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bstract

For elderly people, epidemiological data are rare for respiratory allergies and completely missing for food allergies.
The aim of this study was to examine the prevalence and risk factors for sensitizations in 109 people with a mean age of 77 years, who are living

n a geriatric nursing home. The cross-sectional study included a detailed interview, skin prick tests, and serum tests for specific and total IgE,
FN-�, and ST2, a marker for Th2-lymphocyte activity.

Almost all study subjects (n = 101) suffered from co-morbidity, 14 from type I allergy, 25 from gastrointestinal disorders treated with anti-ulcer
rugs, 25 were chronic alcoholics and 21 were smokers. The total IgE levels were significantly higher in men (P = 0.025), and not affected by
moking or alcohol consumption. Skin prick tests were positive in 41.7% of tested patients. Specific IgE to respiratory allergens was found in
0.4% of all patients and was elevated in men (P = 0.013), with a significant correlation to smoking (P = 0.029). Specific IgE to food allergens was
etected in 24.8%, apparently without connection to the investigated risk factors. However, positive skin prick tests with food allergens could be

orrelated with chronic alcohol consumption (P = 0.036). The intake of anti-ulcer medication was significantly correlated with elevated ST2 levels
s an indirect readout for Th2-cell activity (P < 0.001).

The risk factors for sensitization in elderly to respiratory allergens were chronic damage of respiratory epithelia due to smoking, and for
ensitization to food allergens chronic alcohol consumption.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Most allergological studies today focus on allergic diseases
n children and young adults. However, due to the shift of age
istribution in the population in industrialized countries towards
lderly, there is a growing need to investigate the prevalence of

llergy in aged people. It is known since long that the proportion
f asthmatics in this population has been underestimated and,
herefore, undertreated [1,2]. Roughly 10–30% of the asthmatics

Abbreviation: SPT, skin prick test
∗ Corresponding author at: Department of Pathophysiology, Center of Phys-

ology & Pathophysiology, Medical University of Vienna, Waehringer Guertel
8-20, 1090 Vienna, Austria. Tel.: +43 1 40400 5104; fax: +43 1 40400 5130.

E-mail address: erika.jensen-jarolim@meduniwien.ac.at
E. Jensen-Jarolim).

a
[
i
[

a
i
[
m
i

165-2478/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.imlet.2006.06.003
ohol; Smoking; Anti-ulcer drugs; Cytokines; ST2

re above age 60 [3]. Previous studies reported a decrease of spe-
ific IgE with age [4]. However, recently a discussion whether
llergy evaluation would be valuable in elderly patients has been
aken up again [5,6], and house dust mite has been identified as
n important allergen source for asthma in this population [7].
n a French cohort with a mean age above 65 years, rhinitis and
sthma were associated with smoking as an environmental factor
8], and thus paralleling the results from a younger population
n the European Community Respiratory Health Survey report
9].

In the general population precise data on prevalence of food
llergies are lacking, but anecdotic studies in younger cohorts

ndicate that the prevalence of food allergies is on the rise
10,11]. Epidemiologic data on food allergy are completely
issing and are rare for respiratory allergies in the elderly. This

s also due to the fact that elderly are not given true attention by
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llergologists today [6]. Therefore, food allergy-related symp-
oms like dyspepsia, vomiting, diarrhea, and skin efflorescences

ight easily remain undiagnosed. Moreover, our recent studies
ndicated that the peptic stomach milieu is protective against
ood sensitizations [12,13] and hypersensitivity reactions [14].
hus settings with reduced gastric acid output, e.g. due to anti-
lcer drugs or chronic atrophic gastritis are likely to facilitate
ensitization to food allergens and to trigger symptoms. Atrophy
f the gastric mucosa advances with age, especially in con-
ection with chronic alcohol abuse, being negatively correlated
ith the secretory capacity of the stomach [15]. Several studies
ave already pointed towards a relationship between alcohol
onsumption, IgE formation and allergic skin manifestations
16,17].

