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Summary
Background Correct recognition of risk factors en-
ables individualized management and treatment of
venom allergic patients.
Methods Systematic research and review of current
literature regarding the risk of (1) severe sting-in-
duced anaphylaxis, (2) anaphylactic adverse event
during venom immunotherapy (VIT), and (3) treat-
ment failure.
Results and discussion (1) Mastocytosis is the most
important risk factor for severe sting-induced anaphy-
laxis. Hereditary α-tryptasemia was recently identified
as a genetic predictor of severe reactions. Older age
is clearly associated with an increased risk; the re-
spective impact of defined cardiovascular comorbidi-
ties has yet to be determined. Recent data do not
support an aggravation of venom-induced anaphy-
laxis by intake of β-blockers or angiotensin-convert-
ing enzyme (ACE) inhibitors. A higher risk in men
can be attributed to more intensive exposure to sting-
ing insects. (2) Anaphylactic side effects of VIT are
most common during the buildup phase, particularly
in the course of (ultra-)rush protocols involving a high
number of injections and high cumulative daily doses.
They are significantly more frequent during honeybee
compared to Vespula VIT. Data supporting a nega-
tive effect of mastocytosis on the tolerability of VIT
are scarce. Older age and cardiovascular medication
are not associated with a higher incidence of VIT-
induced anaphylaxis. (3) Relapsing anaphylactic re-
actions to both field and challenge stings are signifi-

J. Stoevesandt, MD (�) · A. Trautmann
Department of Dermatology, Venereology, and Allergy and
the Allergy Center Mainfranken, University Hospital
Würzburg, Josef-Schneider-Straße 2, 97080 Würzburg,
Germany
Stoevesandt_J@ukw.de

cantly more common during and after honeybee com-
pared to Vespula VIT. Reports of severe field-sting re-
actions in mastocytosis patients suggest an increased
risk of treatment failure which may be overcome by
higher maintenance doses and longer duration of VIT.
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Introduction

Hymenoptera stings belong to the most important
elicitors of anaphylaxis worldwide. Most venom-in-
duced anaphylactic reactions can be attributed to
stings by honeybees or Vespula species in Northern
European countries where the lifetime prevalence of
sting-induced anaphylaxis has been reported to reach
up to 7.5% in adults [1]. Approximately one third
(17.5–42.0%) [2–8] of sting-induced anaphylactic re-
actions are classified as severe; the broad range pre-
sumably reflects the retrospective approach of most
studies assessing anaphylactic sting reactions and use
of different severity grading systems [9]. Fatal out-
come of sting-related anaphylaxis is overall rare with
a reported annual rate of approximately 0.1 cases per
million population in Europe, Australia, and North
America [10]. A significant proportion of sting-in-
duced fatalities, however, is likely to go undetected,
especially if the causative sting is not witnessed by
caregivers or bystanders, or mucocutaneous signs of
anaphylaxis (urticaria, flush, or angioedema) are in-
conspicuous or absent. To complicate matters even
further, up to 60% of sting-induced fatalities affect
individuals who were presumably unaware of being
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allergic to insect venom [11]. The likelihood of a se-
vere or fatal anaphylactic sting reaction is increased
by certain risk factors which will be the primary focus
of this article. The risk factors for anaphylactic side
effects of venom immunotherapy (VIT), and treat-
ment failure—defined as a relapsing sting reaction
despite adequate treatment—overlap to some extent,
but are not identical (Fig. 1). A separate section of this
article reviewing the recent medical literature is thus
dedicated to each of these situations. Clinical conse-
quences and coping strategies to be considered in the
presence of risk factors are summarized in Table 1.

