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Food Allergy: Only a Pediatric Disease?
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Abstract

Epidemiologic studies report an increase in food allergies in
industrialized countries, but mainly focus on children and
young adults. This leads to the impression that food allergies
do not occur in the older population. However, age-related
changes dramatically affect both the innate as well as the
adaptive immune system —a phenomenon known as immu-
nosenescence. Deficiencies in micronutrients, especially
zinc and iron, as well as vitamin D, in the elderly may also
contribute to the development of allergies. A further risk
factor of the elderly in developing food allergies could also
be the decreased digestive ability of the stomach due to
atrophic gastritis or anti-ulcer medication. In these settings,
undigested proteins may persist and become allergenic. In
fact, mouse models indicate that these pharmaceuticals
support the induction of Th2 responses not only in young
adult, but also in aged animals. Previous reports have al-
ready suggested that allergies are underdiagnosed among
the elderly. Based on our own recent study conducted in a
geriatric nursing home, we also suggest that food allergies

may be underestimated. Copyright © 2010 S. Karger AG, Basel

Population studies indicate that food allergies have be-
come a major health concern in industrialized countries
in the last decade with increasing awareness among phy-
sicians and patients. Approximately 25% of people are
convinced to suffer from food allergy, whereas the true
prevalence appears to be around 3.5-4% in American [1]
and German populations [2]. A recent American study
indicated an even higher prevalence of 9.1% of people self-
reporting food allergy with 5.3% of them being positively
diagnosed by a physician [3]. Interestingly, food allergy
seems to be a disease especially of pediatric age with a
prevalence of 6% among children under 3 years [1]; its oc-
currence in the aged population is often underestimated
[4]. Thus, it is not surprising that most prevalence studies
focus on children and young adults, which leads to the
impression that allergic disorders do not affect the elder-
ly. Even though the occurrence in the aged population
might be underestimated [4] due to lack of epidemiologi-
cal data, the question arises whether Th2 immune re-
sponses towards allergens might at all be possible in ad-
vanced age.

Immunological Changes due to Ageing Processes

The role of allergic diseases in the elderly is often a mat-
ter of controversy in the literature because of the physio-
logical changes of the immune system that accompanies
ageing. The so-called ‘immunosenescence’ was shown to
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affect both the innate and the adaptive immune systems.
Therefore, the elderly are prone to the development of
more severe and chronic infectious diseases, vaccine fail-
ure, autoimmunity and cancer [5]. One of the most dra-
matic immunological changes is the involution of the thy-
mus which has its maximal activity during puberty and
begins to shrink at the age of 20. At the age of 50 only 10%
of the initial mass of lymphoid tissue is left. The relative
reduction of naive T cell number leads to a preponderance
of memory T cells, which are of lower affinity and have a
decreased potential to protect against new antigens [6].
The lower expression of CD28, the co-stimulatory mole-
cule of T cells, accounts for a more anergic and apoptotic
response, also resulting in a loss of responsiveness upon
antigen triggering. Among memory T cells, the CD4+ T
cells (in particular) proliferate and differentiate poorly [7].
There is controversy in the literature how the balance be-
tween the Th1 and Th2 branches are affected by the ageing
process. [8]. Mouse studies indicated that Th2 dominance
in senescence is supported by increased IL-4 levels and a
higher production of IL-5 [9]. This was confirmed in hu-
mans by recent data showing that a shift towards a Th2
profile is not only present in childhood but also in mid-to-
later life [10]. The differentiation of B cells is affected by
immunosenescence, whereas the number of B cells in the
periphery seems to be unchanged. However, the humoral
immune response is deficient because of the diminished
T cell help as well as the defects in class switch recombina-
tion, as reviewed by Frasca and Blomberg [11]. Although
antibody serum concentrations do not change with age,
the generated antibodies are of lower affinity because of a
shift from IgG to IgM [12]. Furthermore, it was reported
that the expression of the two most distinguishing anti-
bodies for allergic responses in mouse studies, IgGl and
IgE, is decreased six-fold and twelve-fold, respectively,
compared to young animals [13], which gives the impres-
sion that allergies may play a minor role in senescence.
Ageing not only affects the systemic immune system,
but it also has an impact on local immune responses, es-
pecially on the gastrointestinal mucosa. The induction of
mucosal tolerance is one of the most important protective
responses against new dietary antigens. The development
of opsonizing secretory IgA antibodies against food an-
tigens represents one of the first counter mechanisms of
mucosal immunity by reducing attachment, penetration
and invasion of antigens across the mucosa [14]. It is well
known that newborns are protected against many patho-
gens and toxins by the secretory IgA supplied to the in-
fant via breast feeding. This mechanism leads to transient
tolerance/immunity against oral antigens, but also trains
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the infant’s IgA response. With advanced age this muco-
sal first-line defense mechanism seems to be altered. It
has been reported that orally induced antigen-specific
IgA responses are weakened in aged animals [15]. Mouse
studies have shown that mucosal tolerance induction was
impaired in aged animals compared to young ones. How-
ever, if oral tolerance is once established in young age, it
will also be maintained in senescence [16]. This indicates
that ageing affects the induction, but not the effector
phase of oral tolerance. Based on these data, the ingestion
of new dietary proteins may not induce oral tolerance in
the elderly, but rather make them prone to de novo sensi-
tization and type I food allergy.

