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ABSTRACT

Background: Treatment failure during venom immunotherapy (VIT) may be associated with a 

variety of risk factors, of which the relative importance is unknown.

Objective: Our aim was to evaluate the association of baseline serum tryptase concentration 

(BTC), mastocytosis in the skin (MIS) and of other parameters with the frequency of objective 

systemic reactions during in-hospital sting challenge (SC).

Methods: In this observational retrospective study, we enrolled 1532 patients (1609 cases due 

to double SC) with established honeybee or vespid venom allergy who had undergone VIT and 

a subsequent SC. Data were collected on various putative risk factors. Adult-onset MIS and/or a 

BTC > 20.0 μg/L was defined as clinical indicators of systemic mastocytosis. Relative rates were 

calculated with logistic regression models.

Results: Ninety-eight patients (6.4%) presented with MIS and/or BTC > 20.0 μg/L. 104 cases 

(6.5%) developed objective generalized symptoms during SC. In the absence of MIS, a 

BTC ≤ 20 μg/L did not increase the risk for VIT failure. The most important factors associated 

with a worse outcome were ACE inhibitor medication (OR 5.24, 95% CI 1.83–13.00, P < .001), 

honeybee venom allergy (OR 5.09, 95% CI 3.17–8.15, P < .001), systemic allergic reaction during 

VIT (OR 3.07, 95% CI 1.79–5.14, P < .001), and a substantial likelihood to suffer from systemic 

mastocytosis (SM) (OR 2.74, 95% CI 1.37–5.22, P = .003), whereas a double VIT (OR 0.51, 

95% CI 0.27–0.90, P = .027) and a longer duration of therapy (OR 0.68 per treatment month, 

95% CI 0.50–0.93, P = .017) reduced the failure rate.

Conclusion: The magnitude of therapeutic success correlates with type of venom, duration of 

therapy, and venom dose. Adult-onset MIS and/or a BTC > 20 μg/L is a significant, albeit not the 

strongest determinant for VIT failure. According to its odds ratio, ACE inhibitor therapy appears 

to be associated with the highest risk for VIT failure.
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INTRODUCTION

Patients with a history of an anaphylactic reaction to a Hymenoptera sting are candidates 

for venom immunotherapy (VIT). Effectiveness of VIT depends on a variety of factors and 

therapeutic measures. However, owing to the comparably low incidence of the disease, all 

published studies examining the efficacy of treatments, or the importance of risk factors 

for treatment failure only analyzed small groups and lacked an appropriate adjustment for 

confounders.1 Due to numerous methodological weaknesses, active treatment strategies 

currently used for Hymenoptera venom allergy (HVA) are not based on sound formal evidence. 

Nevertheless, over the years, different risk profiles and treatment concepts have been 

developed to manage patients presenting with a Hymenoptera venom allergy.2-4

 Among the presumed risk factors for VIT failure, especially mastocytosis recently attracted 

increasing attention.5 Mastocytosis describes a group of disorders that are characterized by 

a pathologic increase in mast cells in various tissues. HVA and secondary severe systemic 

reactions appear to be more common in patients suffering from systemic mastocytosis (SM), 

and there is indirect evidence that VIT failure may be more likely in patients with this rare 

disease.5 Unfortunately, however, in HVA patients, a precise diagnosis of SM is often difficult 

because of their unwillingness to undergo a bone marrow biopsy, and because of uncertain 

therapeutic consequences. Thus far, these limitations prevented a reliable assessment of the 

frequency of this disease in venom-allergic patients, and of its influence on the protection rate.

 There are, however, two simple clinical tools allowing doctors to screen adult patients in 

terms of their likelihood to suffer from SM: a thorough skin examination excluding or proofing 

mastocytosis in the skin (MIS)6 and measurement of serum baseline tryptase concentration 

(BTC) which is believed to correlate with mast cell burden.7-10 The influence of MIS or of an 

increased BTC on VIT efficacy is, however, not established.11

 The large number of patients treated in our institution, and differences in treatment 

strategies and risk profiles enabled us to compare and analyze treatment options and risk 

factors in an exploratory fashion. Furthermore, all our patients had an in-hospital sting 

challenge (SC) by the culprit insect to confirm or exclude therapeutic success.12

METHODS

Study design
The analysis was conducted in the Department of Dermatology and Allergology of the Ludwig-

Maximilian University (LMU) of Munich. The study was designed to permit the detection 

of a twofold increase in the frequency of an objective systemic reaction during in-hospital 

SC between two unequal groups (patients with and without an increased BTC). Based on 

the assumption that 10% of the patients would present with an increased BTC,13 and on a 
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probability of 6.5% of VIT failure in patients with a normal BTC,1 at least 1600 in-hospital SC had 

to be analyzed to detect a twofold increase in frequency of VIT failure (two-sided type I error, 

5 percent; power, 80 percent).

 The observation period started in January 1998 when a computerized database was 

initiated in our department for local bench marking. Data integrity was ensured by training of 

the medical staff collecting and entering data, and by regular internal quality control measures. 

