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ABSTRACT

Adults with systemic anaphylactic reactions (SAR) to insect sting show often multiple-
positivity of serum-specific IgE (sIgE) to Hymenoptera venoms. Unnecessary long-lasting venom-
specific immunotherapies (VIT) in false-positive patients increase the risk of recurrent SAR. This
report aims to analyze the diagnostic importance of recombinant allergen IgE testing in patients
with SAR to Hymengptera sting,

In 82 patients we measured sIgE to honeybee venom (HBV), wasp venom (WV) and hornet
venom (HV) extracts, recombinant phospholipase A2 from HBV (sIgE-rApi ml), recombinant
antigen 5 from WV (sIgE-rVes v5), and cross-reactive carbohydrate determinants-CCD-bromelain by
ImmunoCAP. We analyzed the correlation of ImmunoCAP and Immunoblot for HBV and WV
extracts, tApi m1, and rVes v5 in 39/82 patents. According to the history of the culprit insect, we
compared sensitivity and specificity between the two methods.

The severity of the SAR does not depend on the sIgE level to venom extracts and
recombinant allergens. Fifty-one percent of the patients had a multiple-positivity to HBV/WV or
HBV/WV/HV extracts. Severe SAR and CCD-sIgE wete more frequent in multiple-positive
than single-positive patients. CCD-sIgE were more frequent in HBV allergic patients than WV
and HV allergic patients. There was a significant correlation between levels of sIgE to venom
extracts and recombinant allergens measured by ImmunoCAP and Immunoblot. ImmunoCAP
has higher sensitivity and specificity than Immunoblot for diagnosis of SAR to Hymenoptera
venoms.

IgE testing to recombinant CCD-free allergens is necessary for the adequate selection of
long-lasting VIT, especially in patients with multiple sensitivities to venom extracts.
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INTRODUCTION the most frequent triggers of systemic anaphylactic

reactions (SAR) in adults. They contain a complex

Hymenoptera venoms are considered to be one of mixture of glycosylated and non-glycosylated proteins,

Corresponding Author: Dragana Jovanovic, MD, Serbia, Belgrade, Serbia. Tel: (+381 64) 1168 821, (+381 11) 3663
Clinic of Allergy and Immunology, University Clinical Centre of 197, E-mail: drlenajovanovic@yahoo.com

Copyright © 2021 Jovanovic et al. Published by Tehran University of Medical Sciences. 413

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/
by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited.



D. Jovanovic, et al.

peptides, and biogenic amines. Specific IgE (sIgE) to
more than one Hymenoptera venom could be found in
up to 50% of adults with a history of SAR to an insect
sting, although most of them report an allergic reaction
to only one insect.? When positive antibodies to
multiple venoms are detected they may be related to 1)
genuine double IgE-sensitization to specific allergens
of honeybee (Apis mellifera) and yellow jacket
(Vespula vulgaris, in Europe also called wasp) or
hornet venoms (Vespa crabo) or 2) presence of
clinically irrelevant IgE to cross-reactive carbohydrate
determinants (CCD) present in all three venoms.®

Concurrent presence of sIgE to specific and cross-
reactive allergens of honeybee venoms (HBV), wasp
venoms (WV), and hornet venoms (HV) indicates
further discrimination between genuine sensitization
and cross-reactivity which is essential for the selection
of appropriate  allergens for  venom-specific
immunotherapies  (VIT).* Nowadays, molecular
diagnosis with non-glycosylated recombinant allergens
has significantly improved diagnostic accuracy,
particularly in patients showing positive sIgE for
multiple Hymenoptera venoms.® The major allergen of
WV and HV is antigen 5 (Ves v5), while phospholipase
A2 (Api m1) is one of the most important allergens of
HBV.® Serum sIgE to recombinant major antigen 5
(rVes v5), measured by fluoro-enzyme immunoassay
(ImmunoCAP-FEIA) had a satisfactory sensitivity (84-
93%) and specificity (94-100%) for the diagnosis of
genuine sensitization to WV or HV and may help
adequate selection of suitable allergens for VIT.27°
However, low sensitivity of recombinant Api m1 (rApi
m1) ranging from 57% to 79%, has been reported in
honeybee allergic patients.®1%1! A higher sensitivity of
rApi ml (88% to 97%) in honeybee allergic patients
was reported by other groups.?t?'® On the other hand,
the highest sensitivity, up to 100% was found for HBV
and WV extracts.>”#? So far it is not clear why there
are such large variations in sensitivity and specificity of
sIgE to venom extracts and recombinant major venom
allergens between different European countries.

