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Introduction: The prevalence of airway allergies in Europe has increased from 23% to 31% in 
recent years. Polysensitization is associated with the development and severity of relevant allergies, 
particularly allergic asthma.
Objective: We investigated age- and sex-dependent monosensitization and polysensitization 
profiles as well as patterns of sensitization using skin prick test (SPT) reactivity to the most 
common aeroallergens.
Patients and Methods: From 1998 to 2017, SPTs were retrospectively analyzed in 2886 
symptomatic patients, referred to the University Medical Center Göttingen, located in central 
Germany. The major aeroallergen groups early flowering tree pollen, grass pollen, and house dust 
mites were evaluated in this study. Wheal diameters ≥2 mm were considered positive during the 
entire study period.
Results: Polysensitization to the most common aeroallergen groups increased significantly 
over 20 years. Boys and young men displayed the most remarkable rise in total sensitization 
rates in our study group over time.
Discussion: Our patient-based study demonstrates a continuing increase in polysensitization rates 
over the last 20 years, with boys and young men being most frequently affected. Our data—without 
being a population-based study—suggest a scenario with climbing rates of allergic rhinitis and 
asthma.
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Introduction
The prevalence of airway allergies in Europe has increased from 23% to 31% 
in recent years.1 In Germany, high lifetime prevalences of 8.6% for asthma and 
14.8% for allergic rhinitis were reported in 2013.2 Polysensitization is asso-
ciated with the development and severity of allergies, particularly allergic 
asthma.3,4 We investigated age- and sex-dependent mono- and polysensitiza-
tion profiles using skin prick test (SPT) reactivity to the most common aero-
allergens. In addition, patterns of sensitization against the structurally different 
allergens of the major aeroallergen groups early flowering tree pollen, grass 
pollen, and house dust mites (HDM) were analyzed in a large German study 
group during the last 20 years. Different medical aspects of this study popula-
tion, together with regional pollen counts and SPT reactivity, have been 
published previously.5
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Patients and Methods
From 1998 to 2017, SPTs were retrospectively analyzed in 
2886 symptomatic patients at the University Medical 
Center Göttingen (tertiary referral center), located in cen-
tral Germany. This study was reviewed and approved by 
the local ethics committee at the University Medical 
Center Göttingen (3/8/17). The patients tested in the per-
iod from 1998 to 2007 (decade I; 1672 patients) were 
compared with those tested in the period from 2008 to 
2017 (decade II; 1214 patients) (equal age distribution of 
patients in both decades). Our analysis included all symp-
tomatic patients with airway allergies at our center who 
underwent SPTs with aeroallergens. Each patient is 
counted only once, although 14 patients (0.5% of 2886) 
have had more than one SPT with the aeroallergens in the 
course of these 20 years. In these 14 patients, the last 
consultation was selected for data analysis. Total sensitiza-
tion rates were based on SPTs with birch, alder, hazel, 
timothy, rye, and the HDM Dermatophagoides pteronyssi-
nus and D. farinae. SPTs were performed according to 
current guidelines by only three different nurses over the 
study period of 20 years, ruling out significant bias caused 
by different evaluators. Wheal diameters ≥2 mm were 
considered positive during the entire study period until 
2017. Different from today’s standard of wheal diameters 
≥3 mm for positive reactions, reactions ≥2 mm were 
regarded as positive in the late 1990s, especially for epi-
demiologic studies.6 Commercial SPT extracts were 
equally obtained from ALK Abelló (ALK-prick SQ, 
Hamburg, Germany) and Allergopharma (Reinbek, 
Germany). All SPT extracts of these common allergens 
were approved by the national authorities in the 1980s and 
remain valid today. Thus, manufacturing and standardiza-
tion procedures, as well as quality management for batch- 
to-batch consistency, were unchanged during the study 
period.

