Ref. 66).
Age-related changes in the B-cell pool result in
impaired humoral immunity in the elderly.
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Specific antibody responses in humans to
virtually all vaccines, including vaccines against
influenza and encephalitis viruses as well as
vaccines against tetanus and pneumococcal
bacteria, decrease with age (Refs 67, 68).
Primary antibody responses in aged humans
are specifically weak and short-lived, and the
antibodies produced bind with lower affinity.

Although age-related changes in humoral
immunity might be the result of intrinsic
defects in B cells, the lack of regulatory control
of T cells on B cells also contributes to the low-
level and brief production period of specific
antibodies to foreign antigens in the elderly. It
is well established that CD4" T-cell help is
crucial for GC formation (Ref. 69). Cognate help
from CD4" T cells drives the formation of GCs,
thus enabling isotype switching and affinity
maturation of antibodies (Ref. 70). The study of
GC reactions in healthy elderly humans is
impractical for obvious reasons. However, a
severe reduction (60-95%) in GC reactions has
been reported in mice of greater than 22
months of age, correlating reduced GC
reactions with declining humoral responses in
ageing. The reduction of GC reactions occurs
gradually, and both the number and the volume
of GCs diminish progressively (Refs 39, 48).

Efficacy of vaccines to protect elderly
persons from infectious diseases
To date, approximately 26 different infectious
diseases can be prevented by vaccinations, and
influenza is one of them (Ref. 13). However,
influenza immunisation of young adults
provides 65-80% protection against illness
caused by a virus present in the vaccine,
whereas vaccination of the elderly confers only
30-50% protection against disease (Ref. 71).
Murasko et al. (Ref. 72) performed a four-year
study to evaluate the consistency of immune
responses across multiple years in young and
elderly individuals. It was demonstrated that
both young and elderly persons consistently
produce significant antibody and T-cell
proliferative responses to influenza vaccine
after annual immunisation, but both responses
of the elderly are significantly lower than those
of the young. However, each year both young
and elderly persons demonstrated a significant
increase in the percentage of individuals who
achieved a haemagglutinin inhibition (HI) IgG
antibody titre >40, which is generally

considered to be protective (Ref. 73). Finally, the
risk of developing influenza disease after
immunisation was higher among the elderly.
Recently, Goodwin et al. (Ref. 74) reviewed 31
studies of the production of antibodies in
response to vaccination, conducted from 1986 to
2002, and concluded that the antibody response
to influenza vaccine in the elderly is
considerably lower than in young adults. Other
studies, which have focused on antibody
production in response to vaccination against
Streptococcus pneumoniae, hepatitis A,
encephalitis, diphtheria, tick-borne encephalitis
and tetanus, have shown that the efficacy of
vaccinations is greatly decreased with age
(Refs 13, 36, 68, 75, 76). The early involution of
the thymus and the consequent loss of naive T
cells may especially hamper the protective
effect of vaccinations of elderly persons with
new antigens, such as those for typhoid and
yellow fever, hepatitis A and/or rabies virus,
which are currently recommended when
travelling to tropical and subtropical countries.
The evaluation of vaccine efficacy is mainly
based on serologic responses (concentration
of neutralising antibodies). Seroconversion,
seroprotection and antibody titres following
vaccination represent standard measures of
vaccine response. Seroconversion can be defined
as the percentage of subjects with a fourfold
increase in antibody titres. Seroprotection can be
estimated by the percentage of subjects with
antibody titres higher than a certain value that is
considered to be protective (Ref. 74). However,
other components of the immune system are also
required for achieving long-term protection.
Eliciting cell-mediated immunity in addition to
an antibody response is extremely important
(Ref. 15). Cytotoxic T lymphocytes, for example,
play a primary role in clearing influenza from
the lungs but are poorly stimulated by the
current killed-virus vaccines (Ref. 77). Hence,
many elderly people remain at risk for influenza
illness despite influenza vaccination. McElhaney
et al. (Ref. 78) concluded that measures of ex
vivo cellular immune response to influenza are
correlated with protection against influenza
whereas serum antibody responses might be
limited as a sole measure of vaccine efficacy in
older people, since pre- and post-vaccination
antibody titres could not distinguish between
subjects who subsequently developed influenza
illness from those who did not. A study by
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Kang et al. (Ref. 57) demonstrated that healthy
elderly persons are able to mount a CD4" T-cell
response similar to that observed in younger
individuals when vaccinated against influenza.
However, they exhibit impaired long-term CD4™
T-cell immune response to the influenza vaccine,
probably due to alterations of the frequency
of CD4" central and effector memory T cells in
the elderly.

Although vaccines are less protective in the
elderly, it needs to be stressed that vaccination
of people over 65 years of age has been
effective  in  reducing adverse events.
Vaccination against influenza reduces the risk of
serious complications or death by 70-80%
among the elderly (Ref. 79). Influenza
vaccination is associated with a reduction in the
incidence of sudden cardiac death, acute
myocardial infarction and ischaemic stroke
(Ref. 80). Additionally current influenza
vaccination programmes reduce hospitalisation
rates by 30-40% (Ref. 81). Therefore, despite the
current scientific debate about the efficacy of
vaccinations of elderly persons, this population
group should continue to get vaccinated
every year.