Micronutrients Modulate Immune Responses

Antioxidants and micronutrients, such as zinc and
iron, are well recognized for their modulating effect on
the immune system. Zinc deficiency, which is widespread
among the aged population, supports thymic atrophy.
Low zinc levels were responsible for the accumulation of
immature B cells in spleens of zinc-deficient mice. In
contrast, the number of immature T cells was generally
lower in the periphery. The animals also showed de-
creased antibody responses, particularly of the IgM, Ig-
G2a and IgA subclasses, whereas the levels of other IgG
subclasses were even increased [17]. Human studies have
reported that zinc levels are decreased particularly in
stress situations due to pro-inflammatory cytokines
(such as IL-6 and TNF-«a) which bind zinc ions and re-
lease them subsequently. In the geriatric population, this
stress situation seems to be a permanent one; moreover,
no subsequent release of zinc from the cytokines occurs,
leading to reduced zinc bioavailability and, consequently,
altered immune responses [18]. Decreased levels of zinc
are responsible for a reduction of Thl cytokines (IFN-v,
IL-2 and TNF-a) while the Th2 branch (IL-4, IL-6 and
IL-10) is not affected [19] or even enhanced. Thus, zinc
deficiency in aged individuals could favor the develop-
ment of allergic diseases [17].

Iron deficiency is most often found in children and
pregnant women, but is also prevalent in the aged popu-
lation [20]. A reduction of iron leads to diminished anti-
body responses, especially of the IgG4 subclass [21],
known to prevent activation of effector cells by capturing
the allergen before it can cross-link cell-bound IgE. Tak-
en together, the above data suggest a direct effect of mi-
cronutrients on the immune response favoring a develop-
ment of Th2 type responses.
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Does Vitamin D Deficiency in the Elderly Support
Allergies?

Besides zinc and iron deficits, vitamin D deficiency is
also very common in elderly. Serum concentrations of
vitamin D are generally lower in older compared with
younger subjects; however, in residents of nursing homes
the vitamin D levels are extremely low [22]. Consequenc-
es of vitamin D deficiency are impaired mineralization
of bone and a parathyroid hormone-mediated increase of
bone degradation resulting in enhanced risk of fractures.
Vitamin D is a prohormone; its active form - 1,25 dihy-
droxyvitamin Dj; or calcitriol - is produced by two hy-
droxylation steps. First, it is hydroxylated on position 25
and then on position 1 alpha. In addition to its central
role in the regulation of bone and calcium homeostasis,
calcitriol has a variety of noncalcemic target cells such as
myocytes, cardiac muscle cells, lymphocytes and mono-
cytes. There is evidence that calcitriol has immunomod-
ulatory properties; in animal models the hormone pre-
vents the development of autoimmune diseases. In a re-
cently published study, Hypponen et al. [23] found a
U-shaped relationship between 25-hydroxyvitamin D
and IgE levels: both the lowest and highest 25-hydroxyvi-
tamin D levels were associated with high IgE concentra-
tions. Moreover, an association between the CYP27B1
(the enzyme responsible for the synthesis of calcitriol)
genotype and IgE levels was seen. In a rat model, calcitri-
ol was found to prevent allergic asthma [24], but contrast-
ing in vitro data from our laboratory indicate that cal-
citriol could predispose toward T},/T.2-mediated allergic
reactions [25]. Thus, although the underlying mecha-
nisms remain unclear at present, calcitriol appears to
have a bimodal effect on allergic reactions. In view of the
high prevalence of vitamin D deficiency on the one hand
and the recommendation to supplement elderly subjects
with vitamin D on the other hand, further studies on the
possible role of calcitriol in the pathogenesis of allergic
diseases in elderly are clearly required.

