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Impfungen bei älteren Menschen – halten sie was
sie versprechen?

Zusammenfassung. Zu Beginn des 21sten Jahrhun-
derts wird unser Gesundheitssystem nicht nur durch neu-
artige beziehungsweise wiederkehrende Infektionskrank-
heiten gefordert, sondern auch durch den demographi-
schen Wandel, welcher derzeit in den Industriestaaten
stattfindet. Von besonderer Bedeutung ist, dass Infekti-
onserkrankungen bei älteren Menschen häufiger auftre-
ten, einen schwereren Verlauf nehmen und charakteristi-
sche Merkmale hinsichtlich klinischer Präsentation und
Behandlung aufweisen. Dies ist auf die Abnahme von Im-
munfunktionen zurückzuführen, welches kollektiv als Im-
munseneszenz bezeichnet wird. Die bedeutendsten al-
tersassoziierten Veränderungen betreffen das T-Zell-Sys-
tem. Dies hat dementsprechend Auswirkungen auf die
Wirksamkeit von Impfungen im Alter. Nichtsdestoweniger
spielen Impfungen eine äußerst wichtige Rolle bei der Re-
duktion der durch Infektionserkrankungen verursachten
Morbidität und Mortalität. Der vorliegende Artikel erläutert
nun die Auswirkungen von Infektionserkrankungen auf äl-
tere Menschen und vermittelt einen Überblick über den
aktuellen Forschungsstand von Impfungen für ältere Men-
schen. Weiters soll dargestellt werden, welche altersasso-
ziierten Veränderungen des Immunsystems für die ver-
minderte Wirkung von Impfungen verantwortlich sind.

Schlüsselwörter: Impfung, Altern, Immunsystem.

Summary. In the 21st century, public health is not
only challenged by newly emerging and re-emerging in-
fectious diseases but also by demographic developments
that are taking place in many countries. Importantly, infec-

tions in the elderly are more frequent, more severe and
have distinct features with respect to clinical presentation
and treatment. This is due to a decline in the functions of
the immune system referred to as immunosenescence.
The most important age-related changes affect the T cell
system. Although this derogates the protective effect of
some vaccines, vaccinations are still considered the most
cost-effective medical procedure for preventing morbidity
and mortality caused by infectious diseases. The present
article aims at outlining the impact of infectious diseases
on the elderly and summarizing the progress made in the
field of vaccinations of the elderly and how age-related
changes within the immune system contribute to the de-
creased efficacy of vaccines.
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Introduction
Improved public health measures and standards of living,
together with medical advances such as immunizations
and antibiotics, contributed substantially to the reduction
of mortality and morbidity caused by infectious diseases
in the 20th century. In particular, the implementation of
large-scale vaccination strategies led to the eradication of
smallpox in 1980 [1] and to a drastic reduction of polio-
myelitis, tetanus, diphtheria, measles, pertussis and men-
ingitis. At the beginning of the 21st century, vaccinations
are still considered the most cost-effective medical pro-
cedure for preventing morbidity and mortality caused by
infectious diseases. To date, approximately 26 different
infectious diseases can be prevented by vaccinations and
61 vaccines are being developed according to a 2004 sur-
vey by the Pharmaceutical Research and Manufacturers
of America [2]. The new candidate vaccines are intend-
ed to provide protection against diseases caused by rota-
virus, herpes zoster and papilloma virus and will be com-
mercially available in one to two years (Table 1). More-
over, improved vaccines against influenza, meningitis,
pneumonia and tuberculosis are currently being tested in
clinical trials (Table 1).
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Modern immunology is using vaccines to either se-
lectively suppress or enhance the immune response thus
making it also applicable for the treatment of non-infec-
tious diseases such as allergy, autoimmunity, Alzheimer’s
disease and cancer but also to prevent nicotine drug de-
pendency by anti-nicotine vaccination [3]. Recent
progress in the development of vaccines against the hu-
man papilloma virus that can cause cervix cancer (Table
1) and vaccination with dendritic cells loaded with tumor
antigen [4] exemplify the potential of these novel ap-
proaches. Furthermore, research activities of the last dec-
ade have shown that the chronic inflammatory back-
ground apparent in elderly persons may exacerbate the
functional pathology and disease course of age-related
disorders, such as arteriosclerosis [5], rheumatoid arthri-
tis [6] and Alzheimer’s disease [7, 8]. Thus, future im-
munotherapeutic approaches may take advantage of the
recent research progress in identifying the underlying im-
munological mechanisms of these diseases.

Nevertheless, infectious diseases represent a major
challenge to human progress and survival as they are still

responsible for approximately 20 % of all deaths in the
world. This is of course not only related to microbial and
viral factors but also to social and environmental deter-
minants [9]. However, the resurgence of several infec-
tious diseases was supported by the increased occurrence
of multiple drug-resistant microorganisms such as Staph-
ylococcus aureus, Mycobacterium tuberculosis, Escheri-
chia coli and Streptococcus pneumoniae. This situation
inflicts an enormous economic burden on health care sys-
tems all over the world.

