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Abstract

Purpose: Allergic reactions to Hymenoptera ven-
oms represent potentially life-threatening condi-
tions. However, studies on their prevalence in Ger-
many and their relation to specific IgE sensitiza-
tion are rare. The aim of this study was to evaluate
the prevalence of Hymenoptera venom allergy as
well as the frequency of venom-specific IgE sensi-
tization in a large population-based adult German
cohort.

Methods: Questionnaire data were collected from
the participants of the German population-based
KORA (Cooperative Health Research in the Re-
gion of Augsburg) S4 baseline study population
(n =4,261) and the follow-up F4 study population
(n =3,074), which was conducted seven years later.
Moreover, sIgE antibodies to honeybee (HBV) and
yellow jacket venom (HJV) as well as to common
aeroallergens were measured in the S4 study
population.

Results: The prevalence of systemic sting reactions
ranged between 2.3 % and 2.6 %. sIgE sensitization
(=0.35kUA/L) to HBV and YJV was demonstrated
in 23.1 % and 31.7 % of the population, respectively
(41.6% to HBV and/or YJV). Double-sensitization

Introduction

Stings by Hymenoptera species are very common;
56.6-94.5% of the general population have been
stung at least once in their lifetime [1]. The normal
reaction to a Hymenoptera sting consists of pain and

to both venoms occurred in 13.2 % of the individuals.
Approximately 53 % and 77 % of the individuals who
reported shock symptoms after honeybee and
yellow jacket stings, respectively, exhibited
sIgE >0.35kUA/L to the culprit venom. In contrast,
only 2.8% of the venom-sensitized individuals
reported symptoms exceeding local reactions. Local
reactions were reported by 4.4 to 4.8 % of the popu-
lation.

Conclusions: Self-reported Hymenoptera sting re-
actions and venom sensitization are frequent in
the general German population. In many cases,
sensitization and clinically relevant allergy are not
observed in the same individual, indicating that
comprehensive diagnostic approaches are a pre-
requisite for the identification of patients at risk for
severe reactions.
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valence of Hymenoptera venom allergy and sensiti-
zation in the population-representative German
KORA cohort. Allergo J Int 2019;28:183-91
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inflammation (swelling, redness and itching). Large
local reactions (LLRs) at the site of the sting, which
are characterized by a swelling with a diameter

*S. Blank and S. Haemmerle contributed equally to this work.



exceeding 10 cm and last for more than 24 h, occur
in 2.4-26.4 % of the general population [2]. However,
in venom-allergic individuals already one sting can
induce severe systemic reactions and even fatal ana-
phylaxis. Systemic reactions can involve cutaneous,
respiratory or vascular symptoms or combinations
thereof and less commonly might also affect the
intestine, uterus and heart [2]. The prevalence of sys-
temic sting reactions in adults ranges between 0.3
and 7.5% [2]. The estimated number of annual mor-
talities ranges from 0.03-0.45 per one million inhab-
itants [1]. However, this number could be underesti-
mated as many fatal reactions following insect stings
might remain undetected [3]. It was reported that in
adults (> 18 years) 48.2% and in children 20.2 % of
cases of severe anaphylaxis are caused by insect stings
[4]. Of note, as these data are based on the reporting
of physicians, many of whom are not familiar with
the existence of such databases, this information
might be strongly biased.

The diagnosis of systemic Hymenoptera venom
allergy is based on a combination of the clinical his-
tory of a systemic sting reaction and the proof of
sensitization by skin testing and/or the detection of
venom-specific IgE antibodies (sIgE) in the serum
of the patients [5, 6]. However, the value of a diag-
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nosed sensitization alone is limited as between 9.3
and 28.7% of the population are sensitized to
Hymenoptera venoms without previous clinical his-
tory of a sting reaction [5]. For these patients it is
likely that the sensitization is of no clinical signifi-
cance. However, the possibility of a reaction to a
future sting cannot be fully excluded. To date, no
indications are available on how to effectively
manage these cases [7].

