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I Abstract

In this review, the Hymenoptera Allergy Committee of the SEAIC analyzes the most recent scientific literature addressing problems related
to the diagnosis of hymenoptera allergy and to management of venom immunotherapy. Molecular diagnosis and molecular risk profiles
are the key areas addressed.

The appearance of new species of hymenoptera that are potentially allergenic in Spain and the associated diagnostic and therapeutic
problems are also described.

Finally, we analyze the issue of mast cell activation syndrome closely related to hymenoptera allergy, which has become a new diagnostic
challenge for allergists given its high prevalence in patients with venom anaphylaxis.
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@ Resumen

convertido en un nuevo reto diagnostico para el alergélogo.

En esta revision el Comité de Alergia a Himendpteros de la SEAIC ha analizado la literatura cientifica mas reciente sobre los principales
problemas diagnosticos de la alergia a himendpteros, asi como sobre las dificultades que pueden surgir durante la inmunoterapia con
venenos. Se revisan especialmente las novedades relacionadas con el diagnéstico molecular y los perfiles moleculares de riesgo.
También se describe la alergia a himendpteros poco habituales y los problemas diagnésticos y terapéuticos que esta conlleva.

Por Ultimo, se tratan los sindromes de activacion mastocitaria clonal, intimamente relacionados con la alergia a himendpteros, que se han

Palabras clave: Himendpteros. Diagndstico molecular. Inmunoterapia con venenos. Polistes dominula. Mastocitosis.

Introduction

Systemic reactions (SR) due to hymenoptera venom
allergy affect between 2.3% and 2.8% of the rural population
in Spain [1] and may lead to potentially life-threatening
anaphylaxis.

A quality of life questionnaire specific to this disorder that
was recently validated in Spanish [2,3] revealed that the quality
of life of venom-allergic patients is poor owing to the anxiety
caused by the risk of accidental exposure to insect stings.

The diagnosis of venom allergy is based on the clinical
history and on demonstration of specific IgE against the
venom responsible by means of intradermal skin and/or in
vitro tests [4,5]. However, 2 problems frequently arise in
diagnosis: first, patients may be sensitized to multiple venoms;
and second, some cases of SR due to insect stings may be
accompanied by negative skin and specific IgE blood test
results. Recently developed molecular diagnostic tests and
the basophil activation test (BAT) have proven useful in the
resolution of some cases.

Venom immunotherapy (VIT) has been shown to be more
than 80% effective in patients treated and is considered the ideal
model for the study of the mechanisms of induction of immune
tolerance produced by specific immunotherapy with allergens [4].
Furthermore, it has been shown to improve the quality of life of
venom-allergic patients when compared with patients who do
not receive immunotherapy but carry adrenaline [6].

The management of adverse reactions caused by VIT, the
monitoring of the efficacy of VIT, and the procedure to be
followed in cases of therapeutic failure are common problems
in everyday clinical practice that have been widely debated in
recent publications.

Closely related to hymenoptera allergy, mast cell activation
syndrome has become a new diagnostic challenge for allergists
given its high prevalence in patients with venom anaphylaxis.

Finally, it is also important to remember the appearance of
new, potentially allergenic species of hymenoptera in Spain,
and the diagnostic and therapeutic difficulties involved in
managing stings by these species.

In this review, the Hymenoptera Allergy Committee of the
SEAIC analyzes the most recent scientific literature dealing
with the problems described above, together with other
controversial aspects of the management of hymenoptera
venom allergy, with the aim of updating what is known about
this disorder. Furthermore, special attention has been paid to
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problems that specifically affect Spain, such as the abundance
of species of the Polistes genus, which are relatively scarce in
the north of Europe.

Difficulties in the Diagnosis of Insect
Venom Allergy

Latest Advances in the Molecular Diagnosis of Insect
Venom Allergy

Molecular techniques play a key role in the diagnosis of
hymenoptera allergy by determining the insect responsible
and, thus, the composition of immunotherapy. In recent years,
significant advances have been made in the identification
of new allergens and the development of techniques for
recombinant production of allergens.

The best-characterized venom is that of the bee, Apis
mellifera. Twelve allergens have been identified to date [7]
(Table 1). The best known are phospholipase A2 (Apim 1),
which is the most potent allergen in venom [8,9]. Both Apim 1
and hyaluronidase (Apim2) are considered major allergens [8].
Together with melittin (Api m4), they make up most of the
dry weight of the venom. The peptide melittin (Api m4) is
considered to be an allergen with low prevalence [8,10].
However, its relevance has recently been demonstrated, and it
has been proposed as a biomarker of poor tolerance in patients
at the initial stages of immunotherapy [11]. Melittin also
makes it possible to distinguish between 2 forms of allergy
to bee venom [12]. Other relatively scarce proteins that have
been reported to be potentially allergenic are acid phosphatase
(Apim 3) [8,13], dipeptidylpeptidase IV (Apim5) [14],
and icarapin (Apim 10), a complex protein with various
isoforms [15]. Icarapin is a real allergen of bee venom of great
diagnostic interest that could be under-represented in some
therapeutic extracts [8,16].

