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Abstract
Purpose of Review Hymenoptera anaphylaxis is one of the
leading causes of severe allergic reactions and can be fatal.
Venom-specific immunotherapy (VIT) can prevent a lifethreatening reaction; however, confirmation of an allergy to
a Hymenoptera venom is a prerequisite before starting such a
treatment. Component resolved diagnostics (CRD) have
helped to better identify the responsible allergen.
Recent Findings Many new insect venom allergens have been
identified within the last few years. Commercially available
recombinant allergens offer new diagnostic tools for detecting
sensitivity to insect venoms. Additional added sensitivity to
nearly 95% was introduced by spiking yellow jacket venom
(YJV) extract with Ves v 5. The further value of CRD for
sensitivity in YJV and honey bee venom (HBV) allergy is
more controversially discussed. Recombinant allergens devoid of cross-reactive carbohydrate determinants often help
to identify the culprit venom in patients with double sensitivity to YJV and HBV. CRD identified a group of patients with
predominant Api m 10 sensitization, which may be less well
protected by VIT, as some treatment extracts are lacking this
allergen.
Summary The diagnostic gap of previously undetected
Hymenoptera allergy has been decreased via production of recombinant allergens. Knowledge of analogies in interspecies
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proteins and cross-reactive carbohydrate determinants is necessary to distinguish relevant from irrelevant sensitizations.
Keywords Honeybee venom allergy . Yellow jacket venom
allergy . Hymenoptera anaphylaxis . Cross-reactive allergens .
Recombinant diagnostic . Double sensitivity

