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Abstract
Purpose  Regulatory and economic conditions drive the application of the concept of homologous groups on therapeutic and 
diagnostic formulations. In this context, a possible reduction of allergens in the skin prick test panel in the clinical routine 
should be investigated for the grass, birch and Dermatophagoides homologous group.
Methods  Grass and cultivated rye skin prick test results of 1101 patients, birch/hazel/alder skin prick test results of 1131 
patients and 1068 Dermatophagoides pteronyssinus and farinae skin prick tests were retrospectively evaluated with regard 
to sensitivity and false-negative rate detecting sensitization against cultivated rye with grass skin prick test, sensitization 
against hazel and/or alder with birch skin prick test and sensitization towards Dermatophagoides farinae with Dermatopha-
goides pteronyssinus skin prick test.
Results  Skin prick test results in all groups highly correlated in Spearman Rank Order correlation. Sensitivity of grass skin 
prick test detecting sensitization against cultivated rye was highest with 98.9%, sensitivity of birch skin prick test detecting 
sensitization toward hazel and alder was 95.6 and 90.0%, respectively. Sensitivity of skin prick test with Dermatophagoides 
pteronyssinus detecting sensitization towards Dermatophagoides farinae was 93.6%. Only 26 patients with positive rye, hazel, 
alder or Dermatophagoides farinae skin prick test that were overlooked by grass, birch or Dermatophagoides pteronyssinus 
skin prick test reported allergic symptoms.
Conclusion  In routine clinical practice, sensitization against cultivated rye can safely be detected by skin prick test with grass 
allergen. In addition, the sensitivity of birch skin prick test is high in terms of sensitization towards hazel, but lower for alder. 
Sensitivity of Dermatophagoides pteronyssinus skin prick test also is high to detect sensitization towards Dermatophagoides 
farinae. Further research will indicate if several skin prick test allergens will disappear and be completely replaced by a single 
skin prick test based on the principle of homologous groups.
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Abbreviations
D. pter	� Dermatophagoides pteronyssinus
SPT	� Skin prick test
D. farinae	� Dermatophagoides farinae
sIgE	� Specific immunoglobulin E
NPT	� Nasal provocation testing
FEIA	� Fluorescence enzyme immunoassay
FNR	� False-negative rate

FPR	� False-positive rate
SLIT	� Sublingual immunotherapy

Introduction

The prevalence of allergic disease has risen over the last 
years [1, 2], and sensitization to grass, rye, birch, hazel and 
alder are the most frequent in Germany and Europe next to 
Dermatophagoides species. Sensitization rates in the Ger-
man population are 18.1% for timothy grass, 16.8% for rye, 
17.4% for birch, 16.2% for hazel, 16.5% for alder and 15.9% 
for Dermatophagoides pteronyssinus (D. pter) [3]. These 
numbers reveal the importance of allergological diagnostics 
nowadays. Although serological methods have become more 
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important, the skin prick test (SPT) still represents a basic 
tool to diagnose sensitization against various aeroallergens 
at the same time at low cost [4], and in combination with 
relevant clinical symptoms alone it is sufficient to initiate 
specific immunotherapy according to the current guideline 
in Germany [5]. The European and German standard of SPT 
panel includes grass mix, birch, hazel, alder, D. pter and 
Dermatophagoides farinae (D. farinae) next to other inhal-
ant allergens [6, 7] and SPT with cultivated rye allergen 
has been widely used next to grass mix in the past [8] and 
is still used in clinical routine. However, cost recovery of 
a comprehensive diagnostic approach is a challenge for an 
allergologist. Furthermore, current European Union regula-
tions have a tremendous impact on the availability of thera-
peutic and diagnostic allergen solutions, e.g. has decreased 
the number of available skin test allergens by more than a 
half [9]. These changes, amongst others, are based on the 
transformation of the so-called “principle of taxonomic 
families” to the “principle of homologous groups” [10]. In 
the past, allergens were grouped merely along with taxo-
nomic relationship, whereas the classification of allergen 
sources in one homologous group on the basis of homology 
and cross-reactivity of allergens is found to be more specific 
and satisfactory [10]. Therefore, allergens of birch (Betula 
verrucosa), alder (Alnus glutinosa), and hazel (Corylus avel-
lana) belong to the same homologous group, similarly as 
the allergens of grass species with timothy grass (Phleum 
pratense) and cultivated rye (Secale cereale), as well as D. 
pter and D. farinae are part of the same homologous group. 
For each homologous group, one representative allergen 
source is suggested, such as timothy grass for the “grass 
homologous group”. This classification is based on several 
studies indicating similar Ig-E binding properties and high 
cross-reactivity within homologous groups, as summarized 
by Lorenz et al. [10].