In Germany the most common elicitors of Hymen-
optera venom allergy are honeybees (HB; Apis mel-
lifera) and yellow jackets (Y]; Vespula spp.). Patients
at risk for a severe reaction following a sting of these
insects can be effectively managed by venom-specific
immunotherapy (VIT) [6]. VIT is the only dis-
ease-modifying and curative treatment of venom
allergy which is effective in minimizing the risk for
a future severe sting reaction and to increase the
patients’ quality of life [8, 9]. VIT is reported to be
effective in 77-84 % of patients treated with honey-
bee venom and in 91-96% of patients receiving
vespid venom [6]. In Germany, approximately one to
three million Hymenoptera venom-allergic individ-
uals might require VIT. However, only 20 % of these
patients receive the necessary therapy [10] despite the
fact that insect stings are the most frequent trigger of
severe anaphylaxis in adults [11]. Hence, it is of major
importance to identify individuals that are at risk to
develop severe reactions.

Large population-based studies that assess the
prevalence of Hymenoptera-venom allergy in un-
selected populations are scarce. In this study we
addressed sIgE sensitization to honeybee venom
(HBV) and yellow jacket venom (YJV) of the par-
ticipants of the population-based Cooperative
Health Research in the Region of Augsburg (KORA)
S4 baseline study (n =4,261). Moreover, question-
naire-based analyses of the S4 study population and
the follow-up F4 study population (n =3,074) served
to assess the prevalence of local and systemic reac-
tions to insect stings.

Methods

Study population

The KORA study region consists of the city of Augs-
burg (Germany) and two surrounding districts with
about 600,000 inhabitants in 1999 [12]. The KORA
S4 baseline study (conducted between 1999 and
2000) involved 4,261 participants recruited from a
randomized two-stage cluster sample of 6,640 indi-
viduals aged between 25 and 74 years with equal-
sized distribution of sex and age strata (online: Fig.
S1). The KORA F4 study was a follow-up of the S4
study conducted between 2006 and 2008 and in-
volved 3,074 participants. All participants gave their
informed written consent and the studies were car-
ried out in accordance with the declaration of Hel-
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sinki. The study was approved by the ethics com-
mittee of the Bavarian chamber of physicians.

IgE measurement

The sIgE levels to HBV (il) YJV (i3) and aeroaller-
gens (inhalant allergen screen SX1: d1, Dermato-
phagoides pteronyssinus; el, cat dander; e5, dog dan-
der; g6, timothy grass; m2, Cladosporium herba-
rum; t3, birch; w6, mugwort) as well as the total IgE
(tIgE) levels were determined using the Immulite
2000° platform (Siemens Healthcare Diagnostics,
Los Angeles, CA, USA) [13].

Questionnaire

To identify insect venom allergy in the S4 study, the

following questions were asked: “are you hypersen-
sitive/allergic to insect stings?” (yes, no), “to which

kind of insect?” (honeybee, yellow jacket, mosquito,
others/don’t know) and “what kind of reaction?” (re-
action at the site of the sting, signs of shock, others/
don’t know). Moreover the participants were asked

if they react to a second or third insect and, if so, to

which insect and with what kind of reaction. Addi-
tionally, a history of atopic eczema, hay fever and

asthma was recorded.

In the F4 study, the answers to the question “what
kind of reaction?” were expanded to: “strong reac-
tion at the site of the sting”, “mild to moderate gen-
eral reaction”, “signs of shock” (severe general reac-
tion) and “others/don’t know”. Moreover, the F4
study participants’ age at which the reaction to a
sting occurred for the first time was recorded.

Statistical analysis

All data were analyzed using the GraphPad Prism 6

software (San Diego, CA, USA). Gaussian distribu-
tion was tested by D’Agostino & Pearson omnibus

normality test. The non-Gaussian distributed re-
sults were further analyzed by unpaired Mann-
Whitney test. P-values of > 0.05, < 0.05 and < 0.0001

are shown as ns, * and *™**, respectively. Bivariate

analysis was done by the chi-square test with Yates’
correction. Odds ratios (OR) are given together with

the 95 % confidence intervals (CI).

Results

Total IgE levels in the S4 study population

The tIgE levels ranged between 1 and 15,356 kU/L
(median 36.1) and were significantly higher in males
(median 47.85) than in females (median 28.45; on-
line: Fig. S2). Levels above 100 kU/L were found in
1,023 subjects (616 male, 407 female).