Introduction
According to the data of the anaphylaxis registry of Germanspeaking countries, allergy to Hymenoptera venom is the most
common cause of anaphylaxis in adult patients and was reported in 50.1% of all reactions, of which were 70.4% wasps,
19.9% bees, 4.5% hornets, and 0.2% bumblebees [1].
Similarly in a European multicenter study, insect venom was
in 48.2% identified as the eliciting cause of anaphylaxis with a
similar distribution of the culprit insects [2]. In the population,
sensitization to Hymenoptera venom has been detected in 15
to 26.5% of subjects by positive skin test or detection of IgE
antibodies to insect venoms; however, only 0.3–7.5% have a
history of a systemic reaction [3, 4, 5•, 6, 7]. In patients with
systemic mast cell disorder, the proportion of insect venom
allergy is much higher than in the normal population and
ranges between 22 and 53% [8–10]. In addition, these patients
have more severe symptoms and experience more often systemic adverse events during specific venom immunotherapy
(VIT), and this therapy is slightly less effective in the prevention of further systemic reactions [11]. Furthermore, in patients with professions such as beekeepers, gardeners, farmers,
truck drivers, and masons, venom allergy is considered as an
occupational allergy and its occurrence exceeds that of the
general population due to higher exposure to the respective
insect [12, 13].
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The causative insects belong to the order of Hymenoptera
(in English: membrane wings) which is separated into the
suborder Apocrita comprising bees, wasps, and ants. The different species are individually distributed on the globe and the
occurrence of venom allergies differs regionally. Whereas in
Western and Central Europe allergies to honeybees (Apis
melifera) and yellow jackets (Vespula vulgaris) dominate, allergy to paper wasps (Polistinae) are additionally frequent in
Southern Europe as well as in Northern America [14]. Allergic
reactions to ants play a role in Australia (Myrmecia pilosula)
[15] and the USA (Solenopsis invicta) [16].
In patients who have suffered from a systemic reaction after
a Hymenoptera sting, the severity of the next reaction cannot
be predicted from the previous reaction, as the amount of
venom can differ. In addition, cofactors, such as intake of
drugs (beta-blockers and ACE inhibitors), illness, stress, or
alcohol, can increase the severity of allergic symptoms
[17–19]. A specific VIT with the proper Hymenoptera venom
is the only available causative treatment [20]. Subcutaneous
applications of the respective venom induce a tolerance in
allergic patients [21•]. In patients with elevated serum tryptase
and/or systemic mastocytosis, VIT is recommended to be performed lifelong and is associated with a higher risk of side
effects that can hamper reaching maintenance dose. In some
cases, a concomitant pretreatment with antihistamines or antiIgE antibody omalizumab is necessary [9].
The indication of a VIT requires diagnosis of a
Hymenoptera venom allergy including a patient history of
systemic reaction after an insect sting and detection of a sensitization to Hymenoptera venom by either skin testing or
demonstration of specific IgE antibodies. This may be complicated by the fact that in many cases the causative insect was
either not seen by the patients or they were not able to identify
the insect because of the inability to differentiate between
different similar-looking insects [22, 23]. Whereas in the case
of detection of an unequivocal monosensitization to a
Hymenoptera venom it is easy to choose a proper therapeutic
venom extract, sensitization to multiple venoms after a convincing systemic reaction to a sting of an unknown insect
poses problems for the selection of the venom(s) for VIT.
Diagnostic sting challenges are not recommended due to lack
of reproducibility and risk involved [24–26]. In earlier times,
in those cases, VIT against more than one venom was performed, if the culprit insect was not identified [27]. More
recently, addition of the basophil activation test to
Hymenoptera venom [28, 29] and availability of component
resolved diagnosis (CRD) have vastly augmented our ability
to discriminate between clinically significant and irrelevant
sensitizations in Hymenoptera venom anaphylaxis. In addition, these methods increased the sensitivity to diagnose
Hymenoptera venom allergy. There is some evidence that
compound resolved diagnostic may also be helpful in the prediction of VIT efficacy.
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Characterization of Hymenoptera Venom Allergens
Hymenoptera venoms are a complex mixture of biogenic
amines, peptides, toxins, enzymes, and low-weight proteins.
Among different Hymenoptera venoms, honey bee venom
(HBV) is currently the best characterized. Recently, 83 new
compounds have been discovered via peptide ligand library
approach combined with mass spectrometry analysis leading
to a total of 102 compounds [30]. In addition, variable glycosylation may further increase the complexity. Actually, out of
these compounds, 12 allergens have been identified in HBV.
Phospholipase A2 (Api m 1) [31], hyaluronidase (Api m 2)
[32], acid phosphatase (Api m 3) [33], dipeptidyl peptidase IV
(Api m 5) [34], and/or icarapin (Api m 10) [35] are those
allergens of high abundance in HBV and specific IgE against
those compounds have been identified in 94.4% of allergic
patients [36••]. Allergens of low abundance identified in the
last years are melittin (Api m 4) [37], serine protease inhibitor
(Api m 6) [38], CUB serine protease 1 (Api m 7) [39],
carboxylesterase (Api m 8) [40], serine carboxypeptidase
(Api m 9) [41], major royal jelly proteins 8/9 (isoallergens
Api m 11.0101 and Api m 11.0201) [42], and vitellogenin
(Api m 12) [43•].
Hyaluronidase of honey bees (Api m 2) and hyaluronidase
of yellow jacket wasps (Ves v 2) [44] as well as dipeptidyl
peptidase of honey bees (Api m 5) and yellow jackets (Ves v
3) [34] show cross-reactivity due to structural homologies. In
addition, by analyzing the high molecular weight protein vitellogenin, a protein with 200 kDa, a 40% congruency between honey bee vitellogenin (Api m 12) and yellow jacket
vitellogenin (Ves v 6) has been found, explaining crossreactivity in some patients [43•]. Hence, Api m 1, Api m 3,
and Api m 10, all having no analogue protein in yellow jacket
venom (YJV), are more appropriate to identify genuine HBV
sensitization in patients with double sensitization to HBV and
YJV [45•].
Proteomic analysis of bumblebee (Bombus terrestris) venom revealed 57 compounds with 72% homologies to HBV
[46]. Two allergens have been identified, phospholipase A2
(Bom t 1) and a protease (Bom t 4) [46]. A systemic reaction
to a bumblebee sting can either result from extensive sequence
identity between honey bee phosphatase A2 with Bom t1
leading to cross-reactivity after primary sensitization by a honey bee sting or due to a genuine specific sensitization to bumblebee venom after a bumblebee sting. In spite of their peaceful behavior, bumblebee stings are often observed as occupational allergies in green houses, where they are used for pollination [47].
In yellow jacket (V. vulgaris) venom, phospholipase A 1
(Ves v 1) [48] and antigen 5 (Ves v 5) [49] have been identified
as major allergens. Ninety-four percent of genuine YJVsensitized patients were correctly identified by combined use
of specific IgE to Ves v 1 and Ves v 5 [50]. Allergens of low
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abundance are hyaluronidase (Ves v 2), a glycoprotein, which
exists in two isoforms (Ves v 2.01 and Ves v 2.02, the latter
being the predominant) [51, 52], dipeptidylpeptidase IV (Ves
v 3) and vitellogenin (Ves v 6). Those allergens show crossreactivity to the correspondent proteins of Apis mellifera (Api
m 2, Api m 5, and Api m 12, respectively) [34, 43•]. For an
overview of HBV and YJV specific and cross-reactive allergens, see Fig. 1.
Venoms of the Vespidae family (comprising yellow jackets,
paper wasps, and hornets) contain phospholipase A1, hyaluronidases, and antigens 5 and show a high interindividual
degree of similarity. [53–55] A detailed overview about the
presently known Hymenoptera venom allergens is shown in
Table 1.
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HBV-specific allergens