With regard to vespids, the 2 predominantly allergenic
species in Spain are Polistes dominula and Vespula germanica.
For diagnosis, it is important to use allergens from both
species, especially Polistes dominula, as their sensitivity and
specificity are greater than those of allergens from American
Polistes species [17].

Diagnostic tests yield double-positive results to both
vespids in approximately 50% of cases; these results are more
common in the in vitro determination of IgE [18]. The clinical
history may help to determine the insect responsible, although
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Table 1. Allergens of Venom From Apis mellifera, Polistes dominula, and Vespula vulgaris

Allergens  Biological Function Molecular Dry Fraction Positive Glycosylation Eucaryotic
Weight, of Venom, % sIgE,% Expression
Apim 1 Phospholipase A2 16 7-15 95 Yes Yes
Apim 2 Hyaluronidase 43 1-3 50 Yes Yes
Apim3 Acidic Phosphatase 45 1 37 Yes Yes
Apim 4 Melittin 2.8 35-50 29/56 No No
Apim5 Dipeptidylpeptidase IV 102 1 60 Yes Yes
Apim 6 Protease Inhibitor 8 1-2 42 No Yes
Apim7 Protease 39 <1 80 Yes Yes
Apim 8 Carboxylesterase 70 <1 ? Yes Yes
Apim9 Carboxypeptidase 60 ? ? Yes Yes
Apim 10 Icarapin 50-55 ? 50 Yes Yes
Apim 11 Major royal jelly protein 50-60 ? 15/34 Yes Yes
Apim 12 Vitellogenin 200 ? 40 Yes Yes
Pold1 Phospholipase A1 34 ? 87 No No
Pold2 Hyaluronidase 44 ? ? Yes No
Pold 4 Protease 33 ? ? Yes No
Pold5 Antigen 5 23 ? 66 No Yes
Ves v 1 Phospholipase A1l 35 6-14 79 No Yes
Ves v 2 Hyaluronidase 45 1-3 32 Yes Yes
Ves v 3 Dipeptidylpeptidase IV 100 1 ? Yes Yes
Ves v 4 Protease 42 ? ? Yes No
Ves v 5 Antigen 5 25 5-10 87 No Yes
Ves v 6 Vitellogenin 200 ? ? Yes Yes

very often it is necessary to turn to molecular diagnosis. The
allergens most widely used for diagnosis are the phospholipases
(Pold 1 and Vesv 1) and antigen 5 (Pol d 5 and Vesv5) [19]. The
hyaluronidases (Pol d 2 and Ves v2) are minor allergens and,
given their similarity with bee hyaluronidase (Apim 2) [20],
especially through carbohydrate determinants [21], may
contribute to the double positivity observed between bees
and wasps. Other potentially relevant allergens are protease
in Polistes (Pol d4) and dipeptidylpeptidase IV (Ves v 3) and
vitellogenin (Vesv 6) in Vespula, which exhibit partial identity
with the bee allergens dipeptidylpeptidase IV (Apim 5) and
vitellogenin (Apim 12), respectively [14,22].

Apim1,Apim 10, Vesv 1, Vesv 5, and Pol d 5 are available
in recombinant form for routine molecular diagnosis. In the
case of wasps, it is necessary to use the allergens of the 2 insects
to guarantee a good differential diagnosis [17]. The sensitivity
of Apim 1 for the diagnosis with bee venom is highly variable
and depends on the selection criteria for the population, the
technique applied, and the type of molecule used [23-26]. In
a recent study, the incorporation of new specific recombinant
allergens from bee venom (Apim2, Apim3, Apim4, Apim5,
and Apim 10) increased sensitivity to 95% and demonstrated
that these allergens (with the exception of Api m4) may also
sensitize more than 50% of the population [8].

© 2017 Esmon Publicidad

Systemic Reactions Due To Hymenoptera Stings
With Negative Skin and In Vitro IgE Test Results

The diagnosis of hymenoptera venom allergy is based on the
combination of a clinical history compatible with SR following
a sting and the demonstration of an IgE-mediated mechanism
by means of positive intradermal skin tests and/or in vitro
identification of specific IgE against the venom [4]. However,
4% to 6% of patients experiencing SR following an insect sting
have negative skin test results and no detectable specific IgE
in serum [27]. These patients represent a diagnostic challenge,
it is essential to know which venom the patient is sensitized to
before immunotherapy with venoms can be prescribed.

The main causes for negative test results in patients with
SR due to stings are as follows:

— The tests are performed in the refractory period following

the sting reaction.

— The reaction is not recent and, as such, spontaneous

desensitization has occurred with the passing of time.

— The tests are performed with the inappropriate venoms.

— The patient experienced a vasovagal or toxic reaction

with no underlying allergic mechanism.

— The allergen to which the patient is sensitized is not

adequately represented in the extract analyzed.

J Investig Allergol Clin Immunol 2017; Vol. 27(1): 19-31
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— The presence of systemic mastocytosis, as negative
results occur in up to 15% of these patients [28].

