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Chapter 1

1.1 | THE WORLD OF HYMENOPTERA

Hymenoptera is the third-largest order of insects, consisting of over 150.000 species. Although 

some members are regarded as pests (e.g. sawflies, ants, and wasps), most have an important 

role in the environment, either as natural enemies of plant destructive insects, or as pollinators 

of flowering plants. The name Hymenoptera derives from the ancient Greek words ύμήν 

(humḗn, or membrane) and πτερόν (pterón, or wing), and refers to the membranous wings 

of the insects. The order of Hymenoptera is divided in two suborders: the Symphyta, which 

have a broad connection between the thorax and abdomen, and the Apocrita, which have a 

constriction between the first and second abdominal segments (called petiole or wasp-waist) 

(Figure 1).1 The Apocrita contains a subgroup that is of medical interest, the Aculeata, as a part 

of its families is responsible for all human stings. These families are the Apidae (bees), Vespidae 

(wasps) and Formicidae (ants).

 Only female Hymenoptera are able to sting, as the stinger is an evolutionary modification 

of the ovipositor, or egg-layer. The ovipositor is designed as a blade-like tube, swung down 

by two pairs of muscles, enabling it to insert the eggs vertically into hosts or otherwise 

inaccessible places.2 In most Hymenoptera, the eggs are now laid from the base of the stinger 

and the tip of the stinger is used to inject venom with the purpose to defend the nest or to 

immobilize pray. The venom is produced in the acid gland and stored in the venom sac, from 

which it is squeezed at the moment of the sting. Apidae have a barbed stinger, while Vespidae 

have a relatively smooth stinger. Therefore, the stinger of the Apidae usually becomes lodged 

in the victim’s skin, while Vespidae usually can sting repeatedly as the stinger will be retracted. 

The venom sac and gastrointestinal tract are attached to the stinger, resulting in evisceration 

of the insect and its subsequent death when it loses its stinger.

 The genera Dolichovespula and Vespula account for most stings in humans as they are the 

most aggressive in colony defense and show pugnacious behavior around human food sources. 

These genera are commonly known as wasps in Europe or yellow jackets in the United States 

of America (referring to the bright yellow and black jagged bands). Throughout this thesis, 

both terms are interchangeably used. In Central and Northern Europe, Vespula germanica and 

Vespula vulgaris are the most prevalent Vespidae whereas Polistes are more widespread in 

Mediterranean areas. Stings to Apidae species such as Apis mellifera (honeybee) or Bombus 

species (bumblebees) are less common because they are relatively docile insects and allergic 

reactions to these Hymenoptera are mostly an occupational hazard for beekeepers or people 

working in greenhouses in which bumblebees are used as pollinators. Formicidae (ant) stings 

are rarely observed in Europe but do occur in the United States of America and Australia. As the 

research of this thesis was performed in the Northern and Central part of Europe (Groningen, 

Aarhus, Munich, Marburg, Freiburg and Vienna) it will focus on the Vespula germanica, Vespula 

vulgaris and Apis mellifera.
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Chapter 1

1.2 | HYMENOPTERA VENOM

Hymenoptera venom is mainly an aqueous solution that contains a complex mix of high 

molecular weight proteins, peptides and low molecular weight bioactive amines.3 Bioactive 

amines (e.g. histamine and acetylcholine) and some of the proteins (e.g. kinins) cause a 

depolarization of the nerve endings, resulting in a burning sensation, itching, and pain. 

Furthermore, they can cause vasodilatation and an increased vascular permeability, leading 

to local swelling, warmth and erythema. These mild local symptoms will subside within 

24 hours, although a small reaction may remain visible for a few days. Aside from the usual 

local symptoms, more severe reactions are classified into large local allergic reactions, systemic 

allergic reactions, toxic reactions, or unusual reactions (e.g. complement activation).1 Most of 

these reactions involve an allergy to the venom, which will be the scope of this thesis.