Methods

A literature search was performed via PubMed us-
ing combinations of the terms age, anaphylaxis,
angiotensin-converting enzyme inhibitor, antihyper-
tensive, beta-blocker, cardiovascular, challenge sting,
epinephrine, exercise, fatal, field sting, honeybee, Hy-
menoptera, immunotherapy, Kounis syndrome, masto-
cytosis, medication, Polistes, risk factor, severity, sting,
tryptase, venom, vespid and Vespula. The search in-
cluded articles in English and German language.

severe sting 
reaction

VIT-induced 
anaphylaxis

treatment failure

bee venom 2aa 1 1

mastocytosis 2a 1 1

hereditary α-tryptasemia 2b

older age 2a 1 2ad

male sex 2a 1 2a

cardiovascular disease 2ab 1

cardiovascular medication 2a 1 1

build-up schedule N/A 2a

venom product N/A 1c 3

maintenance dose < 100 μg N/A 2a

early discontinuation of VIT N/A N/A 2a

repetitive field sting exposure N/A 2a

Fig. 1 Overview of risk factors in venom allergy. Risk level:
red increased risk confirmed or likely, yellow controversial
data, green increased risk excluded or unlikely, grey no data
available, white (N/A) not applicable; level of evidence: 1 at
least one prospective study, 2a several retrospective studies,
2b one retrospective study, 3 small case series or case re-
ports. aTwo studies suggest an increased risk of severe sting
reactions in Vespula venom allergy [8, 24]. bAvailable data

do not permit separate evaluation of defined cardiovascular
conditions (e.g. coronary heart disease, cardiac insufficiency).
cFewer large local reactions are observed when highly purified
venom products are used; no definite statement can be made
with regard to VIT-induced anaphylaxis [48]. dOlder age is not
a risk factor per se, but relapse rates are lower in children and
adolescents [12]

Articles from 2010–2021 were included preferentially,
older data if considered of particular interest.

Severe sting reactions

The sting leading to the first—or in case of several
episodes most severe—systemic reaction prior to the
initiation of VIT is referred to as the “index sting.”
The severity of relapsing anaphylaxis due to future re-
stings generally corresponds to that of the index sting
reaction, meaning that patients who previously suf-
fered a severe reaction will remain at increased risk
[12, 13]. In accordance with these findings, interna-
tional treatment guidelines recommend VIT for pa-
tients with a history of moderate-to-severe sting-in-
duced anaphylaxis [1, 14, 15], correct recognition of
which is therefore essential.

Severe sting-induced anaphylaxis is typically dom-
inated by difficult-to-treat cardiovascular symptoms
[13], whereas mucocutaneous signs of anaphylaxis
(urticaria, flush, or angioedema) are frequently in-
conspicuous or even absent. The missing report
of skin symptoms during anaphylaxis—the reasons
underlying this phenomenon are incompletely un-
derstood, but might include predominant activation
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Table 1 Risk factors in bee and Vespula venom al-
lergy—clinical consequences and coping strategies
Risk of severe
sting-induced
anaphylaxis?

Be aware of high priority for VIT
Prescribe epinephrine autoinjectora

Minimize exposure
Provide advice on situative risk factors

Risk of VIT-
induced ana-
phylaxis?

Avoid build-up schedule involving high cumulative daily
doses
Consider use of highly purified venom product
Consider antihistamine pretreatment
Consider temporary dose reductionb

Consider omalizumab treatmentb

Risk of treat-
ment failure?

Minimize exposure
Arrange long-term prescription of epinephrine autoinjector
Consider increase of VIT maintenance dose
Consider prolongation of VIT
Re-consider choice of venomc

aPrescription of two epinephrine autoinjectors is considered necessary for
patients with previous near-fatal reaction or underlying mastocytosis [21].
bTemporary dose reduction and/or off-label use of omalizumab [53] are not
a preventive measure for risk reduction, but may be considered once VIT-
induced anaphylaxis has occurred.
cUse of venom product with higher content of icarapin might enhance VIT ef-
ficacy in bee venom allergic patients with dominant sensitization to Api m 10
[60, 75].

of cardiac mast cells and counter-regulatory release
of endogenous epinephrine—is indicative not only of
a severe reaction [2–5, 13], but also of basal serum
tryptase elevation [4, 5, 13] and underlying mastocy-
tosis [13, 16, 17]. Rapid onset within minutes of the
causative sting is another defining feature of severe
venom-induced anaphylaxis [2–5, 13].

