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Background: Allergies against Hymenoptera venoms are a major cause of severe anaphylaxis. Risk assessment for subjects with
suspected allergy is difficult because there are currently no biomarkers that predict the likelihood of high-grade anaphylaxis other than
several associated comorbidities.
Objective: We investigated the relationship between the severity of anaphylaxis and the results of intracutaneous skin tests (ICTs)
together with serum levels of tryptase, total IgE, and venom-specific IgE, IgG, and IgG4.
Methods: We performed a retrospective evaluation of 194 patients who presented to a single medical center with allergies to bee
venoms (Apis mellifera, Bombus spp.; n=24, 12.4%), vespid venoms (Vespula spp., Vespa spp., Polistes spp.; n=169, 87.1%), or both
(n=1, 0.5%).
Results: Index bee stings occurred earlier in the year than vespid stings, although the latter were reported more frequently overall. On
average, subjects who previously experienced grade IVanaphylaxis required higher dosages of venom to yield positive ICTs than those
who exhibited lower grade responses. Patients diagnosed with grade IV anaphylaxis exhibited significantly lower levels of venom-
specific IgE and IgG and trended toward elevated levels of tryptase. No significant differences in average levels of venom-specific
IgG4 and total IgE were observed.
Conclusion: Our findings reveal that intracutaneous skin testing and levels of venom-specific IgE do not predict the degree of
anaphylaxis that develops in patients with venom allergy. Furthermore, the month of the index sting is not a reliable means to
differentiate bee from vespid stings in patients presenting with an uncertain history.
Keywords: intracutaneous test, allergy, insect venom allergy, specific IgE

Introduction
Anaphylaxis is a life-threatening condition with an incidence of 1.5 to 7.9 per 100,000 person-years.1 This condition is
currently defined as “a severe, potentially fatal, systemic allergic reaction that occurs suddenly after contact with an
allergy-causing substance”.2 The causes of anaphylaxis vary with age and exposure to specific allergens. In adults, they
are most frequently caused by Hymenoptera venoms followed by drugs and food.3–5

Previous contact with an allergen is a clear prerequisite to an allergic reaction and can result in sensitization. Whilst
56.6% to 94.5% of Europeans have experienced at least one Hymenoptera sting during their lifetimes, sensitization to
their venoms occurs in only 9.3% to 28.7% of adults.6,7 Systemic reactions are observed in fewer than 10% of cases, even
in populations known to be at elevated risk. In Germany, approximately 3% of the population develops systemic
symptoms after a sting.5,8 Likewise, and despite the pathophysiological importance of sensitization to allergic reactions,
only 5–17% of previously asymptomatic individuals identified as sensitized by skin-testing or detection of specific IgE
go on to develop systemic symptoms in response to a subsequent sting.9,10 Hence, whilst specific IgE antibodies are
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frequently detected amongst members of the general population and known to mediate allergen-induced mast-cell
degranulation via the high affinity IgE receptor11 and downstream via Lyn/Syk,12 they are of only minor diagnostic
relevance in the absence of a conclusive patient history.13

An initial evaluation of suspected Hymenoptera venom allergy should include a detailed patient history in addition to
clinical tests to document suspected sensitization and estimate the risk of a systemic reaction. The clinical evaluation
includes skin tests as well as a determination of levels of total and venom-specific IgEs. The current German guidelines
state that patients with systemic sting reactions (SSRs) and proven sensitization to insect venom should be treated with
specific immune therapy (SIT).14

The absence of reliable laboratory markers makes it difficult to evaluate patients with inconclusive histories of
Hymenoptera stings. These difficulties arise either because the aforementioned clinical tests indicate sensitivity to
multiple allergens or because the severity of the response to the index sting reaction cannot be determined in hindsight.
In these cases, additional factors are evaluated to help determine the risk of developing potentially fatal anaphylaxis.
These factors include the time interval between insect stings, the number of stings, and the type of insect, as well as
patient age, sex, the severity of the preceding reaction, concomitant cardiovascular disease and treatments, mastocytosis,
and elevated levels of serum tryptase.7 However, most of these factors are either controversial or of only minor
importance when used to predict the severity of future anaphylactic reactions.