In this study, we questioned if it is acceptable in routine 
clinical practice to reduce the SPT panel to only birch for 
the diagnosis of sensitization towards birch, hazel and alder, 
to grass to detect sensitization towards grass species and 
cultivated rye, and to only D. pter as European house dust 
mite for both Dermatophagoides species.

Methods

Patient data

The database of the Department of Oto-Rhino-Laryngology, 
Head and Neck Surgery of the Ludwig-Maximilians-Univer-
sity in Munich was retrospectively scanned between January 
2009 and December 2013 for patients with the following 
SPT data: grass mix, cultivated rye, birch, alder, hazel, D. 
pter, D. farinae besides positive and negative control. This 

resulted in 1166 patients. The study population was divided 
into 4 overlapping groups: (1) grass analysis group (SPT 
data for grass mix and cultivated rye), (2) birch analysis 
group I (SPT data for birch and hazel), (3) birch analysis 
group II (SPT data for birch and alder), (4) Dermatophagoi-
des analysis group (SPT for D. pter and D. farinae).

The local ethics committee and the local data protection 
commissioner approved the use of data from routine clinical 
practice. All patients provided written informed consent for 
the use of their parameters for scientific research and gave 
consent to publish these results.

Skin prick test (SPT)

The SPT solutions used were ALK-SQ-solutions (ALK-
Abelló, Wedel, Germany) with native allergen extracts in 
case of birch/Betula verrucosa, hazel/Corylus avellana, 
alder/Alnus glutinosa, cultivated rye/Secale cereal, D. 
pter and D. farinae. Grass mix solution contained timothy 
grass/Phleum pratense, meadow oat grass/Helictotrichon 
pratense, cock’s foot grass/Dactylis glomerata, meadow 
fescue/Festuca pratensis, perennial rye/Lolium perenne 
and smooth meadow grass/Poa pratensis. SPT was consid-
ered positive after 20 min with a wheal ≥ 3 mm in diam-
eter (I =  ≥ 3 to 4 mm, II =  ≥ 4 to 5 mm, III =  ≥ 5 to 6 mm, 
IV =  ≥ 6 mm) in combination with Histamine dihydrochlo-
ride solution at 1 mg/ml as positive control and allergen-free 
saline solution as a negative control. The classification and 
procedure were in line with European standards and pub-
lished guidelines [11, 12].

Fluorescence enzyme immunoassay

To exclude false-positive results in cases of a weakly posi-
tive SPT result (wheal 3–4 mm), the fluorescence enzyme 
immunoassay method (UniCAP-FEIA, Thermo Fisher Sci-
entific, Freiburg, Germany) was used to confirm sensitiza-
tion to a specific allergen by detecting specific Immuno-
globulin E (sIgE) reactivity with a commercially available 
test kit (Thermo Fisher Scientific, Freiburg, Germany). The 
positive cutoff value was ≥ 0.35 kU/l, and the procedure was 
in accordance with the manufacturer´s instructions. Patients 
with a SPT of I and sIgE against the according to allergen 
below the positive cutoff value were considered false posi-
tive in SPT and, therefore, were excluded from the group 
of sensitized patients. Patients with a SPT of I, but without 
available sIgE data were excluded from the study resulting 
in the following patient numbers per group:

1.	 grass analysis group (grass mix and cultivated 
rye) = 1101 patients

2.	 birch analysis group I (birch and hazel) = 1131 patients
3.	 birch analysis group II (birch and alder) = 1131 patients
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4.	 Dermatophagoides analysis group (D. pter and D. fari-
nae) = 1068 patients.

Statistical Analyses

Data analysis was performed by Excel (Microsoft, Redmond, 
WA, USA) and SigmaPlot (Jandel Corp., San Rafael, CA, 
USA). Correlation between SPT data within different groups 
was calculated by Spearman Rank Order Correlation. A p 
value of > 0.05 was considered positive.