Strategies to improve vaccine efficacy
in the elderly
Age-related alterations in the function of the
immune system are held responsible for the
increased frequency and severity of infectious
diseases and for the reactivation of quiescent

diseases (e.g. caused by the VZV or
Mycobacterium tuberculosis) in elderly persons.
Additionally, the  protective effect of

vaccinations — considered a constitutive pillar
of health care and a highly effective medical
procedure for preventing morbidity and
mortality caused by infectious diseases — may
be abrogated in old age. A two-pronged
approach, aimed at developing vaccines
to overcome the defects of the ageing
immune system and designing age-specific
vaccination strategies, is of extreme priority.
Performing a comprehensive estimation of
the population group at risk for a given
disease is of paramount importance. Important
parameters to consider are the age of the
individuals, medical risk factors [such as
respiratory, cardiovascular, diabetes, human
immunodeficiency virus (HIV) infection or
AIDS and transplantations] and living situation

(living independently in the community, in
institutions dependent on care, or in mixed
settings). A recent study suggested that even
racial background might be important when
drawing conclusions about cell-mediated
responses to influenza vaccine (Ref. 12).
Nutritional status is an additional parameter
that should not be omitted when designing
vaccination strategies that specifically target the
elderly population. Randomised controlled
studies have shown that supplementation of
vitamin E for 4 months improved certain
clinically relevant indices of cell-mediated
immunity in healthy elderly persons. Delayed-
type hypersensitivity and antibody titres to
hepatitis B were significantly increased, as were
antibody titres to tetanus vaccinations (Ref. 82).
It is possible that the inability of elderly
individuals to respond adequately to some
vaccines is due to a poor diet that fails to
provide them with sufficient vitamins, trace
elements and minerals to trigger an adequate
immune response.

Several strategies are being pursued to increase
immunogenicity, induce long-lasting memory T,
B and plasma cells, minimise adverse side
effects, and enhance vaccine acceptance by
developing needle-free injection devices.
Whereas live attenuated vaccines (e.g. against
varicella, measles or yellow fever) are highly
immunogenic and commonly lead to long-
lasting protection, inactivated and subunit
vaccines (e.g. against influenza) display less
side effects but are also less immunogenic,
especially in elderly persons (Table 1). To
enhance the immunogenicity to the antigen
delivered by subunit vaccines, adjuvants can
be added. Based on their principal mode
of action, adjuvants can be divided into
antigen-delivery systems [e.g. aluminium salts,
MF59® (microfluidised emulsion), microparticles,
immunostimulatory complexes (ISCOMs) and
liposomes] and immunostimulatory adjuvants
[e.g. QS21, 3-deacetylated monophosphoryl lipid
A (MPL), oligodeoxynucleotides containing CpG
motifs (CpG-ODNSs) and cytokines] (Table 2).

Antigen-delivery systems convert soluble
protein antigens into particulate material, which
is more readily ingested by antigen-presenting
cells such as macrophages (Fig. 2). For example,
the antigen can be adsorbed to the adjuvant
(e.g. aluminium salt), made particulate by
emulsification in mineral oils, or incorporated
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Table 1. Attributes of different vaccine types?®

Category
Live attenuated

vaccines

Live vector vaccines

Inactivated whole-virus
vaccines

Conjugate vaccines

Subunit vaccines

DNA vaccines

Antigen-delivery
systems (e.g.
virosomes, liposomes,

Advantages

Booster immunisations usually not
required; high antibody levels and
strong CTL responses

Booster immunisations usually not
required; high antibody levels and
strong CTL responses

High antibody levels

High clinical tolerability

High clinical tolerability because of
the high purity of single
immunogenic peptides

Specific manipulation of the
cellular immune response;
increased efficiency when added
to subunit vaccines

High clinical tolerability; higher
antibody levels and moderate CTL
responses; delivery of a variety of

Disadvantages

Safety concerns for
immunocompromised persons

Moderate safety concerns for
immunocompromised persons

Higher probability of adverse side effects
compared with subunit or conjugate
vaccines (which contain highly purified
antigens)®

Booster immunisations usually required;
no CTL responses

Moderate immunogenicity can be
enhanced by supplementation of an
adjuvant or DNA

Low immunogenicity

Biostability?

virus-like particles)

@For more detailed information see Refs 92 and 93.

Abbreviation: CTL, cytotoxic T lymphocyte.

purified antigens but also DNA

PFor example, replacement of whole-cell pertussis vaccine by acellular pertussis vaccine.

into colloidal particles (microparticles or
liposomes). However, immunogenicity is more
enhanced by immunostimulatory adjuvants
such as the lipopolysaccharide derivative MPL
or the triterpene glycoside QS21, a saponin
component derived from the bark of the tree
Quillaja saponaria. QS21 is currently being tested
as an adjuvant in a  pneumococcal
polysaccharide vaccine (Phase II) and in
a GM2-KLH (ganglioside GM2 vaccine)
immunotherapeutic product for melanoma
(Phase III). In mice, QS21 stimulated the
production of IgG2a and IgG2b antibodies and
induced antigen-specific CD8" T-cell responses
to subunit vaccines. MPL is being tested in an
experimental hepatitis B vaccine (HB-AS04®
by GlaxoSmithKline) to enhance the immune

response to hepatitis B surface antigen
(HBsAg). Immunomodulatory adjuvants might
overcome the age-related functional decline of
innate immune responses by targeting
evolutionary conserved receptors that recognise
pathogens, such as Toll-like receptors or NOD
(‘nucleotide-binding oligomerisation domain’)
proteins, which induce the production of
inflammatory cytokines (Ref. 13) (Fig. 2). The
combination of both adjuvant systems (e.g.
microparticles that contain the antigen as well
as the DNA of a cytokine) might lead to a
more targeted immune response, overcome
immunodominance and also allow the mucosal
delivery of vaccines (Ref. 83).

