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Introduction

Stings by insects can precipitate many signs and symp-
toms of dermatological and ocular diseases. The most 
severe ones are IgE-mediated conjunctivitis, urticaria, 

angioedema and even anaphylaxis after Hymenoptera 
stings (1). A single Hymenoptera sting can induce an aller-
gic reaction and occasionally fatal anaphylaxis. In Europe, 
the responsible insects are the honey bee (Apis mellifera) 
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Abstract
Background: Stings by insects can precipitate many signs and symptoms of dermatological and ocular diseases. 
Of particular importance is the anaphylaxis after Hymenoptera stings. Selection of the appropriate venom for 
immunotherapy requires a precise diagnosis, which is frequently difficult to confirm since the history presented by 
the patient is many times not conclusive and diagnostic tests are often positive for bee venom (BV) and vespula 
venom (VV). This double positivity is either caused by true double sensitization or by antibodies cross-reactive to 
homologous peptide sequences or to cross-reactive carbohydrate determinants (CCDs). In this study, we analyzed 
in 39 patients, tested positive for specific immunoglobulin E (sIgE) against BV and VV and CCDs whether the routine 
detection of sIgE against the recombinant species-specific major allergens (SSMAs) rApi m1 and rVes v5 enables the 
discrimination between genuine double sensitization and cross reactivity and therefore may be superior to other in 
vitro assays such as IgE-inhibition test or the basophil activation test.
Materials and methods: Thirty-nine patients each with allergic reactions to vespula and/or honey bee stings and 
tested positive for sIgE antibodies against CCDs were analyzed for sIgE against BV, VV, CCDs (MUFX3) and SSMAs 
by UNICAP (CAP) and to BV, VV, bromelain, horseradish peroxidase and ascorbat oxidase by Immulite 2000 (IMMU). 
In 12 cases results from a basophil activation test, in nine cases results from IgE-inhibition assays and in 10 cases an 
unambiguous history of the patient were taken into consideration.
Results: A definite diagnosis could be assigned to each patient: sensitization to BV n = 7, sensitization to VV n = 29 
and true double sensitization to both venoms n = 3. Detection of sIgE against BV and VV by CAP leads in three cases 
to the diagnosis BV allergy, in 35 cases to the diagnosis double sensitization and in one case to the diagnosis VV 
allergy. Detection of sIgE against BV and VV by IMMU leads in five cases to the diagnosis BV allergy, in 27 cases to the 
diagnosis double sensitization and in seven cases to the diagnosis VV allergy. Detection of sIgE against rApi m1 and 
rVes v5 by CAP leads in six cases to the diagnosis BV allergy, in eight cases to the diagnosis double sensitization, in 21 
cases to the diagnosis VV allergy and in four cases to a false double-nagative result implicating no allergy.
Discussion and conclusion: Detection of sIgE to rApi m 1 and rVes v 5 by CAP is the most reliable diagnostic procedure 
to discriminate between true double sensitization and cross reactivity in patients with double-positive IgE results 
to venom extracts in the presence of sIgE against CCDs. In this study, however, we demonstrate that in nine of 39 
patients tested positive for sIgE against CCDs, even the allergen component based diagnostic produces false double-
positive and also false double-negative test results. Thus, we conclude that especially in hard to diagnose CCD positive 
patients beside the detection of sIgE, in vitro assays such as the IgE-inhibition test or the basophil activation test are 
still of importance. Detection of sIgE against only two SSMAs is not sufficient for a precise diagnosis. We propose 
inclusion of further SSMAs in diagnostic procedures.
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and wasps (Vespula vulgaris et Vespula germanica). 
Bumble bees (Bombus spp.) are mainly of importance 
for workers in greenhouses. In the United States sting-
ing Hymenoptera also include the fire ant (Solenopsis 
invicta). Recently, also wasps of the polistes and dolicho-
vespula species may play a role beside Vespula vulgaris 
(2). The prevalence of Hymenoptera sting systemic reac-
tions in the general population has been the subject of 
various studies which estimate the phenomenon to be 
between 0.15% and 3.3% (3). A venom-specific immuno 
therapy (VIT) can prevent allergic reactions and anaphy-
laxis and is successful in 80–85% of the patients sensitized 
to BV and in 90–95% of the patients sensitized to VV. For 
the selection of the right venom for VIT the identification 
of the stinging insect and a definite diagnosis is essential 
(2). However, patients often fail to identify the stinging 
insect and diagnostic procedures frequently produce 
double-negative (skin testing) or double-positive (sIgE 
detection) results for BV and VV. Double-positive tests 
can be caused by true double sensitization or by cross-
reactive IgE antibodies which recognize similar epitopes 
of different venoms, homologous peptide sequences in 
protein allergens (e.g. hyaluronidases and dipeptidyl 
peptidase IV homologs) or cross-reactive carbohydrate 
determinants (CCDs) (4–6). Double positivity to both 
BV and VV in patients who failed to identify the sting-
ing insect requires additional in vitro assays such as 
the IgE-inhibition test or the basophil activation test to 
distinguish true double sensitization from cross reactiv-
ity (7–9). If a diagnostic procedure existed that detects 
sIgE without producing multiple double-positive results 
especially in patients tested positive for antibodies 
against CCDs, it could save time and reduce the costs 
for diagnostic procedures. Here, we assessed whether 
the routine use of recombinant SSMAs of BV (rApi m 1) 
and VV (rVes v 5), in an ImmunoCAP solid-phase assay 
(Phadia, Uppsala, Sweden), improves the diagnosis of 
Hymenoptera venom allergy and enables the correct dis-
crimination between true double sensitization and cross 
reactivity. We compared this method to the conventional 
detection of sIgE against BV or VV with the two different 
detection techniques ImmunoCAP (CAP) and Immulite 
2000 (IMMU) and focused especially on those hard to 
diagnose patients tested positive for sIgE against CCDs 
or CCD rich proteins.