The Role of Food Allergy in the Elderly

In our recent study conducted in a geriatric nursing
home, 40.4% of patients (mean age 77 years) showed spe-
cific IgE to respiratory allergens and 24.8% to food aller-
gens, which was supported by positive type I skin tests
[26]. Interestingly, the positive skin prick tests correlated
significantly with alcohol consumption, which has been
described as a risk factor for sensitization against food
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allergens [27]. Besides the direct effect on the gastric mu-
cosa by enhancing its permeability, chronic alcohol abuse
is correlated with atrophic gastritis and decreased gastric
secretory capacity [28]. The hypoacidic milieu is physio-
logical in newborns and during the first months of life.
In addition, hypoacidity represents the therapeutic aim
in treatment of dyspeptic disorders, like esophageal re-
flux or chronic gastritis, and can be achieved with acid-
suppressive drugs like proton pump inhibitors, antacids
or Hj-receptor blockers. In our studies, we repeatedly re-
ported a positive correlation between the intake of anti-
acid drugs and the incidence of food allergy. Also the as-
sociation with development of eosinophilic esophagitis is
currently discussed [29]. Physiologically, the inactive
pro-enzyme pepsinogen is cleaved in the acidic milieu of
the gastric lumen, thereby activating its protease func-
tions. Thus, pepsin exerts its full enzymatic activity on
dietary proteins only at an optimum gastric pH between
1.8 and 3.2, whereas in hypoacidic conditions proteins
remain undigested and transit to the intestine. These per-
sisting food proteins can cross the normal intestinal mu-
cosa in an intact conformation, enter the blood stream
and elicit the production of IgE antibodies. When en-
countering the same food proteins after a consecutive in-
gestion, the allergen can cross-link IgE on effector cells
(e.g. mast cells) and trigger mediator release (e.g. hista-
mine, leukotrienes). This event leads to severe local and
systemic reactions with dosage and integrity of the aller-
gen determining the severity of the clinical reactions [30].
Therefore, it can be concluded that the digestibility under
physiologically gastric (low) pH conditions is an impor-
tant protective factor against food allergy, and the in-
crease of gastric pH due to acid-suppressive medication
retains the sensitizing and eliciting capacity of the aller-
gen [31].

Furthermore, recent studies indicated that treatment
with proton pump inhibitors for 8 weeks increased mu-
cosal permeability of the upper gastrointestinal tract not
only in patients with gastroesophageal reflux disease
(GERD), but also in healthy controls [32], which could
contribute to the development of food allergies [29].
Therefore, patients treated with proton pump inhibitors
are at risk for sensitization because dietary proteins be-
come digestion-stable and can cross the mucosal barrier
more easily due to increased permeability, thus becoming
allergenic.