However, public health is not only challenged by
newly emerging and re-emerging infectious diseases, but
also by the demographic revolution that is proceeding in
developed countries leading to a dramatic change of the
age structure. Today, people in Austria and every other
country of the European Union are living longer than at
any other time in recorded history. In Austria, life expect-
ancy at birth has increased from 66.5 (1970) to 75.9 years
(2003) for males and from 73.4 (1970) to 81.6 years
(2003) for females. At present, 21 % of all Austrian citi-
zens are 60 years or older and this population will repre-

Table 1. The developmental status of vaccines against some human pathogens

Disease or pathogen Product name Company Vaccine Type of vaccine Developmental
of vaccine composition status

Cytomegalovirus – APMSD, Chiron * subunit phase II
– MedImmune * ? phase I
– Vical * nucleic acid phase I

Diphtheria, Tetanus, ? APMSD dTaP-IPV-Men – phase III
Pertussis, Poliomyelitis ? APMSD dTaP-IPV-HiB – phase III
Herpes zoster ? Merck * live-attenuated phase III

– GSK * subunit phase I
Human papillomavirus Cervarix GSK * virus-like particle L1 phase III

Gardasil Merck * virus-like particle L1 phase III
– Novavax, National * virus-like particle L1 phase III

Cancer Institute
Influenza Fluvirin Chiron * split-protein re-application

FluMist/CAIV-T MedImmune * nasal, live-attenuated phase III
– MedImmune, Wyeth * live-attenuated phase III
FluINsure ID Biomedical * nasal, subunit phase III
FluBLOK Protein Sciences * subunit phase III
– GSK * subunit phase I, II

Pneumonia – Wyeth * 9-valent conjugate phase III
Streptorix GSK * 11-valent conjugate phase III
– GSK * subunit phase I
StreptAvax ID Biomedical * subunit phase II

Rotavirus Rotarix GSK, Avant Ther. * oral, live-attenuated phase III
RotaTeq Merck * live-attenuated phase III

Staphylococcus aureus StaphVAX Nabi * conjugate phase III
Tuberculosis rBCG30 Aeras Global TB * live-attenuated phase I

Vaccine Foundation
– GSK * ? phase I
– Corixa * ? phase I

Varicella, Measles, Priorix-Tetra GSK MMR-V live-attenuated phase III
Mumps, Rubella ProQuad Merck MMR-V live-attenuated phase III

Varivax II Merck MMR-V live-attenuated available

Abbreviations: aP, acellular pertussis; APMSD, Aventis-Pasteur MSD; d, diphtheria; GSK, GlaxoSmithKline; HiB, haemophilus
influenzae B; IPV, inactivated polio virus; Men, meningitis; MMR-V, measles-mumps-rubella-varicella; T, tetanus.
*, vaccine that protects only against the pathogen indicated under “Disease or pathogen”
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sent 25 % in 2015 and 36 % in 2050. With respect to the
current demographic development in many countries, in-
fectious diseases in geriatric patients are becoming an in-
creasingly important issue, especially because infections
in the elderly are not only more frequent and more se-
vere, but also have distinct features with respect to clin-
ical presentation, microbial epidemiology, treatment and
infection control. Urinary tract infections, lower respira-
tory tract infections, skin and soft tissue infections, in-
fective endocarditis, bacterial meningitis, tuberculosis
and herpes zoster appear to have a higher prevalence in
elderly persons. In developed countries like the United
States, pneumonia, influenza and septicemia are still
ranked among the ten major causes of deaths in people
aged 65 years and older. The causations for increased sus-
ceptibility to infectious diseases include epidemiological
elements, immunosenescence and malnutrition, as well as
age-associated anatomical alterations.

The present article intends to outline the impact of
infectious diseases on the elderly and to summarize the
current progress in the field of vaccinations of the elderly,
what and how vaccines are being improved and how age-
related changes within the immune system contribute to
the decreased efficacy of vaccines.

The relevance of infectious diseases and vaccines 
in the elderly

The attention of humankind is regularly directed to the
outbreak of deadly infectious diseases such as Ebola, Mar-
burg or SARS and to the worldwide spread of AIDS and
hepatitis C that are currently affecting together more than
210 million people [10]. Recently, outbreaks of avian in-
fluenza in Russia and Kazakhstan alerted the world, be-
cause of the fear that the highly pathogenic H5N1 virus
may mutate and facilitate human-to-human transmission.
However, public attention to diseases that cause substan-
tial morbidity and mortality among the elderly population
is less prominent. The most frequent infectious diseases
in the elderly include invasive streptococcus pneumoniae
infection, influenza, urinary tract and skin infections [11].
Moreover, old individuals may also fail to respond suffi-
ciently to therapy and frequently suffer from opportunis-
tic infections, recurrent infections with the same pathogen
or reactivation of latent diseases, such as those caused by
mycobacterium tuberculosis and varicella zoster virus.
There are no vaccines available for many infectious path-
ogens that are frequent in the elderly and existing vacci-
nes are underused and do not assure such an effective pro-
tection as in the young. Elderly persons for instance, typ-
ically have a decreased immune response to pathogens
with which they have previously not been in contact, such
as rabies and yellow fever virus, or new influenza virus
strains. The following paragraphs will now deal with the
most important infectious diseases that threaten the el-
derly population and will present data on their occurrence,
vaccine availability and efficacy, vaccination coverage
and current health authority recommendations.