Risk factors for severe sting-induced anaphylaxis
have been characterized in retrospective studies [2–8,
13, 18] and information on fatal sting reactions is
available from case series [11, 19, 20]. An obvious
limiting factor of all mentioned studies is their in-
evitably retrospective approach (Fig. 1) as all anaphy-
lactic sting reactions have occurred prior to data col-
lection. Long-term risk factors for severe anaphylactic
sting reactions are commonly unmodifiable and thus
reinforce the indication for VIT and prescription of an
emergency set—supply with two epinephrine autoin-
jectors is considered necessary for patients with previ-
ous near-fatal anaphylaxis and/or underlying masto-
cytosis (Table 1; [21]). Current knowledge on well-es-
tablished, newly identified and controversial risk fac-
tors will be discussed in the following section.

Situative risk factors/cofactors

The term “cofactor” refers to short-term risk factors
that lower the threshold and/or augment the sever-
ity of an anaphylactic reaction when coinciding with
the eliciting trigger. Most of these parameters are—at
least in theory—modifiable. An accurate knowledge
of cofactors may thus enable allergic patients to ac-
tively avoid high risk situations. While there are am-
ple data regarding the cofactors of food-, and par-
ticularly wheat-induced anaphylaxis [22, 23], infor-
mation on situative risk factors in venom allergy is

sparse. Regardless of the eliciting allergen, delayed
administration of epinephrine has been associated
with an unfavorable outcome of anaphylaxis [11]. Se-
ries of anaphylaxis fatalities including deaths from in-
sect stings suggest that this also applies for delayed
epinephrine treatment of anaphylactic sting reactions
[20]. Of note, recent data from the European Anaphy-
laxis Registry demonstrate that adequate epinephrine
treatment is less likely to be initiated in venom-in-
duced anaphylaxis compared to anaphylactic reac-
tions from other causes—especially in patients with
hitherto undiagnosed venom allergy [13]. An aggrava-
tion of anaphylactic symptoms including cardiac de-
terioration and sudden death were also observed in
patients who were forced to take a sitting or stand-
ing position in the course of an anaphylactic sting
reaction [20]. Vigorous physical exercise is a well de-
scribed cofactor in food allergy [23], and may likewise
be relevant in all-cause anaphylaxis independent from
the trigger factor [24]. Studies specifically assessing
physical exercise as a cofactor in insect venom allergy
are missing. Concurrent intake of acetyl salicylic acid,
another established cofactor in wheat-induced ana-
phylaxis [22], was recently shown to be potentially
relevant in venom-allergic reactions [13]. There are
insufficient data regarding alcohol consumption as
a cofactor in venom allergy.

Mastocytosis

There is abundant evidence confirming clonal mast
cell disease as the leading risk factor for severe sting-
induced anaphylaxis [18, 25–27], which typically goes
along with severe protracted hypotension [16, 17] and
may entail loss of consciousness and cardiac compli-
cations [13]. This risk is highest, though not confined
to a distinct subgroup of predominantly male patients
with indolent systemic mastocytosis characterized by
an otherwise paucisymptomatic course, the absence
of cutaneous mast cell infiltrates, and only mild to
moderate basal serum tryptase elevation [28]. This is
in accordance with the finding that tryptase values of
less than 11.4µg—the 95th percentile arbitrarily used
as a cut-off value—do not exclude underlying masto-
cytosis nor the risk of a severe systemic sting reaction
[16]. Notwithstanding the above, basal serum tryptase
elevation, as it reflects an increased individual mast
cell burden or activity, is and remains an important
indicator of a potentially severe anaphylactic sting re-
action and is thus highly relevant in routine diagnostic
risk assessment [4–8, 18].

Hereditary α-tryptasemia

Hereditary α-tryptasemia—a relatively common ge-
netic trait with an estimated prevalence of 5.5% in
the general population—is caused by an increased
number of germline copies of α-tryptase-encoding
sequences at TPSAB1 and goes along with moder-

K Risk factors in bee and Vespula venom allergy: state of the art 3



review

ately elevated basal serum tryptase levels. Recent
observations suggest an increased incidence of both
systemic mastocytosis and severe systemic sting reac-
tions—hereditary α-tryptasemia might thus constitute
the hitherto first genetic risk factor for severe sting-
induced anaphylaxis [29]. The increased risk of severe
anaphylaxis was attributed to naturally forming α-/β-
tryptase heterotetramers [30], which were demon-
strated to increase protease-activated receptor-2-
dependent endothelial permeability in vitro [29].