This study aimed to analyze the diagnostic
importance of recombinant allergen IgE-testing in
patients with a history of SAR to Hymenoptera stings.
We determined the differences in groups found to be
slgE-positive for single (HBV or WV or HV) extract or
multiple-positive (HBV/WV and HBV/WV/HV)
extracts using severity of SAR and positivity for rApi
m1l, rVes v5, and CCD. We also examined whether
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there were correlations between concentrations of sIgE
to venoms measured by ImmunoCAP and Immunablot.
According to the accurate history of insect sting, we
compared the sensitivity and specificity of IgE-testing
to venom extracts and recombinant allergens by
ImmunoCAP and Immunablot.

MATERIALS AND METHODS

Patients

This retrospective study included 82 patients: 62
male (75.6%) and 20 female (24.4%) (mean age
46.4+13.2 years, range 18-70 years) with a newly-
diagnosed SAR to venom sting. The study was
performed between March 2015 and November 2019 at
the Clinical Centre of Serbia, Belgrade. The protocol
for the research has been approved by the Ethics
Committee of the Medical Faculty, University of
Belgrade, and number 1550/V-8.

Patients with a documented history of SAR to more
than one sting were excluded. 42 patients showed
multiple-positivity, while 40 showed single-positivity:
12 to HBV extract, 18 to WV extract, and 10 to HV
extract (Table 1). In all single-positive patients, a
history of insect sting matched with positive sIgE to
respective venom.

The severity of SAR was estimated based on
Mueller's classification, including four degrees of
severity of symptoms from a sting from mild to life-
threatening: I-urticaria, Il-angioedema, Ill-respiratory
disorders, and IV-fall in blood pressure and loss of
consciousness.*

None of our patients had mast cell disorder
or elevated baseline serum tryptase (value<l1 mcg/L)
measured by ImmunoCAP (Phadia, Uppsala, Sweden).

Fluoro-enzyme Immunoassay (FEIA)

Serum levels of sIgE to HBV, WV, HV extracts,
rApi ml, rVes v5, and cross-reactive carbohydrate
determinants-CCD-bromelain were measured by FEIA
(ImmunoCAP Phadia, Uppsala, Sweden). Levels of
sIgE were expressed in quantitative units (KUA/L). A
value of sIgE >0.35 kUA/L was considered positive.

Immunablot

In 39/82 patients, serum sIgE levels to HBV, WV
extracts, rApi m1, rVes v5, and CCD were measured by
Immunoblot (Euroimmun, Germany, Euroline DPA-Dx
insect venoms). Levels of sIgE were expressed in
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quantitative units (kUA/L). A value of sIgE >0.35
kUA/L was considered positive.

Statistical Analyses

Obtained data were analyzed using IBM SPSS
Statistics software for Windows (version 17; IBM,
Armonk, NY). Mean quantitative variables were used
and the frequency of qualitative variables was also
calculated. Nonparametric Chi-square and Fisher exact
tests were used to evaluate the relationship between the
qualitative variables. In 39 patients we analyzed
Spearman's correlation between levels of sIgE to HBV,
WV extracts, rApi m1, and rVes v5 by ImmunoCAP
and Immunoblot.