 Several proteins in Hymenoptera venom are allergenic, most of which are 10–50 kDa 

glycoproteins containing 100–400 amino acid residues (Table 1).4-6 Major allergens (allergens, 

recognized by IgE antibodies of > 50% of patients sensitized to the allergen source) in bee 

venom are Api m 1, Api m 2, Api m 3, Api m 5 and Api m 10, and in yellow jacket venom (YJV) 

Ves v 1, Ves v 3 and Ves v 5.5,6 Most of these allergens cover the major fraction of the overall 

IgE response against the allergen source and are therefore thought to be of clinical relevance. 

However, the association of the individual allergens with the severity of the symptoms is 

unclear. Some of these major allergens, such as Api m 1 and Ves v 5, have been isolated and 

produced in the recombinant form for diagnostic purposes (paragraph 1.7).

Table 1 | Important allergenic molecules of Apis mellifera and yellow jacket venom.5,6

Allergen Name Molecular weight  
(kDa)

Sensitization rate  
(%)

Honey bee (Apis mellifera) venom

Api m 1 Phospholipase A2 17 57–97

Api m 2 Hyaluronidase 45 46–52

Api m 3 Acid phosphatase 49 50

Api m 4 Melittin 3 23–43

Api m 5 Allergen C/dipeptidyl peptidase IV 100 58–60

Api m 10 Carbohydrate-rich protein/icarapin 55 52–62

Api m 12 Vitellogenin 200 50

Yellow jacket (Vespula species) venom

Ves v 1 Phospholipase A1 35 33–54

Ves v 2 Hyaluronidase 45 20–25

Ves v 3 Dipeptidyl peptidase IV 100 50–63

Ves v 5 Antigen 5 25 85–100

Ves v 6 Vitellogenin 200 39
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1.3 | EPIDEMIOLOGY AND MECHANISM OF HYMENOPTERA VENOM 
ALLERGY

Approximately 9.2–28.7% of the adult population shows sensitization to Hymenoptera 

venom.7-10 Sensitization is usually transient; in the first month after a sting > 30% of the patients 

show sensitization, which is decreased by 30% after two years, and 50% after three years.7 

The prevalence of large local and systemic reactions in the general population is estimated 

at 18.6% and 0.3–7.5%, respectively.8-10 Allergic reactions to Hymenoptera venom range from 

late-phase large local reactions limited to the site of the sting to immediate systemic reactions 

with generalized skin, gastrointestinal, respiratory, or cardiovascular system involvement.11 

Systemic reactions to Hymenoptera stings represent one of the leading causes of anaphylaxis, 

being responsible for up to one third of all anaphylactic reactions. 12-15 In this thesis, we will 

focus on the systemic reactions.

Figure 2 | Sequence of events in allergic reactions. 

Systemic allergic reactions to Hymenoptera stings are immunoglobulin E (IgE)-mediated 

hypersensitivity reactions (Figure 2). For such a reaction to occur, at least one prior sting is 

required in which the individual was sensitized. At the first encounter with venom, antigen-

presenting cells in the skin (e.g. dendritic cells) capture the allergens and transport them to the 

draining lymph nodes, process the allergens into peptides and present the peptides to naive 

CD4+ T cells.16 The presentation of peptides causes naive T cells to differentiate into T helper 

2 (TH2) cells and follicular helper T (TFH) cells, that both secrete cytokines such as interleukin 

(IL)-4 to promote further TH2 differentiation, which is a hallmark of allergic disease. TH2 and 

follicular helper cells express CD40 ligand and produce the cytokines IL-4 and -13, which are 

mainly responsible for inducing heavy chain isotype switching in B-lymphocytes to IgE. This 

causes some B-lymphocytes to turn into IgE producing plasma cells. If free allergen specific 
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Chapter 1

IgE (sIgE) from plasma binds to the specific FcεRI receptor on a mast cell or basophil, the cell is 

‘sensitized’ to the specific allergen.