Patients and methods

Patients
All patients had a well-documented history of sys-
temic allergic reactions to honey bee and/or vespula 
stings but inconsistent test results in skin tests or in 
sIgE detection. Some of the patients failed to identify 
the stinging insect, others had a clear history for either 
BV or VV allergy. We focused on the patients that were 
tested positive for sIgE against MUFX3 (CAP) and/or 
bromelain (IMMU) and/or horseraddish peroxidase 
(IMMU) and/or ascorbat oxidase (IMMU), to assess in 

what way diagnostic procedures are hampered by anti-
bodies against CCDs.

Specific serum IgE antibodies (sIgE)
We detected in all patients sIgE to BV, VV, CCDs and the 
SSMAs rVes v5 and rApi m1 by UNICAP (CAP) (Phadia, 
Uppsala, Sweden). sIgE to BV, VV and the strongly gly-
cosylated marker allergens bromelain, horseraddish 
peroxidase and ascorbat oxidase were also detected with 
the Immulite 2000 (IMMU) for comparison of the two 
methods (Siemens, Munich, Germany). A value of >0.35 
kU/l was considered positive.

Inhibition assay
For the inhibition assays three serum samples of each 
patient were blended with BV at a ratio of 1:10, 1:100 
and 1:1000 and another three samples were blended 
with VV. In each of these samples sIgE against BV and 
VV was detected as described in the last preceding 
paragraph.

Basophil activation test (BAT)
The BAT (Flow-Cast, Bühlmann Laboratories, 
Switzerland) is based on the flow cytometric detection 
of activated basophils, which are characterized by an 
enhanced surface expression of CD 63 upon allergen 
stimulation. In all patients, BATs were performed within 
the first 6 months, but not earlier than 6 weeks after the 
original sting reaction.

The leukocyte fraction of whole blood was isolated by 
centrifugation within 30 min after sample collection and 
then resuspended with a) 50 ng of BV and VV in stimula-
tion buffer (ALK-Abelló, Frederiksberg, Denmark), b) the 
heparin and interleukin 3 containing stimulation buf-
fer (negative control) and c) a monoclonal anti-Fc ε RI 
antibody (positive control). The obtained cells were incu-
bated with an antibody reagent containing monoclonal 
phycoerythrine (PE)-marked anti-CD63 antibodies as 
well as monoclonal fluorisothiocyanate (FITC)-marked 
anti-IgE-antibodies. The fraction of activated (CD63 +) 
basophils within the total number of all (IgE +) baso-
phils was determined with a flow cytometer (FACScan, 
Beckton Dickinson Immunocytometry System, San Jose, 
CA). A percentage of >10% CD63 + cells was considered 
positive.

Results

A clear diagnosis for all 39 patients could be presented, 
although, the high grade of interference of the sIgE anti-
bodies against CCDs with diagnostic tests hampered part 
of the test results. In some cases, therefore, also results 
from basophil activation tests, sIgE-inhibition tests and 
the patient´s history had to be taken into consideration 
to confirm the diagnosis.

Table 1 shows the test results and the clinical informa-
tion collected for all 39 patients. Despite many inconsistent 
test results a precise diagnosis could finally be assigned to 
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each patient. Seven of 39 patients were sensitized to BV. 29 
of 34 patients were sensitized to VV. Three of 39 patients 
presented a true double sensitization to BV and VV.