According to a history of insect sting, we compared
sensitivity and specificity between the two methods.
The sensitivity and specificity of these methods were
calculated using the formulas:

Sensitivity = true-positive / true positive + false
negative

Specificity = true negative / true negative + false
positive.

RESULTS

In our group of 82 patients, male patients more
frequent had SAR (75.6%) comparing to female
patients (24.4%) (p=0.029).

A comparison of demographic characteristics of
multiple-positive and single-positive patients is shown
in Table 1.

The majority of patients (55/82) had more severe
SAR (Il and IV grades of SAR) (67.1%) (p<0.001).

The frequency of more severe SAR (85.7%) was higher
in the group of patients with multiple-positivity
compared to the group with single-positivity (47.5%)
(p<0.001). The number of beekeepers did not differ
significantly between groups of multiple-positive and
single-positive patients.

94.4% of WV single-positive and 100% of HV
single-positive patients had positivity of sIgE-rVes v5,
while 83.3% of HBV single-positive patients had
positivity of sIgE-rApi m1 (Table 2).

True double sensitizations to both venoms
determined by  positivity for  venom-specific
recombinant allergens were found in 26.2% of
multiple-positive and none of the 40 single-positive
patients(p<0.001) (Table 2). Five of 82 (6.1%) patients
were negative to both recombinant allergens. CCD-
slgE were more often present in multiple-positive
17/42 (40.5%) than single-positive patients 5/40
(12.5%) (p<0.001).

The majority of multiple-positive patients (35/42)
had an exact history of an insect sting. Based on the
history (beekeeping, proximity to nesting places for
stinging insects, visual identification of the insect, the
presence of a stinger) 17/42 multiple-positive patients
had SAR to the honeybee, 12/42 to wasp, and 6/42 to
the hornet. Seven of 42 patients could not identify the
insect (Table 3).

13/17 (76.5%) multiple-positive patients with a
history of SAR due to honeybee sting displayed
positivity of sIgE-rApi ml. All multiple-positive
patients with a history of SAR due to wasp and hornet
sting concomitant displayed positivity of sIgE-rVes v5
(Table 3).

Table 1. Comparison of demographic characteristics of patients with Hymenoptera venom allergy

Multiple-positivity to HBV/WYV or
HBV/WV/HV extracts (n=42)

Single-positivity to HBV or WV
or HV extract (n=40)

Age (years) 48.9+14.2 43.8+6.46
Female (%) 6 (14.3) 14 (35)
Male (%) 36 (85.7) 26 (65)
Beekeepers (%) 7 (16.7) 5 (12.5)
Degree of severity sting reactions (%)

I 3(7.1) 10 (25)

Il 3(7.1) 11 (27.5)
1] 19 (45.2) 4 (10)

[\ 17 (40.5) 15 (37.5)

HBV: honeybee venom; WV: wasp venom; HV: hornet venom
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Table 2. Serum-specific IgE (SIgE) to recombinant major honeybee and wasp allergens and bromelain in 82 patients with a
history of systemic anaphylactic reactions (SAR) to Hymenoptera sting

sIgE (ImmunoCAP) Multiple-positivity  Single- positivity  Single-positivity Single- positivity
to HBV/WV or to HBV extract to WV extract to HV extract
HBV/WV/HV (n=12) (n=18) (n=10)
extracts (n=42)

rApi ml and Ves v5 + 11 (26.2%) 0 0 0

rApi ml + 10 (23.8%) 10 (83.3%) 0 0

rves vs + 18 (42.8%) 1 (8.3%) 17 (94.4%) 10 (100%)

rApi m1 and sIgE-Ves v5 - 3 (7.1%) 1 (8.3%) 1 (5.6%) 0

bromelain (CCD) + 17 (40.5%) 4 (33.3%) 0 1 (10%)

rApi m1: recombinant phospholipase A2, rVes v5: recombinant antigen 5, HBV: honeybee venom, WV: wasp venom,
HV: hornet venom, CCD: cross-reactive carbohydrate determinants