Influenza

Influenza is one of the most important infectious diseases
and was responsible for the death of 20 million people

after the First World War. In Austria, it is estimated that
between 1.000 and 6.000 people die during an epidemic
influenza outbreak. Especially elderly people and persons
that are chronically ill or otherwise immunocompromised
are at enhanced risk. For instance, during influenza epi-
demics, Barker and Mullooly reported two deaths per
100.000 among healthy people below 65 years of age
compared with 797 per 100.000 in those over 65 with two
or more high-risk conditions [12]. In contrast to measles,
smallpox and poliomyelitis, influenza is caused by vi-
ruses that undergo continuous antigenic variation and
possess an animal reservoir. Thus, new epidemics and
pandemics are likely to occur in the future, and eradica-
tion of the disease will be difficult to achieve. Only re-
cently, specific antiviral therapy has become available by
the implementation of two neuraminidase inhibitors (Os-
eltamivir® and Zanamivir®). For instance, Oseltamivir®

decreases the duration and severity of disease up to 40 %
when given within the first 36 hours after symptoms have
occurred [13, 14]. Nevertheless, active immunization re-
mains a vital element in the prophylaxis of influenza dis-
ease, although the frequently occurring antigenic drift re-
quires an annual modification of the vaccine components
according to the recommendations of the WHO. Thus,
vaccination has to be repeated annually to ensure protec-
tion against the circulating influenza strains (Fig. 1).
However, compared with other European countries, influ-
enza vaccination coverage in Austria ranges in the low-
est third, with only 15 % of elderly people being vacci-
nated. In contrast, vaccination coverage in the United
States is about 70 % among people aged 65 and above
[15]. Although several vaccines are available, the efficacy
of many vaccines in preventing influenza disease in el-
derly persons is only around 56 % [16]. Especially very
old and frail persons show a decreased response to influ-
enza vaccines [17]. The reduced vaccine efficacy is due
to low levels of IgA and IgG antibodies, delayed peak an-
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Fig. 1. Vaccination intervals for elderly persons currently rec-
ommended by the Austrian health authorities. See text for de-
tails. Abbreviations used: DIP, diphtheria vaccine; IPV, inac-
tivated poliomyelitis vaccine; aP, acellular pertussis vaccine;
PNE, pneumococcal vaccine; TBE, tick-borne encephalitis
vaccine; TET, tetanus vaccine.
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tibody titers and shortened maintenance of titers after
vaccination. Nevertheless, immunization in elderly peo-
ple has been shown to be safe, cost-effective and associ-
ated with reduced rates of hospitalization and influenza-
related deaths [18, 19]. In particular, the efficacy of in-
fluenza vaccination in reducing mortality in elderly peo-
ple is greater after repeated annual vaccinations than after
first administration [20]. At present, influenza vaccines
can be classified in split-protein, subunit, virosomal and
live-attenuated vaccines (Table 2). Split-protein vaccines
have been used since the 1980ies, are cheap and offer a
good protection. Recently, subunit vaccines with new ad-
juvants have been developed (Fluad®, Addigrip®) that
show an increased immunogenicity, a favorable safety
profile and may be more suitable for the vaccination of
elderly people [21]. Inflexal V®, a virosomal vaccine, dis-
plays the highest immunogenicity. Furthermore, new
live-attenuated and subunit influenza vaccines are cur-
rently in clinical trials and promise to have an increased
efficacy of protection (Table 1). Especially live-attenu-
ated influenza vaccines are considered to elicit strong T
cell responses and should therefore increase the antibody
levels after vaccination (Fig. 2). Additionally, non-inject-
ible application devices (nasal, oral, transcutaneous) may
increase the patient’s compliance, especially as the vac-
cination has to be repeated annually.

Pneumonia

Infections due to Streptococcus pneumoniae – along with
influenza – are the most frequent cause of death in indus-
trialized countries among vaccine-preventable diseases.
In Austria, up to 18.000 persons acquire pneumonia each
year whereof around 10 % die. An existing primary dis-
ease, such as diabetes mellitus or a chronic heart disease
may even increase lethality up to 30 %. Moreover, 80 to
90 % of deaths associated with Streptococcus pneumo-
niae infection occur in people aged 60 and older. Thus,
antibiotic therapy has to be initiated as soon as possible
to reduce the risk of complications due to pneumonia,
meningitis or sepsis. Nonetheless, fifty percent of all
deaths occur within the first 48 hours despite adequate
antibiotic therapy. This is mostly due to the increased oc-
currence of multiple drug-resistant pneumococcal strains.
All-important, people are not necessarily immune after a
pneumococcal infection, because there are about 90 dif-
ferent Streptococcus pneumoniae strains and immunity
will be guaranteed only to the strain that has caused the
infection. In Austria, pneumococcal polysaccharide vac-
cines are available including 23 strains that cause almost
90 % of the disease (Table 2). These vaccines offer pro-
tection against invasive pneumococcal disease in 65 % of
the general elderly population [22, 23]. In high risk el-
derly persons, the protective effect of vaccination seems
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Table 2. Assortment of vaccines that are available in Austria

Disease Registered name Company Vaccine Type of vaccine Merthiolat
of vaccine composition added?