Consequently, the initial approach for such cases is to
repeat the skin and blood tests once the refractory period
of 2 weeks has passed. It is advisable to perform the tests
1-2 months after the reaction [5] and to extend the tests to
include other available venoms.

The use of recombinant venom allergens for diagnosis
allows the identification of allergens that are under-represented
in the commercial venoms, as is the case with Apim 3 and
Apim 10 in bee venom. Indeed, it has been calculated that up
to 5% of patients sensitized to bee venom could have a negative
result in normal diagnostic tests [8,16,29].

Some patients have negative specific IgE to wasps in
commercial serologic tests but have positive results to Vesv 1,
Vesv5, Pold 1, or Pol d 5 [17]. In a sample of 308 patients
with SR due to Vespula stings, Vos et al [30] found that only
83.4% of the patients had positive specific IgE, as measured by
ImmunoCAP with Vespula venom. However, when molecular
allergens such as Ves v5 were used, as many as 96% of patients
were sensitized, with the levels of specific IgE to Ves v 5 being
much higher than the levels of specific IgE to Vespula. This
suggests that the level of Ves v 5 in the extract of the whole
venom was under-represented.

Therefore, molecular diagnosis may be useful for patients
with undetectable levels of specific IgE both in skin tests and
serum, as it enables sensitization to allergens under-represented
in the whole extract to be identified.

A cutoff point of 0.10 kU,/L in ImmunoCAP with venom
allergens was recently shown to increase sensitivity in patients
with negative results [19].

Another increasingly useful test in the diagnosis of
hymenoptera venom allergy is the BAT, especially with
the CD63 activation marker [4]. This test has a diagnostic
sensitivity of between 85% and 100%, with a specificity of
83% to 100%, depending on the study [27]. It has been reported
that BAT is capable of diagnosing up to two-thirds of patients
with SR due to stings and negative results with conventional
tests [27,31].

The problem of negative test results in patients with
mastocytosis will be analyzed in a separate section of this
review.

Multiple Sensitizations to Hymenoptera Venoms

Some patients exhibit multiple sensitizations, either to bees
and wasps (in up to 59% of cases [9]) or between different
wasps such as Vespula and Polistes (inup to 50% of cases [18]).
In such cases, allergists need to know whether they are faced
with real double sensitization or cross-reactivity, where the
primary source of sensitization must be determined. This is
particularly important, as real double sensitization requires
specific immunotherapy with both venoms.

It is possible that the IgE recognizes the glycosylated
portion of the venom proteins, ie, the cross-reactive
carbohydrate determinants (CCD) [32-37], thus suggesting
cross-reactivity of doubtful clinical relevance. Identification
of specific IgE against MUFX enables positive results to the
CCD to be detected (by means of ImmunoCAP in 59% of cases
and the ADVIA platform in 32% of cases).
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There may also be cross-reactivity between homologous
allergens from different species [14,38] if they partially share
their identity, as is the case with hyaluronidase (Apim 2/
Ves v 2), dipeptidylpeptidase IV (Api m 5/Ves v 3), and
vitellogenin (Apim 12/Ves v 6). The relevance of these cross-
reactions remains unknown, and further studies are needed to
clarify the issue.

The techniques used to distinguish between double
sensitization and cross-reactivity are as follows:

1.Radioallergosorbent test/CAP inhibition. This is a useful

technique [39] that allows real multiple sensitizations
to be identified; however, it is not always available in
all centers and requires large amounts of serum and,
generally, specific IgE levels >5 kU /L. Furthermore, in
the case of wasps, it has been reported that this technique
was not able to determine the main sensitizing trigger in

31% of cases [40].

2.Molecular diagnosis or determination of specific IgE

against the isolated allergenic components of the venoms

(native or recombinant) is a useful tool that is effective

in differentiating between double sensitization and cross-

reactivity [17,41,42].

- Bee vs Vespula. It has been demonstrated that the use
of rApim 1 on its own is insufficient to distinguish
between bee and wasp venom [43]. The use of other
bee allergens, such as rApim 2 and nApim4, or more
recently, rApim3 and rApim 10, improves the detection
of sensitization to bee venom [41-44], although the use
of rApim 1 and rVesv 5 is insufficient to clearly identify
double-positive results [23]. With regard to Vespula
venom in these cases, the combination of rVesv 1 and
rVes v 5 improves the diagnosis [44].

- Vespula vs Polistes. Diagnosis has improved using
venom from Polistes dominula and the native antigens
represented in the main allergens [17]. In an extensive
study carried out by the Committee on Hymenoptera
Allergy using the ADVIA Centaur platform, the use
of the antigen 5 vespid recombinants (rVes v5 and
rPol d5) only enabled specific IgE to be identified in
52% of patients, while the use of native antigens and
Polistes dominula (nVes v 5 and nPol d 5) increased
sensitivity to 80%. Moreover, the addition of other
native antigens (Pold 1 and Vesv 1) made it possible
to detect IgE in 100% of patients [17]. Simultaneous
use of the phospholipases (nVes v 1 and nPold 1) and
antigen 5 (nVes v 5 and nPol d 5) from the venoms
of Vespula and Polistes enabled identification of the
sensitizing vespid in 69% of cases [17]. Therefore,
the main allergens of Polistes dominula and Vespula
vulgaris (phospholipases and antigen 5) are required
to discriminate between sensitizing species.