Table 3. Serum-specific IgE (sIgE) to recombinant major honeybee and wasp allergens in 42 patients with multiple-positivity
for venom extracts and history of systemic anaphylactic reactions (SAR) due to certain kinds of Hymenoptera sting

History of insect sting positive slgE to positive sigE to  positive sIgE to negative slgE to
rApi ml and rApi ml (n=10) rVes V5 (n=18) rApi m1 and
rVesvs (n=11) rVesvs (n=3)

Honeybee (HBV/WV+) (n=17) 3 (17.6%) 10 (58.8%) 1 (5.9%) 3 (17.6%)

Wasp (HBV/WV+) (n=12) 3 (25%) 0 9 (75%) 0

Hornet (HBV/WV/HV+) (n=6) 2 (33.3%) 0 4 (66.7%) 0

Unidentified (HBV/WV/HV+) 3 (42.9%) 0 4 (57.1%) 0

(n=7)

rApi m1: recombinant phospholipase A2, rVes v5: recombinant antigen 5, HBV: honeybee venom, WV: wasp venom, HV: hornet
venom

According to the history of stinging insects, positive significant differences were found in the mean
CCD-slgE were more frequently found in patients with a concentration of sIgE to venom extracts and
history of honeybee sting 14/29 (48.3%) than in patients recombinant major  allergens  determined by
with a history of wasp sting 2/30 (6.7%) (p<0.001) and ImmunoCAP between patients with a history of mild
hornet sting 4/16 (25%) (p=0.049) (Table 4)No and patients with a history of severe SAR (Table 5).

Table 4. Specific IgE (sIgE) to cross-reactive carbohydrate determinants (CCD) in 82 patients with Hymenoptera venom
allergy

History of insect sting Multiple-positivity to HBV/WYV or Single-positivity to HBV or WV or HV
HBV/WV/HV extracts (n=42) extract (n=40)
CCD + CCD - CCD+ CCD-
(n=17) (n=25) (n=5) (n=35)
Honeybee (n=29) 10 7 4 8
Wasp (n=30) 2 10 0 18
Hornet (n=16) 3 3 1 9
Unidentified (n=7) 2 5 - -

CCD: cross-reactive carbohydrate determinants, HBV: honeybee venom, WV: wasp venom, HV: hornet venom
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Table 5. Specific IgE (sIgE) to venom extracts and recombinant allergens in 82 patients with a history of mild and more
severe systemic anaphylactic reactions (SAR) to Hymenoptera sting

sIgE (ImmunoCAP) I and 11 degrees of sting 111 and 1V degrees of sting p
reactions (n=27) reactions (n=55)

HBYV extract (mean +SD) (n=29) 16.27+2.16 13.31+1.51 0.718

WV extract (mean £SD) (n=30) 10.56+1.37 7.71+1.09 0.558

HV extract (mean £SD) (n=16) 3.07+2.92 3.49+7.67 0.915

rApi m1 (mean +SD) (n=23) 4.98+6.30 2.11+2.91 0.374

rvVes vs (mean £SD) (n=29) 5.56+6.76 6.32+1.20 0.840

HBV: honeybee venom, WV: wasp venom, HV: hornet venom, rApi ml: recombinant phospholipase A2, rVes v5: recombinant
antigen 5
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Figure 1. Correlation between concentrations of specific IgE (sIgE) to venom extracts and recombinant allergens determined
by ImmunoCAP and Immunoblot in 39 patients with allergy to Hymenoptera sting. (A) honeybee venom (HBV) extract (B)
recombinant antigen 5 (rVes v5) (C) wasp venom(WYV) extract (D) recombinant phospholipase A2 (rApi m1l)
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The highly significant positive correlation between the
levels of sIgE determined by two methods was found
for the HBV extract (r, 0.886; p<0.0001) (Figure 1A)
and rVes v5 (r, 0.886; p<0.0001) (Figure 1B), followed
by the correlation for WV extract (r, 0.808; p<0.0001)
(Figure 1C) and finally for rApi m1 (r, 0.349; p=0.029)
(Figure 1D).

