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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



Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017

507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos

13

Introduction and aims of the thesis

1
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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1
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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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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To the Editor:

Diagnosis of yellow jacket (Vespula ssp) venom allergy is based on a history of anaphylactic sting 

reactions, positive skin test responses, and/or detection of specific IgE to yellow jacket venom 

(YJV).1 However, positive skin tests or serologic results obtained with conventional venom 

extracts do not always reflect a primary sensitization but may be caused by antibodies cross-

reactive to homologous peptide sequences or to cross-reactive carbohydrate determinants. 

Additional value of IgE detection to cross-reactive carbohydrate determinant-free, species-

specific recombinant (r) Hymenoptera venom allergens, such as rApi m 1, rVes v 1, and rVes v 

5, has recently been reported in several studies.2-8 In patients with allergy to YJV, the diagnostic 

sensitivity of a combination of the currently available YJV allergens rVes v 5 and rVes v 1 has 

been reported to be as high as 92% to 96%,6,7 whereas the frequency of sensitization to rApi m 

1 in patients with allergy to honeybee venom (HBV) appears to be lower, ranging from 58% to 

80%, depending on the patient population studied.4-6,8,9

 Because a proportion of patients with allergy to insect venom, in particular those allergic 

to HBV, are missed by the currently available recombinant venom allergens, the use of venom 

extracts is still recommended as the first line of laboratory investigation. For patients in which 

the causative insect is uncertain, and/or double-positive results are obtained with conventional 

venom extracts, the second-line analysis of IgE to available recombinant allergens has been 

found to be helpful in the identification of the relevant sensitization.2,3,4,7

 During the routine use of these allergens in the diagnosis of Vespula venom allergy, we 

frequently observed that IgE reactivity was higher to the major YJV allergen Ves v 5 than to YJV 

extract and that, in some cases, IgE reactivity was only detectable by rVes v 5 ImmunoCAP,4 

suggesting a shortage of Ves v 5 reactivity in the conventional YJV ImmunoCAP (i3). Here, we 

address this issue in a large population of patients with allergy to YJV with the use of a YJV 

ImmunoCAP that has been enhanced by spiking with rVes v 5 (rVes v 5-spiked YJV ImmunoCAP).

 Patients with systemic anaphylactic reactions to YJ stings (n = 308; 52% male) were 

recruited consecutively in 2 German allergy centers. Diagnosis of YJV allergy was based on 

the patient’s history of an anaphylactic reaction to a YJ sting (identification of YJ as the culprit 

insect by the patient), a positive skin test to YJV and/or detection of IgE to YJV extracts, and, 

in some patients, on basophil activation or basophil histamine release tests. The skin tests 

were performed as titrated prick test with the use of 1, 10, and 100 µg/mL YJV extract. In case 

the prick test was negative, we additionally performed an intradermal test with the use of 

YJV extract at a test concentration of 1 µg/ml. In 235 patients the diagnosis was based on 

history, positive skin test, and positive specific IgE (sIgE) to YJV extract (i3), in 22 patients on 

history and positive sIgE to YJV extract (skin test not done, n = 7; skin test negative, n = 15), 

in 47 patients on history and positive skin test (negative sIgE to YJV extract i3), in 1 patient 

on history and on basophile activation test (negative skin test, negative sIgE to YJV extract 

i3) and in 3 patients the diagnosis was based on history only. These patients had provided a 
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convincing history of an anaphylactic reaction after a YJ sting but displayed a negative skin 

test, a negative sIgE to YJV extract, and cellular tests were not performed. Sixty percent of the 

entire patient group (n = 308) were monosensitized to YJV, whereas the remaining showed 

concomitant sensitization to HBV extract (n = 122). IgE reactivity was analyzed to YJV extract 

(ImmunoCAP, i3), rVes v 1 (i211), rVes v 5 (i209), and to a newly developed ImmunoCAP in 

which the representation of Ves v 5 has been enhanced by spiking with rVes v 5 (rVes v 5-spiked 

YJV ImmunoCAP; Phadia AB, Uppsala, Sweden).

 Sensitization (≥ 0.35 kUA/L) to the conventional YJV extract ImmunoCAP (i3) was detected 

in 83.4%, to rVes v 1 in 44.2%, to rVes v 5 in 89.9%, and to either rVes v 1 or rVes v 5 or to both 

in 96.1% of the 308 study subjects (Figure 1A). Among the i3-negative patients, only 1 patient 

was sensitized to rVes v 1, whereas 84.4% (42/51) tested positive to rVes v 5 (Figure 1B). 
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Figure 1 | IgE antibody levels in patients with allergy to YJ sting (n = 308). A) IgE reactivity to YJV 
extract (ImmunoCAP i3), rVes v 1 (i211), and rVes v 5 (i209) in the entire population. B) IgE reactivity 
to rVes v 1 (i211) and rVes v 5 (i209) in the YJV extract (i3)-negative population.