Diphtheria, Tetanus, dT reduct APMSD dT (Adult) toxoid yes
Pertussis, Poliomyelitis Tdpur Chiron dT toxoid no

Polio Salk APMSD IPV inactivated no
Boostrix GSK dTaP (Jun/Adult) subunit (aP) no
Repevax APMSD dTaP-IPV (Jun/Adult) inactivated (IPV) no
Hexavac APMSD dTaP-HiB-Polio-HepB (Jun) – no
Infanrix-Hib+IPV GSK dTaP-HiB-IPV (Jun) – no
Infanrix Hexa GSK dTaP-HiB-Polio-HepB (Jun) – no

Hepatitis A Epaxal Berna * virosome no
Havrix GSK * inactivated no
Twinrix GSK HepA+B (Jun/Adult) inactivated (HepA) no

Influenza Begrivac Chiron * split-protein no
Vaxigrip APMSD * split-protein no
Addigrip APMSD * subunit no
Sandovac Novartis * subunit no
Influvac Solvay * subunit yes
Fluad Chiron * subunit no
Inflexal V Berna * virosome no

Measles, Mumps, Rubella Priorix GSK MMR live-attenuated no
Pneumonia Prevnar Wyeth * (Jun) 7-valent conjugate no

Pneumo 23 “Merieux” APMSD * (Adult) 23-valent conjugate no
Pneumovax 23 Merck * 23-valent conjugate no

Tick-borne encephalitis FSME immune Baxter * (Jun/Adult) inactivated no
Encepur Chiron * (Jun/Adult) inactivated no

Varicella (Chickenpox) Varilrix GSK * live-attenuated no
Yellow fever Stamaril APMSD * live-attenuated no

Arilvax Acambis * live-attenuated no

Abbreviations: aP, acellular pertussis; APMSD, Aventis-Pasteur MSD; d, diphtheria; GSK, GlaxoSmithKline; HepA/B, hepatitis
A/B; HiB, haemophilus influenzae b; IPV, inactivated polio virus; MMR, measles-mumps-rubella; T, tetanus
*, vaccine that protects only against the pathogen indicated under “Disease”
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to be only moderate. Above all, vaccination coverage
among the elderly population is only around 10 to 15 %.
This may be due to the high costs of the vaccine and its
unsatisfying efficacy in elderly people. But more immu-
nogenic vaccines are currently in different phases of clin-
ical trials (Table 1) and promise to be more efficient in
old age.

Tuberculosis

Elderly people also represent the largest target population
for tuberculosis (TB) which is still a global health prob-
lem as there are 8 million new TB cases and 1.6 million
deaths each year. In Austria, the number of TB cases de-
creased from 1.364 in 1998 to 1.079 in 2002 but it is
more prevalent in people aged 55 and over. Moreover, tu-
berculosis often has an atypical manifestation in old age

and is therefore frequently diagnosed with delay. This
may lead to increased morbidity and mortality and to a
spreading of the disease, in particular within institution-
alized elderly persons [24]. Moreover, most infected in-
dividuals develop a latent infection that can be reacti-
vated in about 10 % of the patients at any time during
their life. Further difficulties include the increased emer-
gence of new, multiple drug-resistant strains with higher
transmissibility, the poor efficacy of BCG vaccine in pro-
tecting adults and elderly people from pulmonary infec-
tion [25] and the increased risk of TB co-infection in HIV
positive patients [26]. Yet, the BCG vaccine is not rec-
ommended for general use in many countries, such as
Austria and the United States, because the vaccine dis-
plays adverse side effects and low efficacy in adults, and
interferes with skin test screening. However, new TB vac-
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Fig. 2. Schematic representation of the adaptive immune response to a pathogen. The immune system is the body’s major de-
fense mechanism against exogenous pathogens and even the slightest alterations of immune function may have deleterious ef-
fects on human welfare. Whenever a pathogen invades the human host, the innate (unspecific) and the adaptive (specific) arms
of the immune system will be activated. First, the pathogen gets phagocytosed by antigen presenting cells (APC), such as mon-
ocytes and dendritic cells. The proteins of the pathogen will be cut into small peptides followed by a vesicular transport of these
peptides to the cell surface where they are presented on so-called major histocompatibility complex (MHC) molecules. These
peptide-MHC complexes on the cell surface of an APC can now be recognized by a specific T cell receptor (TCR) expressed
on T cells. The process of pathogen recognition leads to activation of the T cell that will consequently initiate various effector
functions. However, one has to distinguish between two types of T cells that mediate different functions. CD4+ (helper) T cells
can stimulate B cells that consequently differentiate into plasma cells and produce antibodies. On the other hand, CD8+ (cyto-
toxic) T cells mediate killing of tumor cells and host cells that have been infected by a pathogen. The activation of CD4+ and
CD8+ T cells is also a prerequisite to form long-lasting immunological memory.
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cine candidates have now entered phase I clinical trials
(Table 1). They may have a more favorable safety profile
and may be able to induce strong cellular immune re-
sponses, necessary to protect against an intracellular
pathogen such as Mycobacterium tuberculosis.