Results

The study’s patient collective was divided into 4 overlapping 
groups: (1) grass analysis group (grass mix and cultivated 
rye) with 1101 patients, (2) birch analysis group I (birch and 
hazel) with 1131 patients, (3) birch analysis group II (birch 
and alder) with the same 1131 patients, (4) Dermatopha-
goides analysis group (D. pter and D. farinae) with 1068 
patients.

Table 1 summarizes the patient data, in terms of gender 
and age (Table 1).

SPT results within all 4 groups correlated highly in 
Spearman Rank Order Correlation analysis. The correlation 
coefficient for grass mix/cultivated rye group was ρ = 0.924 
(p < 0.001), for birch/hazel group ρ = 0.853 (p < 0.001), for 
the birch/alder group ρ = 0.842 (p < 0.001), and for the D. 
pter/D. farinae group ρ = 0.935 (p < 0.001).

We found the following sensitization rates for grass of 
54.9% (n = 604), for cultivated rye of 50.2% (n = 553), for 
birch 46.9% (n = 530), hazel 42.5% (n = 481) and alder 
48.5% (n = 548), for D. pter of 40.8% (n = 436) and D. fari-
nae of 42.2% (n = 451), respectively.

Table 2 summarizes the corresponding sensitization rates 
for the 4 evaluated groups (Table 2). Looking at correspond-
ing sensitization rates within the grass/cultivated rye group 
we found a corresponding result for both allergens in 94.3% 
(n = 1038), 44.6% (n = 491) were neither sensitized against 

grass nor against cultivated rye, 49.7% (n = 547) were sen-
sitized against both allergens. Only 5.7% (n = 63) of positive 
results did not correspond in this group: 6 patients (0.5%) 
were only sensitized against cultivated rye and did not show 
a positive result for grass and 57 patients (5.2%) showed 
a sensitization against grass but not cultivated rye. In the 
birch/hazel group, we found a corresponding result in 92.0% 
(n = 1040). 40.7% (n = 460) showed a sensitization towards 
birch and hazel and 51.3% (n = 580) did not show a sensiti-
zation against birch nor hazel. 8.0% (n = 91) did not show the 
same result, 21 patients (1.8%) were only sensitized against 
hazel without sensitization against birch and 70 patients 
(6.2%) had a positive SPT to birch but not for hazel. The 
birch/alder group showed a corresponding result in 91.8% 
(n = 1039), 43.6% (n = 493) were sensitized to birch and 
alder and 48.3% (n = 546) were neither sensitized against 
birch nor alder. 8.2% (n = 92) did not show a correspond-
ing sensitization, 55 patients (4.9%) were only sensitized 
against alder and 37 patients (3.3%) were only sensitized 
against birch but not alder. Within the Dermatophagoides 
group 39.5% (n = 422) were tested positive for D. pter and 
D. farinae, 56.5% (n = 603) did not show any sensitization 
towards Dermatophagoides. 14 patients (1.3%) had a posi-
tive SPT towards D. pter but a negative test with D. farinae, 
whereas 29 patients (2.7%) were tested positive with D. fari-
nae allergen but negative with D. pter (Table 2).

On this basis we performed a detection analysis ques-
tioning whether SPT with grass mix allergen could safely 
detect sensitization against cultivated rye, SPT with birch 
the sensitization against hazel or alder and SPT with D. pter 
the sensitization towards D. farinae, respectively. Figure 1 
summarizes the results for the grass/cultivated rye group 
(Fig. 1).

In this study, 98.9% of patients with a sensitization 
against grass mix and/or cultivated rye alone would have 
been detected with SPT with grass mix allergen alone 
(= sensitivity). Only 1.1% of patients showing a positive 
result when tested with cultivated rye allergen would have 
been overlooked with single testing with grass mix allergen 

Table 1   Demographics and characteristics of patient groups

Values are number of patients in total (percent of each evaluated 
group). Age in years is given as range and median

Grass mix/culti-
vated rye

Birch/hazel
Birch/alder

D. pter/D. farinae

No. of patients 1101 (100%) 1131 (100%) 1068 (100%)
Male 600 (55%) 613 (54%) 586 (55%)
Female 501 (45%) 518 (46%) 482 (45%)
Age
 Range 3–87 3–87 3–87
 Median 35.5 35.8 35.5