In most patients, the level of IgE was lower to Ves v 1 than to YJV, indicating that a significant 

part of the IgE reactivity to YJV is directed against determinants other than Ves v 1 (Figure 

2A). In contrast, the measured levels of IgE to rVes v 5 were substantially higher than level to 

YJV (Figure 2B), with a median rVes v 5/YJV ratio of 2.4 among the Ves v 5-positive patients 

(n = 277), suggesting that Ves v 5 was underrepresented in the immobilized YJV extract. A 

number of mechanisms could theoretically explain a reduced Ves v 5 immunoreactivity in the 

extract compared with the recombinant protein, such as 1) a true shortage of Ves v 5 protein 
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in the YJV extract, 2) inefficient coupling of Ves v 5 to the assay’s solid phase, and 3) sterical 

shielding of Ves v 5 epitopes by endogenous ligands of Ves v 5 or its attachment to the solid 

phase. 

Figure 2 | Comparison of IgE reactivity to conventional YJV extract, recombinant YJ allergens Ves v 1 
and Ves v 5, and to Ves v 5-spiked YJV extract in patients with YJV allergy. A) Comparison of IgE levels 
with YJV ImmunoCAP (i3) and rVes v 1 (i211), all patients (n = 308). B) Comparison of IgE levels with 
YJV ImmunoCAP (i3) and rVes v 5 (i209), all patients (n = 308). C) Comparison of IgE levels with YJV 
ImmunoCAP (i3) and rVes v 5-spiked YJV extract in rVes v 5-positive patients (n = 277). D) Comparison 
of IgE levels with YJV ImmunoCAP (i3) and rVes v 5-spiked YJV extract in rVes v 5-negative patients 

(n = 31). Hatched horizontal and vertical lines indicate the cutoff of 0.35 kUA/L, and the hatched 
diagonal line represents a 1:1 ratio.
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To examine whether this limitation in detection of Ves v 5 reactive IgE antibodies can be 

overcome by complementation of natural YJV with rVes v 5, we analyzed IgE reactivity to 

rVes v 5-spiked YJV ImmunoCAP. Compared with the conventional YJV ImmunoCAP i3, the 

rVes v 5-spiked YJV ImmunoCAP produced substantially higher IgE values in Ves v 5-positive 

sera (n = 277) (Figure 2C), whereas no relevant difference in reactivity was observed in Ves v 

5-negative sera (n = 31) (Figure 2D). 

 On analysis of all 308 subjects with allergy to YJV with this test, positive results were 

obtained in 298, compared with 257 with the conventional YJV ImmunoCAP i3. This increase in 

sensitivity from 83.4% to 96.8% was not accompanied by a change in specificity, as indicated 

by the analysis of IgE reactivity in 51 consecutive patients with confirmed HBV allergy and no 

history of YJV allergy (Figure 3). Twenty-four of these patients were monosensitized to HBV 

(i3 negative), and 27 patients displayed double sensitization to both HBV and YJV extract, 13 

of whom displayed IgE reactivity to rVes v 5. Comparison of IgE reactivity to the conventional 

YJV and the rVes v 5-spiked YJV ImmunoCAP showed an excellent agreement among these 

patients. 
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Figure 3 | Comparison of IgE levels with YJV ImmunoCAP (i3) and rVes v 5-spiked YJV extract in 
patients with allergy to honeybee venom. A) Entire population (n = 51). B) rVes v 5-negative patients 
(n = 38). C) rVes v 5-positive patients (n = 13). Hatched horizontal and vertical lines indicate the 

cutoff of 0.35 kUA/L, and the hatched diagonal line represents a 1:1 ratio.

Skin testing was performed in 301 of the 308 patients with allergy to YJV. Titrated skin prick 

test identified 48.8% (147/ 301), and a combination of prick and intradermal test identified 

93.7% (282/301) of the patients. In skin test-negative patients (n = 19) positive IgE reactivity to 

Ves v 5-spiked YJV was detected in 18/19. A combination of skin test and IgE detection to Ves v 

5-spiked YJV identified 99.7% (300/301) of the patients.