3.The BAT, which is more expensive and more time-

consuming than other techniques, is still not fully

standardized and is also activated with CCDs, although
these determinants influence this technique less than they
do determination of IgE to whole venom [33]. While the

BAT serves to detect the existence of double sensitization

better than IgE to whole venom [27,45], it is more useful

in the diagnosis of SRs with negative skin and specific

IgE tests.
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Once double sensitization has been confirmed, treatment
should be initiated with the venoms separately. Administration
of the vaccines of the 2 species of vespids over alternate months
has been used successfully, with this format achieving the same
efficacy as that offered by monthly conventional treatment [46].

Difficulties in the Management of
Immunotherapy With Hymenoptera
Venom

Systemic Reactions Caused by Venom
Immunotherapy

SRs involving respiratory and/or cardiovascular symptoms
can occur during VIT and occasionally require emergency
interventions. However, VIT-related severe adverse effects are
very infrequent, as reflected by the fact that only one-third of
SRs usually require treatment [47]. Conflicting results mean
that risk factors for such severe systemic adverse effects during
the buildup phase of VIT continue to be a matter of debate
(Table 2) [48].

Table 2. List of Potential Risk Factors for Adverse Effects During VIT
(Modified From [48,105])?

— Honey bee>vespid venom
— Buildup phase>maintenance phase
— Dose increase schedule (ultrarush)

— Treatment with B-blockers/angiotensin-converting enzyme
inhibitors

— Clonal mast cell activation syndrome

— Elevated baseline serum tryptase (surrogate marker for
anaphylaxis)

— Low levels of preexisting specific IgG antibodies

aFurther investigation is required to better identify patients at risk.

The observational prospective multicenter study (680
patients) performed by the Insect Venom Allergy Interest
Group of the EAACI [49] aimed to characterize independent
predictors of a higher complication rate during VIT. The
study identified several risk factors: honeybee VIT; the type
of dose increase (ultrarush) during therapy; accompanying
antihypertensive therapy; and baseline serum tryptase (BST)
concentration for vespid-allergic patients; and the presence of
venom-specific IgE in serum. Another important aspect was
the possible association between emergency interventions
and serum specific IgE levels. Such is the case of challenge
tests with live insects in patients who do not receive VIT, in
whom a correlation with the frequency of severe anaphylactic
reactions was reported [49].

In addition to IgE, antigen-specific IgG has been associated
with the frequency of severe adverse effects during VIT. It is
well known that exposure to the elicitor causes a temporary
rise in antigen-specific IgG, which lasts for several weeks.
Likewise, there is evidence that specific IgG may block IgE-

© 2017 Esmon Publicidad

mediated anaphylaxis. During buildup phases, when low
antigen doses are used, pre-existing high IgG levels were
found to prevent anaphylactic responses [50].

Bee venom allergy is an independent predictor for higher
risk during VIT, and vespid venom allergy was shown to be
an independent predictor for a higher risk of a severe SR after
a field sting. Remarkably, the severity of the preceding field
sting reaction did not correlate with the extent of adverse
effects during VIT [51].

Rueff et al [49] found a cluster of adverse effects in the
1-ug to 30-pg dose range during the buildup phase of bee
VIT. In another study (840 patients), factors such as female
sex, rapid dose-increase regimens, treatment with bee venom
extract, and pre-existing allergic rhinitis seemed to increase
the risk of adverse effects of VIT [47].

The most abundant peptide in bee venom is melittin
(Apim4), which has a very low molecular weight and is the
major toxic component. It is considered a minor allergen,
with a prevalence of sensitization ranging from 22.9% to
29% [8,11]. However, it was recently described as a major
allergen in other populations [12]. Sensitization to Api m 4
has been proposed as a candidate biomarker of poor tolerance
in patients at the initial stages of bee venom immunotherapy,
even from very low specific IgE values, and was shown to
discriminate between 2 different ways of being allergic to
bee venom [8,11].

Much debate surrounds the suitability and efficacy
of pretreatment in terms of preventing SR to VIT.
Brockow et al [52] showed that antihistamine pretreatment was
associated with a much lower rate of discontinuation of VIT
as a result of SR, a finding that contradicts those of previous
studies [53]. Moreover, pretreatment with antihistamines can
also increase the efficacy of immunotherapy, probably by
inhibition of type 2 helper T-cell cytokine production [48].

Isolated cases of SR during immunotherapy in which
premedication with omalizumab has enabled treatment to be
completed have been reported. However, the most appropriate
doses of omalizumab and the intervals between administrations
have yet to be established [54-57].