 At re-exposure to the allergen, the allergen will cross-link the FcεRI receptors on the 

mast cell resulting in three types of biologic response: a secretion of preformed granule 

mediator contents such as histamine and tryptase by exocytosis (degranulation), synthesis 

and secretion of lipid mediators such as prostaglandin D2 and platelet-activating factor, and 

synthesis and secretion of cytokines such as IL-4 and -13. The first two responses cause the 

immediate symptoms of an allergic reaction while the latter results in a late-phase reaction 

by inflammation and effectuate preservation of the allergic response by mast cell proliferation 

and stimulation of IgE production. To confirm the diagnosis of a mast cell mediated reaction, 

measuring the concentration of tryptase in serum or histamine metabolites in urine within 

several hours of an event compared to baseline values can be useful.

1.4 | CLINICAL SYMPTOMS AND CLASSIFICATION OF ALLERGIC 
STING REACTIONS

1.4.1 | Large local reactions
Large local reactions are the least severe allergic sting reactions and are defined by a swelling 

of the skin that exceeds a diameter of 10 cm and lasts longer than 24 hours.1 These reactions 

usually progress slowly, peak at 48–72 hours, and subside after 5–10 days. The swelling can 

involve an entire extremity, and may be accompanied by systemic inflammatory symptoms 

such as malaise, nausea, shivering, fever, or headaches. Although large local reactions may 

be very disturbing and discomforting, they usually are not life threatening. Contrary to 

the general belief, most patients with large local reactions will develop similar reactions at 

subsequent stings and only 5–10% of the reactions will evolve into a systemic reaction, which 

is comparable to the estimated risk of asymptomatically sensitized individuals (patients with 

positive skin tests or sIgE in serum but without a previous sting reaction).7,8,17,18

1.4.2 | Systemic reactions
Systemic reactions are defined by signs and symptoms distant from the sting and can 

demonstrate a spectrum of manifestations. In the skin, systemic reactions often present 

as generalized urticaria, flushing, or pruritus. Cutaneous signs can be observed in 80% of 

systemic reactions but are the sole manifestation of a reaction in only 15% of all cases.19,20 

Gastrointestinal manifestations such as abdominal cramps, vomiting, and diarrhea result 

from mucosal edema and spasms of smooth muscles of the intestine. Symptoms of the 

respiratory tract and larynx such as throat tightness, dysphagia, stridor, dysphonia, wheezing 

or dyspnea develop through bronchospasm and/or laryngeal edema. Vasodilatation and 

vascular leak result in cardiovascular symptoms with a fall in blood pressure, collapse and 
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1
loss of consciousness, ultimately leading to death due to cerebrovascular hypoperfusion. 

Anaphylactic reactions can be very traumatic, resulting in an altered health-related quality of 

life because of fear of recurrence.21

 Various classification systems have been developed to grade systemic reactions of which 

those by Müller and by Ring and Messmer are the most frequently referred to (Table 2).22,23 

Throughout this thesis, reactions are graded according to one of these systems, depending on 

the center in which the specific research was performed.

Table 2 | Classification systems of systemic reactions to Hymenoptera stings.

Grade Signs and symptoms according to Müller22

Grade I Generalized urticaria, itching, malaise and anxiety.

Grade II Any of the above plus two or more of the following: angioedema, chest constriction, nausea, 
vomiting, diarrhea, abdominal pain, and dizziness.

Grade III Any of the above plus two or more of the following: dyspnea, wheezing, stridor, dysarthria, 
hoarseness, weakness, confusion, and feeling of impending disaster.

Grade IV Any of the above plus two or more of the following: fall in blood pressure, collapse and loss of 
consciousness, incontinence, and cyanosis.

Grade Signs and symptoms according to Ring and Messmer23

Grade I Skin symptoms and/or mild fever reaction.

Grade II Measurable, but no life-threatening cardiovascular reaction (tachycardia, hypotension), 
gastrointestinal disturbance (nausea), or respiratory disturbance.

Grade III Shock, life-threatening spasm of smooth muscles (bronchi, uterus, etc.).

Grade IV Cardiac and/or respiratory arrest.