 In conclusion, the conventional YJV ImmunoCAP, which is widely used in the diagnosis 

of insect venom allergy, displayed in our patient population a limited sensitivity of 83.4%, 

apparently because of incomplete capture of Ves v 5-reactive IgE antibodies. Spiking of the 
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natural YJV extract with rVes v 5 substantially improved the sensitivity to 96.8%. Thus, the rVes 

v 5-spiked YJV ImmunoCAP will allow a more reliable detection of YJV sensitization in patients 

with insect venom allergy.
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ABSTRACT

Background: Patients with indolent systemic mastocytosis (ISM) represent a particular risk 

group for severe, sometimes fatal anaphylactic reactions to yellow jacket (YJ) stings. However, 

demonstration of sensitization can be challenging as sIgE levels are regularly reported below 

0.35 kUA/L. The implication of missing YJ allergy in ISM patients is illustrated by a case of fatal 

anaphylaxis.

Objective: To explore the history of YJ venom allergy and the diagnostic accuracy of YJ venom-

sIgE in patients with ISM.

Methods: All ISM patients seen from 1981-2015 (n = 243) were evaluated on number of YJ 

stings, reaction occurrence with corresponding severity, and natural course of reaction 

recurrence. Sensitivity and specificity of YJ venom-sIgE was analyzed. YJ venom allergic non-

mastocytosis patients served as control group (2009-2015; n = 313).

Results: 153 ISM patients were stung during adult life. The first systemic reaction was very 

severe in 58 of 83 (69.9%) ISM patients compared to 69 of 313 (22.0%) non-mastocytosis 

patients. ISM reactors showed lower YJ venom-sIgE levels than non-mastocytosis reactors 

(0.61 vs. 4.83 kUA/L; P < .001). In ISM patients, the current clinical reference value of 0.35 kUA/L 

yields a sensitivity and specificity of 77.6% and 87.5%, respectively, while the most optimal 

diagnostic accuracy is achieved at 0.17 kUA/L (sensitivity 83.6%, specificity 85.0%). Without 

immunotherapy, systemic reactions recurred in 40 of 41 (97.5%) re-stung patients of which 58 

of 64 (90.6%) reactions were severe.

Conclusions: The high rate of severe reactions underscores the importance of adequate 

diagnostic sensitivity of sIgE in ISM patients. The low sensitivity of sIgE at the current threshold 

can be overcome by lowering the reference value to 0.17 kUA/L, while retaining good specificity.
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INTRODUCTION

Indolent systemic mastocytosis (ISM) patients represent a particular risk group for severe and 

occasionally fatal anaphylactic reactions to yellow jacket (YJ) stings, occurring in nearly half of 

the patients stung in adult age.1-4 This risk is far higher compared to non-mastocytosis patients 

where it does not exceed 3%.5 ISM is the most prevalent form of systemic mastocytosis and 

is characterized by a clonal proliferation of abnormal mast cells in extra-dermal tissues.6 The 

clinical severity of anaphylaxis presumably relates to excessive mast cell mediator release (e.g. 

histamine) by the abundant number of aberrant mast cells.6 

 When no systemic reactions have occurred yet, ISM patients are prescribed an epinephrine 

auto-injector as a precaution, though the only preventive therapy available to reduce the risk 

of future systemic reactions is venom immunotherapy (VIT). VIT is potentially lifesaving in ISM 

patients, but should only be implemented after careful consideration because it is advised 

to be maintained lifelong.7 In practice, only ISM patients that have already had at least one 

anaphylactic episode are treated with VIT. The unmet need for identification and treatment of 

ISM patients at risk for a first time anaphylactic reaction to YJ stings became forcefully clear to 

us after a case of a fatal reaction.

Case of fatal anaphylactic reaction to yellow jacket venom
A 58-year-old female patient was diagnosed with ISM eight years previously based on elevated 

baseline serum tryptase (56.7 µg/L), urticaria pigmentosa confirmed by skin biopsy, and 

mast cell infiltrates in bone marrow. YJ stings eight and six years previously had not elicited 

an allergic reaction and specific (s)IgE was not elevated (< 0.01 kUA/L) three years before the 

anaphylactic reaction. On the day of the anaphylactic reaction, she was stung in the neck, 

chest and wrist by one YJ after which she felt light-headed within two minutes, developed 

difficulty in breathing and collapsed four minutes after being stung. The ambulance personnel 

arrived seven minutes after the first symptoms appeared and immediately administered 

0.5 mg epinephrine intramuscularly during the course of which her pulse became impalpable. 