YJV-specific allergens

Api m 1

Ves v 1

Api m 3

Ves v 4

Api m 4

Ves v 5

Api m 6
Api m 7
Api m 8
Api m 9
Api m10
Api m 11

Recombinant Hymenoptera Allergens Available
for Diagnosis
For many years, specific IgE to the whole HBV extract and
YJV extract have been the only diagnostic tools to identify
sensitization to Hymenoptera venom in patient serum. Later,
the quality of these extracts was increased by purification and
better isolation of natural allergens. A further step towards
better recognition of Hymenoptera venom allergy came by
the introduction of recombinant allergens into the diagnostic
procedure. Venom allergenic proteins were cloned and
expressed using bacteria, mainly Escherichia coli. However,
this prokaryotic systemic failed to reproduce several proteins
correctly [56]. Proper posttranslational folding and glycosylation are mandatory for immunologic identity in order to be
recognized by allergic patients. Recently, a new system,
Spodoptera frugiperda Sf9 insect cells, was used and produced properly folded proteins containing all specific IgE epitopes and lacking alpha-1,3-linked fucose molecules [57, 58].
Currently available Hymenoptera venom recombinant allergens for specific IgE, but not for skin tests, are phospholipase
A1 (Ves v 1) and antigen 5 (Ves v 5) of YJV, antigen 5 (Pol d
5) of paper wasp venom and phospholipase A2 (Api m 1),
hyaluronidase (Api m 2), acid phosphatase (Api m 3),
dipeptidyl peptidase IV (Api m 5), and icarapin (Api m 10)
of HBV.
Ves v 1 and Ves v 5 identify 94% of true YJV-sensitized
patients [50]. After increasing the variety of recombinant allergens of HBV in the last few years, the IgE diagnostic is now
able to identify 94.4% of HBV patients compared to 58 to
80% when only Api m 1 was available [31, 36••, 59–62].
Added Value for Detecting Double Sensitivity Due
to Cross-Reactivity
Between 30 and 59% of patients who had a systemic reaction
after Hymenoptera sting show double sensitization to HBV
and YJV [63, 64]. One reason for double reactivity is the

Cross-reactive HBV and YJY allergens
Api m 2

Ves v 2

Api m 5

Ves v 3

Api m 12

Ves v 6

Fig. 1 Honey bee venom (HBV)- and yellow jacket venom (YJV)specific and cross-reactive allergens