Results
One-third of our study group of 2886 patients were male 
(33.7%) and two-thirds were female (66.3%), and those pro-
portions did not change during the 20 years. The SPT results 
were grouped into early flowering trees (birch, alder, hazel), 
grass (timothy, rye), and HDM (D. pteronyssinus, D. farinae). 
The reason for this grouping was the close relationship and 
thus broad co-reactivity in SPTs between birch, alder, 
and hazel, as well as timothy and rye, and D. pteronyssinus 
and D. farinae. Monosensitization was diagnosed if the SPT 

was positive to one allergen group only (positive for at least 
one allergen in the group). Polysensitization was diagnosed if 
the patient responded to two or three allergen groups (positive 
for at least one allergen in two or more groups). Almost two- 
thirds of patients (65.7%) were sensitized to at least one 
allergen, and another two-thirds of the sensitized showed 
polysensitization versus one-third monosensitization (45.1% 
versus 20.6%) (Table 1). Of note, polysensitization was more 
frequent in male than in female patients (50.9% vs 42.1%).

In all age groups, the rate of sensitization to allergens 
from the three allergen groups increased equally 
(Figure 1). During decade I, the highest total prevalence 
of sensitization was found in children and adolescents 
(11–20 years old). Interestingly, we identified a shift in 
peak rates for sensitization towards young adults (21–30 
years) in decade II (Figure 1). Statistical analysis 
revealed significant overall changes between the two 
decades for grass pollen (p=0.019) and house dust mites 
(p=0.015), while the identical trend for increasing sensi-
tization to tree pollen did not reach significance 
(p=0.173). The proportion of nonsensitized patients in 
the total study population decreased from 39.7% to 
27.0%, mainly in favor of an increase of polysensitized 
patients, which increased significantly from 40.1% to 
51.9% (Table 2). Monosensitization remained largely 
unchanged in both decades.

Dissecting the sensitization profiles for patient ages 
(Figure 2), the highest total polysensitization rates were 
found for children and younger adults. The most pro-
nounced decrease in nonsensitization was found among 
the elderly, although they remained the largest group with-
out sensitization. Regarding sex-related profiles, we 
observed a remarkable increase from 65.2% to 79.9% in 
total sensitization rate in men (Figure 2). Following the 
same trend but at a lower level, sensitization rates in 
women climbed from 57.8% to 69.6% over time. Boys 
and young men up to 30 years of age had the highest total 
polysensitization rates (decade I: 51.7–62.5%; decade II: 
60.9–85.3%). Female patients also reached their peak in 
polysensitization in these age groups but again at a lower 
level (decade I: 46.4–54.3%; decade II: 53.9–58.9%). Of 
note, the age peak of polysensitized patients shifted for both 
sexes from the 11–20 year group to the 21–30 year group 
during the study period. In decade I, statistical comparison 
of polysensitized male and female patients revealed no 
significant differences in all age groups by proportionality 
test. However in decade II, sex-related polysensitization 
rates were significantly different for the 11–20-year-olds 
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(p=0.046), 21–30-year-olds (p<0.001), and 61–70-year- 
olds (p=0.039). The other age groups did not reveal 
significant differences. Interestingly, the proportion of 

monosensitized individuals remained quite low and 
unchanged over time (male patients: 19.6–20.9%, female 
patients: 19.9–22.0%). Thus, patients with polysensitization 

Table 1 Characteristics of the Study Group (1998–2017)

1998–2017

Total [%] Male [%] Female [%]

Total study group 2886 [100.00] 973 [100.00] 1913 [100.00]

Non-Sensitization 991 [34.34] 280 [28.78] 711 [31.17]

Sensitization 1895 [65.66] 693 [71.22] 1202 [62.83]

Monosensitization (Sensitization to 1 allergen group only) 595 [20.62] 198 [20.35] 397 [20.75]

Polysensitization (Sensitization to ≥ 2 allergen groups) 1300 [45.05] 495 [50.87] 805 [42.08]

Notes: All patients underwent skin prick tests (SPTs) with the major aeroallergen-groups early flowering trees (birch, alder, hazel), grass (timothy, rye) and house dust mites 
(D. pteronyssinus, D. farinae). Sensitized patients were subdivided into monosensitization (SPT positive to one allergen-group only) and polysensitization (SPT positive to ≥ 2 allergen 
groups).
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Figure 1 Positive skin prick test (SPT) rates for the different aeroallergen groups (early flowering trees, grass, and house dust mites) increase from decade I (1998–2007; 
n=1672 patients) to decade II (2008–2017; n=1214 patients).
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clearly accounted for the strong increase in sensitization 
rates, with significant differences between male and female 
children, adolescents and young adults.