Our hypothesis was that the elderly population may be
at risk for this mechanism due to a higher incidence of
atrophic gastritis and also anti-acid drug consumption
[33, 34]. In order to investigate the effect of gastric hypo-
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acidity on the development of food allergy in senescence,
we used our previously established food allergy mouse
model of oral immunizations under acid-suppression
[35], which mimics the situation in human patients [36].
In contrast to other studies showing a defect of Th2 re-
sponses with advanced age [6, 13], our data revealed that
IgE mediated food allergy can be induced in senescent
mice (18 months old) including allergen-specific IgE re-
sponses, positive type I skin tests and high IL-5 levels in
context with anti-acid treatment. The aged animals have
not shown significant differences in IgE response or cy-
tokine production compared with the adult control mice.
Interestingly, we found significantly reduced iron and
zinc levels in the aged animals compared with the adult
controls, which suggested that the micronutrient imbal-
ance supported the development of allergy in the aged
mice. A further concern was to define the risk of experi-
encing clinically relevant allergic symptoms by defining
thresholds of digested versus nondigested allergens. In-
deed, only properly digested allergens showed decreased
binding capacity of specific IgE in elderly patients (mean
age 72 years) with food allergies, both in skin prick tests
and IgE immunoblots [37]. Thus, we conclude that in se-
nescence the stomach has an important protective func-
tion against food allergy by degrading food proteins.
Consequently, hindrance of gastric digestion can support
sensitization to dietary proteins and lower threshold lev-
els of allergens in the aged population as well.

The importance of these findings for the elderly popu-
lation is underlined by the fact that 25% of patients over
60 years receive acid-suppressive medication each year
[34]. Furthermore, a recent Danish cross-sectional study
reported that the prevalence of long-term treatment with
proton pump inhibitors is 2.1% among general practitio-
ners’ patients (mean age 63 years), which was defined as
>120 tablets/year. Interestingly, proton pump inhibitors
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were prescribed to more than 70% of these patients with-
out a verified indication for treatment [38]. The inappro-
priate prescription of anti-acids by practitioners was
shown to lead to long-term misuse of these drugs even
after discharge of patient also due to immediate recur-
rence of acid-related symptoms following proton pump
inhibitor withdrawal [39]. Furthermore, emerging data
raise concerns on the risk of osteoporotic fractures, en-
teric infections and pneumonia associated with long-
term proton pump inhibitor treatment [40]. Besides the
intake of acid-suppressive drugs, gastric hypoacidity due
to atrophic gastritis or to a decrease of gastric fluid pro-
duction is found in 20-50% of the elderly [33].

We conclude that food allergy is a rising health prob-
lem in industrialized countries, and is also a concern for
the aged population. So far, the role of food allergies in
the elderly has been underestimated and, therefore, most
likely undertreated. However, food allergic responses are
evident in senescent patients and can be induced in ex-
perimental models using aged animals. Moreover, elder-
ly are prone to develop gastric hypoacidity, which is a risk
factor for de novo sensitization because harmless dietary
compounds may become allergenic. Micronutrient defi-
ciency being typically expressed in the elderly should be
considered as a risk factor for the development of allergic
disorders. Further studies investigating the role and
mechanisms of food allergy in senescence are required
for addressing this health problem of the aged population
sufficiently.

Acknowledgements
This work is supported by the Austrian Science Fund projects

SEB F01808-B13 and P21577-B11. The authors thank Doz. Dr.
Enikoe Kallay for her help in preparing the manuscript.

7 Haynes L: The effect of aging on cognate

lergy Clin Immunol 2004;113:805-819.
Zuberbier T, Edenharter G, Worm M, Ehlers
I, Reimann S, Hantke T, Roehr CC, Berg-
mann KE, Niggemann B: Prevalence of ad-
verse reactions to food in Germany - a popu-
lation study. Allergy 2004;59:338-345.
Vierk KA, Koehler KM, Fein SB, Street DA:
Prevalence of self-reported food allergy in
American adults and use of food labels. J Al-
lergy Clin Immunol 2007;119:1504-1510.

gies in elderly patients. Lancet North Am Ed
2004;363:249.

Weiskopf D, Weinberger B, Grubeck-Loe-
benstein B: The aging of the immune system.
Transpl Int 2009;22:1041-1050.

Mediaty A, Neuber K: Total and specific se-
rum IgE decreases with age in patients with
allergic rhinitis, asthma and insect allergy
but not in patients with atopic dermatitis.
Immun Ageing 2005;2:9.