existence of specific IgE directed against allergens, which
show a high congruency between honey bees and yellow
jackets: hyaluronidases (Api m 2 and Ves v 2) [44], dipeptidyl
peptidases (Api m 5 and Ves v 3) [34], and vitellogenins (Api
m 12 and Ves v 6) [43•]. It is believed that in these cases, the
sensitization against the other species is clinically nonrelevant.
On the contrary, it has been speculated that sensitization to
Api m 3 and Api m 10 identifies genuine HBV allergy in Api
m 1-negative sera of patients with double sensitization [45•].
Whereas Api m 1 was detected in 66.3% of those patients,
addition of Api m 3 and Api m 10 raised the sensitivity to
78.6%, which resulted in an increased number of “genuine”
double-positive patients that would receive VIT to both
venoms from 43.9 to 65.9%. These figures may raise doubt,
if all of these double sensitizations after a clinical reaction to
one sting really are clinically relevant and further studies are
necessary. Nevertheless, for the actually recommended diagnostic approach in Hymenoptera venom double-positive patients, see Fig. 2.
Allergens in Hymenoptera venom are glycoproteins with
potential additional glycosylation by alpha-1,3-linked fucose
at N-acetylglucosamine of the carbohydrate core structure.
These structures, called cross-reactive carbohydrate determinants, are highly immunogenic and can be another reason for
double sensitization. In up to 72% of the serum of insect
venom allergic patients, IgE to cross-reactive carbohydrate
determinants were measured. Although clinically not relevant,
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Table 1 Overview of the
Hymenoptera venom allergens
which are presently listed in the
WHO/IUIS Allergen
Nomenclature official database

Allergen

American paper wasps
(Polistes annularis, P. exclamans,
P. fuscatus,
P. metricus)
Pol a 1, Pol e 1
Pol a 2
Pol e 4
Pol a 5, Pol e 5, Pol f 5, Pol m 5
Asian needle ant (Pachycondyla chinensis)
Pac c 3
Australian jumper ant (Myrmecia pilosula)
Myr p 1
Myr p 2
Myr p 3
Bees (Apis mellifera, A. cerana, A. dorsata)
Api m 1, Api c 1, Api d1
Api m 2
Api m 3
Api m 4
Api m 5
Api m 6
Api m 7
Api m 8
Api m 9
Api m 10
Api m 11.0101
Api m 11.0201
Api m 12
Bumblebee (Bombus pennsylvanicus,
B. terrestris)
Bom p 1, Bom t 1
Bom p 4, Bom t 4
European paper wasps (Polistes dominula,
P. gallicus)
Pol d 1, Pol g 1
Pol d 4
Pol d 5, Pol g 5
Fire ants (Solenopsis invicta, S. geminate,
S. richteri, S. saevissima)
Sol i 1
Sol i 2, Sol g 2, Sol r 2, Sol s 2
Sol i 3, Sol g 3, Sol r 3, Sol s 3
Sol i 4, Sol g 4
Hornets (Vespa crabro, V. magnifica,
V. mandarinia)
Vesp c 1, Vesp m 1
Vesp ma 2
Vesp c5, Vesp ma 5, Vesp m 5
Polybia wasp (Polybia paulista,
P. scutellaris)
Poly p 1
Poly p 2
Poly p 5, Poly s 5
White-faced hornet, yellow hornet
(Dolichovespula maculata, D. arenaria)
Dol m 1
Dol m 2
Dol m 5, Dol a 5
Yellow jackets (Vespula vulgaris, V. flavopilosa,
V. germanica, V. maculifrons, V. pensylvanica,
V. squamosal, V. vidua)
Ves v 1, Ves m 1, Ves s 1

Name or function

Molecular weight
[kDA]

Potential Nglycosylation

Phospholipase A1
Hyaluronidase
Protease
Antigen 5

34
38
33
23

0
2
0

Antigen 5

23

0

Pilosulin-3
Pilosulin-4.1

7.5/5.5
8.5/2.4
4

0
0
0

16
45
49
3
100
8
39
70
60
55
65

1
3
2
0
6
0
3
4
4
2
6

Phospholipase A2
Hyaluronidase
Acid phosphatase
Melittin
Allergen C/DDP IV
Protease inhibitor
Protease
Carboxylesterase
Carboxypeptidase
CRP/Icarapin
Major royal jelly
protein 8
Major royal jelly
protein 9
Vitellogenin

60

3

200

1

Phospholipase A2
Protease

16
27

1
0, 1

Phospholipase A1
Protease
Antigen 5

35
33
23

3
6
0

Phospholipase A1

35
14
26
12

3
0
2
0

Phospholipase A1
Hyaluronidase
Antigen 5

34
35
23

0
4
0

Phospholipase A1
Hyaluronidase
Antigen 5

34
34
23

0
2
0

Phospholipase A1
Hyaluronidase
Antigen 5

34
42
23

2
2
0

Phospholipase A1

35

0, 0, 2

Antigen 5
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Table 1 (continued)
Allergen