1.5 | RISK FACTORS FOR (SEVERE) SYSTEMIC STING REACTIONS

The development of sensitization and systemic sting reactions is related to venom exposure, 

as is indicated by a relatively high prevalence of systemic reactions in beekeepers and in 

the Southern European countries, which correlates to the presence of Hymenoptera in the 

environment.24-27 A time interval < 2 months between two stings increases the risk of a first 

systemic reaction with 58%.1,28 With an increasing interval between stings the risk declines, 

but remains about 20–30% even after 10 years. A large number of simultaneous stings in 

one occasion may also sensitize an individual, resulting in asymptomatic sensitization or 

anaphylaxis on the following sting.28

 Systemic reactions can present at any age although they occur less often and are 

mostly mild in children, while individuals above 65 years of age are at risk for more severe 

reactions.29,30 Until now, it has not been elucidated if the lower risk in children results from a 

lower lifetime venom exposure or from a steeper decrease of sIgE after a sting.31 Some say that 
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the increasing risk of severe reactions with aging is partially related to comorbidity, such as the 

presence of cardiovascular disease and related treatment with beta-blockers or angiotensin-

converting enzyme (ACE) inhibitors. Although it seems logical that patients with pre-existing 

cardiovascular disease are at risk for cardiovascular symptoms and thus more severe reactions, 

reports are contradictory.32,33 The same holds true for the use of beta-blockers and/or ACE 

inhibitors, which hypothetically could lead to more severe and protracted anaphylaxis due 

to beta-adrenergic blockade and impaired degradation of bradykinin and imbalances in the 

renin-angiotensin system.33-36

 Remarkably, there is no association between either the occurrence or severity of systemic 

reactions and an atopic constitution or anaphylaxis from other sources.37,38 Some postulate 

that high levels total IgE (> 250 kUA/L) might even be protective.39 However, high levels of 

free circulating IgE could also indicate absence of systemic mastocytosis, which is a known 

risk factor for severe systemic reactions. This phenomenon is also observed for Hymenoptera 

venom-sIgE, which is usually lower in patients with indolent systemic mastocytosis (ISM) as 

discussed in Chapter 3.

 There is a strong relationship between the occurrence and severity of reactions and 

elevated baseline serum tryptase (bsT) levels, which is attributed to the mast cell burden (mast 

cell number and activity) because tryptase is almost exclusively produced by mast cells.40 

About 10% of the population allergic to Hymenoptera venom has an elevated bsT level.36,41 

Earlier studies showed that even a small increase in this level seems to be associated with 

more frequent and severe systemic reactions.36 Of note, bsT consists of enzymatically inactive 

α- and β-protryptase which is spontaneously secreted by mast cells without stimulation, 

while tryptase levels after mast cell degranulation consist of mature β- and γ-tryptase.42 It is 

questionable whether the bsT itself causes an increased risk for severe systemic reactions, 

or if it is a marker of mast cell disease. Within the group of mast cell diseases, patients with 

ISM (paragraph 1.9) represent a particular risk group for frequent and severe anaphylactic 

reactions. This increased risk probably relates to an excessive release of mast cell mediators 

after exposure to Hymenoptera venom.43

1.6 | RECURRENCE OF SYSTEMIC STING REACTIONS

Remarkably, the risk of recurrence of a reaction to a subsequent sting in patients with a 

clinical history of an anaphylactic sting reaction and sensitization to venom is not 100%.44 One 

of the major determinants is the reaction severity; adults with a recent history of a severe 

systemic reaction (Müller grade IV) generally have a 60–70% chance of a systemic reaction 

to a subsequent sting, while those with a moderately severe reaction (grade II–III) have an 

intermediate risk of 40%, and those with a mild reaction (grade I) only have a risk of 20%.45
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In-hospital sting challenges with living insects are the gold standard for prognosis with 

respect to the risk and severity of a systemic reaction to future stings and eligibility for venom 

immunotherapy (VIT). However, sting challenges are hampered by many disadvantages such 

as aversion of patients to the test, an inability to grade it incrementally (with the resulting 

risk of severe anaphylaxis), inability to use blinded protocols (with the resulting interpretive 

difficulties), seasonal (un)availability of insects, and, importantly, inconsistency of clinical 

responses, possibly due in part to insect variability.46 Furthermore, at least three challenges 

with a negative result have to be performed in order to exclude the diagnosis of Hymenoptera 

venom anaphylaxis, because a systemic reaction does not present itself following every sting.47 

In view of the risk of severe anaphylaxis, sting challenges are no longer deemed ethical as a 

diagnostic tool in general practice and most clinics no longer use them. As a consequence, the 

decision to start VIT is based on a general estimate of risk (history and sensitization) instead 

of the individual chance. In view of the 20–70% recurrence rate, this introduces a major risk of 

potential over-treatment with VIT.