In addition, when tested by ImmunoCAP and
Immunoblot, the specificity of sIgE to recombinant
allergens (rApi ml and rVes v5) was excellent and
significantly higher than the specificity of sIgE to
venom extracts (HBV and WV extracts) (Table 6).

Table 6. Sensitivity and specificity of specific IgE (sIgE) to venom extracts and major recombinant allergens determined by
ImmunoCAP and Immunoblot, according to an accurate history of honeybee or wasp sting

Sensitivity n (%) Specificity n (%)
slgE ImmunoCAP Immunoblot ImmunoCAP Immunoblot
(n=59) (n=30) (n=59) (n=30)
HBYV extract 29/29 (100) 12/13 (92.3) 16/30 (53.3) 8/17 (47.1)
WV extract 30/30 (100) 12/17 (70.6) 14/29 (48.3) 5/13 (38.5)
rApi ml 23/29 (79.3) 5/13 (38.5) 27/30 (90) 16/17 (94)
rves v 29/30 (96.7) 15/17 (88.2) 24/29 (82.8) 9/13 (69.2)

HBV: honeybee venom, WV: wasp venom, rApi m1: recombinant phospholipase A2, rVes v5: recombinant antigen 5

In a group of patients with a history of honeybee
sting, ImmunoCAP had higher sensitivity for HBV
extract and rApi m1 (100% and 79.3%, respectively)
than Immunoblot (92.3% and 38.5%, respectively).
Also, in patients with a history of a wasp sting,
ImmunoCAP had a higher sensitivity for WV extract
and rVes v5 (100% and 96.7%, respectively) than
Immunoblot (70.6% and 88.2%, respectively) (Table
6). According to an accurate history of insect sting,
ImmunoCAP for rApi m1 (90%) had higher specificity
than ImmunoCAP for HBV extract (53.3%), and
ImmunoCAP for rVes v5 (82.8%) had higher
specificity than ImmunoCAP for WV extract (48.3%).

DISCUSSION

Our study demonstrates the importance of a new
molecular methodology in the daily clinical practice of
an allergist who considers SAR caused by
Hymenoptera venoms. IgE-testing to recombinant
CCD-free allergens is necessary for the adequate
selection of venoms for VIT, especially in patients with
multiple-positivity to venom extracts. A total of 51% of
patients in our study group had multiple-positivity to
HBV/WV or HBV/WV/HV extracts. We have
demonstrated that the use of venom extracts gives
false-positive results and significantly reduces the
specificity of IgE-testing. According to the accurate
history of insect sting, the specificity of IgE-testing to
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rApi ml1 and rVesvs was much higher than IgE-testing
to HBV and WV. The correlation between both tests
was highly significant for HBV, WV, and, rVes V5.
We emphasize that this is the first study on the
diagnostic importance of recombinant allergens in
patients with multiple sensitivity to venom extracts in
the southeastern part of Europe.

The precise identification of sensitization to the
relevant insect is of great importance for initiating
adequate immunotherapy in Hymenoptera venom
allergic patients. Although skin testing represents the
first level of approach for the diagnosis of IgE-
mediated allergy, in vitro tests are the most important
diagnostic step before the introduction of long-lasting
VIT.3# The gold standard for diagnosis of insect venom
allergy is skin testing with venom extracts.*> However,
a skin test may show an unexplained variability and
inconclusive multiple-positive results.!® Also, the
quality and standardization of allergens for skin tests
may influence the interpretation of the results.