Immunosenescence leads to an increased incidence and
everity of infectious diseases in the elderly, and also vac-
ination induces only limited protective immunity. These
ffects are likely due to an accumulation of dysfunctional
emory–phenotype cells, especially CD8+CD28− cells, poor

-cell proliferative responses, and relatively lower B-cell
umbers with increasing age [18,19]. An earlier Swiss study
ndicated that antibody titers against a number of infectious
nd food antigens can be detected in old people [20], still the
ntibody quality in elderly seems to be reduced [21]. Animal
tudies indicated a defect in type 2 cytokine responses and in
gE isotype switch in senescent mice [22]. In contrast, in human
tudies the type 2 responses including cytokines, IgE and CD23
ere functional in a cohort of elderly with an age between 70 and
3 years [23,24], indicating a discrepancy between the murine
nd human aged immune system. Thus, from an immunological
oint of view IgE-responses not only to respiratory but also
o food allergens are likely to occur also in the geriatric
opulation.

This study aimed, therefore, to collect epidemiologic data on
he prevalence of sensitizations to respiratory and, importantly,
lso to food allergens by investigating an elderly, partly geriatric
ohort of a nursing home. These individuals had throughout their
ives lived in villages or on farms in a small rural town situated
n an agricultural region in the middle of Hungary.

. Materials and methods

.1. Study subjects

The investigated population of a geriatric nursing home in
´ jszász, a small rural town in Hungary, consisted of 183 people,
09 (59.6%) of which participated in the study. Seventy-four
esidents of the nursing home were excluded from the study
ecause of their poor mental or physical conditions or their
bsence from the nursing home at the time of the study.
atients included in the study were all able to understand and
nswer the questions during the interview. Thirty-six young and
iddle-aged adults living in the same town with a mean age of
6.7 ± 11 years were analysed in parallel. The study was con-
ucted in accordance with the 2002 guidelines of the Ministry of
ealth in Hungary for clinical studies with permission number
012-39/2004.
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.2. Patients’ interview

A detailed interview with readily understandable questions
ncluding the previous living conditions, the case history and the
amily history related to allergy and co-morbidity was filled in
or each study subject by two qualified study nurses. Data on the
ase history and on the current and past medical treatment were
upplemented from the medical documentation of each patient.

.3. Measurements of total and allergen-specific IgE

Total IgE serum levels were measured in a fully automated
icroplate system (ALLERgen Total IgE, Adaltis, Italy), fol-

owing the manufacturer’s instructions. Allergen-specific IgE
ntibodies were measured by immunoblotting (AllergyScreen,
EDIWISS Analytic, Moers, Germany). Standard series of

0 food allergens (hazelnut, peanut, walnut, almond, milk,
asein, egg white, egg yolk, celery, carrot, tomato, potato,
heat flour, rye flour, soy, apple, orange, sesame, cod, crab)

nd 19 respiratory allergens (alder, birch, hazel, grasses, rye,
agweed, mugwort, plantain, Dermatophagoides pteronyssi-
us, Dermatophagoides farinae, cat, dog, guinea pig, golden
amster, rabbit, Penicillium, Cladosporium, Aspergillus and
lternaria) were tested simultaneously. Specific IgE levels of
.35 kU/l (class 1) and above were considered as elevated.

.4. Skin prick test

For skin prick test (SPT) a standard panel of 14 food aller-
ens (hazelnut, peanut, milk, casein, egg white, egg yolk, potato,
elery, carrot, wheat flour, rye flour, soy, apple, banana) and 15
espiratory allergens (birch, hazel, ragweed, mugwort, grasses,
ye, plantain, D. pteronyssinus, D. farinae, cockroach, cat, dog,
eathers, Candida, mould-mix; Lofarma, Milan, Italy) were
ested. Histamine served as a positive control and 0.9% saline
olution as a negative control. SPTs were performed in accor-
ance with the position paper of the European Academy of
llergology and Clinical Immunology. A diameter greater than
mm was defined as positive (+) [25].

.5. Cytokine assays

IFN-� and ST2 levels in the patients’ sera were determined by
ommercial ELISA, using monoclonal antibodies against human
FN-� (Bioscience, San Diego, CA), and polyclonal anti-human
L-1R4/ST2 antibodies (R&D Systems, Minneapolis, MN). The
ssays were performed following the manufacturers’ instruc-
ions. The sensitivity of the ELISA was 4 pg/ml for IFN-�, and
5 pg/ml for ST2.