At the end of 2011, 1600 SC had been performed fulfilling the inclusion criteria (see below). 

The local institutional review board of the Ethics Committee of the Medical Faculty of the LMU 

approved the retrospective analysis.

Patients
Inclusion and exclusion criteria
Patients extracted from the database had a) experienced an anaphylactic reaction (grade I-IV 

according to Ring and Messmer14) after a Hymenoptera sting and had been diagnosed as wasp 

and/or honeybee venom allergic, b) received VIT with honeybee and/or Vespula spp. venom, 

c) had BTC measured before SC, d) had been admitted for the first in-hospital SC while being 

on maintenance therapy of VIT, and had e) received a venom dose of either 100 or 200 μg from 

the beginning of the maintenance phase.

 Patients were excluded who a) had shown inconsistent diagnostic test results before VIT 

or in whom no unequivocal diagnosis of honeybee or wasp venom allergy could be obtained, 

b) had multiple sensitizations and clinical symptoms which could not be unequivocally 

attributed to a specific insect, c) presented with established contraindications for a SC,12 and 

d) if the SC was performed with the incorrect insect (Dolichovespula instead of Vespula). For 

technical reasons, however, the latter exclusion criterion could be only applied after 2004. 

Sting challenges were not included in this study, if they had been performed with an insect 

producing a venom to which the patient was only sensitized to.

 In patients who presented with an irrelevant sensitization to one venom and a relevant 

one to another, and who had only experienced a field sting reaction upon a sting of one insect 

species, that therapy and that sting outcome was analyzed, which was associated with the 

relevant venom. Patients who had had a double therapy and two SC because of simultaneous 

wasp and honeybee venom allergy were analyzed as two separate cases. Consequently, 

confounder-adjusted results are based on case analysis surmounting the number of patients.

 Data on BTC and on the corresponding effectiveness of VIT in a subgroup of the current 

patient cohort (patients diagnosed between May 2001 and August 2003, n = 127) were 

included into recent prospective multi-centre studies of the European Academy of Allergology 

and Clinical Immunology (EAACI) Interest Group on insect venom hypersensitivity.11,13,15 

Furthermore, selected epidemiological data of small patient subgroups were part of previous 

publications.16-19
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Patient history
After admission, we recorded information on insect-sting history, medication, and demographic 

data. The index sting, to which the extent of a systemic allergic reaction was referred, was 

defined as that field sting, which had resulted in the hitherto most severe systemic reaction 

according to the individual patient’s history. Classification of a systemic reaction corresponded 

to that proposed by Ring and Messmer14 describing four different grades. A severe systemic 

reaction was defined as a grade III or IV reaction (defined as anaphylactic shock or a need for 

cardiopulmonary resuscitation).

Diagnostic procedures
Hymenoptera venom allergy
Diagnosis of Hymenoptera venom allergy followed specific guidelines published by the EAACI.20 

Diagnostic procedures remained unchanged throughout the observation period. A skin prick 

test was read positive at a weal diameter of 3 mm at a venom concentration of 100 μg/mL or 

less, and an intradermal test was positive at a weal diameter of 5 mm at a concentration of 

1 μg/mL or less. Allergy was diagnosed based on a conclusive history including entomological 

identification and a corresponding venom sensitization (venom-specific IgE antibodies (sIgE) 

in serum (CAP-FEIA, Thermo Fisher, Freiburg, Germany) and/or a positive skin test reaction to 

venom (Pharmalgen® and/or Aquagen®, ALK-Abelló, Hørsholm, Denmark)). If sIgE (< 0.35 kUA/L) 

and skin tests were negative, sensitization to the presumed culprit venom was assumed in 

case of a positive basophil activation test (BAT) (Bühlmann Laboratories AG, Schönenbuch, 

Switzerland) and/or a basophil histamine release test (BHRT).

Screening for SM
Skin examination
Before starting VIT, all patients had a thorough skin examination by a dermatologist. The 

diagnosis of mastocytosis in the skin (MIS) was based upon the typical maculopapular rash 

(i.e. urticaria pigmentosa) and swelling upon rubbing (Darier’s sign). A skin biopsy was 

taken if a patient presented with MIS-suspicious skin lesions. The mast cell content in the 

skin was stratified semi quantitatively by antitryptase immunohistochemistry. Histological 

examinations were assessed positive for MIS when mast cell infiltrates in the skin were found 

with either > 15 mast cells/cluster or > 20 scattered mast cells per high power field (400x; 

minor criterion for MIS).21,22

Measurement of tryptase concentration
A blood sample was taken at the time of the first patient visit to determine BTC. At least 14 days 

had to be passed between blood sampling and the time of the last allergic reaction. In 327 

patients (21.3%), BTC could only be determined in samples taken right before VIT was started 

or before SC. In all patients, serum tryptase was measured by ImmunoCAP Tryptase (Thermo 
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Fisher). According to the manufacturer, a BTC > 11.4 μg/L was considered as abnormal. Test 

results of all patients in whom we had found a BTC > 20 μg/L were verified for interference by 

heterophilic antibodies (Scantibodies Laboratory, Santee, CA, USA).