Herpes zoster

Herpes zoster is another disease that predominantly oc-
curs in the elderly and is caused by the reactivation of
the varicella zoster virus. Primary infection with varicella
zoster virus (VZV) has the clinical manifestation of
chickenpox and usually occurs in children. The virus then
remains latent in human ganglia until its reactivation in
the course of an immune suppression or deficiency [27].
The reactivation of VZV results in the clinical manifes-
tation of shingles and post-herpetic neuralgia and is as-
sociated with a progressive decline in cell-mediated im-
munity to VZV, thus rendering older adults more suscep-
tible to VZV. In the near future, routine vaccination of
children in Austria will include a new tetravalent vaccine
that protects against measles, mumps, rubella and vari-
cella (Table 1). However, these pediatric VZV vaccines
are not adequate in boosting T cell responses in older
adults. Fortunately, a vaccine that prevents herpes zoster
virus reactivation is currently in phase III clinical trials.
This live-attenuated VZV vaccine, which is 14-times
more potent than the currently available vaccines that
prevent chickenpox, has specifically been developed to
protect the reactivation of herpes zoster in elderly people
[28, 29]. This is of particular importance, because older
adults were not vaccinated against VZV and may have
been infected by VZV. For instance, 95 % of Canadians
have had chickenpox by the age of 15. Thus, reactivation
of herpes zoster and its clinical manifestations will re-
main a serious health threat to the growing elderly pop-
ulation. But new and more potent candidate vaccines may
have a beneficial effect by reducing morbidity and mor-
tality due to boosting T cell responses in older adults.

Cytomegalovirus

Another herpes virus, the cytomegalovirus (CMV), has
also been shown to persist throughout life until its reac-
tivation due to immune suppression or deficiency. De-
pending on the geographic area, 60 to 100 % of the adult
population is infected by CMV [30]. Although immuno-
competent persons mostly do not recognize infection as
it causes no or few relatively unspecific symptoms, re-
cent research results suggest that CMV favors an accel-
erated aging of the immune system, because the organ-
ism continuously has to warrant immunity to this chron-
ic viral infection [30–32]. This is due to the fact that the
virus has evolved numerous mechanisms to continuously
escape the host’s immune defense [33] and to persist
throughout life within the infected organism. This leads
to a re-configuration of T cell immunity due to the accu-
mulation of dysfunctional, virus-specific cells that fail to
be eliminated from the system. The accumulation of dys-
functional CD8+ T cells has been associated with a lack
of antibody production following influenza vaccination in
elderly people [34]. In order to prevent CMV infection,
especially to protect HIV-infected patients from CMV co-

infection, new candidate vaccines against CMV are now
being tested in phase I clinical trials (Table 1). Beyond,
these candidate vaccines could also prevent CMV-asso-
ciated aging of the immune system and its consequences
when applied in early life.

Tetanus and diphtheria

Although tetanus and diphtheria vaccines have been used
for routine immunization over decades, few studies exist
that document their efficacy in elderly people. There is
still evidence that the vaccination coverage among el-
derly persons is low and even around 40 % of appropri-
ately vaccinated elderly persons do not have protective
tetanus-specific antibody concentrations [35–39]. There-
fore, Austrian public health authorities have recom-
mended 5- instead of 10-year booster vaccination inter-
vals for people aged 60+, using a combined vaccine
against tetanus, diphtheria and pertussis (Fig. 1). More-
over, strategies have to be developed to draw public at-
tention to the problem of vaccination in the elderly and
increase vaccination acceptance.

Pertussis

Whooping cough (pertussis) is a highly contagious re-
spiratory system infection caused mainly by the bacte-
rium Bordetella pertussis. Pertussis can last for several
weeks and affects approximately 700 to 1000 Austrian
people annually. Due to the implication of routine child-
hood vaccination using acellular pertussis vaccines, the
high mortality rate among young children has been re-
duced. Although most infants are being immunized
against pertussis, this immunity usually fades during ad-
olescence. Concordantly, a significant increase in re-
ported pertussis incidence among adolescents and adults
has been observed [40]. Still, the reported pertussis cases
in adults and elderly people are likely to be underesti-
mated because symptoms of disease may be characterless
and make clinical diagnosis difficult. There is also evi-
dence that the attack rate of pertussis is high among non-
vaccinated elderly people (53 %) [41]. Moreover, 10 %
of these elderly people died from intracranial bleeding,
while they were symptomatic for pertussis. Thus, regular
booster immunizations for adults and elderly persons
(Fig. 1) are indispensable to provide sustained levels of
antibodies against pertussis.