Sex

A predominance of male subjects ranging around
55% is consistently observed in cohorts of venom-
allergic patients [5–8], and an increased risk of severe
reactions in men compared to women was detected
by some [8]—though not all [5]—groups. This male
overhang, which is also reflected in series of fatal
sting reactions [11, 19, 20], most likely results from
more intensive exposure to stinging insects due to
gender-specific occupational or leisure outdoor ac-
tivities. In accordance with this assumption, a pro-
nounced predominance of men (84.4%) was found
in a recent study assessing allergy and sensitization
to Hymenoptera venoms in a cohort of fishers and
hunters [31].

Causative venom

Some authors observed more severe systemic sting
reactions in patients allergic to vespid venom com-
pared to those allergic to bee venom [8, 24]. Though
this finding was not consistently confirmed by other
groups [4, 5, 18], there is no indication of the con-
trary, meaning that—despite its association with VIT-
induced anaphylactic reactions and higher rates of
treatment failure (see below)—honeybee venom al-
lergy is not a risk factor for severe sting-induced ana-
phylaxis.

Older age

Older age is associated with an increased risk of both
severe anaphylactic reactions in general and severe
sting reactions in particular [4–8, 13, 18]. Accord-
ingly, severe sting-induced anaphylaxis is consid-
erably less common in children and adolescents [32,
33]. While the mechanism underlying this age-depen-
dent increase of severe anaphylactic sting reactions
is incompletely understood, it appears reasonable to
assume that children and young adults are generally
more healthy, whereas comorbidity and particularly
cardiovascular disease become more frequent with
increasing age [33]. The tight connection between
older age, cardiovascular comorbidity and cardiovas-
cular medication, however, impairs separate statistical
evaluation of these parameters [34]. Several authors
have observed an age-dependent rise of basal serum

tryptase concentrations as a potential indicator of an
increasing mast cells burden or mast cell activity [6,
7, 33].

Cardiovascular disease

Data on all-cause anaphylactic reactions—that is in-
dependent of the eliciting allergen—suggest a more
severe course in patients with cardiac comorbidity as
compared to healthy controls [35, 36], possibly due
to an impaired compensation of mast-cell mediated
cardiac symptoms [37]. Moreover, severe anaphylaxis
may coincide with cardiac ischemia or even myocar-
dial infarction. Acute coronary syndrome as a com-
plication of anaphylaxis is referred to as “Kounis syn-
drome” and has been described in venom allergy by
several authors [38, 39]. In accordance with these
observations, autopsy findings revealed cardiovascu-
lar shock and circulatory arrest as the most frequent
cause of death in fatal sting reactions [40]. Somewhat
surprisingly, several retrospective studies specifically
assessing risk factors for severe systemic sting reac-
tions did not confirm an aggravation of venom-in-
duced anaphylaxis by cardiovascular comorbidity [5,
8, 18], whereas recent data originating from the Eu-
ropean Anaphylaxis Registry suggest an unfavorable
impact [13]. An obvious limiting factor of all men-
tioned studies is that cardiovascular comorbidity was
assessed as a whole, meaning that no differentiation
was made between mere arterial hypertension and
potentially more relevant cardiac conditions such as
coronary artery disease or chronic heart failure. Suffi-
ciently large studies considering distinct cardiac dis-
eases will be required to clarify their respective impact
on the severity of anaphylactic sting reactions. In the
meantime, venom allergic cardiac patients should be
considered at an increased risk of a severe systemic
sting reaction and thus as preferential candidates for
VIT.