Figure 1 demonstrates how precise these diagnoses 
could have been confirmed by performing only one of 
the three sIgE detection procedures: (1) detection of sIgE 
against BV and VV by CAP; (2) detection of sIgE against 
BV and VV by IMMU and (3) detection of sIgE against 
rApi m1 and rVes v5 by CAP. It becomes obvious that the 
detection of sIgE against SSMAs is the most accurate pro-
cedure to discriminate between true double sensitization 
and cross reactivity, while the detection of sIgE against BV 
and VV by CAP produces the most false double-positive 
results. Detection of sIgE against BV and VV by IMMU 
leads to intermediate results.

In Figure 2 specificity and sensitivity values for the 
three detection procedures are given in regard to their 
ability to confirm the correct diagnosis.

Detection of sIgE against BV and VV by CAP leads 
in 3 cases to the diagnosis BV allergy (sensitivity 0.43 
and specificity 1.0), in 35 cases to the diagnosis double 
sensitization (sensitivity 1.0 and specificity 0.085) 
and in one case to the diagnosis VV allergy (sensitiv-
ity 0.034, specificity 1.0). Detection of sIgE against BV 
and VV by IMMU leads in 5 cases to the diagnosis BV 
allergy (sensitivity 0.71 and specificity 1.0), in 27 cases 
to the diagnosis double sensitization (sensitivity 1.0 
and specificity 0.11) and in 7 cases to the diagnosis 
VV allergy (sensitivity 0.24, specificity 1.0). Detection 
of sIgE against rApi m1 and rVes v5 by CAP leads in 6 
cases to the diagnosis BV allergy (sensitivity 0.85 and 
specificity 1.0), in 8 cases to the diagnosis double sensi-
tization (sensitivity 1.0 and specificity 0.38), in 21 cases 
to the diagnosis VV allergy (sensitivity 0.72, specificity 
1.0) and in 4 cases to a false double-negative result 
implicating no sensitization.

Of special interest are the 9 patients in which the  
component based diagnostic failed to discriminate 
between true double sensitization and cross reactivity. 
Therefore, the results for these patients are summarized 
in Figure 3. A box indicates false positive results and a 
circle indicates false negative results that are respon-
sible for misdiagnosis in these 9 cases. The remark-
able fact that false negative results only occur in the  
detection of sIgE against rVes v5 and almost all false 
positive results are related to the detection of sIgE  
to rApi m1 is reflected in the specificity and sensitivity 
values for the detection of the single SSMAs as outlined 
in Figure 4.

Discussion

Double positivity to BV and VV in sIgE detection was 
first described shortly after the introduction of Phadebas 
RAST and confirmed in several publications since 
(6,8,10–13). A prevalence of 20–50% of double positivity 
for BV and VV was recorded and a significant increase 

Figure 1.  Comparison of diagnostic procedures. (1) Detection of 
sIgE against Hymenoptera venom by CAP. (2) Detection of sIgE 
against Hymenoptera venom by Immulite. (3) Detection of sIgE 
against SSMAs by CAP.

Figure 2.  Sensitivity and specificity of different sIgE detection 
methods. Specitivity and sensitivity values for the three detection 
procedures are given in regard to their ability to confirm the 
correct diagnosis (true sensitization).

Figure 3.  Molecular component based diagnosis failed in 9 
CCD positive patients. The results of the 9 patients in which the 
component based diagnostic failed to discriminate between true 
double sensitization and cross reactivity. A box indicates false 
positive results and a circle indicates false negative results.
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in double positivity was observed after the introduc-
tion of the CAP-platform for the measurement of sIgE. 
Double positivity may be caused by true double sensiti-
zation indicating immunotherapy with both venoms or 
by cross reactions between the two venoms indicating 
treatment only with the relevant one. Cross-reactions 
can be caused by partial sequence homology between 
peptide allergens (e.g. hyaluronidases and dipeptidyl 
peptidase IV homologues) in both venoms or by cross-
reacting carbohydrate determinants (CCDs) (4,5). They 
are constituents of several allergens in Hymenoptera 
venoms and have been shown to be responsible for part 
of the double positivity (6,8,10–13). The relevant carbo-
hydrate epitope was identified as an a-1-3 fucosylated 
N-glycan (14). Definite in vitro cross reactions caused by 
these CCDs were described between insect allergens and 
pollen of grass, trees, rape and weeds as well as natural 
rubber latex, bromelain from pine apple, tomatoes and 
horseradish peroxidase (11,15)

Recently, several publications postulate that 
the majority of double positivity for BV and VV in 
Hymenoptera venom allergic patients are caused by 
cross reactivity based on sIgE to CCDs and that the 
recombinant allergen based sIgE detection in BV and 
VV allergic patients can reduce the need for expensive 
inhibition tests or basophil activation tests and thus 
also lower the costs of analysis of double positivity with 
regard to the choice of venoms for immunotherapy 
(9,11,16).