Basic life support was started and an intravenous line was established for administration of 

epinephrine by continuous infusion as well as a second line for administration of clemastine 

and dexamethasone. Intubation was initially unsuccessful because of swelling of the tongue, 

but succeeded after 15 minutes. The total reanimation lasted 28 minutes with 17 minutes of 

asystole and 8 mg intravenous epinephrine administration. After hemodynamic stabilization, 

the patient was transferred to the intensive care unit. She did not regain consciousness. On 

the fifth day the diagnosis of cerebral death was established and treatment was stopped. The 

patient’s husband stated that two months before the fatal reaction she had developed a large 

local reaction following a sting without any systemic symptoms. On admission, positive sIgE 

against YJ venom (0.51 kUA/L) and Vespula vulgaris antigen 5 (Ves v 5; 2.31 kUA/L) were found in 

serum samples. Massive mast cell degranulation was evident from high levels of serum tryptase 
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(1836 µg/L), urinary methylhistamine (MH; 468 μmol/mol creatinine) and methylimidazole 

acetic acid (MIMA; 8.2 mmol/mol creatinine). SIgE to YJ venom and Ves v 5 measured four days 

after the sting were further elevated (0.78 kUA/L respectively 4.77 kUA/L), while tryptase was 

relatively low (17.4 ug/L) probably due to mast cell exhaustion.

 The particulars of this case led us to several research questions: what is the natural course 

of YJ venom allergy in mastocytosis patients? Should we have checked for sensitization to YJ 

following the large local reaction two months earlier? Should the presence of sIgE against YJ 

venom have led us to consider preventive VIT in light of the natural course of the disease? And 

if so, what are the diagnostic characteristics and optimal clinical cut-off points of sIgE to YJ 

venom and its major allergen Ves v 5 in serum? To answer these questions, we retrospectively 

analyzed the data of all our ISM patients regarding their history of YJ venom allergy, and the 

diagnostic accuracy of sIgE in such patients who could recall ever having been stung by a YJ. 

The sensitivity of sIgE was compared to patients with a YJ venom allergy not suspected of 

mastocytosis.

METHODS

Subjects
The ISM cohort consisted of all consecutive adult ISM patients seen at University Medical 

Center Groningen (1981-2015) that were either seen because of a systemic reaction to a YJ 

sting, and/or due to other symptoms of ISM (e.g. urticaria pigmentosa or flushing). From every 

patient, a history of YJ stings was established from the patients’ charts or telephone interviews. 

Because ISM patients were not treated with VIT between 1990-2009, the natural course of sting 

reactions could be evaluated in addition to the diagnostic accuracy of sIgE. The diagnosis of 

ISM was established according to the World Health Organization criteria.8 

 The non-mastocytosis cohort consisted of all adult patients seen because of a systemic 

reaction to a YJ sting (2009-2015) and a serum tryptase level < 10.0 µg/L, urinary MH 

≤ 154 µmol/mol creatinine, and absence of clinical skin lesions compatible with urticaria 

pigmentosa. For study purposes, the cut-off point for tryptase was set at 10.0 µg/L because the 

risk of systemic mastocytosis is very low below this value.9 

 The diagnosis of YJ venom allergy was based on internationally accepted clinical criteria and 

systemic reactions were classified according to Müller.5,10 Grade I reactions were considered as 

mild, grade II-III as moderate, grade IV without incontinence or loss of consciousness as severe, 

and grade IV with incontinence or loss of consciousness or death as very severe. The local 

medical ethics committee deemed that official medical ethical approval was not required.
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YJ venom sensitization and mast cell parameters 
If sIgE was not measured for clinical purposes, stored serum samples from a date closest 

to the last systemic reaction or YJ sting were analyzed for sIgE against YJ venom and Ves v 

5 using the fluoro-enzyme-immunoassay Phadia Immunocap (Phadia, Uppsala, Sweden). 

Intracutaneous tests were only used in patients with a history positive for anaphylaxis but 

negative in serological testing. Stepwise incremental concentrations of 0.03 mL venom were 

used ranging from 0.001 to 1 μg/mL, with a positive histamine solution control and a negative 

physiological saline solution control. A positive test was defined as a wheal ≥ 5 mm with 

surrounding erythema. 

 Serum tryptase levels were determined with the B12 assay,11 using ImmunoCAP Tryptase 

reagents and the Phadia 250 analysis device (Thermo Fisher Scientific, Uppsala, Sweden). The 

inter-assay analytical coefficient of variation in our laboratory is 5.8%. Tryptase concentrations 

> 10.0 µg/L were verified for interference by heterophilic antibodies and corrected tryptase 

concentrations were used.12 

 To obtain MH and MIMA values, urine samples were collected in containers with a small 

amount of chlorhexidine after an overnight fast, discarding the first voiding after wakening. 