Cardiovascular medication

Other than the risk factors discussed above, antihyper-
tensive medication is modifiable—it can be changed
or discontinued and is thus a potential target for risk
reduction. Safety concerns regarding the use of an-
tihypertensive drugs in venom-allergic patients were
brought up in the 1980s based on case reports sug-
gesting an aggravation of sting-induced systemic re-
actions by beta-blockers [41], supposedly by counter-
acting the effects of endogenously released and ther-
apeutically administered catecholamines. Recent ret-
rospective studies specifically assessing risk factors for
severe systemic sting reactions, however, did not con-
firm an unfavorable effect of beta-blockers [5, 8, 18].
The focus of interest subsequently moved towards an-
giotensin-converting enzyme (ACE) inhibitors, which
were observed to potentially aggravate sting-induced
anaphylaxis by several [8, 13], but not all [4, 5] groups.
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ACE inhibitor-mediated augmentation of anaphylaxis
was theoretically explained by impaired degradation
of anaphylaxis mediator bradykinin and/or a direct
interaction of ACE inhibitor and mast cell, and an ad-
ditive negative effect of both ACE inhibitors and beta-
blockers was observed in a mouse model [42]. Retro-
spective studies assessing all-cause anaphylaxis were
likewise suggestive of an aggravation by cardiovascu-
lar medication [13, 24, 42]. Effects of multicollinearity
arising from the close association of antihypertensive
medication with both older age and cardiac comor-
bidity, however, impair statistical evaluation of car-
diovascular medication as an individual predictor of
severe anaphylaxis. Accordingly, an overall low quality
of evidence due to insufficient control of confounders
was ascertained in a recent meta-analysis investigat-
ing observational studies on the relationship between
anaphylaxis and cardiovascular medication [34]. This
problem was recently addressed in an observational
multicenter trial including a sufficiently large cohort
of patients (n=1425)—study data provide robust evi-
dence that taking beta-blockers or ACE inhibitors is
not an independent risk factor for severe systemic
sting reactions [18]. Leaving aside these considera-
tions, any recommendation to change or discontinue
an established antihypertensive medication in order
to minimize the risk of a severe sting reaction needs
to be weighed against the benefit of guideline-directed
treatment on the morbidity and mortality of the un-
derlying cardiovascular disease [34, 43].

Anaphylactic side effects of VIT

VIT goes along with repetitive exposure to the causative
venom and is thus a potential elicitor not only of large
local reactions, but also occasionally of anaphylaxis
[44]. Available data on anaphylactic side effects of
VIT are based on a number of retrospective [33, 43,
45, 46] and prospective [18, 47–49] studies (Fig. 1)
of varying size and design. The overall incidence of
VIT-induced systemic reactions reaches 3–20% [18,
43, 45–47, 49]. The broad range is presumably due
to the use of different anaphylaxis grading systems
[50, 51] and inconsistent definition of anaphylactic
side effects, including subjective reactions in some
studies. Additional factors (e.g. choice of therapeutic
venom preparation and treatment protocol) that in-
fluence the incidence of treatment-related side effects
and may vary between study centers will be discussed
below.

Themajority of objective VIT-related systemic reac-
tions present as isolated urticaria and/or angioedema.
Mucocutaneous symptoms may develop with a de-
lay of several hours following VIT injections and usu-
ally respond well to antiallergic treatment [50]. Pre-
medication with antihistamines may be considered
in order to prevent this inconvenient but controllable
side effect of VIT [52]. Full-blown anaphylaxis involv-
ing one or several extracutaneous organs is less com-

mon [18, 43, 45, 46, 49, 50]. It usually evolves within
minutes of VIT injections and may take a dynamic
course [50]. Still, adequate monitoring and antialler-
gic treatment generally enable effective control, and
the 100µg standard maintenance dose can be safely
reached and maintained in the majority of affected
patients [43, 50]. Off-label medication with anti-IgE
antibodies may be considered in the rare case of repet-
itive VIT-induced anaphylaxis in order to enable con-
tinuation of treatment [53]. Fatal VIT-related anaphy-
laxis is a rarity and has only been observed anecdo-
tally. Published case reports documented a question-
able relation between VIT and fatal reaction due to ei-
ther co-administration of other allergens [54], or dis-
continuation of essential cardiovascular drugs as an
alternative trigger of fatal ventricular arrhythmia [55].
The history of a severe index-sting reaction is not pre-
dictive of VIT-related side effects [18, 43, 47].

Causative venom

Studies assessing the safety of VIT consistently found
that anaphylactic complications are more frequent
during treatment with honeybee compared to Vespula
venom [18, 33, 43–47, 49]. Inferior tolerability of bee
venom presumably results from its more complex
composition and higher number of relevant allergens,
the respective content of which significantly differs
between venom products from different manufactur-
ers [56]. One group observed a higher rate of bee
VIT-induced anaphylactic reactions in patients with
predominant sensitization to melittin (Api m 4) [57].