This novel method of detecting sIgE only against sin-
gle constituents of venom allergens is rendered possible 
since different components of Hymenoptera venoms 
can be produced and modified by molecular biologic 
techniques. The products are recombinant allergens 
that for example lack the carbohydrate epitopes that 
are responsible for part of the cross reactivity. Beside 
the missing susceptibility to cross-reacting antibodies 
another advantage compared to the whole venom is the 
species specificity of some recombinant allergens. The 

VV components Ves v1 and Ves v5 and the BV compo-
nents Api m 1, Api m 3, Api m 4 and Api m 10 are regarded 
as species specific. In the nomenclature the r stands for 
recombinant in comparison to the natural (n) protein 
and is followed by three letters denominating the genus 
and one letter denominating the species the protein is 
isolated from. A following Arabic numeral indicates the 
order of first description (9,16–18).

A diagnostic procedure that detects sIgE without 
producing multiple double-positive results especially 
in patients tested positive for antibodies against CCDs, 
would also be of special value since alternative test meth-
ods like the basophil activation test can also be hampered 
by antibodies against CCDs (19).

In comparison to the other studies that analyzed larger 
groups of not especially selected BV and/or VV allergic 
patients we picked only the hard to diagnose patients 
tested positive for antibodies against CCDs. Our inten-
tion is the evaluation of the influence of these particular 
antibodies on diagnostic procedures.

The detection of sIgE to BV and VV with IMMU and 
CAP is compared to the recombinant allergen based 
diagnostic, that is the detection of the SSMAs rApi m 1 
and rVes v 5 by CAP.

Unsurprising the detection of sIgE against Venom by 
CAP produces the most false double-positive results. In 
CAP, the allergen is bound to the immunosorbent which 
is incubated in the patient´s serum. All venom-specific 
antibodies, beside IgE also antibodies of other immuno-
globulin classes, are bound and finally labeled with an 
anti-IgE antibody. To minimize competition between IgE 
and non-IgE specific antibodies, a very high amount of 
allergen is bound to the immunosorbent. In IMMU, the 
anti-IgE is bound to paramagnetic particles and then 
incubated with the patient´s serum. Here only IgE is 
bound and then labeled allergen is added. The advantage 
of this approach is 1) the lack of interference from non-
IgE antibodies and 2) the smaller amount of required 
allergen giving low-affinity cross-reacting sIgE like those 

Figure 4.  Specitivity and sensitivity values for the detection of the single SSMAs.
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to CCDs a smaller chance to bind in comparison to the 
sIgE against venom (11,20).

Our results (Figures 1 and 2), the higher sensitivity for 
the diagnosis BV or VV sensitization together with the 
smaller number of false double-positive results in IMMU 
support this hypothesis.

As anticipated, the recombinant allergen based diag-
nostic produces the least false double-positive results due 
to its species specificity. It was rather unexpected that it 
produced double-positive results at all. Figure 3 shows 
that no false double-positive result measured higher than 
CAP class 1 and that 4 of 5 double-positive results were 
related to rApi m1. False negative results, responsible for 
double negativity, in contrast, only appeared in the detec-
tion of sIgE against rVesV 5. Double negativity can easily 
be explained by the fact that the patients are sensitized 
to one or more of the other allergens contained in VV 
but not to Ves v5. The percentage of patients sensitized 
to VV and presenting sIgE against VV but not against 
rVes v5 amounts to 4% in a study by Müller et al. (11) Our 
data would even suggest a higher rate. In contrast to Ves 
v5, natural Api m1 is glycosylated, but not the recombi-
nant preparation. Therefore, cross-reacting antibodies 
against CCDs shouldn’t be responsible for these cases of 
double positivity. Partial sequence homology between 
peptide allergens in both venoms shouldn’t play a role 
here, either, since phospholipase A2 from BV and phos-
pholipase A1 from VV are structurally not related (21). It 
remains open if there is a weak true sensitization without 
clinical consequence or an additional mechanism for 
false double-positive results. Thus, the presence of sIgE 
to both Ves v5 and Api m1 doesn’t prove in every case 
true double sensitization that requires immunotherapy 
with both venoms. Notably a CAP class 1 result for Api 
m1 should be questioned and further diagnostic proce-
dures like in vitro assays such as the IgE-inhibition test or 
the basophil activation test should be performed to pre-
vent unnecessary immunotherapies with both venoms in 
patients sensitized only to one venom.

Especially in patients tested positive for sIgE against 
CCDs, the implementation of these additional in vitro 
assays is recommended at least as long as rVes v5 and rApi 
m1 are the only SSMAs available for routine use. After 
the introduction of further species-specific recombinant 
allergens into routine diagnostic of BV and VV sensitiza-
tion (e.g. Api m 2, Api m 3, Api m 4, Api m 10, or Ves v 1), 
the assumed benefits of the recombinant allergen based 
diagnostic in comparison to other diagnostic procedures 
will have to be re-evaluated.
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