Symptoms of allergic reactions can be assigned to one of four grades of severity according to overlapping criteria
published initially by Mueller15 and Ring and Messmer.16 Grade I includes symptoms limited to the skin, including urticaria,
pruritus, or flush. Single or combinations of vital organs are affected at the higher grades of severity. In grade IVanaphylaxis,
the reaction to the allergen impedes circulation, oxygenation, and/or consciousness and poses a threat to life.15,16 The most
important difference between both anaphylaxis scales is the classification of cardiovascular symptoms. Whilst Mueller15

classifies hypotension (but not tachycardia) as a sign of Grade IV anaphylaxis, Ring and Messmer16 discuss varying degrees
of cardiovascular involvement; for example, hypotension (blood pressure < 90 mmHg) is a sign of Grade II anaphylaxis.

We are in great need of reliable predictors to facilitate the clear and accurate diagnosis of insect venom allergies. Our
study complements several previous attempts from the early 1990s to identify reliable predictors of SSR severity for both
bee and vespid venoms, which are the two most abundant insect allergens.5 However, some changes have occurred since
the 1990s, ie changes in venom test extract composition and -quality. Moreover, most preceding studies focused on
evaluating skin-prick-tests instead of intracutaneous skin tests (ICTs). Here, we investigated whether the results of ICTs
and specific lab tests might help to determine the risks of developing high-grade anaphylaxis.

Materials and Methods
Patients
We screened the files of all patients who initially visited the Allergology Division at the Department of Dermatology,
Venereology, and Allergology, University Medical Centre Göttingen, Germany, between July 1990 and July 2011. We
identified patients who received SIT following a documented anaphylactic reaction to bee (Apis mellifera; Bombus spp.)
or vespid venoms (Vespula spp.; Vespa spp.; Polistes spp.). We excluded patients with missing history. We did not
consider any patients evaluated after 2011 because of changes in diagnostic procedures for skin tests and because some
clinical tests were discontinued from 2012 onwards. Insect venom allergies were diagnosed by patient history, serological
testing, and skin testing in accordance with the German national guidelines.14 Findings from the one patient who received
SIT against both bee and vespid venom were included in both patient cohorts. This study was conducted ethically in
accordance with the World Medical Association Declaration of Helsinki and reviewed and approved by the local ethics
committee, approval number [1/11/21]. All included patients gave written informed consent before study inclusion,
indicating that their patient data may be used for academic research. Additional written obtained consent to be included
in this particular analysis was not deemed necessary by the local ethics committee. Confidentiality of patient related data
was maintained at all times.
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Personal History
We classified patients according to venom type (bee or vespid venom; insect species listed above), age, sex, comorbid-
ities, other allergies or intolerances, family history, profession, and dates of first and last known Hymenoptera sting. For
historical reasons, the severity of anaphylactic reactions was categorized according to Mueller.15 As initially described by
Stoevesand et al17 we focused on the following comorbidities that are relevant to anaphylactic reactions: atopy, active
malignancy, and mastocytosis, as well as rheumatic, cardiovascular, respiratory, and/or psychiatric diseases.17 We
documented specific drug intake based on the guideline “Skin Tests for Diagnostics of Allergic Immediate-Type
Reactions”18 complemented with the inclusion of anti-hypertensive medication (beta-blockers and angiotensin-convert-
ing enzyme (ACE)-inhibitors, amongst others). We routinely used a questionnaire in combination with laboratory tests to
identify the venom type responsible for the allergic reaction in patients who were unable to identify the specific venom
type that triggered the anaphylactic response. Subsequently, we matched personal data with respective ICTs and
laboratory test results.