Both purified and nonpurified extracts are available for
induction of tolerance in venom-allergic patients. Purified
extracts appear to be better tolerated than nonpurified products
and may improve diagnostic procedures in patients with
suspected insect venom allergies [58,59].

Purified aqueous venom extracts have no low-molecular-
weight components, namely, vasoactive amines such as
dopamine, histamine, and serotonin, which may be included
in the native venom extract. Purification of these extracts
warrants separation of the protein fractions by means of their
molecular weight. Moreover, gel filtration procedures reduce
the presence of small peptides such as apamin, kinins, and
mast cell degranulating peptides.

Lack of Efficacy of Venom Immunotherapy

The lack of efficacy, understood as the onset of an SR
following a sting while the patient is in the maintenance phase
or after completing treatment, is calculated to affect between
10% and 15% of patients treated [60] and has been associated
with the following risk factors:

J Investig Allergol Clin Immunol 2017; Vol. 27(1): 19-31
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1. Underlying medical conditions

After completing VIT, elderly patients are at greater
risk of severe SR, both in the short and the long term. This
is due, at least in part, to the coexistence of cardiovascular
and respiratory disorders that increase the severity of
anaphylaxis.

The influence of angiotensin-converting enzyme (ACE)
inhibitors and B-blockers on the efficacy and safety of VIT
continues to be controversial, and studies have yielded
contradictory results [49,61-63]. Prospective studies including
a representative proportion of individuals receiving these
treatments are needed before definitive conclusions can be
drawn.

2. Allergy to bee venom

With the standard dose, patients allergic to bee venom are
at greater risk of SR when stung again during VIT (11%) than
those allergic to wasp venom (4%) [61,63]. Increasing the
maintenance dose in these patients has been shown to provide
complete protection during treatment in most cases [64].

Allergy to bee venom has also been associated with a
greater risk of relapse after completion of immunotherapy [65].
There are several reasons for this difference. When wasps
sting, they inject 3-5 pg of venom as compared with the 50 pg
injected by bees. Thus, with the same maintenance dose,
patients with allergy to bee venom receive a proportionally
much smaller amount [66]. Furthermore, it was recently
demonstrated that in some commercial extracts used in VIT,
allergens such as Apim 3, Apim4, and Apim 10,are either not
present or under-represented, thus explaining the incomplete
protection observed, especially for the 5% of patients who are
sensitized exclusively to these components [8].

3. Severe reaction prior to VIT

Patients with a severe reaction to a sting prior to VIT are at
greatest risk of SR with subsequent stings, both while receiving
and after completing VIT. Combining the data from different
studies, severe relapses are observed in 4% of patients with
mild SRs in contrast to 14% of those with severe SRs before
treatment [67].

4. Clonal mast cell activation syndrome

Clonal mast cell activation syndrome is considered a
risk factor both for experiencing SR in VIT and for severe
and fatal reactions with a subsequent sting after interrupting
treatment [49,68,69]. However, in the absence of mastocytosis,
the association between BST and lack of efficacy of VIT is
controversial. In a recent European multicenter prospective
study, an increase in BST (>11.4 pg/L) by itself did not prove
to be an independent risk factor either for serious adverse
effects of VIT or for the lack of efficacy of VIT, although it
was associated with a greater risk of SR in immunotherapy
with Vespula venom [61].

Patients with clonal mast cell activation syndrome can be
successfully treated with VIT, although experts recommend
that they should receive lifetime VIT, as they are at greater risk
of recurrence once treatment is discontinued [69,70].
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5. Systemic reaction during VIT

Experiencing an SR with a sting or as an adverse reaction
during the administration of VIT indicates insufficient
protection. In such cases, there is also a significantly greater
likelihood of relapse (13% vs 6%) once treatment is finished
[61,63]. Most patients would be protected by increasing the
maintenance dose [64].

6. Frequency of exposure

Once treatment is finished, repeated stings are associated
with a greater risk of SR [60,65]. Therefore, in patients with
frequent occupational or vocational exposure, it is necessary to
weigh up the benefit of continuing treatment for a longer period.

7. Time interval after interrupting VIT

Although most patients remain sufficiently protected after
interrupting VIT, there does seem to be a loss of efficacy over
time, most frequently leading to mild SR. The rate of complete
protection during the first 7 years after completing VIT is
80%-91% and is slightly higher when efficacy during the first
3 years after completing treatment is assessed [67].

After completion of VIT, the increase in the risk of SR due
to stings is inversely proportional to the duration of VIT [60].

8. Duration of VIT

There is no evidence to indicate which patients are at risk
of relapse after completing VIT. Most studies agree that 5 years
is sufficient for most of those affected. However, bearing in
mind that longer treatment periods are associated with a lower
risk of relapse [60], in patients with associated risk factors
(Table 3), thought must be given to prolonging treatment or
even maintaining it indefinitely. Three years could be sufficient
for mild reactions, when skin and specific IgE tests become
negative, although such circumstances are rare [71-73].

Table 3. Measures to Increase the Efficacy of VIT

Duration of VIT

— Five years is acceptable for most patients with mild or
moderate SRs.