Name or function

Molecular weight
[kDA]

Potential Nglycosylation

Ves v 2.0101, Ves m 2
Ves v 2.0201

Hyaluronidase
Hyaluronidase
(inactive)
Dipeptidyl
peptidase IV
Antigen 5

45
45

4
2

100

6

25

0

Vitellogenin

200

4

Ves v 3
Ves v 5, Ves f 5, Ves g 5, Ves m 5, Ves p 5, Ves s
5, Ves vi 5
Ves v 6

they can hamper unambiguous diagnosis [65]. In addition,
alcohol consumption is associated with high levels of IgE to
glycosylated allergens [66]. For the detection of cross-reactive
carbohydrate determinants, bromelain, horseradish peroxidase, ascorbic acid oxidase, and isolated N-glycan chains from
bromelain, called MUXF, are used. Their occurrences do not
automatically expulse a true double sensitization [67]. In paper wasp venom, a reactivity to cross-reactive carbohydrate
determinants has not been seen [68].
Added Sensitivity
In patients with a reliable history of systemic reaction to a
sting but lacking reactivity in skin test and specific IgE to
venom extract, CRD has been reported to help to identify
Fig. 2 Recommended use of
component-resolved diagnostics
in patients who have positive
specific IgE against both honey
bee venom (HBV) and yellow
jacket venom (YJV) extract and
concluding venom
immunotherapy (VIT)

the culprit insect. Underrepresentation of certain allergens of
low abundance in venom extracts has been reported, which
may lead to the loss of detection of specific IgE to the whole
venom extract in spite of Hymenoptera venom sensitization
[69•, 70•]. This does not lead to problems concerning HBV
Api m 1 and Api m 4, which represent together 62% of the dry
weight. However, a sensitization of allergens of low abundance, such as Api m 3 or Api m 10, may not lead to reactivity
against the whole venom extract and direct measurement of
specific IgE against recombinant allergens may be necessary
to define the culprit venom.
For YJVallergy, a study in a cohort of YJVallergic patients
reported that detection rate of specific IgE against Ves v 5 and
Ves v 1 is higher than specific IgE against venom extract
[71••]. The reason for this is unclear, but possible explanations

rApi m 1
and/or
rApi m 3
and/or
rApi m 10

HBV
extract

positive

VIT
HBV

positive

VIT
HBV
+
YJV

positive

+

determine

rApi m 1
and/or
rApi m 3
and/or
rApim 10
+

YJV
extract

rVes v 1
and/or
rVes v 5

positive
rVes v 1
and/or
rVes v 5
positive

positive

VIT
YJV
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given included shortage of Ves v 5 protein in the venom extract, inefficient coupling of Ves v 5 to the assay’s solid phase,
and sterical shielding of Ves v 5 epitopes by endogenous ligands of Ves v 5 or its attachment to the solid phase. This has
led to the introduction of rVes v 5 spiked YJV which increased
the detection rate from 83% up to 96%. Although in another
group of patients only minor non-significant augmentation of
sensitivity has been confirmed by spiking the YJVextract with
Ves v 5, this assay is now considered to be the new standard
assay for the detection of YJV allergy [72].
One study reported an added sensitivity by the use of recombinant allergens in a group of 19 patients with YJVallergy
and 8 patients with HBV allergy, who despite a positive history and a positive skin test result to the culprit insect showed
negative specific IgE to the respective insect venom. Specific
IgE were detected in 15 of 19 (84%) of YJV allergic patients
and 8 of 8 (100%) HBV-allergic patients by the use of recombinant allergens rApi m 1, rApi m 2, rApi m 3, rApi m 5, rVes
v 1, rVes v 2, rVes v 3, and rVes v 5. However, for this study, in
YJV allergic patients, probably the old and not the rVes v 5spiked YJV assay has been used, which may explain differences in that patient group. In a different study, none of 27
patients with a convincing history of YJV anaphylaxis but
with specific IgE level below 0.35 kU/L to the currently available rVes v 5-spiked YJV assay showed IgE reactivity above
0.35 kU/L to the recombinant YJV allergens rVes v 1, 2, or 5,
and only one patient displayed IgE reactivity to the Api m 5
homolog Ves v 3. Also in 22 HBV-allergic patients with specific IgE to HBV below 0.35 kU/L, none of the patients
displayed IgE reactivity above 0.35 kU/L to any of the
HBV-specific allergens (Api m 1, 3, 4, and 10), with the exception of one cross-reactive patient with YJV sensitization
and hornet sting anaphylaxis sharing specific IgE to the crossreactive recombinant allergen Api m 5 [70•].
Patients with elevated serum tryptase or mastocytosis
have lower total IgE levels compared to the general
population and hence, in case of additional
Hymenoptera allergy, may have a higher risk of negative skin tests and negative IgE to venom extracts [73,
74]. In 49 of patients with a history of YJV allergy,
specific IgE against the YJV extract did not diagnose
six patients (12%). Of those, additional use of specific
IgE against Ves v 1 and Ves v 5 allowed the diagnosis
in 2/6 of these patients and a combination with lowering of the threshold of specific IgE level to 0.1 kU/L
was needed to avoid otherwise undetectable specific IgE
to YJV in the remaining 4/6 of the patients [75••].
Thus, there still is controversy about a limited benefit of
adding recombinant allergens to improve the detection of
Hymenoptera venom allergic patients in addition to spiking
YJV extract with Ves v 5. However, in the vast majority of
patients, specific IgE to YJV and HBV extracts is sufficient to
allow the diagnosis of Hymenoptera venom allergy.