Table 2   Sensitization rates in percent for each patient group divided 
into −/− (no sensitization against both allergens of the individual 
group), +/+ (sensitization against both allergens), ± (sensitization 
against the first allergen) and −/ + (sensitization against the second 
allergen of the individual group)

Patient group Sensitization in no. of patients (%)

−/− +/+ +/− −/+

Grass mix/cultivated rye 491 (44.6) 547 (49.7) 57 (5.2) 6 (0.5)
Birch/hazel 580 (51.3) 460 (40.7) 70 (6.2) 21 (1.8)
Birch/alder 546  (48.3) 493 (43.6) 37 (3.3) 55 (4.9)
D. pter/D. farinae 603 (56.5) 422  (39.5) 14 (1.3) 29 (2.7)
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[false-negative rate (FNR)]. Specificity was 89.6%, the false 
positive rate (FPR) was 10.4% (Fig. 1).

Figure 2 shows the corresponding results for the birch/
hazel group. The sensitivity for detecting a sensitization 
against birch and/or hazel with SPT with birch allergen alone 
was 95.6%, specificity 89.2%. The false-negative rate was 
calculated as 4.4% (Fig. 2).

Figure 3 summarizes the results for the birch/alder group. 
Sensitivity was 90.0%, specificity 93.7% and the false-nega-
tive rate was 10.0% (Fig. 3).

Figure 4 shows the results for the Dermatophagoides 
group. Sensitivity was 93.6%, specificity 97.7% and the 
false-negative rate was 6.4% (Fig. 4).

Looking at the subgroup of patients showing a sensitiza-
tion in SPT against cultivated rye, hazel, alder or D. farinae 
that would have been overlooked by SPT with grass mix, 
birch allergen or D. pter we found the following reported 
clinical symptoms in each group: out of 6 patients with sen-
sitization against cultivated rye in SPT but with negative 
SPT result for grass mix 3 patients reported rhinoconjunc-
tival symptoms during rye season. In the birch/hazel group, 
21 patients with positive SPT results for hazel would have 
been missed with SPT with birch allergen. 4 of these patients 
reported symptoms during the hazel season. In the birch/
alder group, 10 out of 55 missed patients reported symptoms 
during alder season. 9 out 29 D. pter negative patients with 

Fig. 1   Detection analysis 
of SPT with grass mix for 
sensitization towards grass mix 
and cultivated rye (FNR false 
negative rate, FPR false positive 
rate, PPV positive predictive 
value, NPV negative predictive 
value)

Fig. 2   Detection analysis of 
SPT with birch for sensitiza-
tion towards birch and hazel 
(FNR false-negative rate, FPR 
false positive rate, PPV positive 
predictive value, NPV negative 
predictive value)
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positive SPT with D. farinae allergen reported symptoms 
during the whole year.

Discussion

The aim of the study was to investigate redundancies in SPT 
results in a large patient sample for the diagnosis of sensiti-
zation to birch, alder, hazel, grass, cultivated rye and Der-
matophagoides species. This study is of great importance 
since regulatory and economic aspects have an immense 
impact on an allergologist and the availability of diagnos-
tic skin test allergens [9, 10]. In this context, it is of high 
relevance whether a limited SPT panel with the only birch, 

grass and D. pter allergen (instead of birch, alder, hazel, 
grass, cultivated rye, D. pter and D. farinae) has an accept-
able sensitivity.

Sensitization rates diagnosed by SPT in our patient sam-
ple were relevantly higher than sensitization rates reported 
by Haftenberger et al. [3]. We found a sensitization rate 
against grasses of 54.9%, cultivated rye of 50.2%, birch of 
46.9%, hazel of 42.5%, alder of 48.5% D. pter of 40.8% and 
D. farinae of 42.2%. We assume the difference is caused by 
a selection bias. Patients who are visiting our allergy depart-
ment clearly do not represent the general German popula-
tion, but rather consult an allergologist because of certain 
rhinological symptoms; further, they are pre-selected by 
positive screening tests. More than 90% of our study patients 

Fig. 3   Detection analysis of 
SPT with birch for sensitiza-
tion towards birch and alder 
(FNR false-negative rate, FPR 
false-positive rate, PPV positive 
predictive value, NPV negative 
predictive value)