Intracutaneous Skin Tests (ICTs)
ICTs were performed for the relevant venoms with histamine dihydrochloride (1.0%) and sodium chloride (NaCl, 0.9%)
as positive and negative controls, respectively. We routinely used the allergen preparation Reless® (ALK-Abelló,
Hamburg, Germany) to perform ICTs and in rare cases Venomil® (Bencard, Munich, Germany). The ICT protocol
began with low doses that were increased until a visible skin reaction (urticaria) ≥5 mm diameter after 15 min was
observed. The dose of bee venom increased from 0.001 to 1 µg/mL, whilst the dose of vespid venom was titrated
upwards from 0.0001 to 1 µg/mL.

Serological Testing
We analyzed serum samples for venom-specific IgG, IgG4, and IgE, as well as total IgE, tryptase, and IgE against an
allergen mixture containing eight common inhalant allergens (Sx1; house dust mite (Dermatophagoides pteronyssinus),
cat, dog, birch, timothy (Phleum pratense), rye, ragweed, and Cladosporium herbarum) using the ImmunoCAP® system
(Thermo Fisher, Waltham, MA, USA) and following the manufacturer’s instructions. For subjects without documented
levels of total IgE, tryptase, or Sx1 before undergoing SIT, we used the first documented values available upon
a subsequent visit to our department. At the beginning of the recruitment period, allergen-specific IgE, total IgE, and
Sx1-values were reported to be between 0.35 and 100.00 kU/l. The diagnostic range of allergen-specific IgG4 was 2.00 to
30.00 µg/mL. The diagnostic limits for allergen-specific total IgG were 2.00 to 200.00 µg/mL. The diagnostic accuracy
of the ImmunoCAP® system improved during the course of the study period and values above and below these limits
could ultimately be documented. The new lower and upper limits of IgG4 were 0.15 and 300 µg/mL, respectively; the
other parameters were subsequently presented without limits. Values obtained later that were outside the initial limits
were set to the corresponding minimum or maximum value of the initial limits. As in most retrospective studies, not all
of the aforementioned laboratory results were available for all patients. We supplied the total number of analyzed values
in the table provided (Table 1) and the legends of each figure.

Statistical Analysis
Data were analyzed with Excel (Version 16.44, Microsoft, Redmond, WA, USA), R (Version 1.2.5033, RStudio, USA),
and GraphPad PRISM (Version 9, GraphPad Software, San Diego, CA, USA). Differences in proportions between
distinct subgroups of patients were tested for significance using Wilcoxon rank-sum test.

Results
History and Demographic Data
We identified 194 individuals who were undergoing SIT because of a documented anaphylactic reaction against bee
(n=24, 12.4%) or vespid venoms (n=169, 87.1%). We identified one individual who had undergone SIT against both
venoms who was included in both bee and vespid venom groups (n=1, 0.5%). Thus, we evaluated 195 cases of venom
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allergy in 194 patients. The study population included 96 males (49.5%) and 98 females (50.5%). On average, the
patients undergoing SIT against bee venom were younger (mean, 31.5 years) than those treated with SIT against vespid
venom (mean, 46.0 years; Table S1). We assessed the number and nature of concomitant diseases and identified atopic
diseases as frequent comorbidities in both groups (Table S2). Arterial hypertension was identified in 21.2% of the
patients undergoing vespid SIT; 22.9% of the subjects in this group were on antihypertensive medication (Table S3).

Index Sting and Severity of Anaphylaxis
We registered the month of the index sting (ie, the sting that triggered the anaphylactic reaction in each patient). Our
findings revealed that bee stings were most prevalent earlier in the calendar year. By contrast, index stings amongst the
vespid group peaked in August (Figure 1). The severity of anaphylaxis (ie, the clinical indicator used to select patients for
SIT), was comparable amongst both groups (Table 1). Most patients who underwent SIT experienced Grade III
anaphylaxis (52.0% of those in the bee sting group and 45.9% for those in the vespid sting group). The proportion of
male subjects was higher amongst those exhibiting Grade I and Grade IV anaphylaxis compared to those with Grades II
and III in both venom SIT groups (Figure S1).