According to the findings of our study, SAR
appeared more frequently in males than in female
patients (p=0.029) which was in line with previously
published results.'” The majority of our patients had
more severe SAR (p<0.001) and the severity of SAR
was independent of the concentration of sIgE to venom
extracts and recombinant major allergens measured by
ImmunoCAP (p>0.05). These data were previously
found by other authors.*’
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According to the literature, 3% to 7.5% of people
develop SAR after an insect sting.® The chance of a
systemic reaction to a sting varies between 30% and
65% in adults with previous systemic reactions,
depending on the severity of previous reactions.*
According to the recent guidelines of the European
Academy of Allergy and Clinical Immunology
(EAACI), VIT is recommended in candidates with a
positive history of severe SAR, beekeepers, honeybee
allergic patients, patients with mast cell disorders, or
elevated baseline serum tryptase.*® Decision process for
VIT introduction is very important for the efficacy of
the therapy and should be adjusted for each patient.
Molecular diagnostics, using recombinant CCD-free
allergens, enables detection of genuine sensitization,
and thus in many patients improves the selection of the
appropriate  VIT.!1® Reliable identification of the
stinging insect is usually difficult. Similarly, in our
group of patients, 7/82 (8.5%) could not identify the
insect. The use of venom extracts for the detection of
sIgE could lead to “false-positive” results due to their
cross-reactivity. Up to 75% of determined multiple-
positivity by in vitro tests with honeybee and wasp
venoms are caused by CCD-slgE to common protein
epitopes of homologous allergens.? Multiple-positivity
could be avoided by measuring CCD-sIgE.’*?° Our
results showed that determination of sIgE to
recombinant major allergens is especially useful for the
patients, with multiple-positivity to venom extracts and
those who could not identify the insect.

Cross-reactivity can be attributed to CCD
frequently present in allergens of insects and plants and
common glycoprotein  epitopes of homologous
allergens present in Hymenoptera venoms as described
for hyaluronidases (Api m2 and Ves v2) and
dipeptidyl-peptidases (Api m5 and Ves v3) which are
known to share around 50% sequence identity.?%? As a
result of that, diagnostics tests based on the detections
of antibodies to wvenom extracts, although very
sensitive, do not have adequate specificity.?® Our study
confirmed data from previous studies showing that 50-
60% of patients with Hymenoptera venom allergy have
multiple-positivity. A large number of patients with
SAR after honeybee, wasp, or hornet sting were found
to have positive sIgE to all three venom extracts. It may
be explained by either a presence of CCD-sIgE or
genuine sensitization.?

In our patients, positive CCD-sIgE was more
frequent in multiple-positive than single-positive
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patients (p<0.001). Therefore, CCD-sIgE significantly
contributes to cross-reactivity determined in these
patients.!>® However, the simultaneous presence of
CCD-slgE and IgE to cross-reactive protein epitopes
could make the decision on the selection of relevant
venom for immunotherapy even more difficult.> Also,
the analysis of CCD-slgE demonstrated that our
patients with a history of honeybee sting more
frequently had positive CCD-slIgE than patients with a
history of wasp sting (p<0.001). Overall, this can be
explained by the fact that all major honeybee allergens
are glycosylated, while the two major wasp allergens
are not glycosylated.® The concept that multiple-
positivity to venom extracts comes from CCD-sIgE
was previously confirmed.2'® On the other hand,
genuine positivity may be caused by sensitization to a
previously well-tolerated sting.!* In this regard, 26.2%
of our patients showed sensitization to rApi ml and
rVes v5. Taken together, a better solution for the
detection of genuine positivity may be the inhibition
test with CCD and venom extracts by ImmunoCAP or
Immunoblot.?