Therapeutic venom preparation

There is a lack of studies comparing the safety profile
of commercial venom preparations provided by dif-
ferent manufacturers. All therapeutic venom products
are derived from natural honeybee or Vespula venom,
but information specifying the respective steps of
processing and purification is scarce [56]. Avail-
able data suggest a better tolerability and especially
a lower rate of large local reactions at the injection
site if highly purified venom products—this does in-
clude ALK-lyophilisiert SQTM (ALK-Abelló Arzneimittel
GmbH, Hamburg, Germany, referred to as AquagenTM

in some countries)—are used [48]. This has been at-
tributed to a reduced content of low-molecular com-
ponents and bioactive peptides [48, 58]. Conversely,
venom preparations undergoing less intensive pu-
rification—as for example ALK RelessTM (ALK-Abelló
Arzneimittel GmbH, Hamburg, Germany, internation-
ally referred to as PharmalgenTM), Bencard VenomilTM

(Bencard Allergie GmbH, München, Germany), and
HAL Allergy VenomenhalTM (HAL Allergie GmbH, Düs-
seldorf, Germany) may contain a broader and more
representative spectrum of different venom allergens,
which might represent a therapeutic advantage, es-
pecially in the case of honeybee venom (see below
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for details) [56, 59, 60]. Superior tolerability was also
documented for aluminum hydroxide adsorbed depot
preparations such as ALK depot SQTM/Alutard SQTM

(ALK-Abelló Arzneimittel GmbH, Hamburg, Germany,
internationally referred to as Alutard SQTM) which are
available for conventional dose increase and mainte-
nance of VIT [58].

Treatment protocol

Anaphylactic reactions most frequently occur during
the build-up phase of VIT [49] once doses exceeding
20µg have been reached [61]. They are more com-
mon in the course of rush or ultra-rush schedules
compared to conventional build-up [47, 49], espe-
cially in protocols involving a critical number of single
injections [46] and high cumulative daily doses [43].
A higher incidence of VIT-induced systemic reactions
was likewise observed during VIT build-up according
to cluster protocols by some authors [62].

Mastocytosis

It is generally assumed that concurrent mastocytosis
goes along with an increased incidence and possi-
bly an augmented severity of VIT-induced anaphylaxis
[27]. Studies evaluating the safety of VIT in venom al-
lergic mastocytosis patients, however, yielded contro-
versial results. An increased incidence of VIT-related
adverse reactions in the case of underlying mastocy-
tosis was observed in a number of relatively small ret-
rospective case series [63, 64]. Accordingly, Ruëff et al.
described a log-linear association between increasing
baseline serum tryptase levels and the necessity of
anti-allergic treatment in the course of VIT build-up
with vespid venom [47]. Other works including the re-
cent prospective multicenter study by Sturm et al. did
not confirm an effect of basal serum tryptase concen-
tration or underlying mastocytosis [18]. Of note, none
of the mentioned studies focusing on the overall inci-
dence of VIT-induced adverse events permits any con-
clusion regarding their respective severity, meaning
that no definite statement can be made on whether or
not VIT-related anaphylaxis may be aggravated by un-
derlying mastocytosis. Still, there is broad consensus
that the benefit of VIT outweighs its risks, also and es-
pecially in mastocytosis patients who are at substan-
tial risk of severe and potentially fatal anaphylactic
sting reactions (see above), whereas VIT-induced ana-
phylaxis is both calculable and treatable [27, 63–65].

Age and sex

In some contrast to the finding of an age-dependent
aggravation of field-sting induced anaphylaxis (see
above), there is no evidence of a higher incidence or
greater severity of VIT-related anaphylactic adverse
events in older age [18, 43, 49]. On the contrary,
the frequency of VIT-induced anaphylaxis was found

to gradually decrease with age by some groups [47],
and others observed an increased incidence in chil-
dren and adolescents compared to adult controls
[33]. Minor age, however, was not confirmed as an
independent risk factor as the higher frequency of
treatment-induced systemic reactions in children was
attributed to a greater proportion of bee-venom aller-
gic patients and thus to the inferior tolerability of bee
venom products [33]. Women were suggested to be at
an increased risk of VIT-related anaphylaxis by some
groups [49], while a significant sex-related effect was
not observed by others [43, 47].