— Consider prolonging VIT, even lifetime treatment, in patients
with the following:

- Risk of serious SR: previous severe reaction, older age,
cardiovascular disease, concomitant treatment with
angiotensin-converting enzyme inhibitors or B-blockers,
mastocytosis, and elevated baseline serum tryptase

- SR during VIT

- Exposure to repeated stings

- Negative effects on quality of life (such as anxiety,
limitation of activities due to fear of unexpected stings)

Consider increasing the dose of VIT

— In bee venom allergy
— Patients with SR during VIT or field stings

Abbreviations: SR, systemic reaction; VIT, venom immunotherapy.
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A summary of the suggested interventions to improve the
efficacy of VIT is given in Table 3.

Monitoring Inmunotherapy With
Hymenoptera Venom

VIT is effective in more than 80% of patients treated,
although no in vitro techniques are able to predict the
effectiveness of treatment in a specific patient [4].

Classically, monitoring of the efficacy of immunotherapy
has been based on serial control with specific IgE and skin
tests, although the test that has proven to be most effective is
the sting challenge test (SCT).

Wheal size and specific IgE values are normally reduced
1 year after treatment; consequently, this approach is not useful
for early monitoring [74]. Furthermore, there is not always a
correlation between reduction in the results of these tests and
clinical efficacy of treatment [75].

Monitoring IgG4 levels has also been used as a follow-up
tool, as these levels increase during treatment. However, no
correlation has been demonstrated with clinical efficacy, and
the technique has therefore fallen into disuse [74,76].

The possibility of monitoring levels of IgE and specific
1gG4 against the recombinant allergens of the venoms appears
interesting, since component-based diagnosis has demonstrated
greater sensitivity and specificity than IgE against whole
extracts. However, at present, few data are available, and it has
not been demonstrated that the reduction in IgE to components
during VIT is correlated with clinical efficacy [19,77].

Several studies assess the usefulness of the BAT in the
monitoring of VIT. These have shown significant reductions
in the expression of the CD63 marker after only 6 months of
treatment, that is, at an earlier stage than IgE and skin tests. In
one study, the reduction in BAT was correlated with tolerance
to stings after VIT was completed [27,78]. However, currently,
BAT is not sufficiently standardized, and more studies are
needed to establish its real usefulness in the monitoring of VIT.

Reduced expression of CD4" T-cell activation markers
(CD30, CD145, and CD152) was recently identified after
4 and 6 months of VIT [79,80], although, again, it has not
been possible to establish a correlation between these changes
and the clinical effectiveness of treatment. Interesting as this
approach may be, more studies are needed, and this technique
is currently only available for research purposes.

The SCT is the test that has shown the highest correlation
with the clinical efficacy of VIT [81], although it is cumbersome
and not without risk for patients. Unlike controlled challenge
tests with foods or drugs, the exact dose of venom administered
is unknown, and administration with increasing doses is not
possible. While there are reports of the injection of venom
using a microsyringe to allow known and increasing doses of
venom to be administered, this technique is not available for
routine use [82]. Although false negatives can subsequently
react with spontaneous stings, the SCT is generally considered
to have a high predictive value for future stings. Furthermore,
various studies have shown that the SCT improves patient
quality of life, as it reduces the level of uncertainty associated
with the risk of spontaneous stings [83-85].

© 2017 Esmon Publicidad

Annual office follow-up is advisable to assess possible
changes in medication that could affect the condition (eg,
antihypertensive drugs) and clinical response to spontaneous
stings. No consensus has been reached on the usefulness of
repeating determination of specific IgE or skin tests annually
or every 2 years [72].

From all of the above, it can be concluded that we still
do not have an in vitro technique that would allow the
effectiveness of VIT to be predicted. Therefore, allergists
should use the SCT in those cases where it is necessary to
prove clinical efficacy.

Management of Anaphylaxis Due to
Rare Hymenoptera (Bombus, Vespa)

1. Bombus

Allergic reactions due to bumble bee stings (species of the
Bombus genus) are not common in the general population,
although their frequency has been increasing since the common
bumble bee (Bombus terrestris, BT) has been used for the
pollination of greenhouse plants, thus generating an occupational
allergic disease for people working in such settings [86].

The allergens described in BT venom are Bom t 1
(phospholipase A2) and Bom t 4 (protease). In other species,
the allergens are Bom p 2 (hyaluronidase) and Bom p3 (acid
phosphatase) for Bombus pennsylvanicus and Bom hy12
(vitellogenin) for Bombus hypocrite [87]. The homology of
amino acid sequences between the venoms of the different
species of Bombus is high (>80%) and is logically lower than
that of the amino acid sequences for Apis mellifera. Hoffman
et al [86] found a homology of 53% between the phospholipase
A2 of both venoms, and recent studies have shown that 72%
of the components detected in BT venom have a homolog in
Apis mellifera [88].