 According to WHO criteria, patients with a BTC > 20 μg/L are highly likely to suffer from 

SM.7-9,21,22 In addition, almost all adult patients who present with adult-onset MIS actually have 

SM.6 As none of our patients younger than 19 years had MIS, and as all patients older than 

18 years had acquired MIS after adolescence, we combined all patients with adult-onset MIS 

and/or a BTC > 20 μg/L into one group most likely suffering from SM.

Venom immunotherapy
Indications and contraindications for VIT followed international guidelines.3 Depending on the 

type of allergy, specific standardized allergen extracts containing Apis mellifera, or Vespula 

spp. venom were used for therapy (Pharmalgen®, or Aquagen®, or Alutard®). Patients who had 

been treated with Aquagen® and/or Alutard® were combined into one group.

 A rush or conventional protocol was used for build-up resulting in a standard maintenance 

venom dose of 100 μg. Patients presumably being at a higher risk for VIT failure were offered 

a high-dose therapy (maintenance dose 200 μg, off-label venom use). To qualify as a high-risk 

patient, we used an institutional, albeit subjective algorithm: patients suffering from honeybee 

venom allergy had to present with at least one additional putative risk factor, whereas at least 

two additional putative risk factors had to be present in patients with vespid venom allergy. 

Presumed risk factors were as follows: a) MIS and/or BTC > 20 μg/L, b) a severe reaction on the 

index field sting (the index sting was that sting which had resulted in the most severe allergic 

reaction prior to VIT); a severe reaction was defined as a severity grade ≥ III (anaphylactic shock 

with loss of consciousness or near fatal reaction) according to Ring,14 c) beta-blocker or ACE 

inhibitor therapy during VIT, and (d) repeated systemic reactions during the build-up phase 

of standard therapy (100 μg venom dose). Patients at a high risk of exposure to re-stings (e.g. 

beekeeping in the case of honeybee venom allergy) were also offered a higher maintenance 

venom dose. After elaborating potential risks and benefits, all patients willing to undergo 

a high-dose therapy signed an informed consent. No patient was switched to an increased 

venom dose during the maintenance phase of VIT.

 During the build-up or maintenance phase of VIT, an adverse event was defined as any 

objective systemic allergic reaction.

Sting challenge
All patients or patient’s parents had consented to an in-hospital SC. Before SC, all patients 

were seen by an anesthesiologist. In addition, patients taking antihypertensive drugs were 

evaluated by a cardiovascular specialist, and if possible, ACE inhibitor and beta-blockers were 

discontinued. SC was performed according to European guidelines.12 In particular, all attempts 

were made to standardize handling of insects (e.g. by having the same person harvesting 
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wasps). Before 2004, Vespidae genus was not subject of a precise entomological identification 

possibly exposing a small number of patients to the wrong insect (e.g. Dolichovespula instead 

of Vespula) at SC. After 2004, the SC was repeated using the correct insect, if entomological 

examination had shown that the wrong Vespidae genus had been used. In those cases, the 

results of the second SC were used for the analysis.

Baseline and test variables
Besides date of SC, entomological identification, age (at the time of the SC), and gender, we 

recorded venom dose during maintenance therapy, the type of antihypertensive medication 

(beta-blockers, ACE inhibitors or any kind of antihypertensive drug), which was taken during 

SC, and the type and brand of venom used for therapy. We also recorded the frequency of 

systemic allergic reactions (adverse events) during the build-up or maintenance phase of VIT, 

and the severity grade of the most severe allergic reaction prior to VIT (after a field sting). 

We furthermore, collected information on the time interval between the end of the build-up 

phase of VIT and the day of SC (‘time until SC’). We also documented whether a patient had MIS 

and/or a BTC > 20 μg/L, or had a double therapy with honeybee and wasp venom.

 The test variable was serum BTC. End-point of the analysis was an objective systemic 

reaction during in-hospital SC (VIT failure).

Statistics
Categorical variables were expressed as percentage and metric variables as median and 

interquartile range. Selective comparisons between patient groups were made by chi-square 

tests for binary variables.

 Covariate-adjusted effects of BTC on VIT failure were evaluated by multiple logistic 

regression models (LRM) which combined separate effects of all individual confounding 

variables. We first constructed a preliminary confounder model based on the baseline variables 

presented above. Within that model, generalized additive models were used to explore 

nonlinear covariate effects.

 Model selection for a multiple logistic model was performed by stepwise selection based 

on the Akaike information criterion (AIC).23,24 To test the BTC effect, we then added the variable 

‘BTC’ to this preliminary LRM, thereby creating the final LRM. BTC effects were explored using a 

log-linear term.
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Figure 1 | Extrapolated association between therapy duration (number of months passed by 
between the end of build-up and the time of sting challenge) and the risk to develop an objective 
systemic reaction during sting challenge (logarithmic function according to the final LRM). Data 
refer to a hypothetical patient who has been treated either with a standard or with a high venom 
dose for a honeybee venom allergy, who does not have a double venom allergy, who was unlikely 
to suffer from SM (no baseline tryptase concentration (BTC) > 20.0 μg/L and no mastocytosis in the 
skin (MIS)), who has not been taking ACE inhibitors, and who has not had a systemic anaphylactic 
reaction during VIT. Arrows indicate that point of time when the best possible level of protection 
was reached (for definition see methods/statistics). Corresponding probabilities of VIT failure were 
7.1% and 10.4%.