.6. Statistical analysis

In order to obtain homogeneity of variance, total IgE val-

es were log-transformed. Averages and standard deviations are
xpressed as geometric means and scatter factors. Differences
etween groups with respect to total IgE were tested by Stu-
ent’s t-tests based on the transformed values. Because age did
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Table 1
Age distribution and co-morbidity of elderly patients of a geriatric nurse home (n = 109) in comparison to young adults (n = 36)

Age groups n % of all patients Co-morbidity (% of patients)*

1 2 3 4 5 6 7 8 9 10 11 12

60–69 29 26.6 55.2 20.7 – 24.1 6.9 10.3 17.2 6.9 3.4 – – 17.2
70–79 33 30.3 54.5 15.2 – 42.4 9.1 3.0 33.3 6.1 3.0 6.1 3.0 33.3
80–89 36 33.0 69.1 19.4 2.8 61.1 5.6 – 33.3 5.6 – 8.3 2.8 22.2
90–97 11 10.1 83.6 27.3 – 90.9 – – 54.5 – – – – 9.1

Age groups n % of all controls Co-morbidity (% of controls)*

1 2 3 4 5 6 7 8 9 10 11 12

20–39 23 63.9 4.3 – – – – 4.3 – – – 4.3 4.3 21.7
40–59 11 30.6 18.2 9.1 – – – – – – – – – 18.2
60–69 2 5.5 – 50.0 – – – – – – – – – 50.0

ering
g etarda
( ti-ulc

n
y
n
p
t
s

3

3

a
T
y
o
m
2
r
l
1
(
n
b
o
f
f

o
p
f

3

h
T
w

(
t
(
b
s

3

I
d
p
t
D
(
m
(
(
a
a

3

f
w
n
(
t
c
r
g
(
s

* The percentage of patients or controls within the respective age group suff
laucoma; (4) ischemic heart disease; (5) cerebrovascular stroke; (6) mental r
10) pancreatitis; (11) psychopathy; (12) gastrointestinal disorders treated by an

ot correlate with total IgE, t-tests were chosen instead of anal-
sis of covariance. Comparisons of groups for differences in the
umber of positive SPT or positive IgE responses were accom-
lished by Mann–Whitney U-tests. No correction for multiple
esting was applied. For all tests, P-values below 0.05 were con-
idered significant and values below 0.1 as a tendency.

. Results

.1. Study subjects

The study included 109 patients (38 men and 71 women),
ged from 60 to 97 years (mean 77 ± 9.3 years) (Table 1).
hey were all residents in the nursing home for a mean of 6.3
ears and had previously lived in the same region, in villages or
n farms. All but 8 study subjects (n = 101) suffered from co-
orbidity as given in Table 1. Among the 109 study subjects,

5 were moderate to heavy alcoholics according to the crite-
ia from the Rotterdam study [26] (current consumption of at
east 20–25 g of alcohol per day, i.e. two or more drinks with
0 g; ratio men:women = 15:10), and 21 subjects were smokers
ratio men:women = 17:4). Fourteen patients (12.8%) had diag-
osed type I allergy and suffered from the following symptoms:
ronchial asthma, rhinitis, pruritus, urticaria and eczema. None
f the other patients had previously documented or outgrown
ood allergy. In 40 patients diarrhea was induced by various
oods, but they did not consider it an allergy.

The control group consisted of 36 adults with a mean age
f 36.7 ± 11 (33 women, 3 men). In the control group, seven
atients suffered from co-morbidity (Table 1). Four of them suf-
ered from type I allergy, one from atopic eczema.

.2. Evaluation of total IgE values
Total IgE was measured in 109 inhabitants of a geriatric nurse
ome, aged between 60 and 97 years as outlined in Table 1.
he geometric mean value was 28.4*/4.1 kU/l. The total IgE
as significantly higher in men (43.9*/4.6 kU/l) than in women

r
4
w
(

from the following diseases is given: (1) hypertonia; (2) diabetes mellitus; (3)
tion; (7) encephalopathia vascularis; (8) hypercholesterinaemia; (9) epilepsy;
er drugs (Quamatel®, Ranitidine®, Umaren® or Zantac®).

22.5*/3.7 kU/l) (P = 0.018). Smokers had a higher mean level of
otal IgE (42.8*/4.6 kU/l) than the non-smokers (25.7*/4.0 kU/l)
P = 0.140). No difference was observed in total IgE levels
etween alcoholics and abstinent patients (28.5*/4.4 kU/l ver-
us 28.1*/4.1 kU/l) (P = 0.970).