Tick-borne encephalitis

Tick-borne encephalitis (TBE) is caused by the TBE vi-
rus that is primarily transmitted to humans by infected
ticks. TBE is among the most dangerous neuro-infectious
diseases in Europe and Asia and is responsible for ap-
proximately 10.000 cases of encephalitis annually, most
of them occurring in Russia, the Czech Republic and the
Baltic states. The percentage of severe disease constitutes
5 to 18 % and approximately 2 % of infected persons
have a fatal outcome. Yet, there is no specific therapy
available and therefore active immunization provides the
only efficient protection against TBE disease. Numerous
research results have reported that the commercially
available European TBE vaccines (Table 2) are highly
immunogenic and well tolerated by both adults and chil-
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dren [42]. Hence, in Austria, disease incidence has been
dramatically reduced due to the implementation of an ex-
tended TBE vaccination campaign that started in 1981.
By now, Austria is the country with the highest TBE vac-
cination coverage (87 % in 2004) which consequently led
to a drop in the number of clinical cases from 438 re-
corded in 1980 to 54 documented in 2004. Nevertheless,
maintenance of the high vaccination coverage is of piv-
otal relevance, as TBE is a zoonotic arbovirus infection
that cannot be eradicated like smallpox. Of particular im-
portance is the fact that 55 % of the annual TBE cases in
Austria affect people over 50 years of age and vaccina-
tion coverage in this population is only at around 65 %.
This is so much the worse as elderly people have a high-
er risk of severe manifestations of TBE. On that account,
it will be necessary to increase vaccination coverage
among elderly people as well as to assure that they fol-
low the 3-year booster intervals currently recommended
(Fig. 1), as they have a more rapid decline in protective
antibody levels, too [36]. Regular booster injections in
adult life will guarantee the maintenance of a long-last-
ing humoral immune response [43] and will decrease the
risk of immunization failures in elderly people.

Travel vaccines

Due to increased mobility, elderly persons are also at an
enhanced risk of encountering new antigens (e. g. typhoid
and yellow fever virus, hepatitis A, rabies virus). For in-
stance, in 1980 only 5 % of Austrians aged over 60 were
traveling to a developing country whereas in 1995 this
number has reached 15 % and is still increasing. This is
a problem, as elderly persons must rely on a limited T
cell repertoire that does not necessarily include full re-
sponsiveness to new antigens (see Chapter 2 for details).

Hepatitis A vaccination is currently recommended
when traveling to tropical and subtropical countries that
carry an enhanced risk of infection. For instance, the risk
of hepatitis A infection of travelers to developing coun-
tries was estimated to be 3 to 20 cases per 1000 persons
per month of stay, varying with destination, living con-
ditions and age [44, 45]. Remarkably, improved sanitary
standards in developed countries have reduced the risk of
environmental exposure to Hepatitis A virus and have
lowered the overall incidence of infection. Paradoxically,
susceptibility to the virus has nevertheless increased be-
cause of the decrease in natural immunity. Thus, less than
20 % of persons born after 1945 have a natural immunity
against Hepatitis A virus [44]. Furthermore, increasing
age represents an enhanced risk of severe infection and
mortality rates are about two percent for persons older 40
years of age [44]. There is also some evidence of lower
antibody titers associated with advancing age. For in-
stance, the seroconversion rates 8 months after two doses
of Havrix® were found to be 85 % and 60 % for adults 
≤ 35 years and >35 years, respectively [46]. After follow-
ing a recommended immunization schedule with Twin-
rix®, seroprotection was 92 % and 63 % for adults < 40
years and >60 years, respectively [47]. Considering these
results, it may be useful to determine HAV antibodies in
elderly persons, as in the case of vaccination failure
boosters have shown themselves to be effective [47]. It

is further recommended that the vaccine is given at least
3 to 4 weeks before travel due to a slower onset of the
antibody response observed in older people [48].

Another important travel vaccine is directed against
yellow fever, which is endemic in sub-Saharan Africa and
central South America and is caused by a mosquito-borne
flavivirus. Neonates and older adults are both at increased
risk of severe disease, and mortality rates after infection
are highest in these age groups. Yet, there is no specific
treatment against yellow fever. Vaccination is the only
way to protect persons traveling to regions where yellow
fever is endemic. The only vaccine currently available
contains a live-attenuated 17D strain virus (Table 2) and
has been shown to be safe and highly potent [49]. How-
ever, the high sensitivity to temperature makes it neces-
sary that the vaccination is only carried out at specific,
WHO-approved institutions. Due to the increased use in
international travelers, it has become evident that ad-
vanced age may be a risk factor for serious adverse ef-
fects [50]. Compared with persons aged 25–44 years, in-
dividuals aged ≥75 had an 18-fold greater risk of experi-
encing serious adverse events after vaccination. The rate
of systemic illness requiring hospitalization or leading to
death after yellow fever vaccination was reported to be
3.5 per 100.000 among people 65 to 75 years of age and
9.1 per 100.000 for people over 75 years. Moreover, there
are no systematic studies available evaluating the efficacy
of the vaccine in elderly persons. To strengthen the vac-
cine’s fundamental role in disease prevention and control,
efforts to maximize its safety and to ensure its efficacy
in elderly persons should be accelerated.