To examine whether the effect of the continuous variable BTC depended on a high likelihood to 

suffer from SM (BTC > 20 μg/L and/or adult-onset MIS), we tested the interaction between the 

variables BTC and that likelihood. We constructed an extended final LRM which also included 

this interaction term. This extended model allowed, on the one hand, an estimation of BTC 

effects in patients who did not have a high likelihood to suffer from SM and, on the other, an 

estimation of effects of that risk depending on BTC.

 Predictors of VIT failure (as obtained by the final LRM) were also used to create individual 

hypothetical risk profiles for model patients. For each profile, we analyzed the effect of therapy 

duration on the probability of VIT failure trying to identify that point of time beyond which 

the probability of VIT failure did no longer improve substantially. As we had observed an 

exponential relationship between the probability of VIT failure (or the probability of being 

protected) and therapy duration (Figure 1), it was necessary to define a clinically useful cut-
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off value. A substantial improvement was assumed as long as the probability of VIT failure 

decreased by more than 0.083% (in absolute terms) per treatment month (or roughly by 

1% per year). The probability that could no longer be substantially improved by a continuation 

of VIT was referred to as the lowest possible level of VIT failure, or best possible level of 

protection.

RESULTS

Clinical characteristics of patients
Effectiveness of VIT was assessed in 1532 patients during the maintenance phase. 1398 

patients were older than 18 years. 15 of the 1532 allergic patients were negative according 

to standard tests, but had a positive BAT and/or BHRT. The majority of included patients were 

female (56.1%) and were suffering from wasp venom allergy (87.9%). 12.1% Of the patients 

received double VIT, and 15.5% were treated with honeybee venom only.

 Of 1382 patients with a normal BTC (≤ 11.4 μg/L), 15 (1.1%) presented with symptoms at 

the skin (Urticaria pigmentosa) indicating MIS. An increased BTC (> 11.4 μg/L) was identified 

in 9.8% of the patients and was associated with a high frequency of MIS (42.7%). In 95 patients 

(6.2% of the whole cohort), BTC was between 11.4 and 20 μg/L. 28 Of these patients were 

diagnosed with MIS (29.5%). 55 Patients (3.6%) had a BTC > 20 μg/L. 36 Of these 55 patients 

had symptoms compatible with MIS (65.5%). None of the 134 patients younger than 19 years 

had MIS, or a BTC > 20.0 μg/L. All adult patients had acquired MIS after adolescence (adult-

onset MIS).

 Altogether, 98 of the 1532 patients (6.4%) were − in terms of systemic mastocytosis − high-

risk patients either having a BTC > 20 μg/L or suffering from adult-onset MIS. In adult patients 

with a BTC > 11.4 μg/L, 65.8% would be classified as high-risk patients.

Baseline variables referred to sting challenges
20.8% Of all cases had had a grade III or IV reaction at the index field sting which preceded 

VIT. During the build-up or maintenance phase of VIT adverse events had occurred in 9.4% of 

cases in the whole cohort. These adverse events, however, did not require an increase in the 

pre-applied maintenance dose.

 One hundred and seventy-one cases (10.6%) had consented to a primary high-dose 

maintenance therapy and had been treated with a venom dose of 200 μg. 60 Of these 171 

cases had received a higher dose just because of a high risk of exposure to re-stings (95% of the 

60 cases were bee-keepers). Before SC, median age of the cases was 45 years (7–86 years), and 

median BTC was 4.93 μg/L (0.54–177 μg/L). Median time elapsing between commencement of 

VIT and SC was 15 months (1–110 months).

 14.4% Of the cases took various types of antihypertensive medication at the time of the SC. 

1.1% Of the cases were on beta-blocker therapy, and 1.9% on ACE inhibitor therapy.
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Risk factors for VIT failure
Venom immunotherapy failure was observed significantly more often in patients receiving 

a honeybee VIT, taking ACE inhibitors during SC, or presenting with a BTC > 20 μg/L and/or 

adult-onset MIS (Table 1). There was also a significantly higher failure rate in patients, who 

had had an adverse event during the build-up or maintenance phase of VIT, who had been 

treated with the higher venom dose, or in whom insects used for SC had been entomologically 

verified. On the other hand, the chances for VIT failure decreased with an increasing duration 

of therapy. There was no significant association between the frequency of VIT failure and age, 

gender, brand of venom used for VIT, degree of index sting reaction preceding VIT, double 

VIT for a simultaneous honeybee and vespid venom allergy, beta-blocker medication or any 

antihypertensive medication at SC, date (era) of SC, or the magnitude of BTC.