Outcomes of the Intracutaneous Skin Tests (ICTs)
We compared the severity of anaphylaxis to the minimum dosage of venom needed to trigger a positive skin reaction
(Figure 2). The results revealed a trend toward decreased responsiveness (ie, in which higher venom concentrations were
needed to achieve positive ICTs) with increasing grade of anaphylaxis amongst patients in the vespid venom group,
although this finding did not achieve statistical significance. These differences were not detected amongst patients in the
bee venom group. However, this may be because only 25 (12.9%) of the patients enrolled in our study were undergoing
SIT for anaphylaxis related to bee stings (Table 1).

Table 1 Severity of Anaphylaxis

Severity of
Anaphylaxis

Total Grade I Grade II Grade III Grade IV

Bee (n, %) 25 5 (20.0%) 3 (12.0%) 13 (52.0%) 4 (16.0%)

Vespid (n, %) 170 27 (15.9%) 38 (22.4%) 78 (45.9%) 27 (15.9%)

Total (n, %) 195 32 (16.4%) 41 (21.0%) 91 (46.7%) 31 (15.9%)
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Figure 1 The month of the index sting. The number of enrolled patients who were stung by a vespid (orange, n=170) or bee (blue, n=25). The respective months are
indicated on the x-axis. No bee or vespid stings that resulted in anaphylaxis were reported from December to February.
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Results of Laboratory Tests
As shown in previous studies, subjects undergoing SIT following Grade IV anaphylaxis exhibited higher serum tryptase
levels than those who experienced Grades I–III, although this finding did not reach statistical significance (Figure 3A).
Only three values for serum tryptase were available for the group of patients undergoing SIT for Grade IV anaphylaxis
secondary to bee stings. Interestingly, we found the opposite to be true in our evaluation of specific IgE against a mixture
of eight common aeroallergens (ie, Sx1; Figure 3B). Fifty-six percent of the patients with allergy to bee venom and
53.9% of those allergic to vespid venom were positive for Sx1 (>0.35 kU/l). Levels of Sx1-specific IgE decreased with
severity of anaphylaxis; the difference between levels detected amongst those who experienced Grade I versus Grade IV
anaphylaxis was statistically significant (p=0.0311). Hence, subjects with evidence of a higher level of aeroallergen
sensitization generally had less severe symptoms of anaphylaxis in response to these insect venoms. The severity of
anaphylaxis was also related to venom-specific IgE levels detected before the initiation of the respective SITs
(Figure 4A). Amongst our findings, the results revealed significantly lower levels of venom-specific IgE in the groups
undergoing vespid SIT who experienced Grade IV anaphylaxis (Grades I–III versus Grade IV, p=0.0278). Similar trends
were observed in measurements of total IgE, although the differences were small and did not achieve statistical
significance (Figure 4B). As noted above, the small number of patients (and only n=4 who experienced Grade IV
anaphylaxis) prevents us from drawing any specific conclusions on trends involving total or venom-specific IgE in the
bee venom group. Our findings revealed no differences in the levels of venom-specific IgG4 between the groups
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Figure 2 The severity of anaphylaxis and results of intracutaneous skin tests (ICTs). Values on the x-axis are severities of anaphylaxis graded I–IV according to Mueller.15

ICTs were performed with increasing concentrations of vespid (left, orange, n=141) or bee (right, blue, n=13) venom until a positive reaction was seen. The colors within
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exhibiting different degrees of SSR severity (Figure 5A). We observed that one subject in the vespid venom group
exhibited a serum IgG4 concentration of >300 µg/mL (a mathematical outlier by Grubb’s test). Without this value, our
data suggest that Grade IV anaphylaxis might be associated with lower levels of IgG4. Nonetheless, Grade IV
anaphylaxis was directly associated with significantly lower levels of total vespid-venom-specific IgG (Grade I versus
Grade IV, p=0.0279) (Figure 5B). Taken together, our data indicate an association between Grade IV anaphylaxis and
male sex, lower venom-specific antibody titers, and reduced ICT reactivity compared to Grade I anaphylaxis.

