
In addition to improve vaccine efficacy, a modification of
vaccination strategies for elderly persons has been supported
by the results of several vaccination trials. A decreased
response and a shortened duration of protective immunity
following booster immunization is a characteristic feature of
old age (13). In Austria, for example, health authorities have
therefore recommended five-year vaccination intervals for tet-
anus, diphtheria, pertussis, and pneumonia. Increased public
awareness of regular booster vaccinations in adults should be
enforced, as these immunization regimes may be essential to
maintain the ability to respond to recall antigens in old age.
Recent results also indicate that not only long-lasting protection
but also a good booster effect can be expected even a long time
after the last vaccination, when a live-attenuated vaccine (e.g.,
polio vaccine) is used for primary immunization in early life
(9). New delivery systems that make use of tiny microneedles
or noninjectable application devices may further increase vac-
cination acceptance, especially in the case of influenza, as this
vaccination has to be repeated annually.

In the distant future, strategies to reverse or delay immu-
nosenescence may also become apparent. Because thymic invo-
lution is a key event for the age-related deterioration of immune
function, therapies aiming at promoting thymic regrowth, and
increasing thymopoiesis are currently under investigation. The
administration of IL-7 or growth hormone and insulin-like
growth factor 1 have been proven promising in animal models.
Furthermore, the eradication of chronic bacterial or viral infec-
tions may further delay immunosenescence. In animal models,
a 30% reduction of caloric intake has also been found to slow
multiple aspects of aging, such as the age-related loss of naive T
cells and the decreased proliferative capacity after antigenic
stimulation (39). Whether caloric restriction has similar effects
in humans has not been proven yet.

CONCLUDING REMARKS
By virtue of the demographic development taking place in
developed countries, infectious diseases in elderly persons
have gained increasing importance. Thus, the development of
more immunogenic vaccines for the elderly is relevant to the
protection of public health. The improvement of specific vac-
cine types regarding immunogenicity and tolerability, the
addition of adjuvants, the design of new delivery systems as
well as specific immunization regimes should all contribute to
enhanced efficacy of vaccines in elderly persons. For the short
term, improvements could be achieved by raising people’s
awareness regarding recommended booster vaccination inter-
vals throughout life and by adjusting vaccination intervals in
old age. The enhanced efficacy of vaccines and the introduction
of needle-free injection devices are likely to increase vaccine
acceptance and vaccination coverage among elderly persons.

REFERENCES
1. Wick G, Jansen-Durr P, Berger P, et al. Diseases of aging. Vaccine

2000; 18(16):1567–1583.
2. Hakim FT, Flomerfelt FA, Boyiadzis M, et al. Aging, immunity

and cancer. Curr Opin Immunol 2004; 16(2):151–156.
3. Gavazzi G, Krause KH. Ageing and infection. Lancet Infect Dis

2002; 2(11):659–666.
4. Thompson WW, Shay DK, Weintraub E, et al. Influenza-associated

hospitalizations in the United States. JAMA 2004; 292(11):
1333–1340.

5. Bouree P. Immunity and immunization in elderly. Pathol Biol
(Paris) 2003; 51(10):581–585.

6. Nichol KL, Margolis KL, Wuorenma J, et al. The efficacy and cost
effectiveness of vaccination against influenza among elderly
persons living in the community. N Engl J Med 1994; 331(12):
778–784.

7. Oxman MN, Levin MJ, Johnson GR, et al. A vaccine to prevent
herpes zoster and postherpetic neuralgia in older adults. N Engl J
Med 2005; 352(22):2271–2284.

8. Grubeck-Loebenstein B, Berger P, Saurwein-Teissl M, et al. No
immunity for the elderly. Nat Med 1998; 4(8):870.

9. Kaml M, Weiskirchner I, Keller M, et al. 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 2006;
24(47–48):6808–6811.

10. Gomez I, Marx F, Gould EA, et al. T cells from elderly persons
respond to neoantigenic stimulation with an unimpaired IL-2
production and an enhanced differentiation into effector cells.
Exp Gerontol 2004; 39(4):597–605.

11. Wolters B, Junge U, Dziuba S, et al. Immunogenicity of combined
hepatitis A and B vaccine in elderly persons. Vaccine 2003; 21(25–26):
3623–3628.

12. Martin M, Weld LH, Tsai TF, et al. Advanced age a risk factor for
illness temporally associated with yellow fever vaccination.
Emerg Infect Dis 2001; 7(6):945–951.

13. Hainz U, Jenewein B, Asch E, et al. Insufficient protection for
healthy elderly adults by tetanus and TBE vaccines. Vaccine 2005;
23(25):3232–3235.

14. Rossi DJ, Bryder D, Zahn JM, et al. Cell intrinsic alterations
underlie hematopoietic stem cell aging. Proc Natl Acad Sci U S A
2005; 102(26):9194–9199.

15. Janzen V, Forkert R, Fleming HE, et al. Stem-cell ageing modified
by the cyclin-dependent kinase inhibitor p16INK4a. Nature 2006;
443(7110):421–426.

16. Haynes BF, Markert ML, Sempowski GD, et al. The role of the
thymus in immune reconstitution in aging, bone marrow trans-
plantation, and HIV-1 infection. Annu Rev Immunol 2000; 18:
529–560.

17. Haynes L, Eaton SM. The effect of age on the cognate function of
CD4þ T cells. Immunol Rev 2005; 205:220–228.

18. Effros RB, Cai Z, Linton PJ. CD8 T cells and aging. Crit Rev
Immunol 2003; 23(1–2):45–64.

19. Huber LA, Xu QB, Jurgens G, et al. Correlation of lymphocyte
lipid composition membrane microviscosity and mitogen
response in the aged. Eur J Immunol 1991; 21(11):2761–2765.

20. Saurwein-Teissl M, Lung TL, Marx F, et al. Lack of antibody
production following immunization in old age: association with
CD8(þ)CD28(�) T cell clonal expansions and an imbalance in the
production of Th1 and Th2 cytokines. J Immunol 2002; 168(11):
5893–5899.

21. Schwaiger S, Wolf AM, Robatscher P, et al. IL-4-producing CD8þ
T cells with a CD62Lþþ(bright) phenotype accumulate in a
subgroup of older adults and are associated with the maintenance
of intact humoral immunity in old age. J Immunol 2003; 170(1):
613–619.

22. Appay V, Dunbar PR, Callan M, et al. Memory CD8þ T cells vary
in differentiation phenotype in different persistent virus infec-
tions. Nat Med 2002; 8(4):379–385.

23. Almanzar G, Schwaiger S, Jenewein B, et al. Long-term cytomeg-
alovirus infection leads to significant changes in the composition
of the CD8þ T-cell repertoire, which may be the basis for an
imbalance in the cytokine production profile in elderly persons.
J Virol 2005; 79(6):3675–3683.

24. Hadrup SR, Strindhall J, Kollgaard T, et al. Longitudinal studies of
clonally expanded CD8 T cells reveal a repertoire shrinkage
predicting mortality and an increased number of dysfunctional
cytomegalovirus-specific T cells in the very elderly. J Immunol
2006; 176(4):2645–2653.

240 Herndler-Brandstetter et al.