Table 1 | Distribution of therapy failures during the maintenance phase of VIT with respect to baseline 
parameters. Associations are shown between clinical, demographic, and therapeutic parameters 
and the frequency of an objective systemic reaction in cases during sting challenge.

Objective systemic reaction during sting challenge (cases) 

Yes
(n = 104)

No
(n = 1505) P value

Gender

male 46 (6.4) 669 (93.6)
.965

female 58 (6.5) 836 (93.5)

Highest degree of index sting reaction preceding VIT

I or II 80 (6.3) 1195 (93.7)
.547

III or IV 24 (7.2) 310 (92.8)

Double VIT for a simultaneous bee and vespid venom allergy

yes 16 (6.2) 244 (93.8)
.824

no 88 (6.5) 1261 (93.5)

Type of venom

wasp 49 (3.9) 1212 (96.1)
< .001

honey bee 55 (15.8) 293 (84.2)

Venom dose (µg) during maintenance therapy

100 83 (5.8) 1356 (94.2)
.001

200 21 (12.4) 149 (87.6)

Systemic allergic reaction during build-up or maintenance phase

yes 25 (16.4) 127 (83.6)
< .001

no 79 (5.4) 1378 (94.6)

ACE inhibitor medication at sting challenge

yes 6 (20.0) 24 (80.0)
.002

no 98 (6.2) 1481 (93.8)
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Objective systemic reaction during sting challenge (cases) 

Yes
(n = 104)

No
(n = 1505) P value

Beta-blocker medication at sting challenge

yes 0 (0.0) 18 (100.0)
.262

no 104 (6.5) 1487 (93.5)

Any antihypertensive medication at sting challenge

yes 17 (7.3) 215 (92.7)
.563

no 87 (6.3) 1290 (93.7)

Entomological verification of insect used for sting challenge

yes 73 (8.2) 817 (91.8)
.002

no 31 (4.3) 688 (95.7)

BTC > 20.0 μg/L and/or adult-onset MIS

yes 12 (11.3) 94 (88.7)
.035

no 92 (6.3) 1411 (93.9)

Brand of venom used for VIT

Pharmalgen® 20 (5.5) 342 (94.5)
.409

Aquagen® 84 (6.7) 1163 (93.3)

Era of sting challenge

5/1998–10/2002 39 (7.5) 481 (92.5)

.440
5/2003–10/2005 28 (6.9) 376 (93.1)

5/2006–10/2008 23 (5.8) 374 (94.2)

5/2009–10/2011 14 (4.9) 274 (95.1)

Age (years) at sting challenge (according to median)

≤ 45 51 (6.2) 767 (93.8)
.704

> 45 53 (6.7) 738 (93.3)

Time interval (months) between the end of build up and sting challenge (according to median)

≤ 15 70 (8.6) 747 (91.4)
< .001

> 15 34 (4.3) 758 (95.7)

We included a total of 1609 SC (cases). During SC, 104 cases (6.5%) developed an objective 

systemic reaction. After 2004, entomological examination of Vespula insects used for SC 

became part of the challenge procedure. Subsequently, we identified 31 cases in which the 

wrong Vespidae genus (Dolichovespula saxonica or Dolichovespula media (Retzius)) had been 

used inducing systemic reactions in four patients. Two of these four patients had mastocytosis 

and one an elevated BTC (17.7 μg/L). Using the correct insect, one patient had a second SC 

revealing no objective reaction.

 After adjustment for the other confounders (including a high risk for SM), we could not 

identify a significant association between BTC (log-linear) and the frequency of VIT failure 
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(P = .4686). The effect was also absent for other types of BTC effects (linear or smoothed). 

There was also no evidence that the effect of BTC varied between patients who had or who 

did not have a high likelihood to suffer from SM. When including the interaction between a 

high likelihood to suffer from SM, and BTC (log-linear) into the model, the specific association 

between the interaction and the risk for VIT failure was not significant (P = .249).

 According to the final statistical model, significant predictors of VIT failure were an allergy 

to honeybee venom, ACE inhibitor medication at SC, BTC > 20 μg/L and/or MIS, systemic 

anaphylactic reactions during the build-up or maintenance phase of VIT, a monotherapy for a 

single venom allergy, and a short time interval between the end of the build-up phase and the 

time of SC (log-linear association). Table 2 presents the results of the final model for the risk to 

show an objective systemic reaction during SC. The model was calculated after excluding the 

insignificant effects of BTC and of the interaction between BTC and a high likelihood to suffer 

from SM. The AIC value of that model was 696.36.

Table 2 | Results of the final logistic regression model for the risk to show an objective systemic 
reaction during an in-hospital sting challenge. Those variables are shown which were selected 
according to the modeling procedure.