Discussion
In this study, we examined retrospective demographic and clinical data from 194 patients with Hymenoptera venom
allergies who underwent SIT as part of an effort to identify factors that might predict the likelihood of severe
anaphylaxis. Amongst the results, we found that subjects who developed Grade IV anaphylaxis exhibited reduced ICT
responses. Since current German guidelines include negative skin test results as one criterion for cessation of a successful
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*Significant at α = 0.05.
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SIT,14 one might expect some correlation between the degree of skin reactivity and systemic symptoms. Of note, current
European guidelines do not follow this strategy, and instead, highlight the lack of diagnostic significance of differences in
ICTs of tolerant patients compared to those with relapses.19 Negative ICTs are of diagnostic value because ICTs are
highly sensitive for detecting Hymenoptera allergies.20 However, our findings suggest that the magnitude of a given ICT
reaction is overall unrelated to the severity of an SSR (ie, anaphylaxis). This finding is supported by an earlier study that
also documented no relationship between skin tests and the severity of recurrent anaphylactic reactions that result from
sting challenges.21 This earlier study’s methodology to perform skin tests was based on an earlier publication from
1987.22 However, commercially available venoms have changed in the meantime in composition and -quality, remark-
ably hampering transferability. Results from several earlier studies focused on systemic symptoms as adverse events
during SIT also documented no significant association with the results of ICTs.23,24 To the best of our knowledge, there is
only one published smaller study (n=36 patients) that compared ICT reactivity with the severity of the initial SSR.
Similar to our current findings, which included a larger patient cohort (n = 194), the results from this earlier study
demonstrated no association between the results of ICTs and SSR severity.25
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Figure 4 The severity of anaphylaxis and serum IgE levels. Values on the x-axis are severities of anaphylaxis Grades I–IV according to Mueller.15 The horizontal lines indicate
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Consistent with previous reports,26,27 a large proportion of patients enrolled in our study had elevated levels of total
IgE (ie, over the upper limit of normal at 100 kU/l). Both of these previous studies also showed a tendency for total IgE
to decrease with the increasing severity of anaphylaxis. These findings were replicated by our data, although they did not
reach statistical significance. Furthermore, our results revealed that higher levels of serum IgE against common
aeroallergens (Sx1) were significantly associated with lower severity of anaphylaxis, which also confirmed results
reported in previous studies.26,27 These parameters are interpreted similarly as both point toward an atopic
predisposition.27–30 Although atopy is generally understood as a risk factor for atopic dermatitis,30,31 evidence suggests
that this predisposition may not have any impact on the severity of anaphylactic sting reactions,26,27,32 except amongst
beekeepers and their families.33

Results from our study revealed a trend toward higher serum tryptase levels in patients with documented Grade IV
anaphylaxis although these findings did not reach statistical significance. Elevated tryptase values are also characteristic
of patients diagnosed with mastocytosis, which might also explain its association with severe SSRs.34 Interestingly,
numerous earlier studies have described associations between elevated serum tryptase levels with more severe
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Figure 5 The severity of anaphylaxis and venom-specific serum IgG levels. Values on the x-axis are severities of anaphylaxis Grades I–IV according to Mueller.15 The
horizontal lines indicate the arithmetic means. (A) Serum levels of venom-specific IgG4 (µg/mL) in individual patients with vespid (left, orange, n=125) or bee (right, blue,
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anaphylactic reactions.34–39 Similarly, venom-specific IgE was reported to correlate with levels of total IgE.27 However,
studies on the interdependence of venom-specific IgE and the severity of SSRs are scarce. Several studies published
before 2000 made efforts to correlate venom-specific IgE levels with the severity of anaphylaxis with contradictory
results. Day et al40 reported the existence of a correlation between the severity of anaphylaxis and levels of venom-
specific IgE. By contrast, both Wilson et al41 and Reisman and DeMasi42 reported that there were no correlations
between individual levels of venom-specific IgE and the incidence of systemic reactions. Another more recent study also
reported that levels of bee venom-specific IgE and the rate of serious adverse events during SIT were unrelated to one
another.43 In this study, we identified no elevations in venom-specific IgE in patients with Grade IV anaphylaxis.
However, we recognize that low specific IgE levels and elevated skin test thresholds may be influenced by numerous
factors and may be age-related. Our findings indicate that these results have no negative prospective predictive value with
respect to the degree of anaphylaxis that develops in response to insect stings. The notion that IgE levels alone do not
explain an individual’s susceptibility to anaphylaxis is further strengthened by the observation that some patients
experience near fatal anaphylaxis despite having low or undetectable levels of circulating allergen-specific IgE.44

