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INTRODUCTION

Aging is characterized by a progressive decline in almost all 
system and organ functions.1 In particular, aging significantly 
affects the immune system in a process defined as “immunose-
nescence”.2-4 Functional hematopoietic potential is maintained 
under basal conditions; however, stem cell renewal gradually 
declines during stress with aging. Secondary lymphoid tissues 
show age-dependent architectural modifications. Generally, 
reduced antibody production and impaired dendritic cell activ-
ity are present in elderly subjects.

Allergy is defined as an inflammatory reaction that involves 
IgE binding to the allergen. Thus, IgE may be considered the 
hallmark of allergic disorders. IgE is easily detected in serum 
and can be measured as both total and allergen-specific values. 
In fact, the serum IgE assay is used to diagnose allergy.

Allergy prevalence tends to decline with age. A Dutch general 
population study documented that serum IgE levels were lower 
in the oldest subpopulation, 45-70 years.5 This result was con-
firmed in a stratified population sample with an age range of 
8-73 years.6 Another study conducted on a general population 
with an age range of 19-99 years again confirmed that the elder-
ly subjects had the lowest IgE levels.7 Several other studies on 
allergic patients reported consistent findings: older patients had 
lower IgE levels.8-11 However, these surveys on allergic patients 
were characterized by relatively limited sample size or age range. 
Therefore, the present study evaluated a large cohort of allergic 
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patients with a wide age range to investigate a possible impact 
of age on IgE production.

 

MATERIALS AND METHODS

Patients
This study enrolled 6,370 allergic patients (2,961 females, 3,409 

males; mean age, 21.7 years; age range, 0-96 years). All patients 
suffered from allergic rhinitis and/or asthma and were evaluat-
ed at the IRCCS San Matteo Hospital of Pavia (Italy) from Janu-
ary 2006 to June 2012. All patients gave written informed con-
sent, and the Institutional Review Board approved the study.

Assay
Serum levels of specific IgE were detected by immunofluoro-

metric assay (IFMA) (ImmunoCAP; Phadia, Uppsala, Sweden) 
in peripheral blood samples from patients. Serum was separat-
ed from each blood sample within 4 hours and stored at -20°C 
until used to evaluate allergen-specific IgE against the following 
allergens: Dermatophagoides pteronyssinus, Alternaria, cat, and 
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dog dander, rye grass, birch, ragweed, and Artemisia. The aller-
gen of interest, which was covalently coupled to ImmunoCAP, 
was allowed to react with the specific IgE in the patient sample. 
After washing away non-specific IgE, enzyme-labeled antibodies 
against IgE were added to form a complex, unbound enzyme-
anti-IgE was washed away, and the bound complex was then 
incubated with a developing agent. After stopping the reaction, 
the fluorescence of the sample was measured. Higher fluores-
cence intensity indicated a greater amount of specific IgE pres-
ent in the sample. To evaluate the test results, fluorescence in-
tensity was converted to concentration with the use of a cali-
bration curve. Quantitative specific IgE concentrations are ex-
pressed in kU/L according to the traceable calibration using the 

World Health Organization’s second international reference 
preparation for human IgE. Specific IgE levels higher than 0.35 
kU/L were considered positive.

Total IgE was measured by a fluorescence immunoassay (FEIA; 
Phadia) according to the manufacturer’s instructions; a low-
range anti-IgE antibody was employed for infants. Anti-IgE co-
valently coupled to the ImmunoCAP reaction vessel was allowed 
to react with the total IgE in the patient sample. After washing, 
enzyme-labeled antibodies against IgE were added to form a 
complex, unbound enzyme-anti-IgE was washed away, and the 
bound complex was then incubated with a developing agent. 
After stopping the reaction, the fluorescence of the sample was 
measured. The fluorescence intensity was directly proportional 

Fig. 1. (A) Total IgE distribution among the groups of patients. Serum concentrations are expressed as means (bars) and standard error of the mean (line). (B) Distri-
bution of the number of patients per each total IgE concentration. (C, D) Total IgE distribution among the male (C) and female patients (D). Serum concentrations are 
expressed as means (bars) and standard error of the mean (line).
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to the concentration of IgE in the sample. To evaluate the test 
results, the response of the patient sample was compared direct-
ly to the response using the calibrators.