1.7 | DIAGNOSIS OF SYSTEMIC HYMENOPTERA VENOM ALLERGY

Diagnosis of Hymenoptera venom allergy mainly relies on a clinical history of systemic sting 

reactions, or sensitization as demonstrated by a positive skin test and/or serological detection 

of venom-sIgE.1 The history is the most critical component, as venom sensitization can be found 

in about 10–30% of subjects who are clinically asymptomatic.48-51 Information is gathered on 

the number, date and site of all stings, symptoms seen in subsequent stings in the course of 

time, clues as to the type of culprit insect, factors surrounding the sting event (e.g. patient 

activity), risk factors associated with severe reactions, and risk factors for repeated stings.1

 Generally, physicians rely upon skin tests or quantification of sIgE antibodies to confirm 

their clinical suspicion and discriminate between YJV allergy and honeybee venom allergy, 

as patients are generally poor insect discriminators.52,53 The outcome of the skin test or sIgE 

level, however, does not correlate with the severity of previous or future sting reactions.54 

Although skin testing is more arduous than in vitro testing, it has the advantage of giving 

a quick result. Skin tests throughout this thesis are performed according to the European 

guidelines by a skin prick and/or intracutaneous injection in the volar surface of the forearm 

with a standardized venom extract of the suspected culprit and a negative and positive 

control. Stepwise incremental doses are administered ranging from 0.01–100 μg/ml for the 

skin prick test and 0.001–1 μg/ml for the intracutaneous test.1 Readings and incremental doses 

are implemented every 15 minutes until a positive skin reaction occurs or the maximum dose 

is reached. A positive prick test or intracutaneous test is defined as a wheal ≥ 3 or ≥ 5 mm, 

respectively. The sensitivity of the skin prick test is lower than that of the intracutaneous test, 

yielding a sensitivity of 50% and 90–95%, respectively.11,55
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The purpose of serological testing is to make an IgE-mediated mechanism more or less likely. 

The venom-sIgE antibody concentration is measured in vitro in patient serum against a 

standardized venom extract and gives information on the level of circulating sIgE. Historically, 

the clinical reference value has been arbitrarily set at 0.35 kUA/L, irrespective of the allergen, 

which yields a sensitivity between 83.4-91%.6 However, in patients with ISM and a clinical 

history of systemic reactions to yellow jacket stings sIgE levels are often reported below 

0.35 kUA/L.56,57 This is presumably due to the adsorption of sIgE to the surface of the expanded 

mast cell population resulting in less detectable free sIgE.57 The extent of this problem in 

ISM patients is however unknown. In Chapter 3 we evaluate the diagnostic sensitivity and 

specificity of sIgE in a large cohort of ISM patients (n = 243) with and without a clinical history 

of systemic reactions to yellow jacket stings. As a result of our study, we propose a customized 

reference value for this particular group of patients.

 Another major problem in serological sIgE testing is false positive double sensitivity to 

two different Hymenoptera species.58,59 Homologous allergens of two species can result in 

IgE-antibodies to recognize similar epitopes of two different venoms. Furthermore, clinically 

irrelevant IgE antibodies can be directed against cross-reactive carbohydrate determinants 

(CCDs). To overcome these problems, the sequence and structure of some major allergens 

have been determined and expressed in a CCD-free recombinant form. Although recombinant 

allergens are more specific than whole venom extracts, extracts are still used for the routine 

diagnostic work-up of patients because single or combined recombinant allergens are not 

able to detect all venom-sensitized patients.60,61

 Notably, in the routine use of recombinant allergens we found that IgE reactivity was 

frequently higher to the major allergen recombinant (r)Ves v 5 than to YJV extract (conventional 