Conversely, food-allergen-specific IgE can be detected in the plasma of many subjects who do not develop clinical
symptoms when exposed to that food-allergen.45 This may also be true for hymenoptera venom, where the vast majority
(~80%) of people with IgE antibodies specific for hymenoptera venoms have no history of systemic reactions to such
venoms.27,32 The reason for this may be that the multiple tyrosine kinases, activated after immunoglobulin E binding to
the high-affinity receptors for immunoglobulin E (FcεRI), exert both positive and negative regulation on the signaling
cascade, which may vary with genetic background or mutations in signaling proteins.

Aside from measuring venom-specific IgE and performing skin tests, molecular diagnosis also permits identification
of bee and/or wasp as culprit insect in venom-sensitized subjects. Our study did not include molecular diagnosis.
However, current research on this subject has shown that the severity of sting reactions is rather not associated with
parameters obtained by molecular diagnosis.46

Molecular analyses of bee and vespid venoms show distinct differences in venom composition between different
hymenoptera species with varying allergenic potential.47–49 In our retrospective analysis we analyzed parameters
generated by routine-diagnostics and hence correlated SSR severity with composite allergen preparations. A missing
correlation of SSR severity with skin tests using composite allergen preparations does not exclude correlations with skin
tests using individual venom components. The next step in researching SSR severity may thus be to analyze hymenoptera
venom components separately and correlate their induced skin reactions with systemic sting reactions.

Finally, our findings are consistent with previous studies that indicate that bee stings generally occur earlier in
the year than vespid stings, at least in central Europe. This result was expected because vespids are typically more
abundant than bees during later months of the year.50 However, we identified many more patients who developed
anaphylaxis in response to vespid stings (n=170) than in response to bee stings (n=25). This finding is consistent with
the previous literature which reports that vespid stings caused many more incidents of anaphylaxis than bee
stings.51,52 In our patient cohort, which included individuals with a history of venom-induced anaphylaxis, we
found that the absolute frequency of vespid stings was higher than the absolute frequency of bee stings as early as
May. This result implies that the current focus on the month of the index sting14 may be of little value in
distinguishing between these two insect stings. Bee stings can occur even in late summer (nb: we registered bee
stings as late as September). Our results and those of others reveal that anaphylaxis is more likely to be caused by
vespids at all times during the year.

Amongst the limitations of this study are its retrospective nature and the changes made to the ImmunoCap® test
system over the years. Likewise, to enroll a sufficient number of patients, we needed to include records of anaphylactic
patients treated with venom SIT over the course of numerous years. An approach that included only those patients who
were evaluated with similar test methods would have resulted in an unjustifiable reduction in statistical power.
Furthermore, one can be debate whether rankings of anaphylaxis symptoms should be performed according to criteria
developed by Mueller15 or by Ring and Messmer.16 Our allergy department traditionally used the former ranking system
for the patients evaluated in this retrospective dataset. Finally, venom-allergic patients that declined SIT were excluded
from this analysis because we were unable to trace them through our archived patient files.
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Conclusions
In summary, our findings based on a comparatively large cohort of venom-allergic individuals reveal that it is virtually
impossible to draw conclusions regarding the grade of anaphylaxis that will develop based on currently available skin
and laboratory results. Likewise, patient histories and emergency treatments for anaphylaxis can be difficult to categorize
within the current grading system. Given the absence of other objective parameters, the severity of anaphylaxis
experienced by a given patient often serves as a guide to the duration of venom SIT. Thus, novel and more effective
procedures and parameters for the determination of the duration of a venom SIT are urgently needed.
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