Why do immunity and the protective effect of 
vaccinations decline in the elderly?

A wide range of age-related changes in immune system
development and function have been identified and are
referred to as immunosenescence (Table 3). Immunose-
nescence is a complex remodeling of the immune system
that may contribute significantly to morbidity and mor-
tality in the elderly. It is the consequence of continuous
attrition caused by chronic antigenic stress and it has
emerged in combination with the extension of lifespan in
the 20th century.

Although both cellular and humoral immune re-
sponses are modified with advancing age, much of the
decrease in immunoresponsiveness seen in elderly peo-
ple is associated with changes in T cell responses. Hence,
the first and most striking age-dependent alteration af-
fecting the immune system is thymic involution, which
starts soon after puberty and is complete by the age of 50
[51, 52]. The thymus, the central lymphoid organ, is re-
sponsible for the maturation and eventual selection of
fully functioning T cells, so-called naive T cells, derived
from the bone marrow. Consequently, thymic involution
leads to a dramatic decline in the output of naive T cells
and to severely decreased naive T cell counts. There is
also evidence that the remaining naive T cells in the pe-
riphery may get exhausted as they undergo accelerated
homeostatic proliferation in order to – in the end unsuc-
cessfully – fill the immunological space and may thus re-
strict the naive T cell repertoire and impair the organ-
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isms’ capability to respond to a broad panel of new path-
ogens [53–55]. Nevertheless, no age-related changes in
the total number of T cells are observed [56]. This is due
to an increase in the number of antigen-experienced T
cells [57]. These antigen-experienced T cells can be di-
vided into memory and effector T cells. The latter cell
type includes a substantial proportion of senescent cells
that accumulate in elderly people and are responsible for
maintaining T cell counts to compensate the loss of na-
ive T cell regeneration. However, senescent effector T
cells display phenotypic changes (loss of co-stimulatory
molecules such as CD28 and CD40L) as well as func-
tional changes (lack of the production of important cy-
tokines, decreased proliferative response, shortened telo-
meres, increased resistance to programmed cell-death and
restricted T cell diversity) [58, 59]. Of particular impor-
tance, the CD8+CD28- effector T cell population displays
a distinct cytokine profile, as it produces large amounts
of the pro-inflammatory cytokine gamma interferon
(IFNγ), but does not produce interleukin 2 (IL-2) and the
anti-inflammatory, B cell stimulating cytokine IL-4 [34].
In a recent publication [30], we demonstrated that aging
as well as CMV infection lead to a decrease in the size
of the naive and early memory CD8+ T cell pool, but to
an increase in the number of dysfunctional, IFNγ-produc-
ing CD8+CD28- effector T cells. The accumulation of ef-
fector T cells has been shown to be associated with in-
sufficient efficacy of vaccines to induce antibody produc-
tion in old age [34, 60] and to predict higher mortality
[61]. Further, the production of pro-inflammatory cytok-
ines by accumulating effector T cells leads to ubiquitous
chronic inflammatory responses in old age (“inflamm-ag-
ing”; [62]), which consequently support the development
of age-related chronic diseases, such as arteriosclerosis
[5], rheumatoid arthritis [6] and Alzheimer’s disease 
[7, 8].

Importantly, elderly people who respond well to in-
fluenza vaccination also have high numbers of early
memory CD8+ T cells [63]. Thus, the early memory CD8+

T cell population, which is a crucial source of IL-2 and
IL-4 production and represents a reservoir of great diver-
sity, is an important prerequisite for intact immune re-
sponses in elderly persons [64].

As a result, impaired T cell-mediated immunity as
well as defects in antigen presentation by APC, substan-
tially contribute to the decline in B cell specific functions
[65]. Although aged individuals have normal numbers of
circulating B cells, have no decrease in serum Immuno-
globulin (Ig) levels and are capable of mounting robust
humoral responses, the antibodies produced are generally
of lower affinity and are less protective than those pro-
duced by young persons [66]. The process of aging leads
to both quantitative and qualitative alterations in the pe-
ripheral B cell developmental system and includes the
shifts in antibody specificities from foreign to autoanti-
gens and in antibody isotypes from IgG to IgM. Further-
more, it is reported that B cells from aged subjects are
stimulated 70 % less efficiently by the follicular dendrit-
ic cells than the B cells from young subjects [67], sug-
gesting a correspondingly reduced maintenance of func-
tional memory cells. The result of all these dynamic mod-
ifications in the B cell compartment is a reduction of both
T cell-independent and T cell-dependent B cell respons-
es [68].