P value Odds ratio 95% CI

ACE inhibitor medication at sting challenge < .001 5.24 1.83 13.00

Therapy with honeybee venom < .001 5.09 3.17 8.15

Systemic allergic reaction during VIT < .001 3.07 1.79 5.14

BTC > 20.0 µg/L and/ or adult-onset MIS (high likelihood 
to suffer from SM)

.003 2.74 1.37 5.22

Time interval between the end of build-up and sting 
challenge (per month)1

.017 0.68 0.50 0.93

Double VIT for a simultaneous bee and vespid venom 
allergy

.027 0.51 0.27 0.90

High venom dose (200 µg) during maintenance therapy .075 0.58 0.31 1.04

The calculated logarithmic function indicated that effects concerning the duration of therapy 

were clinically relevant. For example, a hypothetical patient treated with a standard venom 

dose for a honeybee venom allergy, who did not have a double venom allergy, who was not 

highly likely to suffer from SM (no BTC > 20 μg/L and no MIS), who did not take ACE inhibitors, 

and who had not had an adverse event during VIT, would have a 15.4% chance for VIT failure 

1 year after the maintenance dose had been reached. This chance will be reduced to about 

10.9% and 9.8%, respectively, if VIT is continued for another 2 or 4 years (Figure 1).

 We found, however, that, depending on the individual risk profile of a hypothetical patient, 

the best possible level of protection, which could be achieved during VIT, and the therapeutic 

interval required to achieve this level were highly variable (Figure 1, Table 3). The best possible 
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Table 3 | Extrapolated minimal duration of VIT according to specific risk profiles. It was assumed 
that no patient was on ACE inhibitor medication. Duration of VIT refers to the number of treatment 
months required to reach the lowest possible probability of VIT failure for a specific risk profile (for 
definitions see methods/statistics). Risk profiles are based on predictors for VIT failure (Table 2).

Risk profile

Systemic allergic 
reaction during VIT

Double 
VIT

Type of  
venom used 

for VIT

BTC  
> 20.0 µg/L 
and/or MIS

Venom 
dose  
(µg)

Duration 
of VIT 

(months)

Lowest possible 
probability of VIT 

failure (%)

No No Vespid No 200   9 2.2

No No Vespid No 100 14 3.3

No No Vespid Yes 200 19 4.6

No No Vespid Yes 100 28 6.8

No No Bee No 200 29 7.1

No No Bee No 100 42 10.4

No No Bee Yes 200 55 14.2

No No Bee Yes 100 74 20.5

No Yes Vespid No 200   5 1.4

No Yes Vespid No 100   8 2.1

No Yes Vespid Yes 200 12 2.8

No Yes Vespid Yes 100 17 4.2

No Yes Bee No 200 18 4.4

No Yes Bee No 100 27 6.5

No Yes Bee Yes 200 36 9.0

No Yes Bee Yes 100 51 13.1

Yes No Vespid No 200 21 4.9

Yes No Vespid No 100 30 7.4

Yes No Vespid Yes 200 40 10.1

Yes No Vespid Yes 100 56 14.7

Yes No Bee No 200 58 15.4

Yes No Bee No 100 78 22.1

Yes No Bee Yes 200 94 29.3

Yes No Bee Yes 100 109 40.6

Yes Yes Vespid No 200 13 3.1

Yes Yes Vespid No 100 19 4.6

Yes Yes Vespid Yes 200 26 6.3

Yes Yes Vespid Yes 100 37 9.3

Yes Yes Bee No 200 39 9.7

Yes Yes Bee No 100 55 14.1

Yes Yes Bee Yes 200 70 19.1

Yes Yes Bee Yes 100 90 27.2
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level of protection (or lowest possible level of VIT failure) was defined according to the monthly 

change of the probability of VIT failure (see methods). The best possible level was reached at 

that point of time beyond which corresponding probabilities would no longer be substantially 

improved by a further continuation of VIT (improvement < 1% per additional year of VIT). 

To achieve those levels of VIT failure, three and a half years of VIT would be required in the 

hypothetical patient described above. On the other hand, more than 9 years of therapy would 

be necessary in a patient presenting with a combination of parameter values which would all 

increase the risk for VIT failure.

 One other confounder variable, venom dose used during maintenance therapy, was also 

retained in the final model. The corresponding odds ratio (0.58) indicates that a higher venom 

dose may reduce the risk for VIT failure. This finding is remarkable, as the unadjusted association 

between treatment dose and VIT failure (Table 1) suggests the opposite emphasizing the 

importance of considering other confounders when assessing the predictive power of an 

individual parameter. After adjusting to confounders, a high venom dose (200 μg) would 

reduce risks during VIT (Figure 1). In the hypothetical patient described above, corresponding 

chances for VIT failure would be reduced to 9.5%, 6.6%, and 5.9% after 1, 3, or 5 years of VIT.

 Another variable, entomological verification of insect used for SC, which also appeared to 

be associated with VIT failure according to the unadjusted analysis, was not selected for the 

final model by the algorithm based on the AIC indicating the unimportance of this variable in 

terms of predicting therapeutic success.

 Age, gender, degree of index sting reaction before VIT, beta-blocker medication at SC, 

any antihypertensive medication at SC, brand of venom used for VIT, and era of SC were also 

explored as potential determinants for VIT failure, but were not selected for the final model 

because AIC values could not be improved further.