Specific IgE antibody levels in the S4 study
population

Using the cut-off of 0.35 kU, /L, sIgE antibodies to
HBV were present in 23.1% (cut-off 0.1 kU,/L:

34.1%) and to YJV in 31.7 % (44.8 %) of the subjects
(Fig. 1a). In all, 27 % (36.6 %) of the individuals were
sensitized to aeroallergens (SX1). The sensitization
rates (especially to HBV) were higher in males than
in females (Fig. 1a) and 13.2% (23.8 %) of the popu-
lation were double-sensitized to HBV and YJV
(Fig. 1b). The co-sensitization rates to aeroallergens
and HBV or YJV were 10.3% (17.9%) and 11.7 %
(20.6 %), respectively. Taken together, 41.6 % (55.3 %)
of the studied subjects were sensitized to HBV and/
or YJV.

Most of the positive test results with HBV and
YJV were of class 0/1 (> 0.1 to < 0.35 kU,/L) and 2
(= 0.71 to 3.5kU,/L) and only few of class 4 to 6
(= 17.51 to > 100 kU,/L; Fig. 1c). This distribution
was the same for males and females (online: Fig. S3).
For aeroallergens the most common classes were 0/1
(> 0.1 to <0.35kU,/L) and 3 (=3.51 to 17.5 kU, /L).

Interestingly, in the YJV-sensitized (>0.1 kU,/L)
population, the percentage of sIgE in relation to the
tIgE level was significantly lower in individuals
without any reaction following a Y] sting compared
to those reporting local or shock/other reactions
(Fig. 1d, left). These differences were less pro-
nounced in the HBV-sensitized population and only
significant between individuals without any reac-
tion and those reporting shock/other reactions
following a HB sting (Fig. 1d, right).

Correlation of different parameters with the
presence of venom-specific IgE antibodies

The presence of venom sIgE (> 0.1 kU/L) was positive-
ly correlated with male sex, whereby sIgE to HBV
showed a higher odds ratio (OR =1.99, CI 1.74-2.27)
compared to YJV sIgE (OR=1.33, CI 1.18-1.50;
Fig. 2). Elevated tIgE levels (> 100 kU/L) were found
to be strongly associated with sIgE to HBV (OR =3.02,
CI 2.61-3.49) and YJV (OR=2.81, CI 2.43-3.24).
Additionally, sIgE to aeroallergens (SX1) was correlat-
ed to sIgE to HBV (OR =2.72, CI 2.38-3.11) as well
as to YJV (OR =2.07, CI 1.82-2.36). The presence of
sIgE to HBV and YJV was not related to a positive
history of asthma or atopic eczema. In contrast, a his-
tory of hay fewer was correlated with the presence of
sIgE to HBV (OR =1.264 CI 1.08-1.48), but not to
YJV (OR =1.03 CI 0.89-1.21).

Prevalence of hypersensitivity reactions to
hymenoptera venom in the S4 study population
In the S4 survey, covering 4,261 subjects, 6.9%
(n =287) reported to be hypersensitive/allergic to
HBV and/or YJV (Fig. 3a). Reactions to either HBV
or YJV were reported by 4.0% (n =165) and 4.6 %
(n =192) of the participants, respectively. Partici-
pants who showed reactions to mosquito bites or to
another/unknown insect (Fig. 3a) were excluded
from the further analyses.
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Fig. 1: Prevalence of sIgE sensitization in the KORA S4 baseline study population (n =4,261). a: Prevalence of sIgE sensitization to honeybee
venom (HBV), yellow jacket venom (YJV) and aeroallergens (SX1) in the whole study population, males and females. Shown are the
thresholds of 0.1 and 0.35 kU,/L. b: Prevalence of double sIgE sensitization to HBV and YJV (HBV/YJV), HBV and aeroallergens (HBV/SX1) and
YJV and aeroallergens (YJV/SX1. c: Distribution of the sIgE reactivity to the different arbitrary sIgE classes used in a clinical context

(0: 0.1 kUp/L, 0/1: > 0.1-< 0.35 kUn/L, 1: = 0.35-0.7 KU,/L, 2: = 0.71-3.5 KU,/L, 3: = 3.51-17.5 kU, /L, 4: = 17.51-50 kU, /L, 5: = 50.1-100 kU,/L,