Fig. 4   Detection analysis of 
SPT with D. pter for sensitiza-
tion towards D. pter and D. fari-
nae (FNR false-negative rate, 
FPR false-positive rate, PPV 
positive predictive value, NPV 
negative predictive value)
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had a positive Immunocap®-SX1 (Thermo Fisher Scientific, 
Freiburg, Germany), a screening which was performed 
before detailed allergy testing in most cases. Therefore, the 
ratio of patients with a sensitization against one or more 
allergens is likely to be much higher than in the general pop-
ulation as it is in other study groups with a specific patient 
collective. Exemplary, sensitization rates from the Global 
Allergy and Asthma European Network for Germany are 
named as follows: grasses 37.9%, birch 37.6%, hazel 35.9%, 
alder 34.8%, D. pter 23.5% and D. farinae 21.1% [13].

There is a trend towards a “clean” use of allergen solu-
tions for specific immunotherapy. Already in 1984, it was 
published that pollen allergens from rye and other common 
grasses have a close immunochemical relationship so that 
skin test reactivity against common grasses alone could 
serve as a rationale to diagnose and treat hay fever suppos-
edly elicited by rye alone [14]. Lately, Couroux et al. pub-
lished a randomized, double-blind trial on 214 patients to 
determine the optimal dose for clinical efficacy of the SQ 
tree sublingual immunotherapy (SLIT)-tablet and investi-
gate the symptom reduction towards different species from 
the birch homologous group [15]. They found that the SQ 
tree SLIT-tablet reduced average allergic rhinoconjunctivitis 
symptoms triggered by birch or oak pollen, also a member 
of the birch homologous group. Also, clinical and immu-
nological findings suggested that the tablet may be used to 
treat allergies to all species within the birch homologous 
group and not birch alone, but concluded that further stud-
ies will have to verify this evidence and its transferability to 
other homologous groups [15]. Therefore, the principle of 
homologous groups is already followed in the therapeutic 
strategy of allergic disease.

Our results support that the principle of homologous 
groups can also be applied to diagnosing sensitization 
against allergens within the birch, grass and Dermatopha-
goides homologous groups. In our collective, correlation 
of SPT results between grasses/cultivated rye, birch/hazel, 
birch/alder and D. pter/D. farinae were high and in line 
with the literature [10, 16, 17]. Furthermore, especially the 
sensitivity of detecting sensitization towards cultivated rye 
with grass mix SPT was 98.9%. Sensitivity of birch SPT 
for detection of sensitization towards hazel was slightly 
lower with 95.6%, and lowest for alder with 90.0% respec-
tively. Sensitivity of D. pter SPT for detecting sensitization 
towards D. farinae was 93.6%. Only 1.1% of cultivated 
rye SPT positive patients would not have been detected 
with grass SPT. FNR for birch SPT detecting sensitiza-
tion against hazel was 4.4% and as high as 10% for alder. 
6.4% of patients with positive SPT with D. farinae allergen 
would not have detected with D. pter SPT. Do these num-
bers allow a reduction in SPT panel allergens? Already 
Bousquet et  al. found in a large Pan-European Multi-
center study that a limited number of allergens allowed the 

identification of the majority of sensitized patients [18]. 
However, the authors named as limitation of the study that 
the number of subjects tested per individual center was 
restricted, ranging from 116 to 393, and concluded that 
still the suggested whole test battery of allergens is needed 
to appropriately assess patients.

The difference in FNR of SPT with birch allergen detect-
ing sensitization against hazel or alder in our study can-
not be explained by homology or cross-reactivity. Already 
in 1991, Valenta et al. investigated high homology at the 
nucleic acid level of the major allergens of birch, hazel and 
alder by cross-hybridization [19]. Since then, several studies 
showed high cross-reactivity and homology between birch, 
hazel and alder major allergen components, well summa-
rized by Biedermann et al. [20]. Rather, the spectrum of dif-
ferent allergen components in the test solution could affect 
the sensitivity of SPT with birch allergen detecting sensitiza-
tion particularly against alder. In addition, we only compared 
sensitization rates of SPT solutions of one manufacturer.