DISCUSSION

Effectiveness of Hymenoptera venom therapy
Usually, patient-reported reactions to accidental field stings are used to verify an insufficient 

protection. This method, however, implies significant errors concerning the recall of symptoms 

and the correct identification of the stinging insect.11,12 According to observations in 1532 

patients submitted to 1609 SC (cases), VIT failure occurred in 6.5% of all treated cases. This 

failure rate is perfectly in line with results from the recent EAACI multi-centre study (failure rate 

6.2%, 22 systemic reactions in 357 patients),11 and with results obtained after pooling data from 

nine randomized and non-randomized studies (6.5%, 22 systemic reactions in 337 patients).1 

Therefore, VIT is a highly reliable and effective therapy for Hymenoptera venom allergy.
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MIS, abnormal BTC, and VIT
In our cohort, about ten percent of the patients presented with an abnormal BTC (> 11.4 μg/L), 

and a BTC > 20.0 μg/L was identified in 3.6% of the patients. The frequency of patients allergic 

to Hymenoptera venom, who showed an abnormal BTC, is in agreement with reports from 

other, albeit smaller studies13,25-27 and indicates that our cohort was representative for the 

disease studied.

 About 43% of our patients showing a BTC > 11.4 μg/L had adult-onset MIS. Corresponding 

frequencies were, however, clearly lower in other cohorts, ranging between 9.1% in the study 

by Bonadonna et al.26 and 18.8% in the report by Haeberli et al.28 The comparably strong 

association between an abnormal BTC and the frequency of MIS in our study most likely 

resulted from the particularly meticulous dermatological workup of our patients. This workup 

also identified 15 patients with adult-onset MIS, who had a normal BTC (< 11.4 μg/L).

 Despite its enormous clinical relevance, very few data exist describing the frequency of 

SM in patients with Hymenoptera venom allergy. Bonadonna et al.26 performed bone marrow 

biopsies in 34 adult patients with a BTC > 11.4 μg/L and discovered a surprisingly high rate of 

SM (21 patients, 61.8%). Among our adult patients with a BTC > 11.4 μg/L, skin examinations 

and BTC measurements identified 65.8% who were likely to suffer from SM (as evident by a 

BTC > 20.0 μg/L and/or adult-onset MIS). Thus, our findings are in line with the findings of 

Bonadonna et al.26 A definitive proof of SM, however, will require a thorough haematological 

workup including bone marrow biopsies.7 According to the final statistical model, a 

BTC > 20.0 μg/L and/or adult-onset MIS was also a significant, albeit not the most powerful 

predictor for VIT failure (Table 3), corroborating previous presumptions.5

 Patients presenting with a BTC ≤ 20.0 μg/L are particularly demanding when it comes to 

predict their risk for treatment failure. According to our findings, a thorough dermatological 

workup excluding or proving MIS is sufficient for risk prediction. This conclusion is based on 

that part of our statistical analysis where we examined the effect of the interaction between 

a high likelihood to suffer from SM and the whole range of BTC on the rate of VIT failure. We 

could not identify a significant association between this interaction and the failure rate.

 This missing association indicates that, in patients being not highly likely to suffer from SM 

(no BTC > 20.0 μg/L and no adult-onset MIS), an abnormal BTC is apparently not connected with 

a higher risk for VIT failure. In such circumstances, a BTC ≤ 20.0 μg/L may just indicate a type or 

degree of mast cell activation not increasing that risk. Alternatively, however, the number of 

patients truly suffering from SM may have simply been too low in that particular subgroup of 

our study to allow the identification of a significant negative effect on VIT effectiveness.

Venom dose and VIT effectiveness
Our results provide strong support for the concept that effectiveness of VIT depends on the 

cumulative venom dose and duration of therapy (Table 2). It appears, however, that the longer 

VIT is continued, the smaller becomes the beneficial effect on the protection rate (Figure 1). 
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Furthermore, depending on the risk profile of an individual patient, it may take between half a 

year and 9 years of VIT to achieve the lowest possible level of VIT failure. These levels themselves 

are also considerably varying (between 1.4% and 40.6%). Therefore, in contrast to current 

guidelines,3,4 our results strongly support the concept of a highly individualized therapy 

adjusting the minimal duration VIT to the individual profile of risk factors.

 The results of our present study also support older anecdotal observations by our group29 

and by others,30-32 suggesting that patients allergic to Hymenoptera venom who reacted 

systemically to venom during therapy can be protected by increasing the maintenance dose. 

The effect was retained in the final multivariate model; the related significance, however, 

was only marginal. This weakness most likely results from the non-randomized treatment 

assignment favoring the application of the 200 μg venom dose in high-risk patients.

