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Abstract. Before starting venom-specific 
immunotherapy (VIT), systemic sting reac-
tions to Hymenoptera venoms require al-
lergological workup in order to prove an IgE-
mediated reaction and to identify the culprit 
insect venom. In addition to skin tests and 
the determination of specific IgE antibod-
ies, the basophil activation test (BAT) using 
flow cytometry has emerged as a powerful 
tool and sensitive marker for this purpose in 
recent years. BAT seems to have a better in-
formative value in terms of clinical relevance 
compared to the other tests. In Hymenop-
tera venom allergies, BAT is particularly use-
ful for the diagnosis of cases with unclear or 
contradictory history and sensitization pro-
file. Its results are associated with adverse 
reactions during VIT and efficacy of VIT and 
therefore have a certain predictive value for 
side effects and treatment failure of VIT. In 
research, it is mainly used to characterize 
the allergenic components of Hymenoptera 
venoms. This review article focuses on these 
topics.

Introduction
In the United States and Europe, ~ 3% of 

the general population report systemic sting 
reactions after Hymenoptera stings. In pa-
tients with such a history, an indication for 
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venom immunotherapy (VIT) should be con-
sidered. This requires evidence of IgE-medi-
ated Hymenoptera venom sensitization, and 
the decision as to which venom should be 
used for VIT is based on history and allergy 
test results. For the determination of Hyme-
noptera venom-specific IgE (sIgE) antibodies 
a stepwise diagnosis using whole venoms 
and allergen components is recommended. 
Skin testing with venoms should be per-
formed, if no sIgE is detected or if there is a 
discrepancy between the history and in vitro 
findings. In the case of contraindications of 
skin tests, of double sensitization to bee and 
vespid venom, or if a false negative result for 
the causative venom is suspected, cellular 
tests can be performed [1].

Despite many immunological effects in-
duced by VIT, clinical protection is not always 
achieved, and means to verify VIT-induced 
tolerance are sought for. Determining the 
occurrence of a protective effect requires a 
sting provocation or a field sting by the cul-
prit insect [1]. It would be very helpful, if the 
clinical efficacy of VIT could be determined 
based only on laboratory parameters. There 
is evidence that basophil activation tests 
(BAT) are helpful additional tests that can 
predict the severity of adverse reactions and 
the efficacy of VIT.
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The knowledge of the composition of Hy-
menoptera venoms and the development of 
recombinantly produced cross-reactive car-
bohydrate (CCD)-free Hymenoptera venom 
allergens has improved the sIgE diagnostics 
and led to the field of molecular or compo-
nent-resolved diagnostics (CRD). Identifica-
tion and characterization of new allergens 
of Hymenoptera venoms were carried out 
using biochemical and molecular biological 
methods including BATs.

This review article aims to discuss these 
topics in more detail.

Basophil activation test

In general, cellular in vitro tests can be 
used for diagnosis of IgE-mediated allergies. 
In recent years the BAT which measures acti-
vation of basophils after incubation with al-
lergens or other triggers by flow cytometry 
has emerged as the most widely used cellu-
lar test for this purpose.

In most studies, the activation marker 
CD63 was favored, occasionally also CD203c. 
CD63, a membrane component of the ba-
sophil granules, is not a basophil-specific 
marker and is also expressed on other blood 
cells. Therefore, further labeling is necessary 
for the identification of basophils. Possible 
markers include CCR3, IgE, CRTH2, CD203c, 
or CD123. CD203c, an ectoenzyme located 
both on the plasma membrane and in the 
cytoplasmic compartment of basophils, is 
a basophil-specific marker and is expressed 
constitutively. The test can be performed 
with full blood, washed basophils, or donor 
basophils and patient serum (passive BAT). 
This and various existing protocols are the 
main differences between the BATs used in 
different laboratories. The markers CD203c 
and CD63 are upregulated after IgE recep-
tor aggregation but have partially different 
metabolic pathways and follow different 
kinetics. Interleukin-3 potentiates the aller-
gen-induced CD63 expression without up-
regulating CD63 itself, whereas it increases 
CD203c expression even without the addi-
tion of an allergen.

Results of the BATs are usually expressed 
as percentages of activated basophils (% 
CD63+ cells), sometimes also as MFI (mean 
fluorescent intensity). This basophil reactiv-
ity measures the number of basophils that 
respond to a given stimulus. Maximal ba-

sophil reactivity is the maximal activity in-
duced by a given stimulus. Additionally, fur-
ther parameters such as the determination 
of the half-maximal allergen concentration 
(EC50, CD-sens, basophil sensitivity), the cal-
culation of a ratio (CD63 ratio) of allergen-
induced CD63 activation in comparison to 
an IgE-dependent positive control (anti-IgE 
or anti-FcεRI) or of the area under the curve 
(AUC) in dose-response curves turned out to 
be of value for the assessment of clinically 
relevant allergies and therapy outcomes [2]. 
Details can be found in an EAACI position 
paper [3].