Of the three allergen groups, the highest monosensitiza-
tion rates were observed for HDM (11.5–12.0%, Table 2). 
The combination of tree and grass pollen sensitization was 

Table 2 Distribution of Sensitization Patterns Over Time

Allergen Groups Patients

Tree Grass HDM Among the Total Study Population (And Among the Subgroup with ≥1 Positive SPT 
only)

Significance (p-values)

1998–2007 2008–2017

+ − − 6.0% (10.0%) 5.5% (7.6%) 0.555

− + − 6.3% (9.9%) 7.3% (9.9%) 0.336

− − + 7.8% (12.0%) 8.4% (11.5%) 0.581

+ + − 12.1% (20.0%) 11.7% (16.0%) 0.982

+ − + 2.4% (4.0%) 4.7% (6.4%) <0.001

− + + 6.0% (10.0%) 5.8% (7.9%) 0.758

+ + + 19.6% (32.5%) 29.7% (40.6%) <0.001

− − − 39.7% (n.a.) 27.0% (n.a.) <0.001

Notes: (+) indicates positive SPTs to the allergen group, and (-) indicates negative SPTs to the allergen group. All patients were tested for the three major aeroallergen groups: tree 
pollen, grass pollen, and house dust mites (HDM). 1998–2007: n=1672 patients; 2008–2017: n=1214 patients. Significance was tested by proportionality test. 
Abbreviations: n. a, not applicable; SPT, skin prick test.
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Figure 2 Skin prick tests were categorized into the three major aeroallergen groups: tree pollen, grass pollen, and house dust mites. Graphs display results from 1998–2007 
(grey bars) and 2008–2017 (red bars). Sensitized patients were subdivided into monosensitization (positive to one allergen group only) and polysensitization (positive to two 
or three allergen groups). Upper row: male patients (n=973), lower row: female patients (n=1913).
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highest among polysensitized individuals with two out of 
three positively tested allergen groups (16.0–20.0%), 
whereas polysensitization rates to all three allergen groups 
tested were always highest (32.5–40.6%). The highly signif-
icant increase in polysensitization to all three allergen groups 
mostly accounted for the increase in total polysensitization 
rates over all age and sex groups during the study period.

Discussion
Our patient-based study demonstrates a continuing 
increase in polysensitization rates over the last 20 years, 
with boys and young men being most frequently affected. 
To the best of our knowledge, no current trends are avail-
able for sensitization profiles in German patients over the 
last 20 years. Our findings are consistent with a German 
population-based study from 2008 to 2011, which also 
reported that the highest sensitization rates were in 
young adults.7 Identical time trends were obtained in the 
United States National Health and Nutrition Examination 
Survey (NHANES) II and III studies, which reported 
increasing rye sensitization rates for all age groups over 
time, with current peaks in the 20–29 year group.8 In 
addition, we recently published results on increasing posi-
tive SPTs in weed allergic patients from our region during 
the last 20 years.9 Of note, we expected higher total 
sensitization rates in our current study than in population- 
based studies because our study population consisted of 
referred patients with suspected airway allergies and our 
cut-off ≥2 mm for positive SPTs was lower than in most 
current studies.

Because sensitization to aeroallergens during child-
hood is largely persistent and associated with polysensiti-
zation, early sensitization patterns are also strongly 
associated with manifestation of the asthma-rhinitis multi-
morbid phenotype.10,11 Therefore, our data—without 
being a population-based study—suggest a scenario with 
climbing rates of allergic rhinitis and asthma. Limitations 
of our study include the single-center setting of referred 
patients to a university hospital and the cut-off level for 
wheal diameters of ≥2 mm for positive SPTs, although this 
was recommended in the late 1990s for epidemiological 
studies. If our finding of increasing sensitization to differ-
ent allergen groups also correlates with clinical findings, 
we will need to revisit the question on the use of simulta-
neous immunotherapies with multiple allergens, which 
remains a fiercely debated issue in different areas of the 
world.12
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