Gerontology

function and development of immune mem-
ory. Curr Opin Immunol 2005;17:476-479.
Gardner EM, Murasko DM: Age-related
changes in Type 1 and Type 2 cytokine pro-
duction in humans. Biogerontology 2002;3:
271-290.

Hobbs MV, Weigle WO, Noonan DJ, Torbett
BE, McEvilly RJ, Koch R], Cardenas GJ,
Ernst DN: Patterns of cytokine gene expres-
sion by CD4+ T cells from young and old
mice. ] Immunol 1993;150:3602-3614.

Diesner/Untersmayr/Pietschmann/
Jensen-Jarolim



10

11

12

13

14

15

16

17

18

19

20

Alberti S, Cevenini E, Ostan R, Capri M,
Salvioli S, BucciL, Ginaldi L, De Martinis M,
Franceschi C, Monti D: Age-dependent
modifications of Type 1 and Type 2 cyto-
kines within virgin and memory CD4+ T
cellsin humans. Mech Ageing Dev 2006;127:
560-566.

Frasca D, Blomberg BB: Effects of aging on B
cell function. Curr Opin Immunol 2009;21:
425-430.

Johnson SA, Cambier JC: Ageing, autoim-
munity and arthritis: senescence of the B cell
compartment - implications for humoral
immunity. Arthritis Res Ther 2004;6:131-
139.

Frasca D, Van der Put E, Riley RL, Blomberg
B: Reduced Ig class switch in aged mice cor-
relates with decreased E47 and activation-
induced cytidine desaminase. ] Immunol
2004;172:2155-2162.

Schmucker DL, Thoreux K, Owen RL: Aging
impairs intestinal immunity. Mech Ageing
Dev 2001;122:1397-1411.

Thoreux K, Owen RL, Schmucker DL: Intes-
tinallymphocyte number, migration and an-
tibody secretion in young and old rats. Im-
munology 2000;101:161-167.

de Faria AM, Ficker SM, Speziali E, Menezes
JS, Stransky B, Silva Rodrigues V, Vaz NM:
Aging affects oral tolerance induction but
not its maintenance in mice. Mech Ageing
Dev 1998;102:67-80.

Prasad A: Zinc and immunity. Mol Cell Bio-
chem 1998;188:63-69.

Fulop T, Larbi A, Douziech N, Levesque I,
Varin A, Herbein G: Cytokine receptor sig-
nalling and aging. Mech Ageing Dev 2006;
127:526-537.

Haase H, Rink L: The immune system and
the impact of zinc during aging. Immun
Ageing 2009;6:9.

Jason ], Archibald LK, Nwanyanwu OC, Bell
M, Jensen RJ, Gunter E, Buchanan I, Larned
J, Kazembe PN, Dobbie H, Jarvis WR: The
effects of iron deficiency on lymphocyte cy-
tokine production and activation: preserva-
tion of hepatic iron but not at all cost. Clin
Exp Immunol 2001;126:466-473.

Food Allergy

21

22

23

24

25

26

27

28

29

30

31

Ahluwalia N, Sun J, Krause D, Mastro A,
Handte G: Immune function is impaired in
iron-deficient, homebound, older women.
Am J Clin Nutr 2004;79:516-521.
PietschmannP, Woloszczuk W, Pietschmann
H: Increased serum osteocalcin levels in el-
derly females with vitamin D deficiency. Exp
Clin Endocrinol 1990;95:275-278.
Hypponen E, Berry DJ, Wjst M, Power C: Se-
rum 25-hydroxyvitamin D and IgE - a sig-
nificant but nonlinear relationship. Allergy
2009;64:613-620.

ZhouY, Zhou X, Wang X: 1,25-Dihydroxyvi-
tamin D3 prevented allergic asthma in a rat
model by suppressing the expression of in-
ducible nitric oxide synthase. Allergy Asth-
ma Proc 2008;29:258-267.