YJV ImmunoCAP®) and that in some cases IgE reactivity was only detectable by rVes v 5, 

suggesting a shortage of Ves v 5 reactivity in the conventional YJV ImmunoCAP®.58 To test our 

hypothesis, we prospectively investigate the IgE reactivity to different allergen compounds 

in a multicenter trial in 308 YJV allergic patients in Chapter 2. Amongst others, we compare 

IgE reactivity to conventional YJV ImmunoCAP®, rVes v 5, and to a newly developed extract in 

which rVes v 5 was added to the YJV extract (rVes v 5-spiked YJV ImmunoCAP®).

1.8 | VENOM IMMUNOTHERAPY

VIT is the only treatment that can mitigate morbidity and prevent mortality from Hymenoptera 

stings on a long-term basis and improve the quality of life of patients by reducing the fear of 

recurrence.62,63 The efficacy of VIT is very high; systemic reactions decrease with 80–84% in bee 

venom allergic patients and with 90–95% in YJV allergic patients after VIT.9 However, VIT is not 

protective for all patients and its efficacy depends on a variety of factors of which the relative 
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1
importance is unknown as the studies available are small and lack an appropriate adjustment 

for confounders.64

 Presumed risk factors for VIT failure are bee venom allergy compared to YJV allergy, 

coexisting mastocytosis, a severe reaction to a field sting before the start of VIT, and repeated 

systemic reactions during the build-up phase.56,65-67 There is no indication that the type of up-

dosing influences the efficacy, while an increase of the maintenance dose in patients on VIT who 

still react systemically to a sting challenge seems to be effective.68,69 In Chapter 6 we evaluate 

the association of bsT concentration and cutaneous mastocytosis, likely representing cases 

with systemic mastocytosis, and other parameters with the frequency of systemic reactions 

to an in-hospital sting challenge during the maintenance phase of VIT. The investigation is 

performed in a large dataset of cases (n = 1609) with an established honeybee venom allergy 

(n = 348) or YJV allergy (n = 1261).

 Bee or Vespula species Pharmalgen® is a freeze-dried, partially purified extract of raw 

venom obtained from the venom sac of the culprit insect. 66 Supposedly it still contains all 

allergens (paragraph 1.2, Table 1) and is therefore implemented in an up-dose fashion with the 

aim of reducing systemic side effects. Various up-dose regimens are used, ranging from slow 

conventional regimens taking 12 weeks to quick ultra-rush regimens of only one day. There is 

no significant difference in occurrence of systemic side effects of the different regimens and 

systemic reactions occur in 5–15% of patients, with a higher occurrence in bee venom allergic 

patients.70,71 The standard maintenance dose is 100 μg, which was originally selected because 

it is approximately the amount of venom injected by a single honeybee sting (50–140 μg; 

the venom dose in yellow jacket stings varies from 1.7–50 μg).72,73 The maintenance dose is 

administered at 4–8 week intervals for at least 3–5 years. The chance of a systemic reaction 

to each sting after discontinuing VIT for 5 or more years is 10%, although the risk of a severe 

reaction is less than 3%.74 However, patients with mastocytosis have a higher risk of recurrence 

and therefore VIT is recommended lifelong.66

 Although up-dosing has been common practice since immunotherapy was introduced in 

1974,70 the benefit of up-dosing has not been evidenced, even though it is expensive, arduous, 

and inconvenient for patients as many injections are needed in this phase. Recently, the cost-

effectiveness of Pharmalgen® has been questioned based on a cost estimate of $27.5 million 

per quality-adjusted life year.64 Despite the controversy of this study with regard to specific 

effects on quality of life, it does suggest that critical reappraisal of current treatment regimens 

and exploration of more cost-effective options are warranted.75 It has been speculated that 

the cumulative dose only plays a minor role compared to the repetitive exposure (number 

of injections) in adverse systemic reactions to VIT, justifying large incremental steps in up-

dosing.76 

 The original study demonstrating the efficacy of VIT showed that challenges with high 

doses of purified venom did not induce systemic reactions in untreated patients while a 

subsequent sting challenge resulted in a systemic responses rate of 58%.77 This suggests that 
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the allergenicity of the venom extract, injected for VIT, is different from that of the venom, 

injected directly by a yellow jacket. Since patients showed no systemic adverse reaction to 