Diagnosis of hymenoptera 
venom allergy

For Hymenoptera venom allergies, the 
sensitivity of the BAT with whole venom ex-
tracts varies between 85 and 100% and the 
specificity between 83 and 100% [2]. There 
is no correlation between basophil activa-
tion and the clinical severity of the previous 
sting reaction reported by patients [4].

BAT can be used as a diagnostic tool for 
the detection of an IgE-mediated reaction, 
especially if skin tests and sIgE antibodies 
to insect venom extracts are negative. Al-
though the component-resolved diagnosis 
has made significant progress in sIgE deter-
mination for Hymenoptera venom-allergic 
patients, there are still individuals in which 
only the BAT shows positive diagnostic re-
sults [5]. Negative tests including the BAT 
can confirm the non-IgE mediated reaction 
after a Hymenoptera sting thus helping in 
the decision against the performance of VIT.

The BAT turned out to be helpful also 
in cases of double sensitization to bee and 
vespid venom and a clinical reaction to only 
one insect species or in cases of Hymenop-
tera stings that cannot be clearly assigned to 
a particular insect species from the clinical 
history. In ~ 1/3 of the patients, information 
about the clinically relevant insect could be 
obtained by BAT incubating the cells with bee 
and vespid venom extracts and, if necessary, 
by calculating the half-maximum concentra-
tion of the dose-response curves and form-
ing a ratio [6]. The clinical relevance of such 
BAT results could be confirmed in patients 
with double sensitization (skin test and sIgE 
antibodies) and exclusive monosensitization citation
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to vespid venom in the BAT: 93% of the pa-
tients tolerated a diagnostic sting challenge 
test with the bee (BAT negative) without 
systemic reaction, 7% suffered from a mild 
systemic reaction [7]. Thus, unnecessary 
specific immunotherapies can be avoided 
with the help of BAT.

Furthermore, it could be shown in 12 
double-sensitized patients that BAT pre-
sented a higher sensitivity than CAP-inhi-
bition and a positive agreement of 71.4%. 
Likewise, BAT was able to identify 100% of 
culprit insects in cases with otherwise incon-
clusive results [8].

The use of recombinantly produced CCD-
free Hymenoptera venom allergens led to an 
improvement of the BAT results compared 
to the total Hymenoptera venom extracts in 
part of the patients:

In 43 patients with vespid venom allergy, 
the use of the four recombinant allergens 
rVes v 1, rVes v 2, rVes v 3, and rVes v 5 was 
investigated using BAT. BAT with rVes v 5 
provided a specificity of 100% and a sensi-
tivity of 81%, whereas BAT performed with 
natural venom showed only a specificity of 
94.1% and a sensitivity of 68.3%. Additional-
ly, BAT performed with rVes v 5 followed by 
rVes v 3 was the most sensitive and specific 
procedure among all recombinant allergens 
tested. Also, some patients were detected 
as being negative for rVes v 5 but positive for 
other recombinant allergens or convention-
al venom extract in the BAT. Therefore this 
test markedly improved the specificity of 
diagnosis in vespid venom-allergic subjects 
when compared to respective sIgE detection 
in serum [9].

In honey bee venom-allergic patients, 
the results were less conclusive. In 8/13 
honey bee venom-allergic patients rApi m 
10 was able to induce basophil activation 
upon almost 100% [10]. In 9 patients sen-
sitized to Api m 1 and Api m 2, a conven-
tional BAT with honey bee extract revealed a 
higher basophil activation compared to the 
components nApi m 1 and rApi m 2, but in 
8 patients sensitized only to Api m 1 the re-
sults were comparable [11].

In serologically double-sensitized pa-
tients, BATs were performed not only with 
venom extracts but additionally with single 
components (Api m 1, Api m 10, Ves v 1, and 
Ves v 5). Results showed that BATs with Ves 
v 5, followed by Api m 1 and Api m 10, were 
helpful for the decision for VIT with the clini-

cally relevant insect in 28.6% of these pa-
tients [12].

Safety and efficacy of venom 
immunotherapy

Several studies showed that BAT can pre-
dict the severity of adverse reactions during 
VIT and the efficacy of VIT:

In a large study of 322 patients under-
going honey bee VIT, it was shown that BAT 
response was the best biomarker for severe 
adverse events during VIT [13].

A decrease of basophil activation using 
mostly submaximal concentrations of insect 
venom extracts was only observed in part 
of the studies up to 18 months after the 
beginning of VIT, whereas a lower basophil 
reactivity was found throughout all studies 
after 2 years of treatment, and this effect re-
mained until the completion of a 3- to 5-year 
immunotherapy period [14, 15, 16]. At the 
end (mean 4.4 years) of VIT, a significant 
difference was also shown for submaximal 
concentrations of bee venom in patients re-
acting to a sting challenge compared to pa-
tients who turned out to be protected [17]. 
The suppression of the allergen-specific ba-
sophil response also lasted 1 year after com-
pleting 4 – 6.5 years of immunotherapy [15]. 
In a BAT inhibition assay incubating blood of 
donor patients with Hymenoptera venom al-
lergy with sera from patients undergoing VIT 
for at least 1 year, the basophil response was 
almost completely inhibited at submaximal 
allergen concentrations [18]. It was shown 
that patients who after discontinuation of 
immunotherapy had systemic allergic reac-
tions to field stings had a persistence of high 
basophil activation at submaximal concen-
trations in contrast to protected patients 
[19].