In addition to improving vaccine efficacy, the
design of vaccination strategies for elderly
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Table 2. Assortment of approved and potential future vaccine adjuvants

Type of adjuvant
Antigen-delivery systems

Aluminium hydroxide [Al(OH)3]?
or aluminium phosphate
[AIPO4?

Immunostimulatory complex
(ISCOM)

Liposomes

MF59®2

Immunostimulatory adjuvants

AS02A®

CpG-ODNs

IC31®

Cytokines

8Adjuvants that are currently licensed for use in humans.

Abbreviations: CpG-ODN, oligodeoxynucleotides containing CpG motifs; IL, interleukin; MF59®, microfluidised
emulsion 59; QS21, Quillaja saponaria component 21.

Description

These are the most commonly used adjuvants. The antigen is adsorbed to
the aluminium salt. However, these adjuvants do not improve
immunogenicity of influenza vaccines (Ref. 94).

ISCOM is a noncovalently bound complex of Quil-A, cholesterol and antigen.
ISCOMs are used in veterinary vaccines but because of the side effects of
Quil-A, a saponin component, ISCOMs have not been approved for human
vaccines yet (Ref. 95).

Liposomes are lipid membrane particles that serve as vehicles or delivery
systems for vaccine antigens. However, phospholipid liposomes have some
limitations, such as sensitivity to phospholipases, high cost of manufacture
and difficulty in scale-up for production. Recently, it has also been
demonstrated that membrane vesicles from dendritic cells can efficiently
prime T cells and may also be a valuable tool for tumour immunology
(Ref. 96).

This oil-in-water (squalene/H,0) emulsion is stabilised by the sorbitan oleate
surfactants Tween 80 and Span 85. MF59 is an approved adjuvant in an
influenza vaccine and is currently being tested for use in other vaccines
(Ref. 97).

AS02A® is an oil-in-water-based adjuvant consisting of monophosphoryl
lipid A (MPL) and QS21. MPL is a nontoxic derivative of lipopolysaccharide
that activates innate immunity by targeting Toll-like receptor 4 (Ref. 98).

CpG-ODNs induce strong type 1 cellularimmune responses. However, some
CpG-ODNs might have side effects because they induce systemic
production of pro-inflammatory cytokines (Refs 99, 100, 101).

IC31® is acombination of a synthetic oligodeoxynucleotide (ODN1a) and the
an 11-mer antimicrobial peptide (KLK), which induced potent cellular and

humoral immune responses in mice (Ref. 102). It is currently being tested in
Phase | clinical trials as a subunit vaccine candidate against tuberculosis.

The use of recombinant human cytokines, such as IL-2 or IL-12, might prove
useful in combination with other adjuvants to induce tailored immune
responses and might, in the case of IL-15, enhance the function and longevity
of CD8" T cells (Ref. 103).

persons needs consideration. Several vaccination
trials have indicated benefits of modifying
vaccination strategies. For instance, a decreased
response and therefore a shortened duration of

protective  immunity  following  booster
immunisation is a characteristic feature of old
age; thus, shortened vaccination intervals might
be another strategy to counteract the accelerated
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Figure 2. Schematic representation of the proposed action of adjuvants to enhance immune responses.
(@) Several immunostimulatory adjuvants induce Toll-like receptor (TLR)- or cytokine-receptor-mediated
signalling of immature dendritic cells (DCs). This leads to the development of mature DCs, which produce
distinct cytokines and have a high expression of major histocompatibility complex (MHC) and costimulatory
molecules. The antigen delivered with the vaccine is therefore potently presented, which leads to strong
B- and T-cell responses (not shown). (b) By contrast, aluminium salts, MF59® and liposomes enhance
antigen presentation in the absence of costimulatory molecules. This leads to strong B-cell and type 2 T-cell

responses (not shown). Abbreviations: LPS, lipopolysaccharide; MF59, microfluidised emulsion 59.

loss of protective antibody levels after vaccination
in elderly persons (Fig. 3). Moreover, vaccination
coverage among elderly persons is still low in
many European countries (Ref. 84).

Some significant progress has been made in
vaccination of the elderly, such as the
development of adjuvanted influenza vaccines
(Ref. 85) or a live attenuated herpes zoster
vaccine (Ref. 86) that show an increased
immunogenicity in elderly persons. There are
also several conjugated pneumococcal vaccines,
improved live attenuated tuberculosis vaccines
as well as live attenuated and cell-culture-based
influenza vaccines in different clinical trials.

Some vaccines that target new pathogens have
also entered clinical trials such as a conjugated
vaccine against Staphylococcus aureus and live
attenuated or adjuvanted subunit vaccines
against CMV.

The decreased protective effect of vaccination
in elderly persons has been correlated with the
presence of CMV latency. CMV infection is
ubiquitous in nature and seroprevalence rates
are high in adults, particularly in the
developing world. Olsson et al. (Ref. 87)
reported a strong correlation between CMV
carrier status and the deterioration of immune
system observed in old age. Trzonkowski et al.
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Figure 3. Vaccination intervals for the elderly population recommended by the Austrian Supreme Health
Authority. As a result of the high age-associated morbidity and mortality from influenza and pneumonia, annual
influenza vaccination and 5-yearly pneumonia (PNE) vaccination is recommended in Austria for all persons over
60years of age. Inlight of the age-related alterations inimmunity, in persons of more than 60 years of age, booster
vaccinations for diphtheria (DIP), tetanus (TET) and pertussis (aP) are recommended at 5-year intervals,
tick-borne encephalitis (TBE) at 3-year intervals, and polio (IPV) at 10-year intervals (Refs 20, 68, 70).