Cardiovascular medication and cardiovascular
disease

An aggravating effect of cardiovascular medication,
and particularly of ACE inhibitors and beta-blockers
on the incidence or the severity of VIT-related ana-
phylactic reactions has long been the subject of con-
troversial discussion, but is to date only supported
on the level of case reports [66]. Studies on risk fac-
tors for VIT-induced anaphylaxis—including but not
restricted to the recent prospective European multi-
center study by Sturm et al. [18, 43, 45, 47, 55]—con-
sistently did not confirm an association between car-
diovascular medication and the incidence of VIT-re-
lated anaphylaxis. Available data thus do not justify
modification of an established antihypertensive treat-
ment prior to the initiation of VIT for safety reasons.
Due to the lack of respective data, no definite state-
ment, however, can to date be made regarding a po-
tential influence of cardiovascular medication on the
severity of VIT-induced anaphylaxis. The same ap-
plies for concurrent arterial hypertension or cardiac
comorbidity which were not found to go along with
an increased incidence of VIT-induced anaphylactic
side effects [18, 50].

Treatment failure

Allergen-specific tolerance resulting from subcuta-
neous VIT enables effective and longstanding protec-
tion from sting-induced anaphylaxis for the major-
ity of patients [44]. The overall incidence of treat-
ment failure is about 5% during ongoing VIT [44,
67]. Whereas field sting reactions during or after VIT
are generally expected to be of lesser severity than
the initial index sting reaction, they may occasion-
ally take a severe or even fatal course [68, 69]. Sting
challenges have been advocated as the diagnostic
gold standard to monitor the effectiveness of VIT and
are widely practiced in German-speaking countries
[1, 70–72], albeit less on an international level [14,
15]. Reproducibility of a single field sting and thus
its predictive value for the individual patient remain
a debated issue [1]. Large series of sting challenges
during the maintenance phase of VIT, however, pro-
vide a sound statistical basis for the identification
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of risk factors for treatment failure and are thus of
scientific importance [67]. Both the actual incident
of an anaphylactic relapse reaction due to a field or
challenge sting, and the presence of risk factors pre-
dictive of treatment failure, require consideration of
measures for risk reduction (Table 1) including dose
increase, prolongation of VIT and long-term supply
with an emergency set [21]. The risk of treatment fail-
ure is higher in patients developing an anaphylactic
adverse event during VIT [67, 73], further risk factors
will be discussed in detail below.

Causative venom and venom preparation

Honeybee VIT is clearly associated with a higher risk
of relapsing sting reactions as compared to Vespula
VIT [67, 73, 74]. This might in part be due to the larger
amount of venom toxin delivered by a bee sting [1].
Moreover, honeybee venom contains a larger num-
ber of potentially relevant allergens, and sensitization
profiles differ between individual patients. In particu-
lar, dominant sensitization to Api m 10 (icarapin), an
instable bee venom allergen of low abundance, has
been identified as a potential predictor of treatment
failure [59]. Due to product-specific methods of pro-
cessing and purification, commercial venom prepara-
tions considerably differ with regard to their respec-
tive content of Api m 10 [59], and possibly also of Api
m 3 and Api m 5 [56], which may be underrepresented
in the final therapeutic product. Hypothetically, treat-
ment with a venom product of “lesser” purification
and thus higher content of instable Api m 10 may op-
timize protection in bee venom allergic patients with
dominant sensitization to icarapin [60]. Evidence sup-
porting this approach, however, is to date restricted to
the level of case reports [60, 75].

Dose and duration of VIT

VIT efficacy is dose-dependent, and an increased rate
of treatment failure is to be expected if only 50µg per
injection are given during VIT maintenance instead
of the 100µg standard dose [76]. Accordingly, increas-
ing the maintenance dose from 100 to 200µg is con-
sidered to further optimize protection [67, 70]. Dose
increase is recommended in case of a relapsing sting
reaction while on standard 100µg maintenance VIT
[1, 70, 71] and may also be adequate for venom al-
lergic bee keepers at risk of multiple stings and for
mastocytosis patients [1, 70].