To our knowledge, there are no studies regarding preva-
lence and relevance of isolated allergy towards cultivated 
rye, hazel or alder without allergy against other grasses or 
birch, the representative allergen of the referring homolo-
gous group. Although the FNR detecting sensitization 
towards alder with birch SPT is rather high with 10%, con-
sidering reported clinical symptoms in these patients as a 
potential sign for clinically relevant sensitization, only a few 
allergic patients would have been overlooked in this study 
reducing the SPT panel to grass mix and birch. 3 out of 
6 patients (50%), who would have been overlooked with 
grass SPT, reported rhinoconjunctival symptoms during 
rye season; as well 4 out of 21 patients (19%) during hazel 
season and 10 out of 55 patients (18%) during alder season 
would have been overlooked with birch SPT, respectively. 
This finding would support the questionable relevance of 
isolated sensitization against cultivated rye, hazel and alder 
since the clinical relevance of sensitization towards hazel 
and alder for Germany are around 90% as presented by Bur-
bach et al. [13].

For Dermatophagoides genus Lorenz et al. summarized 
that the high number of 15–20 homologous allergen com-
ponents of each species D. pter and D. farinae justifies 
grouping these two and contradictory results from cross-
reactivity studies are not expected [10]. Also, the impact 
of SPT with D. farinae in addition to D. pter was described 
as lower as expected by Bousquet et al. [18]. On the other 
hand, this study aimed at defining the minimal number of 
SPT allergen to identify a patient as sensitized in general 
and did not compare D. pter and D. farinae individually. 
In our study, one could argue that D. farinae would be the 
allergen to test with, since sensitization is higher compared 
to D. pter (42.2% compared to 40.8%), although D. farinae 
is the “American house dust mite”. The FNR of SPT with 
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D. farinae to detect sensitization towards D. pter would be 
only 3.2% compared to 6.4% the other way around.

However, as outlined above, a FNR of 5–10% is not 
related to the general German population, but rather ref-
erenced to a pre-selected patient collective with possible 
higher sensitization rates towards aeroallergens. Since a 
negative SPT, in general, can reliably exclude IgE medi-
ated allergy [21–23], we conclude, that SPT with grass 
allergen can serve as the only diagnostic tool also iden-
tifying an allergy towards rye and SPT with birch aller-
gen could also serve as the first dependable diagnostic 
approach identifying an allergy against other pollen from 
the referring homologous group, such as hazel. Evaluat-
ing the impact of SPT without alder and D. farinae, on 
the other hand, might need a prospective study approach, 
also with regard to the clinical relevance. In addition, the 
European Academy of Allergy and Clinical Immunology 
(EAACI) and national European Allergy Societies just 
published a position paper, claiming the need for the avail-
ability of a wide range of high-quality diagnostic aller-
gens for in-vivo diagnosis of IgE-mediated allergies not 
only covering predominant but also less frequent allergen 
sources [24].

The specificity and false positive rate were calculated for 
all evaluated groups for methodological purpose but will not 
be further discussed because of limited clinical relevance., 
as patients with positive SPT with grasses, birch and/or D. 
pter would receive anti-allergic therapy in case of allergic 
complaints irrespective of a negative SPT with cultivated 
rye, hazel, alder and/or D. farinae.

The retrospective design of the study clearly is a limita-
tion. In terms of evaluating the clinical relevance of falsely 
negative tested patients, provocation testing would have been 
the preferable criterium. However, because of the retrospec-
tive design, data were limited, reported rhinitic symptoms 
during a certain period of the year or all year long were the 
only measures to estimate clinical relevance. Also, we did 
not compare sensitization rates by different SPT solution 
manufacturers. It has been investigated by immunochemical 
analysis and confirmed by in vivo testing, that mite extracts 
from different manufacturers show a heterogenous amount 
of components, affecting the clinical diagnosis of sensiti-
zation against mite allergen [25]. Therefore, our results by 
one manufacturer cannot be generalized with regard to all 
solutions available on the market.

In summary, our study suggests, that in the diagnostic 
cascade of rhinological symptoms with regard to sensitiza-
tion to grass and cultivated rye, the SPT panel can be limited 
to grass alone. Regarding SPT with birch, alder, hazel, D. 
pter and D. farinae allergen, we conclude, that sensitization 
towards hazel can safely be detected via birch SPT. Concern-
ing a possible exclusion of alder and either D. pter or D. 
farinae from SPT panel further research would be desirable.
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