.3. Specific IgE in sera of elderly

The age-dependent data concerning the prevalence of specific
gE (≥class 1) against food allergens are listed in Table 2, to out-
oor and/or indoor respiratory allergens in Table 3. Fourty-four
atients (40%) were sensitized to respiratory allergens. Among
he respiratory sensitizations in all patients, dog dander (22%),
. farinae (12%), D. pteronyssinus (8%), and pollen of grasses

6%), rye (11%), birch (4%), hazel (9%) and ragweed (7%) were
ost common. Specific IgE to food allergens was found in 27

25%) of the patients with hazelnut (9%), milk (5%), casein
8%), carrot (7%) and celery (9%) being the most common food
llergens. For none of the tested allergens any difference between
ge groups could be observed.

.4. Analysis of skin reactivity in elderly

Thirteen of 109 patients declined to participate in SPTs, there-
ore, SPTs with standard series of food and inhalative allergen
ere performed in 96 patients. In 10 further patients SPTs could
ot be evaluated because the histamine control was negative
<5 mm). For seven of these patients this could be explained by
he intake of anti-depressants (n = 6, clomipramide and n = 1,
loprazine) with H1-receptor blocking effects. The histamine
eactivity was 14.7 ± 9.9 mm in the patients with a negative aller-
en SPT, and 19.8 ± 12.0 mm in the patients with a positive SPT
P = 0.032). Results of SPTs with food allergens combined with
pecific IgE reactivities are shown in Table 4, results of respi-

atory allergens in Table 5. The SPT results were positive in
0 patients (41.7%). Nine patients (9.4%) were monosensitized,
hile eight (8.3%) were sensitized against two allergens, nine

9.4%) against three allergens, four (4.2%) against four aller-
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Table 2
Specific IgE to food allergens in different age groups among elderly and controls

Age n Number (%) of patients in the respective age group

Hazelnut Peanut Walnut Almond Milk Casein Egg white Egg
yolk

Celery Carrot Tomato Potato Wheat Rye Soy Apple Orange Sesame Cod Crab

60–69 29 2 (6.9) 2 (6.9) 2 (6.0) 0 2 (6.9) 3 (10.3) 0 0 3 (10.3) 3 (10.3) 2 (6.9) 2 (6.9) 2 (6.9) 2 (6.9) 2 (6.9) 0 2 (6.9) 0 0 1 (3.4)
70–79 33 4 (12.1) 0 1 (3.0) 0 2 (6.1) 3 (9.1) 2 (6.1) 0 4 (12.1) 1 (3.0) 1 (3.9) 1 (3.0) 2 (6.1) 1 (3.0) 1 (3.0) 0 1 (3.0) 0 0 0
80–89 36 4 (11.1) 0 1 (2.8) 0 0 1 (2.8) 1 (2.8) 0 3 (8.3) 4 (11.1) 0 1 (2.8) 2 (5.6) 0 0 0 2 (5.6) 0 0 0
90–97 11 0 0 0 0 1 (9.1) 2 (18.2) 0 0 0 0 0 0 0 0 1 (9.1) 0 0 0 0 1 (9.1)
All 109 10 (9.2) 2 (1.8) 4 (3.7) 0 5 (4.6) 9 (8.3) 3 (2.8) 0 10 (9.2) 8 (7.4) 3 (2.8) 4 (3.7) 6 (5.5) 3 (2.8) 4 (3.7) 0 5 (4.6) 0 0 2 (1.8)

Age n Number (%) of controls in the respective age group

Hazelnut Peanut Walnut Almond Milk Casein Egg white Egg
yolk

Celery Carrot Tomato Potato Wheat Rye Soy Apple Orange Sesame Cod Crab

20–39 23 0 0 0 0 2 (8.7) 3 (13.0) 1 (4.3) 0 1 (4.3) 1 (4.3) 0 0 1 (4.3) 0 1 (4.3) 0 0 0 0 0
40–59 11 0 0 0 0 1 (9.1) 2 (18.2) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
60–69 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
All 36 0 0 0 0 3 (8.3) 5 (13.9) 1 (2.8) 0 1 (2.8) 1 (2.8) 0 0 1 (2.8) 0 1 (2.8) 0 0 0 0 0