6:> 100 kU,/L). All percentages are rounded to one decimal place. d: Percentage of sIgE directed against either YJV (i3) or HBV (i1) in relation to
the tIgE level in YJV- (left) and HBV- (right) sensitized (> 0.1 kU,/L) individuals with no, local and shock/other symptoms to the respective
venoms. Shown is the mean with standard deviation.* p =< 0.05; **** p =< 0.0001; ns not significant
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Unfortunately, the S4 survey questionnaire was
vaguer with regard to the symptoms following the
sting compared to the F4 questionnaire. Patients
had the possibility to answer with “reaction at the
site of the sting” (local), “signs of shock” (shock) and

“others/don’t know” (other; Fig. 3b). In the S4 study,
local, shock and other symptoms were reported by
4.8% (n=197), 1.5% (n =60) and 0.8 % (n =34) of
the subjects, respectively. Local reactions were more
common in females (6.4 %; n =135) than in males
(3.1 %; n =62). Moreover, 1.0% (n =21) of males and
1.9% (n =39) of females suffered from shock symp-
toms after a HB and/or Y] sting. The distribution of
shock symptoms to the particular insects was com-
parable. 0.8 % (n =34) and 0.9 % (n = 36) of the par-
ticipants stated HBs and YJs as culprit species, re-
spectively (Fig. 3b).

Interestingly, only 1.8 % and 2.8 % of the HBV-sen-
sitized (> 0.35 kU/L) subjects stated to have had a
shock and shock or other reactions following a sting,
respectively. Out of the YJV sIgE-sensitized patients
1.6 % and 2.8 % reported shock and shock or other
symptoms, respectively. Intriguingly, 30.3% and
18.8 % of the participants who stated shock symptoms
following a HB sting had sIgE to HBV of class 0 (< 0.1
kU,/L) and class 0/1 (> 0.1-< 0.35 kU, /L), respectively
(Fig. 3¢c). Of the patient population reporting shock
symptoms after YJ stings, 28.1% and 6.3 % showed
sIgE to Y]V of class 0 and class 0/1, respectively.

Prevalence of hypersensitivity reactions to
Hymenoptera venom in the F4 study population
In the follow-up F4 study (n =3074) 6.8 % (n =210),
3.5% (n=110) and 5.0% (n =153) of the subjects
stated to be hyperreactive/allergic to HBV and/or
YJV, HBV and Y]V, respectively (Fig. 4a).

In the F4 survey, the answering options with
regard to symptoms were more suitable to assess the

prevalence of systemic reactions to Hymenoptera
venoms since the participants had the possibility to
answer “strong reaction at the site of the sting” (lo-
cal), “mild to moderate general reaction” (general),

“signs of shock” (shock) and “others/don’t know”
(other; Fig. 4b). The frequency of strong local reac-
tions was very comparable to that of local reactions
in the S4 study and was 4.4 % (n = 134),2.7 % (n =40)
and 5.9 % (n =94) for all, male and female subjects,
respectively. Mild to moderate general reactions
were reported by 1.4 % (n =44) of the participants,
signs of shock by 1.0 % (n = 30) and other symptoms
by 0.2 % (n =6). The frequency of general and shock
symptoms was 1.6 % (n =25) and 1.1% (n =17) in
females and 1.3% (n=19) and 0.9% (n=13) in
males. General and shock reactions to HBV
occurred both in 0.5% (n =7/8) of males and in
0.8% (n=12) and 0.4% (n =6) of females, respec-
tively. The prevalence of general and shock symp-
toms to YJV in males and females was 1.1 % (n = 16)
and 0.4% (n =6) and 1.1% (n =16) and 0.8 % (n =13),
respectively (Fig. 4b). The prevalence of systemic re-
actions (mild to moderate general reactions and
shock symptoms) to Hymenoptera (HB and/or YJ)
stings was 2.4 % (n =73) in the F4 study population
(2.1% in males and 2.6 % in females).