(Ref. 88) assessed the association between
prior CMV infection and effectiveness of
vaccination against influenza and concluded
that CMV carrier status might contribute to
unresponsiveness to influenza vaccine in
elderly individuals. It has been suggested that
vaccination against CMV could prevent chronic
CMYV infection, which may be a cause for the
accelerated exhaustion of the T-cell repertoire.
Other parameters such as sex (Ref. 89), obesity
(Ref. 90) and the composition of the T-cell
repertoire (Refs 49, 50, 91) have also been
proposed to contribute to the decline of the
protective effect of vaccination in old age and
therefore could be potential targets for
increasing vaccine efficacy.

Concluding remarks
Average life expectancy is continuously rising in
all developed countries, butis accompanied by an
incremental burden of age-associated illnesses,
which lead to disability, loss of mobility and
independence. Among them, infectious diseases
are becoming an increasingly important issue,
especially given the challenge to public health
from newly emerging and re-emerging

infectious diseases. As a result of age-related
changes in the immune system, the frequency
of infectious diseases is characteristically
increased in the elderly population.
Additionally, infections are more severe and
have distinct features with respect to clinical
manifestation and treatment in this age group.

Vaccinations constitute the most cost-effective
medical procedure for preventing morbidity
and mortality caused by infectious diseases, but
age-related alterations within the immune
system hamper vaccine efficacy. A proper
understanding of immunological memory and
how it is affected by the ageing process could
provide the basis for the development of
effective vaccination programmes that are able
to fully protect the elderly population from
infectious diseases and thus reduce the
incidence of infectious diseases as well as their
consequences within this fragile age group. A
reduction of the incidence and severity of
infectious diseases is expected to have a strong
impact not only on the quality of life of
individuals but also on society, by reducing the
number of hospitalisations and subsequently
the demand for specialised medical care.

|
Accession information: DOI: 10.1017/S51462399407000221; Vol. 9; Issue 3; January 2007

https://doi.org/10.1017/51462399407000221 Published online by Cambridge University Press

© 2007 Cambridge University Press

ty
the elderly

N immuni

Age-related changes

11

ion in

inat

for vacc

ions

icat

imp


https://doi.org/10.1017/S1462399407000221

http://www.expertreviews.org/

expert reviews

in molecular medicine

Acknowledgements and funding
This work was supported by the Austrian Science
Fund (Project S9308-B05), the Jubildumsfonds of
the Austrian National Bank, and the Austrian
Green Cross Society for Preventive Medicine.
The authors thank the peer reviewers for
critically reading the manuscript.

References

1 Lutz, W., Sanderson, W. and Scherbov, S. (1997)
Doubling of world population unlikely. Nature
387, 803-805

2 National Statistics Office (2004) Health expectancy:
living longer, more years in poor health. http://
www.statistics.gov.uk/CCI/nugget.
asp?ID=918&Pos=1&ColRank=
2%Rank=1000 (accessed 1 January 2005)

3 Perenboom, R. et al. (2002) Trends in healthy life
expectancy. Netherlands 1983-2000. Leiden: TNO
Prevention and Health, 2002 (Report number PG/
VGZ 2002.206.)

4 Westendorp, R.G. (2006) What is healthy aging in
the 21st century? Am J Clin Nutr 83, 4045-409S

5 Bruunsgaard, H., Pedersen, M. and Pedersen, B.K.
(2001) Aging and proinflammatory cytokines. Curr
Opin Hematol 8, 131-136

6 Pawelec, G. et al. (2002) T cells and aging, January
2002 update. Front Biosci 7, d1056-1183

7 Brod, S.A. (2000) Unregulated inflammation
shortens human functional longevity. Inflamm Res
49, 561-570

8 Castle, S.C. (2000) Clinical relevance of age-
related immune dysfunction. Clin Infect Dis
31, 578-585

9 Berger, R., Florent, G. and Just, M. (1981) Decrease
of the lymphoproliferative response to varicella-
zoster virus antigen in the aged. Infect Immun
32,24-27

10 Nagami, PH. and Yoshikawa, T.T. (1983)
Tuberculosis in the geriatric patient. ] Am Geriatr
Soc 31, 356-363

11 McVoy, M.A. and Adler, S.P. (1989) Immunologic
evidence for frequent age-related cytomegalovirus
reactivation in seropositive immunocompetent
individuals. J Infect Dis 160, 1-10

12 Gardner, E.M. et al. (2006) Age-related changes in
the immune response to influenza vaccination in a
racially diverse, healthy elderly population.
Vaccine 24, 1609-1614

13 Herndler-Brandstetter, D., Cioca, D.P. and
Grubeck-Loebenstein, B. (2006) Immunizations in
the elderly: do they live up to their promise? Wien
Med Wochenschr 156, 130-141

14

20

21

22

23

24

25

26

27

28

29

Goodkin, K. et al. (2001) Aging and neuro-AIDS
conditions and the changing spectrum of HIV-1-
associated morbidity and mortality. ] Clin
Epidemiol 54 Suppl 1, S35-43

Effros, R.B. (2007) Role of T lymphocyte replicative
senescence in vaccine efficacy. Vaccine 25, 599-604
Kaech, SM., Wherry, E.J. and Ahmed, R. (2002)
Effector and memory T-cell differentiation:
implications for vaccine development. Nat Rev
Immunol 2, 251-262

Di Genova, G. et al. (2006) Vaccination of human
subjects expands both specific and bystander
memory T cells but antibody production remains
vaccine specific. Blood 107, 2806-2813