Table 3
Specific IgE to respiratory allergens in different age groups among elderly and controls

Age n Number (%) of patients in the respective age group

Alder Birch Hazel Ragweed Grasses Rye Mugwort Plantain D. pteronyssinus D. farinae Cat Dog Guinea pig Rabbit Penicillium

60–69 29 2 (6.9) 2 (6.9) 4 (13.8) 3 (10.3) 2 (6.9) 3 (10.3) 2 (6.9) 2 (6.9) 2 (6.9) 5 (17.2) 2 (6.9) 9 (31.0) 0 0 0
70–79 33 3 (9.1) 2 (6.1) 4 (12.1) 2 (6.1) 1 (3.0) 5 (15.2) 1 (3.0) 0 3 (9.1) 4 (12.1) 1 (3.0) 7 (21.2) 0 0 0
80–89 36 2 (5.6) 0 2 (5.6) 3 (8.3) 3 (8.3) 4 (11.1) 0 0 3 (8.3) 3 (8.3) 2 (5.6) 5 (13.9) 0 0 0
90–97 11 0 0 0 0 1 (9.1) 1 (9.1) 0 0 1 (9.1) 1 (9.1) 2 (18.2) 3 (27.3) 0 0 1 (9.1)
All 109 7 (6.4) 4 (3.7) 10 (9.2) 8 (7.3) 7 (6.4) 12 (11.0) 3 (2.8) 2 (1.8) 9 (8.3) 15 (11.9) 7 (6.4) 24 (2.2) 0 0 1 (0.3)

Age n Number (%) of controls in the respective age group

Alder Birch Hazel Ragweed Grasses Rye Mugwort Plantain D. pteronyssinus D. farinae Cat Dog Guinea pig Rabbit Penicillium

20–39 23 0 0 0 5 (21.7) 2 (8.7) 2 (8.7) 0 0 2 (8.7) 3 (13.0) 0 2 (8.7) 0 0 0
40–59 11 0 0 0 3 (27.3) 1 (9.1) 1 (9.1) 1 (9.1) 0 0 0 2 (18.2) 2 (18.2) 0 0 1 (9.1)
60–69 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
All 36 0 0 0 8 (22.2) 3 (8.3) 3 (8.3) 1 (2.8) 0 2 (5.6) 3 (8.3) 2 (5.6) 4 (11.1) 0 0 1 (2.8)



N. Bakos et al. / Immunology L

Table 4
Sensitizations to food allergens in the elderly and control subjects were evaluated
by specific IgE and SPT

Food allergens Patients Controls

IgE (n = 109) SPT (n = 96) IgE (n = 36) SPT (n = 36)

n % n % n % n %

Hazelnut 10 9.2 4 4.2 0 0 1 2.8
Peanut 2 1.8 7 7.3 0 0 2 5.6
Milk 5 4.6 14 14.6 3 8.3 5 13.9
Casein 9 8.3 16 16.7 5 13.9 2 5.6
Egg white 3 2.8 11 11.5 1 2.8 3 8.3
Egg yolk 0 0 7.3 7.3 0 0 4 11.1
Potato 4 3.7 3 3.1 0 0 1 2.8
Celery 10 9.2 4 4.2 1 2.8 4 11.1
Carrot 8 7.4 4 4.2 1 2.8 3 8.3
Wheat flour 6 5.5 10 10.4 1 2.8 5 13.9
Rye flour 3 2.8 8 8.3 0 0 4 11.1
Soy 4 3.7 8 8.3 1 2.8 3 8.3
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anana n.d. – 9 9.4 n.d. – 0 0

ens, and 10 (10.4%) were polysensitized reacting with 5–13
llergens.