To summarize, the cytokine environment, the T cell
repertoire as well as molecules responsible for cell to cell
interactions between T and B cells, are major determi-
nants for intact antibody production in old age. Thus, de-
creased numbers of CD28+ and CD40L+ T cells and a lack
of cytokines such as IL-2 and IL-4, are both likely to en-
danger normal T cell / B cell communication, B cell
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Table 3. The most important age-related changes within the specific immune system

Cell type Age-related alteration Reference

T cells ↓ naive T cell counts due to involution of the thymus [51]
↑ memory and effector T cell counts [57]
↓ expression of co-stimulatory molecules (CD28, CD27, CD40L) [59]
↑ expression of senescence-associated molecules (CD57, KLRG-1) [73]
↓ proliferative responses and ↓ T cell signaling [59]
↓ proliferative capacity due to shorter telomeres and lower telomerase levels [59]
↑ DNA damage and ↓ DNA repair [74]
↓ antigen diversity due to accumulation of effector cells [75]
↓ functional properties of naive T cells [53, 54] and

unpublished observation
↓ apoptosis (programmed cell death) of CD8 T cells [74, 76]
↑ apoptosis of CD4 T cells [74]
↑ levels of the pro-inflammatory cytokines (e. g. IFNγ, TNFα and IL-6) [57]

B cells ↓ expression of co-stimulatory molecules (CD27, CD40L) [77]
↓ size and number of germinal centers of the lymph nodes [78, 79]
↓ antibody affinity (shift from IgG to IgM) [66]
↓ serum antibodies specific for foreign antigens [80]
↑ serum antibodies specific for self-antigens [81]
↓ stimulation by follicular dendritic cells [67]

KLRG-1, killer cell-lectin-like receptor G1; TNFα, tumor necrosis factor α
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growth, differentiation, and antibody production in the el-
derly.

How to improve vaccine efficacy?

There is a tremendous need to increase the protective ef-
fect of vaccines in the elderly. Research of the last dec-
ade has provided new insights into the molecular mech-
anisms of the aging immune response, which can be now
used for the development of potent vaccines. Actually,
there is already a gradual shift from the original focus on
humoral immunity to a focus that includes the cellular
and innate immune components. In particular, effective
vaccines against chronic diseases, such as HIV, hepatitis
C, tuberculosis and cancer require strong T cell re-
sponses, to attack virus-infected cells and to protect
against disease. Currently, several strategies are being
pursued to increase immunogenicity, to minimize adverse
side effects and to increase vaccine acceptance by intro-
ducing needle-free injection devices. Proven and promis-
ing vaccine technologies are used to design conjugate,
subunit, live vector, DNA and live-attenuated vaccines
[69]. While live-attenuated vaccines stimulate numerous
immune components and display enhanced immunogen-
icity, conjugate and subunit vaccines are often supple-
mented with adjuvants to ensure their protective effect.
Generally, adjuvants can be divided into antigen delivery
systems (cationic microparticles, proteasomes and virus-
like particles) and immune potentiators (e. g. cytokines).
These adjuvants may overcome the proposed age-related
functional decline of innate immune responses by target-
ing pattern-recognition receptors, such as the recently
identified toll-like receptors or nucleotide-binding oli-
gomerization domain proteins [70]. The enhanced activa-
tion of the innate immune system may also improve an-
tigen processing and presentation leading to more potent
T and B cell responses. Furthermore, vaccines supple-
mented with the DNA of a cytokine (e. g. IL-2 or IL-15)
may boost immune responses by generating more and
long-lived memory T cells [71, 72].

Additional to improving vaccine efficacy, a modifi-
cation of vaccination strategies for elderly people has
been supported by the results of several vaccination tri-
als. A decreased response and a shortened duration of
protective immunity following booster immunizations are
characteristic features of old age [37]. Therefore, Aus-
trian health authorities have recommended shorter vacci-
nation intervals for tetanus, diphtheria, pertussis and TBE
(Fig. 1). Thus, increased public awareness of regular
booster vaccinations in adults should be enforced, as
these immunization regimes are essential to maintain the
ability to respond to recall antigens in old age. Recent re-
sults of our laboratory further indicate that long-lasting
protection and a good booster effect after a long time can
be expected when a live-attenuated vaccine is used for
primary immunization (unpublished observation). These
findings favor a heterologous prime-boost immunization
regime, using potent live-attenuated vaccines at the be-
ginning and continue with inactivated, less immunogenic
compounds.

Conclusions
Consistent with the increased emergence of infectious
diseases and the current demographic development in
many countries, infectious diseases in geriatric patients
are becoming an increasingly important issue. The fre-
quent occurrence and severity of infectious diseases seen
in the elderly is mostly related to an age-related decline
in the functions of the immune system that also nega-
tively influences the production of protective antibody
levels after vaccination. As a result, immunization re-
gimes have been adjusted for elderly individuals and the
need to develop more immunogenic vaccines specifically
addressing the elderly population has been recognized by
manufacturers. Alternative routes of administration
should further contribute to an increased vaccine accept-
ance and a consequent rise in the vaccination coverage
among elderly people.
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