New molecular-allergy testing based on the
detection of slgE against several non-glycosylated
allergens may help in determining the true sensitization
and result in an adequate therapeutic approach.”®1t12
Many patients with genuine sensitization may be
identified; using the rApi ml and rVes v5 that are
available for routine in vitro diagnostics, and more
importantly not related structurally.?® According to the
latest guidelines, VIT is not recommended in patients
with incidentally detected sensitization to insects
without clinical symptoms.*®

By using different combinations of the most
important recombinant honeybee allergens, the
sensitivity of IgE-testing reaches 94. 4%.°
Combination of recombinant wasp allergens rVes v5
and rVes vl (phospholipase Al), the sensitivity of IgE-
testing reaches even up to 100%.%:26:27

Our results of ImmunoCAP measurement identified
a very high sensitivity for WV extract and rVes v5 in
patients with a history of wasp sting (100% and 96.7%,
respectively), and even higher sensitivity for rVes v5 in
patients with a history of hornet sting (100%). Previous
studies have reported lower sensitivity for rVes v5
ranging from 86.5% to 93%2"812 in wasp allergic
patients. Also, good correlation levels of sIgE were
revealed for HV extract and rVesvs measured by
immunoCAP.2 As we already know, the cross-
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reactivity that occurs between the venoms of different
Vespidae (Vespula vulgaris and Vespa crabo) is strong,
mainly due to the similarities of venom composition
and structure of the allergens.?® The antigen 5 has been
recognized as the major and most potent allergen in
wasp and hornets. Given this consideration,
identification of slgE-rVes v5 can help in serological
confirmation of sensitization to the hornet. According
to the literature, 92.6% of patients sensitized to hornet
have positive sIgE-rVes v5.2°

The sensitivity of slgE-testing for HBV extract
(100%) and sIgE-rApi m1 (79.3%) in honeybee allergic
patients are similar or higher in compression with
previously published results. 2% The sensitivity of
sIgE-rApi ml of 83.3% in single-positive and 76.5% in
multiple-positive patients confirmed Api m1 as one of
the main honeybee allergens. Four of five patients who
were negative to both recombinant allergens had a
positive history of honeybee sting. Clinical diagnosis of
honeybee allergy would be more precise with
commercial availability of several honeybee allergens
such as rApi m1, rApi m2, rApi m4 (melittin), rApi m5,
and rApi m10 (icarpin).*®

Nevertheless, despite a good correlation between
levels of sIgE to venom extracts and recombinant
allergens measured by both tests, our results showed
that ImmunoCAP had a higher sensitivity and
specificity than Immunoblot. In addition, according to
the accurate history of insect sting, sensitivity and
specificity for rApi m1 and rVes v5 are more than 75%.

This study's main limitation is the incomplete
availability of several honeybee allergens. Major
allergen rApi m1 that was used is enough for 80% of
patients, but for 20% of patients with a history of
honeybee sting, additional IgE-testing is necessary to
other recombinant honeybee allergens. Also, a
relatively small number of patients were tested by
Immunoblot, but our data represent the first IgE
correlation analysis between ImmunoCAP and
Immunoblot for HBV, WV, rApi m1, and rVes v5.

In conclusion, this study has shown that SAR is
more frequent in males. The majority of patients had
severe SAR. The severity of SAR was not dependent
on the level of sIgE to venom extracts and recombinant
allergens. Multiple-positivity to venom extracts had
more than 50% of patients. Severe SAR and CCD-sIgE
were more frequent in multiple-positive than single-
positive patients. Serum CCD-sIgE was more frequent
in honeybee than wasp and hornet allergic patients.
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There is a significant correlation between levels of sIgE
to venom extracts and recombinant allergens by
ImmunoCAP and Immunoblot. The ImmunoCAP had a
higher sensitivity and specificity than Immunoblot for
diagnosis of honeybee and wasp allergy. We have
demonstrated that the use of whole venom extracts
gives false-positive results and significantly reduces the
specificity of the IgE test.

The clinical history and molecular allergy testing
are essential for the adequate choice of long-lasting
venom immunotherapy, especially in patients with
multiple sensitivities to venom extracts and in patients
who could not identify the insect which caused SAR.
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