Prediction of Therapy Success
Currently, there is no pattern of sensitization of allergens
known which can predict safety or efficacy of a specific immunotherapy. Authors of a small study cohort with 31 patients
treating patients either with native or purified aqueous HBV
extracts according to IgE levels of Api m 4< or ≥0.98 kUA/L,
respectively, reported a higher rate of side effects and less
success after insect sting challenge in the group of patients
with higher IgE to Api m 4, which may be followed up by
further studies [76]. In a large cohort of 115 HBV-allergic
patients after HBV immunotherapy, sensitization profiles were
analyzed in those with versus without systemic reactions in
controlled honey bee sting challenges [77••]. With an odds
ratio of 8.4, predominant Api m 10 sensitization (>50% of
specific IgE to HBV) was the best discriminator for treatment
failure. One explanation for this difference was that some
therapeutic HBV preparations displayed a lack of Api m 10
and significant Api m 10 sIgG4 induction was observed only
in those patients who were treated with HBV in which Api m
10 was detectable. Thus, Api m 10 is underrepresented in
some venom treatment formulations, which may lead to treatment failure in those patients with dominant Api m 10 sensitization [78].

Conclusions
With the introduction of CRD in Hymenoptera allergy, the
diagnostic tools for detecting sensitivity have vastly increased
over the last years. Spiking of the YJVextract with Ves v 5 has
increased the sensitivity of sIgE determination to YJV so that
nearly 95% of insect venom allergic patients can be diagnosed
by the commercially available HBV and spiked YJY extracts.
Some publications suggest that in patients with no detectable
sensitization to any venom extract and negative skin tests further use of recombinant allergens could be helpful, although
this is discussed controversially and still has to be confirmed
by further studies. In patients with sensitization to two different venom extracts, the use of recombinant allergens, which
are devoid of cross-reactive carbohydrate determinants, is often capable to identify the culprit venom and therefore prevents unnecessary double VIT. For a correct interpretation of
the results, the knowledge of congruent analogue proteins in
the different Hymenoptera species, as well as the impact of
cross-reactive carbohydrate determinants, is important. One
problem still to be solved is the specificity of specific IgE to
recombinant insect venom allergens. Even the non-crossreactive insect-specific allergens (Fig. 1) have not a 100%
specificity for relevant insect venom allergy and using a combination of several allergens cumulatively lowers the specificity furthermore and has shown to increase the number of patients who would be considered to be “genuinely” double
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sensitive. It remains unclear if these patients would react even
to a sting of the insect that was not the culprit of their previous
reaction. If different sensitization profiles in CRD will have
the potency to predict the course or efficacy of VIT or even
lead to personalized treatment will have to be demonstrated.
First evidence suggest that patients with predominant Api m
10 sensitization may be less well protected by VIT when the
treatment extracts are lacking this allergen.
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