Thien R, Baier K, Pietschmann P, Peterlik M,
Willheim M: Interactions of lalpha,25-dihy-
droxyvitamin D3 with IL-12 and IL-4 on cy-
tokine expression of human T lymphocytes.
J Allergy Clin Immunol 2005;116:683-689.
Bakos N, Scholl I, Szalai K, Kundi M, Unters-
mayr E, Jensen-Jarolim E: Risk assessment in
elderly for sensitization to food and respira-
tory allergens. Immunol Lett 2006;107:15-
21.

Gonzalez-Quintela A, Gude F, Boquete O,
Rey ], Meijide LM, Suarez F, Fernandez-Me-
rino MC, Perez LF, Vidal C: Association of
alcohol consumption with total serum im-
munoglobulin E levels and allergic sensitiza-
tion in an adult population-based survey.
Clin Exp Allergy 2003;33:199-205.

Segawa K, Nakazawa S, Tsukamoto Y, Goto
H, Yamao K, Hase S, Osada T, Arisawa T:
Chronic alcohol abuse leads to gastric atro-
phyand decreased gastric secretory capacity:
a histological and physiological study. Am ]
Gastroenterol 1988;83:373-379.

Merwat SN, Spechler SJ: Might the use of
acid-suppressive medications predispose to
the development of eosinophilic esophagitis?
Am ] Gastroenterol 2009;104:1897-1902.
Burks W: Current understanding of food al-
lergy. Ann NY Acad Sci 2002;965:1-12.
Untersmayr E, Jensen-Jarolim E: The role of
protein digestibility and antacids on food al-
lergy outcomes. ] Allergy Clin Immunol
2008;121:1301-1308; quiz 1309-1310.

32

33

34

35

36

37

38

39

40

Mullin JM, Valenzano MC, Whitby M, Lurie
D, Schmidt JD, Jain V, Tully O, Kearney K,
Lazowick D, Mercogliano G, Thornton JJ:
Esomeprazole induces upper gastrointesti-
nal tract transmucosal permeability in-
crease. Aliment Pharmacol Ther 2008;28:
1317-1325.

Brownie S: Why are elderly individuals at
risk of nutritional deficiency? Int J Nurs
Pract 2006;12:110-118.

Chen T, Chou L, Hwang S: Prevalence of
anti-ulcer drug use in a Chinese cohort.
World ] Gastroenterol 2003;9:1365-1369.
Diesner SC, Knittelfelder R, Krishnamurthy
D, Pali-Scholl I, Gajdzik L, Jensen-Jarolim E,
Untersmayr E: Dose-dependent food allergy
induction against ovalbumin under acid-
suppression: a murine food allergy model.
Immunol Lett 2008;121:45-51.

Untersmayr E, Bakos N, Scholl I, Kundi M,
Roth-Walter F, Szalai K, Riemer AB,
Ankersmit HJ, Scheiner O, Boltz-Nitulescu
G, Jensen-Jarolim E: Anti-ulcer drugs pro-
mote IgE formation toward dietary antigens
in adult patients. FASEB ] 2005;19:656-658.
Untersmayr E, Diesner SC, Bramswig KH,
Knittelfelder R, Bakos N, Gundacker C, Luk-
schal A, Wallmann J, Szalai K, Pali-Scholl I,
Boltz-Nitulescu G, Scheiner O, Duschl A,
Jensen-Jarolim E: Characterization of in-
trinsic and extrinsic risk factors for celery al-
lergy in immunosenescence. Mech Ageing
Dev 2008;129:120-128.

Reimer C, Bytzer P: Long-term use of proton
pump inhibitors in primary care patients - a
cross sectional analysis of 901 patients. Ali-
ment Pharmacol Ther 2009;DOI:10.1111/
j.1365-2036.2009.04092.x

Reimer C, Sondergaard B, Hilsted L, Bytzer
P: Proton-pump inhibitor therapy induces
acid-related symptoms in healthy volunteers
after withdrawal of therapy. Gastroenterol-
ogy 2009;137:80-87, 87.e81.

Heidelbaugh JJ, Goldberg KL, Inadomi JM:
Overutilization of proton pump inhibitors: a
review of cost-effectiveness and risk [cor-
rected]. Am J Gastroenterol 2009;104(Suppl
2):S27-S32.

Gerontology