WHO (2004) Global Immunization Data. http://
www.who.int/immunization_monitoring/data/
GloballmmunizationData.pdf

Levine, M.M. and Sztein, M.B. (2004) Vaccine
development strategies for improving
immunization: the role of modern immunology.
Nat Immunol 5, 460-464

Grubeck-Loebenstein, B. et al. (1998) No immunity
for the elderly. Nat Med 4, 870

Linton, PJ. and Dorshkind, K. (2004) Age-related
changes inlymphocyte development and function.
Nat Immunol 5, 133-139

Gomez, C.R., Boehmer, E.D. and Kovacs, E.J. (2005)
The aging innate immune system. Curr Opin
Immunol 17, 457-462

Fulop, T. et al. (2004) Signal transduction and
functional changes in neutrophils with aging.
Aging Cell 3, 217-226

Davila, D.R. et al. (1990) Interferon-gamma-
induced priming for secretion of superoxide anion
and tumor necrosis factor-alpha declines in
macrophages from aged rats. Faseb ] 4, 2906-2911
Tasat, D.R. et al. (2003) Age-dependent change
in reactive oxygen species and nitric oxide
generation by rat alveolar macrophages.

Aging Cell 2, 159-164

Kissin, E. et al. (1997) Age-related decline in
murine macrophage production of nitric oxide.

J Infect Dis 175, 1004-1007

Villanueva, ].L. et al. (1990) Changes in the
expression of HLA-class II antigens on peripheral
blood monocytes from aged humans. Dis Markers
8, 85-91

Plowden, ]. et al. (2004) Innate immunity in aging:
impact on macrophage function. Aging Cell 3,
161-167

Mariani, E. et al. (2002) Chemokine production by
natural killer cells from nonagenarians. Eur |
Immunol 32, 1524-1529

ty
the elderly

N immuni

Age-related changes

T 12
Accession information: DOI: 10.1017/S51462399407000221; Vol. 9; Issue 3; January 2007

https://doi.org/10.1017/51462399407000221 Published online by Cambridge University Press

© 2007 Cambridge University Press

ion in

inat

for vacc

ions

icat

imp


https://doi.org/10.1017/S1462399407000221

http://www.expertreviews.org/

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Mocchegiani, E. et al. (2003) Metallothioneins/
PARP-1/IL-6 interplay on natural killer cell
activity in elderly: parallelism with nonagenarians
and old infected humans. Effect of zinc supply.
Mech Ageing Dev 124, 459-468

Grewe, M. (2001) Chronological ageing and
photoageing of dendritic cells. Clin Exp Dermatol
26, 608-612

Plackett, T.P. etal. (2004) Aging and innate immune
cells. ] Leukoc Biol 76, 291-299

Taub, D.D. and Longo, D.L. (2005) Insights into
thymic aging and regeneration. Immunol Rev 205,
72-93

Naylor, K. etal. (2005) The influence of age on Tcell
generation and TCR diversity. ] Immunol 174,
7446-7452

Chen, Q. et al. (2005) Case fatality rate of severe
acute respiratory syndromes in Beijing. Biomed
Environ Sci 18, 220-226

Haynes, L. and Swain, S.L. (2006) Why aging Tcells
fail: implications for vaccination. Immunity 24,
663-666

Haynes, L. et al. (2005) Newly generated CD4 Tcells
in aged animals do not exhibit age-related defects in
response to antigen. ] Exp Med 201, 845-851
Haynes, L. et al. (1999) Interleukin 2, but not other
common gamma chain-binding cytokines, can
reverse the defect in generation of CD4 effector T
cells from naive T cells of aged mice. ] Exp Med
190, 1013-1024

Grubeck-Loebenstein, B. and Wick, G. (2002) The
aging of the immune system. Adv Immunol

80, 243-284

Appay, V. etal. (2002) Memory CD8+ Tcells vary in
differentiation phenotype in different persistent
virus infections. Nat Med 8, 379-385

Yue, EY. et al. (2004) HIV-1-specific memory CD4+
T cells are phenotypically less mature than
cytomegalovirus-specific memory CD4+ T cells.
J Immunol 172, 2476-2486

Amyes, E. et al. (2003) Characterization of the
CD4+ T cell response to Epstein-Barr virus during
primary and persistent infection. ] Exp Med 198,
903-911

Kovaiou, R.D. et al. (2005) Age-related differences
in phenotype and function of CD4+ T cells

are due to a phenotypic shift from naive to
memory effector CD4+ T cells. Int Immunol 17,
1359-1366

Bandres, E. etal. (2000) The increase of IFN-gamma
production through aging correlates with the
expanded CD8(+high)CD28(—)CD57(+)
subpopulation. Clin Immunol 96, 230-235

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

expert reviews

in molecular medicine

Snyder, M.R. et al. (2002) Formation of the killer
Ig-like receptor repertoire on CD4+ CD28null

T cells. ] Immunol 168, 3839-3846

Vallejo, A.N. (2005) CD28 extinction in human T
cells: altered functions and the program of T-cell
senescence. Immunol Rev 205, 158-169

Eaton, S.M. et al. (2004) Age-related defects in CD4
T cell cognate helper function lead to reductions in
humoral responses. ] Exp Med 200, 1613-1622
Zheng, B. et al. (1997) Immunosenescence and
germinal center reaction. Immunol Rev 160, 63-77
Saurwein-Teissl, M. et al. (2002) Lack of antibody
production following immunization in old age:
association with CD8(+)CD28(—) T cell clonal
expansions and an imbalance in the production of
Th1 and Th2 cytokines. ] Immunol 168, 5893-5899
Goronzy, J.J. et al. (2001) Value of immunological
markers in predicting responsiveness to influenza
vaccination in elderly individuals. ] Virol 75,
12182-12187