.5. Risk assessment for specific sensitization in elderly

The occurrence of specific IgE was analyzed regarding the
orrelation with gender, alcohol consumption and smoking. We
ound a trend towards higher numbers of positive IgE reactiv-
ties to nutritive allergens in men than in women (P = 0.076),
nd men also showed much higher numbers of sensitizations
o respiratory allergens (P = 0.013). Smoking was significantly
orrelated with higher numbers of elevated specific IgE to respi-

atory allergens (P = 0.029). Also alcoholics had a higher rate
f sensitization to respiratory allergens (P = 0.036), as com-
ared to abstinents. No difference between chronic alcoholics
nd abstinents was found with respect to the numbers of IgE

able 5
ensitizations to respiratory allergens in the elderly and control subjects were
valuated by specific IgE and SPT

espiratory
llergens

Patients Controls

IgE (n = 109) SPT (n = 96) IgE (n = 36) SPT (n = 36)

n % n % n % n %

irch 4 3.7 9 9.4 0 0 4 11.1
azel 10 9.2 7 7.3 0 0 3 8.3
agweed 8 7.3 8 8.3 8 22.2 7 19.4
ugwort 3 2.8 10 10.4 1 2.8 6 16.7
rasses 7 6.4 9 9.4 3 8.3 5 13.9
ye 12 11 10 10.4 3 8.3 5 13.9
lantain 2 1.8 7 7.3 0 0 0 0
. pteronyssinus 9 8.3 25 26 2 5.6 9 25.0
. farinae 15 11.9 24 25 3 8.3 4 11.1
ockroach n.d. – 13 13.5 n.d. – 1 2.8
at 7 6.4 2 2.1 2 5.6 5 13.9
og 24 22 4 4.2 4 11.1 5 13.9
oulds 1 0.3 10 10.4 6 16.7 3 8.3

eathers n.d. – 1 1 n.d. – 4 11.1
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eactivities to food allergens. Still, alcoholics had a significantly
igher number of positive skin prick tests with food allergens
P = 0.036) than abstinents. There was only a trend, but no cor-
elation between anti-ulcer drug intake and sensitization to food
llergens.

.6. Evaluation of Th1 and Th2 cytokines in the elderly

Low levels of IFN-� as a marker for Th1 lymphocyte reactiv-
ty, and ST2 levels for Th2-lymphocytes were detected in most
atients. However, in patients treated with anti-ulcer drugs 13 of
5 (52%) had detectable levels of ST2 while this was only the
ase in 10 (12%) of 84 untreated elderly (P < 0.001).

. Discussion

Recent studies indicate that in senescent humans the Th2
ranch of the immune system is as functional as in younger
dults [24]. This explains the increased prevalence of aller-
ic asthma in elderly [7]. Previous studies have indicated that
he diagnosis of asthma in elderly may be difficult due to co-

orbidity of the patients, leading to underdiagnosis [5]. Most
lderly included in this study suffered from concomitant other
iseases like diabetes or heart failure. They had not been sus-
ected for type I allergy during their residence in the nursing
ome, except the 12.8% with previously diagnosed allergy.

In accordance with these previous reports, our study showed
hat the prevalence of total and specific IgE to respiratory aller-
ens did not decrease with age. Specific IgE to inhalant allergens
ere detected in 40.4% and to food allergens in 24.8% of all
atients. Interestingly, the skin reactivity to histamine indicated
dequate skin reactivity in advanced age, as the overall histamine
eactivity did not decrease within the investigated age groups and
heal-and-flair-reactions of size comparable to younger patients
ere seen. Based on this observation, the specific IgE values

ould be well correlated with allergen skin prick tests and we
uggest that the relevance of type I skin tests among elderly
s underestimated. Moreover, our data indicate that in elderly
lso sensitizations to food can be frequently diagnosed, as eval-
ated by specific IgE and skin reactivity. We can, however, not
omment on the correlation of sensitization with clinical symp-
oms in all cases. Even though respiratory allergies could be
learly diagnosed and patients treated accordingly, the reported
ood-adverse reactions (e.g. slight urticaria or dyspepsia upon
azelnut or milk ingestion) were only weak, thus not justify-
ng provocation tests. Sensitization to orange is an example for
ensitization with doubtful clinical relevance: the major IgE-
inding protein Cit s 1 is a germin-like protein and binds IgE
n 60% of orange-allergic patients, however, exposing complex
-linked glycans as a possible reason for the observed clinically
on-relevant IgE-binding [27].

Tobacco smoking can be associated with increased total IgE,
ut its role in atopy has been debated [9,28]. Kerkhof et al.

eported that elevated IgE in males is independent of smoking
4], whereas in a recent study smoking was identified as a clear
isk factor for respiratory sensitization [8]. Our data confirm that
espiratory allergy and increased IgE levels in older people are
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ssociated with the same factors previously reported for young
ubjects, namely male gender and tobacco smoking.