Traditionally, immunotherapy with Apis mellifera venom
has been recommended for BT-allergic patients based on
the existing cross-reactivity and the lack of a specific BT
extract [89]. The lack of identity described above may explain
the failure of immunotherapy with Apis mellifera venom in
some BT-allergic patients [90]. The availability of BT venom
extract for diagnosis and immunotherapy solved this problem,
although it seems that it will soon be removed from the market.

We can distinguish 2 types of BT-allergic patients [91,92]:

— Type I: patients with no occupational exposure and with
primary sensitization to Apis mellifera venom. Such
patients respond favorably to immunotherapy with Apis
mellifera venom [93].

— Type II: patients with occupational exposure and
sensitization specifically to BT venom. Since such patients
have low cross-reactivity with Apis mellifera venom,
immunotherapy with BT venom is recommended [93].

As a result, the availability of BT venom extracts for
diagnostic tests and immunotherapy is essential for the
management and treatment of these patients.

2. Vespa

Within this genus, the most representative species is
Vespa crabro (VC), which is widely distributed across Asia,

J Investig Allergol Clin Immunol 2017; Vol. 27(1): 19-31
doi: 10.18176/jiaci.0123



26 Alfaya Arias T, et al.

Figure. Position adopted by bees in the presence of Vespa velutina,
apparently defending and protecting their hive. Photo provided by José
Alvez (Lugo).

Europe, and the USA. Invasive species from Asia that are also
gaining in importance include Vespa orientalis (VO) and Vespa
velutina, the Asian predatory wasp (Figure).

VC is responsible for particularly serious allergic
reactions [94]. Isolated cases of anaphylaxis due to Vespa
velutina [95] and VO [96] have also been reported. The allergic
reactions usually occur following previous stings from other
vespids, especially from Vespula species.

The allergens described in VC venom are Vesp ¢ 1
(phospholipase A1), Vesp ¢ 2 (hyaluronidase), and Vesp ¢ 5
(antigen 5) [87]. Marked cross-reactivity caused by antigen 5
is found between the venoms of Vespula, Dolichovespula,
and Vespa [95,97]. However, hyaluronidase is probably the
main antigen in VO venom, and there are cases of patients
monosensitized to VC or VO venom [98].

For the diagnosis of anaphylaxis due to Vespa species,
the only commercially available technique is determination
of IgE against VC venom. Given the high cross-reactivity
between the species, it is useful to perform intradermal tests and
determination of specific IgE to whole extract and components
(Vesv 1, Pold 1, Vesv 5, and Pol d 5) of the venom of other
vespids.

Venom from species of the Vespa genus is not available
for immunotherapy, and although cross-reactivity with other

J Investig Allergol Clin Immunol 2017; Vol. 27(1): 19-31
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vespids is not complete, it is necessary to use those treatments
that are available to protect our patients. Thus, when such a
sensitization is found, immunotherapy with Vespula venom
only should be sufficient [93,98].

Management of Indolent Systemic
Mastocytosis and Anaphylaxis Due to
Hymenoptera Venom

The relationship between mastocytosis and anaphylaxis
due to hymenoptera venom allergy has been clearly established.

Hymenoptera stings are the main triggers of anaphylaxis
(excluding idiopathic cases) in patients with indolent systemic
mastocytosis (ISM) [99,100], with a prevalence of 5%-19%
[99,101]. These figures increase in specific forms of the
disorder, such as ISM without skin lesions. The frequency
of anaphylaxis following hymenoptera stings is 66%, with
an IgE-mediated mechanism being demonstrated in 87% of
such cases [102].

Similarly, the prevalence of mastocytosis in patients
allergic to hymenoptera venom is as high as 7.9%, a figure
much higher than that of the general population (3-13 cases
per 100 000 inhabitants).

ISM without skin lesions associated with anaphylaxis
due to hymenoptera stings exhibits demographic, clinical,
and laboratory characteristics that differ from those of other
types of mastocytosis [103]. It predominantly affects men aged
30-40 years. The main symptoms are cardiovascular, namely,
dizziness, presyncope, tachycardia, hypotension, and shock.
Up to half of all patients lose consciousness. The appearance of
skin lesions is infrequent (in 78% the skin is not affected), and
symptoms caused by release of mastocyte mediators outside
anaphylactic episodes caused by stings are infrequent. BST
levels are normally lower than in other types of mastocytosis
(<20 ng/L in 50% of patients), and mutation of the kit receptor
is restricted to mastocytes, with other hematopoietic cell lines
being unaffected.

BST levels must be determined in all patients with
anaphylaxis following a hymenoptera sting, especially in
severe cases of anaphylaxis with hypotension and no skin
lesions. The Spanish Mastocytosis Network (Red Espafiola de
Mastocitosis, REMA) has developed an algorithm based on
clinical signs and symptoms and BST levels that is capable of
predicting the existence of clonality [104] with a sensitivity of
92% and a specificity of 81% (Table 4). A score >2 suggests
that ISM should be ruled out.