100 µg of YJV-extract, we hypothesized that this dose could be applied as the first single 

dose when initiating YJ-VIT in selected patients. The rationale of elimination of the up-dosing 

phase was to reduce costs, increase patient convenience, and potentially shorten the time 

needed to reach clinical protection. In Chapter 5 we present a randomized controlled pilot trial 

(n = 18), in which we investigated the effect of eliminating the up-dose phase of yellow jacket 

VIT (Pharmalgen®) in terms of elicitation of adverse reactions, clinical efficacy, immunological 

effects, and treatment costs.

1.9 | INDOLENT SYSTEMIC MASTOCYTOSIS

Patients with ISM are particularly at risk for frequent and severe systemic reactions to 

Hymenoptera stings and the prevalence of ISM is relatively high in patients with this allergy 

(prevalence up to 7.9%).41,78-81 Moreover, patients with ISM have a risk of 20–30% for systemic 

allergic reactions to Hymenoptera stings.82 Occasionally, sting reactions in ISM patients are 

fatal, as described in detail in one of our patients (Chapter 3). Awareness of ISM in patients 

with Hymenoptera venom allergy is important because it might easily be missed since a 

substantial percentage lacks the typical skin lesions and exhibits otherwise heterogeneous 

and nonspecific symptoms.83 Moreover, patients without skin lesions and Hymenoptera venom 

allergy demonstrate significantly lower bsT levels, regularly not complying with the minor 

criterion of bsT > 20 μg/L as defined in the diagnostic criteria of the World Health Organization 

(WHO) for systemic mastocytosis (Table 3). In addition to the challenge of identifying ISM 

in patients with a history of Hymenoptera anaphylaxis, the detection of sensitization in ISM 

patients has proven to be difficult because sIgE levels are often below 0.35 kUA/L (as already 

discussed in paragraph 1.7).

 ISM is the most frequently encountered form of systemic mastocytosis with an estimated 

prevalence of 13 per 100.000 inhabitants in the northern region of the Netherlands.84 

Other forms of systemic mastocytosis are systemic mastocytosis with an associated clonal, 

hematologic, non-mast cell lineage disease, aggressive systemic mastocytosis, and mast cell 

leukemia based on distinct clinico-pathological features. ISM is characterized by a clonal 

proliferation of abnormal mast cells that proliferate and accumulate in one or more organ 

system(s) with involvement of the bone marrow.43 The underlying cause is a genetic gain-

of-function mutation in the c-KIT receptor (CD 117) on the surface of the mast cell, which is 

the receptor for stem cell factor. Normal mature mast cells depend on activation of the c-KIT 

receptor by stem cell factor to increase proliferation, prolong survival, and intensify the release 

of mast cell mediators.85 However, the c-KIT mutation leads to a constitutive activation of the 

receptor, independent of stem cell factor.
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As in systemic mastocytosis, the gold standard for the diagnosis of ISM is the appropriate 

immunohistochemical analysis on a bone marrow biopsy.43 The diagnostic criteria for systemic 

mastocytosis according to the WHO criteria are depicted in Table 3.86 One major and one minor 

or three minor criteria are needed to establish the diagnosis.87,88

Table 3 | World Health Organization diagnostic criteria for systemic mastocytosis.

Major criterion Minor criteria 

Multifocal, dense infiltrates of mast cells 
(≥ 15 mast cells in aggregates) detected 
in sections of bone marrow and/or other 
extracutaneous organs.

a) In biopsy sections of bone marrow or other extracutaneous 
organs, > 25% of the masts cells in the infiltrate are spindle-
shaped or have atypical morphology, or, of all mast cells 
in bone marrow aspirate smears, > 25% are immature or 
atypical.

  b) Detection of an activating point mutation at codon 816 of 
KIT in bone marrow, blood, or other extracutaneous organs.

  c) Mast cells in bone marrow, blood or other extracutaneous 
organ express CD2 and/or CD25 in addition to normal mast 
cell markers.

  d) Serum total tryptase persistently > 20 μg/L (not valid in case 
of an associated clonal myeloid disorder).