Protection is established shortly after updosing of
VIT [77], is considered to be optimal several months
into the maintenance phase [67] and to partially de-
crease following VIT discontinuation [74]. Premature
discontinuation of VIT after only 1 or 2 years has
been associated with an increased risk of relapse [78],
whereas 3 to 5 years of treatment are considered suf-
ficient for most patients [74, 79]. Extended prolonga-
tion of VIT is generally recommended formastocytosis

patients [27] and in case of high exposure due to on-
going bee keeping activities. Based on an individual
risk assessment, it may also be appropriate in patients
with very severe index sting reactions or systemic ad-
verse events during VIT [1].

Repetitive exposure

The assumption that patients undergoing multiple re-
stings are at an increased risk of treatment failure
[74, 80] is plausible, but not without controversy as
it could not be reproduced in series of repetitive chal-
lenge stings following VIT discontinuation [79].

Mastocytosis

Clonal mast cell disease is presumably associated with
a higher incidence of anaphylactic field stings reac-
tions during VIT [64] or after its discontinuation [27,
68]. This is in line with the observation that a se-
vere initial index sting reaction might be predictive
of future treatment failure [78]. Evidence support-
ing this assumption, however, is relatively poor. Ruëff
et al. did not observe an association between base-
line serum tryptase elevation and the rate of treat-
ment failure in 357 patients undergoing sting chal-
lenges (n= 154) or reporting field stings (n= 203) dur-
ing the maintenance phase of VIT [73], but suggested
tryptase values exceeding 20µg/L and concurrent cu-
taneous signs of systemic mastocytosis to be predic-
tive of systemic reactions to challenge stings in a sub-
sequent publication [67].

Irrespective of its overall incidence, relapsing sting-
induced anaphylaxis may take a severe (and occasion-
ally fatal) course in mastocytosis patients [27, 63, 68,
69]. As a consequence, most [1, 14] though not all
[15] international guidelines on VIT recommend pro-
longed or even life-long treatment in case of concur-
rent mastocytosis.

Age and sex

There no indication of sex being a predictor for treat-
ment failure [67, 73]. Older age was not identified as
a risk factor per se [67, 73], but long-term outcome
in children is considered to be superior compared to
adults [12].

Cardiovascular medication and cardiovascular
disease

An increased risk of relapsing sting reactions has
been discussed for patients receiving antihyperten-
sive treatment, especially with ACE inhibitors or beta-
blockers. Available data, however, are inconsistent.
Whereas no cases of relapsing anaphylaxis were found
in patients taking beta-blockers (n=9) or ACE in-
hibitors (n=15) upon re-exposure to stings of the
culprit insect in the 2013 prospective observational
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multicenter study by Ruëff et al. [73], an association
of ACE inhibitor medication and treatment failure was
suggested in a retrospective study examining a con-
siderably larger, but overlapping series of patients
undergoing a sting challenge [67]—the latter might be
biased by preselection of high-risk patients as both
ACE inhibitors and beta-blockers were discontinued
prior to the sting challenge whenever considered justi-
fiable by a cardiologist. No indication of an increased
incidence or severity of relapsing sting-induced ana-
phylaxis in patients taking ACE inhibitors or beta-
blockers was found in the prospective multicenter
study by Sturm et al. upon evaluation of 210 re-stings
during VIT maintenance [18]. Due to the lack of re-
spective data, no statement can be made with regard
to cardiovascular disease as a risk factor for treatment
failure.

Conclusions

� Risk factors for severe systemic sting reactions, ana-
phylactic side effects of VIT (venom immunother-
apy), and treatment failure overlap, but are not iden-
tical.

� Indolent systemic mastocytosis and older age are
the main risk factors for severe sting-induced ana-
phylaxis; thus, they reinforce the indication for VIT.

� Cardiovascular medication does not increase the in-
cidence of VIT-induced anaphylactic reactions.

� The potential effect of defined cardiovascular con-
ditions on the severity and outcome of anaphylactic
sting reactions has yet to be assessed.

� Honeybee venom allergy is the most relevant risk
factor for both anaphylactic reactions during VIT
and treatment failure.

� Full-blown anaphylaxis is a rare and generally con-
trollable complication of VIT.

� Treatment failure may be overcome by use of higher
maintenance doses and prolongation of VIT.
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