The diagnostic protocol is the same as in patients without
ISM. The risk of skin tests is not greater than in other patients
with hymenoptera venom allergy [101]. Specific IgE levels
are normally lower than in the general hymenoptera venom—
allergic population. The results of allergy testing are more
frequently negative in up to 15% of these patients [28], for
whom molecular diagnostic or alternative diagnostic tools
such as BAT may be beneficial.

Patients with ISM present more serious anaphylaxis and
should therefore carry 2 adrenaline auto-injectors.

Immunotherapy is recommended for patients with ISM
who have experienced SR and in whom an allergy workup
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Table 4. Spanish Mastocytosis Network (Red Espafiola de Mastocitosis,
REMA) Score for Clonal Mast Cell Activation Disorders (MCAD)

Variable Score
Gender
Male +1
Female -1
Clinical Symptoms
Absence of urticaria and angioedema +1
Urticaria and/or angioedema -2
Presyncope and/or syncope +3
Tryptase®
<15 ng/mL -1
>25 ng/mL +2

Score <2: low probability of clonal MCAD
Score =2: high probability of clonal MCAD

Sensitivity: 0.92
Positive predictive
value: 0.89

Specifity: 0.81
Negative predictive
value: 0.87

“Baseline serum tryptase.

has demonstrated an IgE-mediated mechanism [105-107].
Efficacy ranges from between 14% and 85% [108], depending
on the study. In any case, it is lower than 80%, less than in
other hymenoptera venom allergies. In patients who are not
protected after reaching a conventional maintenance dose of
100 pg, this can be increased to 200 pg.

There are no studies on long-term efficacy. However, given
that the protective effect is lost once VIT is interrupted [109],
it is currently accepted that lifelong treatment should be given
to patients with ISM. Protocols of extended maintenance with
doses every 12-16 weeks are well tolerated by such patients.

Adverse reactions with VIT are somewhat more frequent
in patients with ISM than in other patients with hymenoptera
venom allergy and affect 23.9% of patients with ISM [108].
Although adverse reactions are generally more frequent in
Vespula VIT, reports from southern Europe show that they are
more related to bee venom, as occurs in other hymenoptera
venom allergies, mainly in the buildup phase [69]. No data
are available on the use of premedication in these patients or
on SCT. Extrapolating from data on tolerance and protection
with VIT and assuming that such patients are a special group
in whom it is important to know the degree of protection,
SCT should be performed with the same criteria as in
other hymenoptera venom-—allergic patients receiving VIT.
Nevertheless, extreme caution should be observed in order to
adequately treat adverse reactions if they occur.

These patients are at increased risk of anaphylaxis due
to stings from other insects and should be advised to always
carry adrenaline.

In summary, patients with ISM experience serious
anaphylactic reactions, have more SRs with immunotherapy,
need to receive lifetime treatment, and, over time, more
frequently develop allergies to other hymenoptera. The
Spanish Mastocytosis Network (REMA) clonality score
makes it possible to identify these patients and correlates with
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the results from bone marrow punch biopsies. A score of >2
is highly specific and sensitive for a high risk for mast cell
activation syndrome.

Conclusions

In this review, we analyze the main diagnostic and
therapeutic problems related to hymenoptera venom allergy.

Molecular diagnosis has been a key feature in a large
number of publications in recent years and makes it possible to
distinguish between cross-reactivity and double sensitization,
an issue that is crucial when selecting the most appropriate
treatment. However, despite this and other advances, several
problems remain to be resolved.

In a register compiled by the Hymenoptera Allergy
Committee regarding the prescription of VIT in Spain (internal
data), we found that 36.72% of treatments corresponded to
Polistes venom. This figure reflects the importance of this
vespid in our setting. However, few Polistes allergens have
been identified to date, and Pol d 1, which has been shown
to be essential for the characterization of wasp allergy, is not
commercially available. Therefore, there is an urgent need to
identify and make commercially available new allergens of
Polistes, which is a very common species in the Mediterranean
area.

It is necessary to conduct more extensive studies to
define molecular profiles in patients with poor tolerance to
immunotherapy or in whom treatment fails.

The BAT is a promising technique, especially in cases
of undetectable IgE, as occurs in patients with systemic
mastocytosis, although the technique needs to be standardized
and more research is required on its application in clinical
practice.

We also need more data on the usefulness of omalizumab
as premedication in cases of SR in VIT. Furthermore, the best
way to monitor the efficacy of immunotherapy in vitro remains
to be defined.

The appearance of new hymenoptera species in our
environment, introduced by an extensive network of
international transport, may pose diagnostic and therapeutic
challenges, as has occurred with some cases of reactions
to Vespa velutina in the north of Spain. Given that the real
possibility of primary sensitization to this species is low,
patients can normally be successfully treated with currently
available approaches. However, if the insect manages to
become established in Spain, we could be faced with cases of
primary sensitization requiring specific VIT.

Finally, allergists must be able to identify patients with
ISM associated with anaphylaxis due to hymenoptera stings,
as we are the front-line specialists for such cases. Early clinical
suspicion and coordination with hematology departments is
essential for the correct diagnosis and treatment of this group
of patients.
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