Although ISM is a relatively uncommon disorder, it is a significant underlying condition in 

patients with a Hymenoptera venom allergy, affecting their prognosis, diagnosis, and treatment 

and therefore it is important that it is recognized and diagnosed accurately. However, because 

of its invasive character, a bone marrow biopsy is less suitable as a screening test in clinical 

practice. Currently, bsT is the most commonly used indicator for the need for a bone marrow 

biopsy. As discussed before, patients with ISM and Hymenoptera venom allergy regularly have 

a bsT < 20 μg/L. On the other hand, not all patients with a bsT > 20 μg/L have ISM. In Groningen, 

a decision tree was built to select patients suspected to have ISM for varying reasons to 

perform bone marrow examination based on the bsT in addition to the less commonly used 

urinary histamine metabolites MH and MIMA.89 This article demonstrates that the risk of ISM in 

patients with a bsT > 10 μg/L depends on MIMA and MH, being low if these levels are normal, 

but high if these are elevated.

 Factors raising the bsT in the general population are obesity, older age, and a decrease in 

kidney function.90,91 The extent of the influence of these factors on the diagnostic accuracy of 

bsT as an estimator for the need for a bone marrow biopsy is still unknown. In Chapter 4 we 

evaluate the influence of age, body mass index, and kidney function on the bsT and aim to find 

a pragmatic diagnostic strategy using widely available techniques, which would more reliably 

discriminate subjects suspected of ISM who need a bone marrow biopsy from those who do 

not. To this end, we compare the accuracy of bsT with MH and MIMA in subjects suspected of 
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having ISM (n = 194) paying special attention to those above 50 years of age and a body mass 

index over 25 kg/m2.

1.10 | AIMS AND OUTLINE OF THE THESIS

This thesis consists of a number of investigations that addresses the clinical challenges 

related to the understanding, diagnosis, and treatment of Hymenoptera venom allergy with 

a focus on patients with ISM. Because the University Medical Center of Groningen has been 

an expert clinic on mastocytosis patients in the Netherlands for several decades, all of our 

patients with Hymenoptera venom allergy have been thoroughly screened for ISM, giving us 

the opportunity to accurately investigate the effect of ISM on the diagnosis, prognosis, and 

treatment of Hymenoptera venom allergy.

 In the first part of this thesis, we address challenges in the diagnostic procedures of patients 

at risk for systemic reactions to Hymenoptera stings. Chapter 2 aims to improve the diagnostic 

sensitivity of conventional YJV extract (YJV ImmunoCAP®) by adding the major allergen Ves v 5 

in a recombinant form (rVes v 5-spiked YJV ImmunoCAP®). Chapter 3 illustrates the ramification 

of YJV sensitization in patients with ISM and we target at finding the most optimal customized 

reference value of sIgE to improve the diagnostic accuracy for this particular group of patients. 

Chapter 4 compares the ability of bsT, MH, and MIMA to discriminate between ISM-suspected 

subjects who need a bone marrow biopsy from those who do not, with a special attention to 

subjects above 50 years of age and a body mass index over 25 kg/m2.

 In the second part of this thesis, we address the challenges in the treatment of patients at 

risk for systemic reactions to Hymenoptera stings. Chapter 5 explores the effect of eliminating 

the up-dose phase of yellow jacket VIT by a randomized controlled pilot trial, comparing 

initiation of VIT by a 100-microgram dose of venom with a modified rush regimen in terms of 

elicitation of adverse reactions, clinical efficacy, immunological effects, and treatment costs. 

Chapter 6 evaluates which clinical risk factors are independently associated with VIT failure, 

as evaluated by the frequency of objective systemic reactions during an in-hospital sting 

challenge at the maintenance phase of VIT.

 In Chapter 7 a summary and general discussion of the thesis are provided, and future 

perspectives are discussed.
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