Statistical analysis
Statistical analysis was performed using the statistical software 

package Medcalc 9 (Frank Schoonjans, BE). Descriptive statis-
tics are expressed as means and standard error of the mean. The 
non-parametric Kruskal-Wallis rank test was performed to eval-
uate the analysis of variance between groups of allergens. Values 
of P≤0.05 were considered to indicate statistical significance.

 

Fig. 2. Serum-specific IgE levels among the groups of patients were evaluated separately for each allergen: Dermatophagoides pteronyssinus (A), dog dander (B), 
cat dander (C) and Alternaria (D). Serum concentrations are expressed as means and standard error of the mean.
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RESULTS

Patients were categorized into several age groups. The analy-
sis of variance showed that the mean values of total IgE differed 
significantly (P<0.0001) among the groups of patients (as shown 
in Fig. 1), even when categorized by sex (Fig. 1C and 1D). In our 
population, almost all patients showed total serum IgE concen-
trations higher than 200 kU/L (Fig. 1B). Moreover, specific IgE 
levels for all tested allergens differed significantly among the 
different age groups of patients (P<0.0001), as shown in Fig. 2 
and Fig. 3.
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DISCUSSION

Serum IgE may be considered a typical biomarker for the al-
lergic phenotype, as allergic disorders are characterized by IgE-
mediated inflammation. IgE measurement is commonly used 
to diagnose allergy. This study investigated the impact of age on 
total and allergen-specific serum IgE levels in a large cohort of 
allergic patients.

Total IgE levels did not decrease with age. There was a peak in 
the group of 19- to 21-year-old patients, followed by a relevant 
peak in the group of 28- to 30-year-old patients. Interestingly, 
there was an increasing trend during aging, with a peak in the 

Fig. 3. Serum-specific IgE levels among the groups of patients were evaluated separately for each allergen: Dermatophagoides pteronyssinus (A), dog dander (B), 
cat dander (C) and Alternaria (D). Serum concentrations are expressed as means and standard error of the mean.
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oldest subgroup (>85 years). This trend was more evident in fe-
males. A possible explanation for this surprising observation 
may be that an impaired regulatory function occurs during se-
nescence. In fact, it is not unusual to detect autoantibodies in 
elderly subjects.

On the other hand, allergen-specific IgE levels typically de-
creased with age. The results showed that each allergen used in 
this study exhibited a particular trend with age. House dust mites 
induced the earliest IgE response, as clinically relevant IgE levels 
were detectable during infancy. This early response may result 
from the ubiquitous presence of mites and their persistence over 
time throughout the year. The response to cat allergen was more 
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precocious than the response to dog allergen. The response to 
Alternaria was characteristic of adolescents and young adults, 
but rapidly declined after 25-27 years. Pollens and grasses in-
duced early IgE production, and this declined after 30 years, even 
though these allergens caused the highest IgE levels. Birch-specif-
ic IgE peaked during adolescence and young adulthood, where-
as IgE against ragweed and Artemisia (both members of the 
Compositae family) peaked later.

Thus, this study demonstrated that there is a discrepancy be-
tween the changes in total and specific IgE levels with age. Total 
IgE production did not decline with aging, whereas allergen-
specific IgE production was diminished in elderly patients. In 
addition, each allergen induced a particular production trend 
with age.

The large enrolled population is a particular strength of this 
survey. Nevertheless, this study has several limitations. First, 
this study did not include patient follow-up. Additionally, we 
did not measure the relationship between IgE levels and symp-
tom severity or function, and did not consider any diseases or 
possible confounding factors such as smoking status, parasite 
infestation, environmental exposures, seasonal variations, and 
number of sensitizing allergens. Therefore, further cohort stud-
ies and long-term follow-up trials are needed to confirm these 
preliminary findings.

In conclusion, total IgE increased with age. Allergen-specific 
IgE levels significantly decreased with age, with a particular trend 
for each allergen tested.
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