Pawelec, G. etal. (2005) Human immunosenescence:
is it infectious? Immunol Rev 205, 257-268
Hadrup, S.R. et al. (2006) Longitudinal studies

of clonally expanded CD8 Tcells reveal a repertoire
shrinkage predicting mortality and an increased
number of dysfunctional cytomegalovirus-
specific T cells in the very elderly. ] Immunol 176,
2645-2653

Khan, N. et al. (2002) Cytomegalovirus
seropositivity drives the CD8 T cell repertoire
toward greater clonality in healthy elderly
individuals. ] Immunol 169, 1984-1992

Pawelec, G. et al. (2004) Is immunosenescence
infectious? Trends Immunol 25, 406-410
Franceschi, C., Bonafe, M. and Valensin, S. (2000)
Human immunosenescence: the prevailing of
innate immunity, the failing of clonotypic
immunity, and the filling of immunological space.
Vaccine 18, 1717-1720

Haynes, L. et al. (2003) CD4 T cell memory derived
from young naive cells functions well into old age,
but memory generated from aged naive cells
functions poorly. Proc Natl Acad Sci U S A 100,
15053-15058

Kang, I. et al. (2004) Age-associated change in the
frequency of memory CD4+ T cells impairs long
term CD4+ T cell responses to influenza vaccine.
J Immunol 173, 673-681

Miller, R.A. et al. (1997) Early activation defects in
T lymphocytes from aged mice. Immunol Rev
160, 79-90

Nel, A.E. and Slaughter, N. (2002) T-cell activation
through the antigen receptor. Part 2: role of signaling

|
Accession information: DOI: 10.1017/S51462399407000221; Vol. 9; Issue 3; January 2007

https://doi.org/10.1017/51462399407000221 Published online by Cambridge University Press

© 2007 Cambridge University Press

ty
the elderly

N immuni

Age-related changes

13

ion in

inat

for vacc

ions

icat

imp


https://doi.org/10.1017/S1462399407000221

http://www.expertreviews.org/

60

61

62

63

64

65

66

67

68

69

70

71

72

73

cascades in T-cell differentiation, anergy, immune
senescence, and development of immunotherapy.

J Allergy Clin Immunol 109, 901-915

Lerner, A., Yamada, T. and Miller, R.A. (1989)
Pgp-1hi T lymphocytes accumulate with age in
mice and respond poorly to concanavalin A. Eur
J Immunol 19, 977-982

Garcia, G.G. and Miller, R.A. (2003) Age-related
defects in CD4+ T cell activation reversed by
glycoprotein endopeptidase. Eur ] Immunol 33,
3464-3472

Larbi, A. et al. (2006) Differential role of lipid rafts
in the functions of CD4(+) and CD8(+) human T
lymphocytes with aging. Cell Signal 18, 1017-1030
Chong, Y. et al. (2005) CD27(+) (memory) B cell
decrease and apoptosis-resistant CD27(—) (naive)
B cell increase in aged humans: implications for
age-related peripheral B cell developmental
disturbances. Int Immunol 17, 383-390

Macallan, D.C. et al. (2005) B-cell kinetics in
humans: rapid turnover of peripheral blood
memory cells. Blood 105, 3633-3640

Weksler, M.E. and Szabo, P. (2000) The effect of age
on the B-cell repertoire. ] Clin Immunol 20, 240-249
Johnson, S.A. and Cambier, ].C. (2004) Ageing,
autoimmunity and arthritis: senescence of the B
cell compartment — implications for humoral
immunity. Arthritis Res Ther 6, 131-139

Schwab, R., Walters, C.A. and Weksler, M..E. (1989)
Host defense mechanisms and aging. Semin Oncol
16, 20-27

Hainz, U. et al. (2005) Insufficient protection for
healthy elderly adults by tetanus and TBE
vaccines. Vaccine 23, 3232-3235

Miller, C. and Kelsoe, G. (1995) Ig VH
hypermutation is absent in the germinal centers
of aged mice. ] Immunol 155, 3377-3384

Kaml, M. et al. (2006) Booster vaccination in the
elderly: Their success depends on the vaccine type
applied earlier in life as well as on pre-vaccination
antibody titers. Vaccine 24, 6808-6811

Muszkat, M. et al. (2000) Local SIgA response
following administration of a novel intranasal
inactivated influenza virus vaccine in community
residing elderly. Vaccine 18, 1696-1699

Murasko, D.M. et al. (2002) Role of humoral and
cell-mediated immunity in protection from
influenza disease after immunization of healthy
elderly. Exp Gerontol 37, 427-439

Gravenstein, S. et al. (1994) Efficacy of an influenza
hemagglutinin-diphtheria toxoid conjugate
vaccine in elderly nursing home subjects during an
influenza outbreak. ] Am Geriatr Soc 42, 245-251

74

75

76

77

78

79
80

81

82

83

84

85

86

87

88

expert reviews

in molecular medicine

Goodwin, K., Viboud, C. and Simonsen, L. (2006)
Antibody response to influenza vaccination in the
elderly: a quantitative review. Vaccine 24, 1159-1169
Cook, J.M. et al. (1987) Alterations in the human
immune response to the hepatitis B vaccine among
the elderly. Cell Immunol 109, 89-96