Systemic reactions occurred most frequently for
the first time at the age range of 40 to 49 years
(22.8 %) followed by the age range of 50 to 59 years
(20.3%). In the 10-year age ranges between 0 and 39
years the frequencies steadily increased (Fig. 4c).

Discussion

Studies assessing the prevalence of Hymenoptera
venom allergy in the general adult population are
relatively rare. Those studies that were performed
in different European countries between 1992 and
2016 demonstrated a prevalence of self-reported sys-
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and yellow jacket (YJ) stings, mosquito bites and to other or unknown species. Reactions to mosquito bites and
other/unknown species were excluded from the following analyses. b: Prevalence of reactions at the site of the
sting (local), signs of shock (shock) and other/unknown reactions (other) following a Hymenoptera sting.

c: Frequency of individuals with local reactions and signs of shock to HB and YJ stings in relation to their levels of
slgE to the culprit venom. All percentages are rounded to one decimal place.

temic sting reactions ranging from 0.9 to 8.9 % [14,
15, 16, 17, 18, 19]. The observed divergent results
regarding the prevalence might mirror differences
in exposure depending on climate and activities [17],
in the size of the study population or in the meth-
odology using telephone interviews or different
questionnaires. Many other studies were performed
on selected patient populations such as factory
workers or conscripts [20, 21]. However, in most of
these studies the obtained prevalence is in a com-
parable range to the general population. In the past,
one study assessed the prevalence of insect venom
allergy in the German adult population (German
Health Interview and Examination Survey for
Adults; n =8,152) by addressing reported medical
diagnoses of insect venom allergy [22]. Here, a life-
time prevalence of 2.8 % (3.6 % for females and 2.0 %
for males) was identified for insect venom allergies.

To our knowledge, only one study addressed the
prevalence of Hymenoptera venom allergy in rela-
tion to venom sensitization in Germany so far [23].
This study covered 232 adults and 45 children from
arural area population out of whom approximately
3.9% of the adults reported a history of a systemic
sting reaction. Sensitization to HBV or YJV was
present in 24.1 % of the adults (16.5 % only to HBYV,
2.2% only to YJV, 5.4 % to both venoms).

In order to address the prevalence of Hymenopt-
eravenom allergy in relation to venom sensitization
in a larger German adult cohort, we performed
questionnaire-based analyses of the population-
based Cooperative Health Research in the Region
of Augsburg (KORA) S4 baseline study population
(n =4,261) as well as of the follow-up F4 study pop-
ulation (n =3,074). The questionnaire of the F4
study was clearly more suitable to assess the pre-
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valence of systemic reactions as the participants had
the possibility to discriminate between “strong

»

reactions at the site of the sting”, “mild to moderate
general reactions”, “signs of shock” and “other
reactions/don’t know”. Taking mild to moderate
and shock reactions to HBV and/or YJV together,
covering systemic reactions, their prevalence is
2.4% (2.1 % in males and 2.6 % in females) whereby
reactions to YJV (1.6 %) are slightly more common
than to HBV (1.1 %). Strong reactions at the site of
sting were reported by 4.4% of the participants
which is a very assimilable range compared to the
prevalence of large local reactions of 4.6 % found in
an Austrian study [15].

In the S4 study the participants only had the pos-
sibility to discriminate between “reaction at the site
of the sting”, “signs of shock” and “other reactions/
don’t know”. This selection surely is less suitable to
estimate the prevalence of systemic reactions as

many participants suffering from mild to moderate

systemic reactions most likely would have answered

with “other reaction/don’t know”. This is also re-
flected by the fact that the percentage of participants

giving this answer was much higher in the S4 than

in the F4 study. However, estimating that many of
the mild to moderate systemic reactions are repre-
sented in this group, the prevalence of systemic

reactions in the S4 study is in a very comparable

range to the F4 study. Local reactions were reported

by 4.8 % of the participants of the S4 study.

Taken together, the prevalence of self-reported
systemic reactions to HBV and/or YJV in the Ger-
man KORA cohort ranges between 2.3 % (S4 study;
shock and other reactions) and 2.6 % (F4 study; mild
to moderate, shock and other reactions). Reactions
to YJV are slightly more common compared to HBV.