Interestingly, with respect to sensitization against food aller-
ens, alcohol consumption was revealed as a significant risk
actor [8,16]. Alcohol consumption has been related to aller-
ic skin manifestations, regardless of the extent of the under-
ying liver disease [29]. Furthermore, it has been shown that
lcohol biases the immune response towards Th2 [30], and ele-
ated IgE has been also observed in connection with chronic
lcohol-induced pancreatitis [31]. Associations between alcohol
onsumption and pollen sensitization or atopic dermatitis were
escribed previously [17,32]. Even though in our study regu-
ar alcohol consumption seemed not to affect total or specific
gE levels, it was significantly correlated with positive SPTs to
ood, but not respiratory allergens. It is known that alcohol has a
istamine-liberating effect and alters the histamine catabolism,
hich induces food intolerance. However, there is some epi-
emiological evidence for the induction of true food allergy in
hronic alcoholics [33]. Alcohol has a direct cytotoxic effect on
he gastrointestinal mucosa, causes inflammation, and may lead
o increased permeability and facilitated penetration of aller-
ens. More importantly, there is a direct link between chronic
lcoholism and atrophic gastritis with consecutive hypoacid-
ty [12,15]. Hypoacidity affects protein digestion as the total
nzyme activity of pepsin has an optimum between pH 1.8 and
.2. In this setting harmless, digestion-sensitive proteins sur-
ive the gastric transit conformationally intact and may act as
ood allergens [34]. Therefore, the chronic alcohol abuse might
upport sensitization to food proteins by two mechanisms: (1)
indrance of tryptic digestion in cases of exocrine pancreatic
nsufficiency [31] and (2) impairment of peptic digestion through
trophic gastritis and hypoacidity in the stomach.

Our study revealed low levels of both ST2 and IFN-� of most
lderly. With respect to type I allergy, especially ST2 (also des-
gnated T1, Fit-1, DER4) is of interest, as it is preferentially
xpressed on activated Th2 cells, but not Th1 cells [35,36].
n our previous epidemiologic study on adult food allergy, we
evealed ST2 as a useful marker for monitoring Th2 immunity
n food allergy [13]. Also in the present study significantly ele-
ated ST2 levels could be observed in the group medicated with
nti-ulcer drugs. This may indicate an induced disposition for
h2 responses in these patients, although not yet associated with
ensitization to food antigens.

Taken together, respiratory sensitizations were more fre-
uently found in males and smokers. Moreover, our data show
hat an appreciable number of sensitizations against food aller-
ens could be detected in elderly, with chronic alcohol consump-
ion being a risk factor. In line with other reports, it can thus
e concluded that IgE-induction and sensitization in elderly is
nfluenced by sociodemographic parameters.
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[6] Wöhrl S, Stingl G. Underestimation of allergies in elderly patients. Lancet
2004;363:249.

[7] King MJ, Bukantz SC, Phillips S, Mohapatra SS, Tamulis T, Lockey
RF. Serum total IgE and specific IgE to Dermatophagoides pteronyssi-
nus, but not eosinophil cationic protein, are more likely to be ele-
vated in elderly asthmatic patients. Allergy Asthma Proc 2004;25:
321–5.

[8] Raherison C, Nejjari C, Marty ML, Filleul L, Barberger-Gateau P, Dar-
tigues JF, et al. IgE level and phadiatop in an elderly population from
the PAQUID cohort: relationship to respiratory symptoms and smoking.
Allergy 2004;59:940–5.

[9] Jarvis D, Luczynska C, Chinn S, Burney P. The association of age,
gender and smoking with total IgE and specific IgE. Clin Exp Allergy
1995;25:1083–91.

10] Grundy J, Matthews S, Bateman B, Dean T, Arshad SH. Rising prevalence
of allergy to peanut in children: data from two sequential cohorts. J Allergy
Clin Immunol 2002;110:784–9.

11] Sandin A, Annus T, Bjorksten B, Nilsson L, Riikjarv MA, van Hage-
Hamsten M, et al. Prevalence of self-reported food allergy and IgE antibod-
ies to food allergens in Swedish and Estonian schoolchildren. Eur J Clin
Nutr 2005;59:399–403.
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