Musher, D.M. et al. (1986) Natural and vaccine-
related immunity to Streptococcus pneumoniae.
J Infect Dis 154, 245-256

Doherty, P.C. etal. (1997) Effector CD4+ and CD8+
T-cell mechanisms in the control of respiratory
virus infections. Immunol Rev 159, 105-117
McElhaney, J.E. et al. (2006) T cell responses are
better correlates of vaccine protection in the elderly.
J Immunol 176, 6333-6339

WHO (2002) Wkly Epidemiol Rec 77, 229-240
Meyers, D.G. (2003) Myocardial infarction, stroke,
and sudden cardiac death may be prevented by
influenza vaccination. Curr Atheroscler Rep 5,
146-149

McElhaney, J.E. (2005) The unmet need in the
elderly: designing new influenza vaccines for older
adults. Vaccine 23 Suppl 1, S10-25

Van Loveren, H. et al. (2001) Vaccine-induced
antibody responses as parameters of the influence
of endogenous and environmental factors. Environ
Health Perspect 109, 757-764

Levine, M.M. and Sztein, M.B. (2004) Vaccine
development strategies for improving
immunization: the role of modern immunology.
Nat Immunol, 460-464

Kroneman, M., van Essen, G.A. and John Paget, W.
(2006) Influenza vaccination coverage

and reasons to refrain among high-risk

persons in four European countries. Vaccine 24,
622-628

Kemble, G. and Greenberg, H. (2003) Novel
generations of influenza vaccines. Vaccine 21,
1789-1795

Oxman, M.N. et al. (2005) A vaccine to prevent
herpes zoster and postherpetic neuralgia in older
adults. N Engl ] Med 352, 2271-2284

Olsson, J. et al. (2000) Age-related change in
peripheral blood T-lymphocyte subpopulations
and cytomegalovirus infection in the very old: the
Swedish longitudinal OCTO immune study. Mech
Ageing Dev 121, 187-201

Trzonkowski, P. et al. (2003) Association between
cytomegalovirus infection, enhanced
proinflammatory response and low level of anti-
hemagglutinins during the anti-influenza
vaccination-an impact of immunosenescence.
Vaccine 21, 3826-3836

ty
the elderly

N immuni

Age-related changes

e 14
Accession information: DOI: 10.1017/S51462399407000221; Vol. 9; Issue 3; January 2007

https://doi.org/10.1017/51462399407000221 Published online by Cambridge University Press

© 2007 Cambridge University Press

ion in

inat

for vacc

ions

icat

imp


https://doi.org/10.1017/S1462399407000221

http://www.expertreviews.org/

89

90

91

92

93

94

95

96

97

Hasselhorn, H.M. et al. (1997) [Diphtheria booster
immunization for adults]. Dtsch Med Wochenschr
122, 281-286

Reuman, PD. et al. (1997) The effect of age and
weight on the response to formalin inactivated,
alum-adjuvanted hepatitis A vaccine in healthy
adults. Vaccine 15, 1157-1161

Schwaiger, S. et al. (2003) IL-4-producing CD8+
T cells with a CD62L++ (bright) phenotype
accumulate in a subgroup of older adults and
are associated with the maintenance of intact
humoral immunity in old age. ] Immunol 170,
613-619

Plotkin, S.A. (2005) Vaccines: past, present and
future. Nat Med 11, S5-11

Lambert, PH., Liu, M. and Siegrist, C.A. (2005) Can
successful vaccines teach us how to induce efficient
protective immune responses? Nat Med 11, S54-62
Brewer, ].M. (2006) (How) do aluminium adjuvants
work? Immunol Lett 102, 10-15

Sjolander, A., Cox, J.C. and Barr, 1.G. (1998)
ISCOMs: an adjuvant with multiple functions.

J Leukoc Biol 64, 713-723

Kovar, M. et al. (2006) Direct stimulation of T cells
by membrane vesicles from antigen-presenting
cells. Proc Natl Acad Sci U S A 103, 11671-11676
Podda, A. and Del Giudice, G. (2003) MF59-
adjuvanted vaccines: increased immunogenicity
with an optimal safety profile. Expert Rev Vaccines
2,197-203

98

99

100

101

102

103

expert reviews

in molecular medicine

Vandepapeliere, P. et al. (2005) Potent enhancement
of cellular and humoral immune responses
against recombinant hepatitis B antigens using
AS02A adjuvant in healthy adults. Vaccine 23,
2591-2601

Lingnau, K. etal. (2002) Poly-L-arginine synergizes
with oligodeoxynucleotides containing
CpG-motifs (CpG-ODN) for enhanced and
prolonged immune responses and prevents

the CpG-ODN-induced systemic release

of pro-inflammatory cytokines. Vaccine 20,
3498-3508

Krieg, A.M. (2006) Therapeutic potential of Toll-
like receptor 9 activation. Nat Rev Drug Discov 5,
471-484

Cornet, S. et al. (2006) CpG oligodeoxynucleotides
activate dendritic cells in vivo and induce a
functional and protective vaccine immunity
against a TERT derived modified cryptic

MHC class I-restricted epitope. Vaccine 24,
1880-1888

Schellack, C. et al. (2006) IC31, a novel adjuvant
signaling via TLR9, induces potent cellular

and humoral immune responses. Vaccine 24,
5461-5472

Kutzler, M. A. etal. (2005) Coimmunization with an
optimized IL-15 plasmid results in enhanced
function and longevity of CD8 T cells that are
partially independent of CD4 T cell help.