Applying the threshold level of 0.35 kU,/L, as
done in most other studies, 23.1 % and 31.7 % of the



S4 study population were sensitized to HBV and
Y]V, respectively; 41.6 % were sensitized to HBV
and/or YJV and 13.2% to both venoms. Although
sIgE to cross-reactive carbohydrate determinants
(CCDs) could not be measured in this study, their
contribution to the obtained venom sensitization
rate seems to be negligible as indicated by the low
prevalence of double-positive test results to HBV
and YJV (as well as to venoms and aeroallergens).
Other studies reported a prevalence of sensitization
to Hymenoptera venoms (indicated by positive skin
test and/or the detection of sIgE) in the range
between 9.3% and 28.7% in adults [2]. A recent
Danish study reported a prevalence of sIgE to HBV
and YJV of 3.3 % and 13 %, respectively [17]. Of note,
in addition to a varying degree of exposure in dif-
ferent areas, differences in sensitization rates might
also result from the use of different assay platforms
for sIgE detection. In this study, the Immulite 2000°
platform was used which reportedly leads to higher
sIgE values compared to the InmunoCAP® system,
due to the different calibration approach that is used
[24,25,26,27,28]. Another study that was conducted
in Germany found a sensitization rate to Hymenopt-
era venoms of 27.1 % [23]. In this study, the sensiti-
zation to HBV (24.8 %) was much more common
than to YJV (8.5%). However, this fact might be
explained by the rural origin of the patient popula-
tion on the one hand and by the lower sensitivity of
the RAST (radioallergosorbent test) that was used
in this study for sIgE detection to YJV on the other
hand [23].

In general, atopy is not regarded as risk factor for
venom allergy [23, 29, 30]. Here, we found no asso-
ciation between asthma or atopic eczema with the
presence of venom sIgE and only a weak association
between hay fever and sIgE to HBV (OR = 1.264)
but not to YJV. In contrast, as shown previously by
others [23], the association between the presence of
venom sIgE and sIgE to common aeroallergens as
well as to the level of total IgE could be clearly
demonstrated. Moreover, male sex represented a
stronger risk factor for the presence of sIgE to HBV
compared to YJV. This might be explained by the
fact that more males are working in professions
associated with outdoor work such as foresters or
gardeners and, hence, with a higher degree of expo-
sure to HB stings.

Intriguingly, only 2.8 % of the HBV- and Y] V-sen-
sitized patients reported shock or other reactions
following a sting. In the study mentioned before,
7.1 % of the positively tested patients stated a history
of a systemic sting reaction [23]. However, it is not
known if a certain fraction of the sensitized indi-
viduals would react to a future sting. Nevertheless,
these results underline that venom sIgE-testing
should not be a part of general health screenings

Allergo J Int 2019; 28: 183-91

[17]. Although venom-sensitized individuals suffer-
ing from systemic reactions exhibit a significantly
higher percentage of venom sIgE in relation to their
tIgE level, this parameter is likely not suitable to
discriminate between sensitized individuals and
those with clinically relevant allergy due to high
variability within the population.

Of note, 30.3 % and 18.8 % of the participants who
had shock symptoms following a HB sting had sIgE
to HBV of class 0 (< 0.1 kU,/L) and class 0/1 (> 0.1-
< 0.35 kU, /L), respectively. Of the patient popula-
tion reporting shock symptoms after YJ stings,
28.1 % and 6.3 % showed sIgE to YJV of class 0 and
class 0/1, respectively. This is in concordance with
a former study reporting that only 38 % of individ-
uals with abnormal sting symptoms to any insect
had sIgE >0.35 kU, /L to HBV and/or YJV [17] and
again illustrates the importance of a comprehensive
approach for accurate diagnostics of Hymenoptera
venom allergy including clinical history, sIgE mea-
surement, skin tests and cellular tests. Moreover, fu-
ture studies are needed to address the impact of the
recently available component-resolved diagnostics
[7, 31, 32] on this diagnostic gap on a population
level.

In conclusion, the frequency of sensitization to
Hymenoptera venoms in the general German pop-
ulation is high. However, a considerable gap exists
between the presence of sIgE and a clinical history
of venom allergy on the one hand and between sys-
temic reactions and detectable sIgE on the other
hand.
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