Characterization 
of components

In recent years, identification and charac-
terization of new components of Hymenop-
tera venoms by biochemical and molecular 
biological methods have made significant 
progress, shifting the focus from the whole 
venom to individual allergenic molecules citation
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[20]. Some examples are given at which as-
pect BAT was helpful in this context:

Antigens 5 are the most potent aller-
gens in vespid venoms and are found in the 
venom of nearly all Vespoidea species with 
a varying degree of sequence homology. 
BATs were performed in 21 vespid-allergic 
patients with the recombinantly produced 
antigens 5 of seven allergy-relevant species: 
Vespula vulgaris (rVes v 5), the hornet Ves-
pa crabro (rVesp c 5), the European paper 
wasp Polistes dominula (rPol d 5), the Amer-
ican paper wasp Polistes annularis (rPol a 
5), the white-faced hornet Dolichovespula 
maculata (Dol m 5), the fire ant Solenopsis 
invicta (Sol i 3), and the wasp Polybia scu-
tellaris (rPoly s 5). In BAT, the vespid-allergic 
patients (mainly sensitized to Vespula or 
Vespa) showed different activation profiles 
in response to the different antigens 5. Six of 
20 (30%) patients exhibited basophil activa-
tion in response to rVes v 5 and/or rVesp c 
5 only. The basophils of further 11 patients 
(55%) were activated by either all or differ-
ent combinations of antigens 5. However, in 
most of these patients, the basophil activa-
tion was more pronounced in response to 
rVes v 5 and/or rVesp c 5. Only in 2 patients, 
the activation pattern was more distinct in 
response to other allergens than rVes v 5 
and/or rVesp c 5. Also rPoly s 5, which was 
considered a hypoallergenic antigen 5, was 
able to activate patient-derived basophils in 
this assay. These results demonstrated pro-
nounced cross-reactivity of vespid venoms 
on a molecular basis [21].

Another allergen of Polistes dominula, 
the dipeptidyl peptidase IV rPol d 3, showed 
a basophil activation in Polistes dominula 
venom – and/or Vespula-allergic patients 
from Spain and honey bee- and Vespula-
allergic patients from Germany and was 
compared to other recombinant dipeptidyl 
peptidase IV allergens rVes v 3 or rApi m 5. 
For most patients BATs with dipeptidyl pep-
tidases IV would have been able to identify 
the insect(s) to which the patients were 
most likely primarily sensitized [22].

Polistes PLA2 from Polistes dominula ven-
om and the honey bee venom components 
C1q-like protein (C1q) and PDGF/VEGF-like 
(PVF1) were unable to activate basophils of 
allergic patients despite exhibiting sIgE re-
activity questioning their role in the context 
of clinically relevant sensitization. Similarly, 
neither the hyaluronidase of Polistes domi-

nula (Pol d 2) nor of Vespula vulgaris (Ves v 
2.0201) showed significant basophil activa-
tion in any Hymenoptera venom-allergic pa-
tient, whereas the allergen rApi m 2 caused 
a moderate activation in Api m 2-sensitized 
honey bee venom-allergic patients [23, 24].

Limitations

Around 10 – 15% of the patients are non-
responders with basophils neither inducing 
a CD63 nor CD203c activation to allergen 
stimulation and to positive controls through 
anti-IgE and/or -FcεRI. This is attributed to 
differences in the intracellular signaling 
pathway of these receptors, particularly in 
the expression of Syk [3]. In these cases, 
results are not interpretable. Mast cell ac-
tivation tests represent an alternative diag-
nostic tool for these non-responders with 
Hymenoptera venom allergy [25].

In patients with mastocytosis, BAT can be 
negative despite a clear history of anaphy-
laxis to Hymenoptera venoms. This might be 
dependent on the basophil markers used. 
In cases where CCR3 is used as a basophil 
marker, basophils with low amounts of IgE 
on their surface are likely to be selected, ex-
plaining the poor results of the BAT. Detect-
ing basophils in BAT with an anti-IgE antibody 
would clearly improve the results and make 
it possible to avoid false negatives [26].

Conclusion and perspectives

This overview showed that the BAT with 
whole venom extracts and allergen com-
ponents is able to help in the diagnosis of 
Hymenoptera venom allergy, especially in 
double-sensitized patients and patients with 
negative results in routine diagnostics.

Furthermore, the results of basophil ac-
tivation tests correspond to the success and 
tolerance of VIT using submaximal allergen 
concentrations. The repeated application of 
BAT in all patients undergoing VIT is unlikely 
to be routinely performed due to the effort 
required for testing. When sting tests are 
not available but a patient is at particular 
risk of treatment failure, the BAT could be a 
piece of the puzzle in the assessment of the 
patient’s risk of treatment failure.

For investigations of allergen compo-
nents, BAT can add important information citation
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in terms of cross-reactivity or lack of allerge-
nicity (Table 1).

Standardization and automatization of 
this cellular test are expected to expand its 
use for the above-mentioned indications.
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