J Immunol 175, 112-123

ty
the elderly

N IMmmuni

Age-related changes

I 1 5
Accession information: DOI: 10.1017/S51462399407000221; Vol. 9; Issue 3; January 2007

https://doi.org/10.1017/51462399407000221 Published online by Cambridge University Press

© 2007 Cambridge University Press

ion in

inat

for vacc

ions

icat

imp


https://doi.org/10.1017/S1462399407000221

expert reviews

http://www.expertreviews.org/ in molecular medicine

Further reading, resources and contacts

Publications

Welsh, R.M. et al. (2004) Immunological memory to viral infections. Annu Rev Immunol 22, 711-43

This review provides an excellent overview of how T- and B-cell memory is generated in response to virus
infections and how these cells respond when the host is infected again by similar or different viruses.

Hodes, R.J. (2005) Aging of the immune system. Curr Opin Immunol 17, 455-456
Editorial overview of a themed issue on ageing and the immune system. The concept papers presented in this
issue provide highly informed perspectives from leaders in the field of immunological ageing.

Linton, PJ. and Dorshkind, K. (2004) Age-related changes in lymphocyte development and function. Nat
Immunol 5, 133-139
This review provides an excellent overview of age-related changes in lymphocyte development and function.

Kovaiou, R.D. and Grubeck-Loebenstein, B. (2006) Age-associated changes within CD4" T cells. Immunol Lett
107, 8-14
This summarises cellular and molecular aspects of ageing CD4" T cells.

Herndler-Brandstetter, D. et al. (2006) Immunizations in the elderly: do they live up to their promise? Wien Med
Wochenschr 156, 130-141

This review outlines the impact of infectious diseases on the aged population and summarises the progress
made in the field of vaccinations of the elderly.

Jefferson, J. et al. (2005) Efficacy and effectiveness of influenza vaccines in elderly people: a systematic review.
Lancet 366, 1165-1174

Here the authors extensively review the evidence of efficacy and effectiveness of influenza vaccines in
individuals aged 65 years and older.

Van Loveren, H. et al. (2001) Vaccine-Induced antibody responses as parameters of the influence of
endogenous and environmental factors. Environmental Health Perspect 109, 757-64
A review of the factors that affect responses to vaccination.

Levine, M.M. and Sztein, M.B. (2004) Vaccine development strategies for improving immunization: the role of
modern immunology. Nat Immunol 5, 460-464

This commentary on preventive vaccines against infectious agents identifies the desirable characteristics a
vaccine should have and discusses strategies to achieve them.

Westendorp, R.G. (2006) What is healthy aging in the 21st century? Am J Clin Nutr 83 (Suppl), 404S-9S
This is a comprehensive review of the current issues influencing healthy ageing.

Websites
The World Health Organization (WHO) site on ageing:

http://www.who.int/ageing/en/

The work of the WHO department of Immunization, Vaccines and Biologicals ranges from vaccine research to
immunisation services delivery:

http://www.who.int/immunization/en/index.html

The Centers for Disease Control and Prevention (CDC) of the Department of Health and Human Services (HHS)
is the principal agency in the US government for protecting the health and safety of Americans. Useful
information on vaccines and immunisations can be found in the health and safety topics:

http://www.cdc.gov/

The Institute for Biomedical Aging Research (IBA) of the Austrian Academy of Sciences aims to prevent age-
related functional losses and diseases by analysing the ageing process at a cellular and molecular level:

http://www.iba.oeaw.ac.at/

Accession information: DOI: 10.1017/S51462399407000221; Vol. 9; Issue 3; January 2007
© 2007 Cambridge University Press

https://doi.org/10.1017/51462399407000221 Published online by Cambridge University Press

ty
the elderly

N immuni

Age-related changes

16

ion in

inat

for vacc

ions

icat

imp


https://doi.org/10.1017/S1462399407000221

expert reviews

http://www.expertreviews.org/ in molecular medicine

U
>

i . . i =

Features associated with this article c

Figures =]
Figure 1. Schematic representation of the immune response to a pathogen. E
Figure 2. Schematic representation of the proposed action of adjuvants to enhance immune responses. E
Figure 3. Vaccination intervals for the elderly population recommended by the Austrian Supreme Health | ==
Authority. c
Tables .;’
Table 1. Attributes of different vaccine types. )
Table 2. Assortment of approved and potential future vaccine adjuvants. o))
c

o

L

Citation details for this article o

O

Rania D. Kovaiou, Dietmar Herndler-Brandstetter and Beatrix Grubeck-Loebenstein (2007) Age-related [ @)
changes in immunity: implications for vaccination in the elderly. Expert Rev. Mol. Med. Vol. 9, Issue 3, | =+
January 2007, DOI: 10.1017/S1462399407000221 C_U
(]

0

()

g

e 17
Accession information: DOI: 10.1017/S51462399407000221; Vol. 9; Issue 3; January 2007
© 2007 Cambridge University Press

https://doi.org/10.1017/51462399407000221 Published online by Cambridge University Press

the elderly

ion in

inat

for vacc

ions

icat

imp


https://doi.org/10.1017/S1462399407000221

	Contents
	Abstract
	Age-related changes within the immune system
	Innate immunity and ageing
	Figure 1
	Adaptive immunity and ageing
	T cells
	B cells
	Efficacy of vaccines to protect elderly persons from infectious diseases
	Strategies to improve vaccine efficacy in™the elderly
	Table 1
	Table 2
	Figure 2
	Concluding remarks
	Figure 3
	Acknowledgements and funding
	References
	Further Reading, resources and contacts
	Features associated with this article
	Citation details for this article



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