 The protective effect of a higher venom dose will also become evident if different types of 

Hymenoptera venom are used for VIT supporting the notion that both venoms share several 

allergenic molecular structures.33

Clinical predictors of VIT effectiveness
An important predictor for an objective systemic reaction during in-hospital SC was an ACE 

inhibitor therapy during VIT (Table 2). However, due to the small number of cases taking those 

drugs (n = 30), and due to the fact that the ACE inhibitor effect did not materialize among 

the whole cohort of cases taking antihypertensive drugs (n = 232), there is some residual 

uncertainty. Nevertheless, our observation is in line with previous findings showing that ACE 

inhibitors, but no other antihypertensive drugs clearly increase the risk for a severe reaction 

after a field sting in untreated patients.15

 The design of our study does not allow us to differentiate between detrimental effects 

caused by ACE inhibition itself or by the underlying cardiovascular disease requiring this type 

of medication. However, a primary role of ACE inhibition is likely, as there appears to be a 

dominating role for the kinin-angiotensin system within the mechanisms causing systemic 

allergic reactions.34 In this context, it is important to note that older results by Brown et al.35 

and the most recent results by Stoevesandt et al.36 do not contradict our findings. Both studies 

examined allergic patients prior to treatment and could not demonstrate ACE inhibitors 

to increase the risk for severe anaphylactic reactions. A significant weakness of the work 

by Stoevesandt et al.36 is that the authors did not adjust ACE inhibitor effects to potential 

confounders such as type of allergy, BTC, etc. In the study by Brown et al.,35 BTC was also 

not considered as a confounder. Furthermore, in that study only 30% of the patients had a 

Hymenoptera venom allergy, and adverse effects of ACE inhibitors may vary according to the 

nature of the elicitor.

 Besides ACE inhibitor therapy, bee venom allergy was associated with a high risk for VIT 

failure. This finding confirms results of the recent EAACI study,11 of older comparative studies,31 

and of a recent systematic review4 showing that, after VIT, only 0–9% of patients allergic to 
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wasp venom, but about 20% of honeybee venom-allergic patients react to a SC with the culprit 

insect.

 Finally, a systemic anaphylactic reaction during VIT was a third, albeit clearly weaker 

predictor of VIT failure. This finding is in line with older anecdotal reports by Golden et 

al.37 and by Gonzàles de Oleano et al.38 who treated patients simultaneously suffering from 

mastocytosis and Hymenoptera venom allergy. A severe systemic allergic reaction after a field 

sting (in untreated patients) could not be identified as a risk factor for VIT failure. A grade III 

or IV sting reaction is, however, a risk factor for an adverse event during the build-up phase 

of VIT.13 Such events in turn increase the risk of subsequent VIT failure (see above). Therefore, 

it is likely that the effect of sting reaction on treatment success was contained in the variable 

indicating a severe anaphylactic reaction during VIT. This association might have prevented 

identification of an independent effect of the sting reaction variable.

Conclusions and consequences for daily practice
Our analysis supports the universal benefit of a higher maintenance venom dose which should 

be used in all patients presenting with a combination of several different risk factors. A high 

likelihood to suffer from SM (BTC > 20.0 μg/L and/or adult-onset MIS) is a significant, albeit 

minor risk factor for VIT failure. In Hymenoptera venom allergy, about 6% of patients present 

with laboratory or cutaneous findings suggesting a SM (as evident by a BTC > 20.0 μg/L and/or 

adult-onset MIS). For VIT planning, it appears sufficient to measure BTC and to do a thorough 

skin examination. Bone marrow biopsies appear only indicated for further diagnostics of SM, 

but not for risk assessment in the context of VIT. If BTC concentrations are ≤ 20.0 μg/L, and if 

adult-onset MIS is excluded, patients do not appear to be at an increased risk for VIT failure. 

Therefore, this particular subgroup will not require a higher maintenance venom dose, if no 

other risk factors are present. The duration of VIT necessary to achieve the best possible level 

of protection is highly variable and should be adjusted to the individual risk profile of a patient. 

If possible, ACE inhibitors should be discontinued prior to SC.

Strengths and limitations of the study
The major strength of this study was the very large number of patients and the extensive data 

available by database to describe the population. Another advantage was that we had not used 

the same treatment strategy in all the patients. These differences allowed us for the first time 

to analyze the effectiveness of different treatment strategies. Furthermore, all our patients had 

a rigorous dermatological workup, and we used an objective method for effectiveness control.

 Current therapeutic principles thought useful for VIT are based on observational studies 

which, however, suffer from numerous limitations (including ignorance of various confounders). 

Many of these drawbacks could be overcome by the present work attaching now stronger 

evidence to active treatment strategies currently used for Hymenoptera venom allergy.
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The results of our study, however, may not be entirely generalizable because they represent 

the experience of a single centre and reflect a unique case mix, organization and process 

of care. We performed a retrospective analysis of data from a 14-year period, during which 

time procedures related to VIT (brand of venom used) and to SC (entomologically correct 

identification of stinging insects) had somewhat changed. According to our results, however, 

these modifications were not important for outcome. We also tried to account for this limitation 

by including treatment era and procedural variables into the starting regression model, thereby 

adjusting the effectiveness of VIT to potential secular trends. Finally, the results of our study 

must be put into perspective with the fact that there are presumably some confounders which 

may be important for VIT efficacy (e.g. individual immunological status), but which could not 

be considered in the present study. The weakness that these confounders entail should be 

considered when applying our predictors in practice.
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