Subjects were asked to refrain from histamine-rich foods and drinks for 24 hours before 

urine collection. Levels of MH and MIMA were determined by an isotope-dilution mass 

fragmentographic method.13,14 In healthy subjects, the mean ± standard deviation is 101 ± 33 

(50–154) µmol/mol creatinine and 1.3 ± 0.3 (0.9–1.9) mmol/mol creatinine, respectively.15 The 

inter-assay analytical coefficient of variation in our laboratory is 6.8% for MH and 4.2% for 

MIMA.

Bone marrow examinations
The indication for bone marrow and c-KIT mutation analysis was based on a clinical suspicion 

of systemic mastocytosis, either due to the presence of skin lesions or tryptase > 10 μg/l.9 

Bone marrow examination was performed as previously described.16 Briefly, bone marrow 

biopsies were taken from the iliac crest and examined for the presence of multifocal clusters 

or cohesive aggregates/infiltrates of > 15 mast cells and atypical morphology of mast cells 

by tryptase and CD117 staining (using primary antibodies anti-MC tryptase, clone AA1 

(Dakocytomation, Glostrup, Denmark) and affinity-isolated polyclonal rabbit anti-human 

CD117 (Dakocytomation)). Bone marrow aspirates were recovered in EDTA and smears were 

stained for May-Grünwald-Giemsa and toluidine blue. MCs were analyzed outside the marrow 

particles and atypical morphology was recorded.

Immunophenotyping
For bone marrow MC immunophenotyping 300.000 events were analyzed using four-color 

staining with CD45-peridin-chlorophyl protein/cyanine 5.5, CD117-allophycocyanine, CD2-

phycoerythrin, and CD25-fluorescein isothiocyanate (all derived from Becton Dickinson 
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Biosciences, San Jose, CA, USA). Expression of CD2 and CD25 was measured on CD45-positive/

bright CD117-positive MCs with the isotype pattern used as control. The results were analyzed 

on a FacsCalibur flow cytometer (Becton Dickinson Biosciences) using WINLIST 5.0 software.

c-KIT mutation analysis
To detect the KIT D816V mutation, RNA was initially isolated from EDTA-anticoagulated 

bone marrow cells with the QIAamp®RNA Blood MINI Kit (QIAGEN, Westburg, Leusden, the 

Netherlands). C-DNA was synthesized using the Promega Reverse Transcriptase kit (Promega 

Benelux, Leiden, the Netherlands) and amplified using previously described primers.17,18 

The resulting 346-bp PCR product was digested with Hae III en Hinf I (BioLabs, Westburg, 

Leusden, the Netherlands) to detect the wild-type and the D816V mutation by agarose gel 

electrophoresis. From December 2007, detection of the KIT-D816V mutation was performed 

with a real-time PCR using previously described primers 5’-TTGTGATTTTGGTCTAGCCAGACT-3’ 

and 5’-GTGCCATCCACTTCACAGGTAG-3’.19 

Statistical methods
Statistical analysis was performed with IBM Statistics 22.0 (SPSS, Armonk, NY). Categorical 

variables were expressed as percentage and metric variables as mean ± standard deviation 

or as median and interquartile range as appropriate. Group differences were tested using the 

independent samples t-test and Mann-Whitney U-test. Percentages were compared using the 

Chi-Square test. The optimal threshold for sIgE against YJ venom and Ves v 5 to differentiate 

between patients with and without a history of clinical reactivity was determined by receiver 

operator characteristic curves. Areas under the curve (AUC) < 0.70 were interpreted as poor 

accuracy, 0.70 < AUC < 0.90 as moderate accuracy, and AUC > 0.90 as high accuracy.20 The cut-

off points were selected on the greatest combined sensitivity and specificity, with a minimum 

specificity of 80%. Sensitivity was defined as the percentage of tests exceeding the cut-off 

point obtained from patients with a history of clinical reactivity. Specificity was defined as the 

percentage of negative tests obtained from patients without clinical reactivity. P values < .05 

were considered to be statistically significant.

RESULTS

Characteristics of ISM cohort and reactions to YJ stings
Between 1981 and 2015, 243 adult ISM patients were seen at the University Medical Center 

Groningen of whom 153 (63%) experienced a YJ sting at least once during adulthood. Of these 

153 patients, 83 (54.2%) ultimately developed a systemic reaction. An overview of the patient 

selection procedure, number of stings per patient and systemic reactions is shown in Figure 1 

and characteristics of the final study group are shown in Table 1.
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Total ISM population
n = 243

Included
n = 153

Never stung by a 
yellow jacket

n = 63

Only stung by a yellow 
jacket during childhood

n = 27

No systemic reaction
n = 70

Systemic reaction
n = 83

Total times stung
1) n = 42
2) n = 26
3) n =   7
4) n =   8

Total times stung
1) n = 32
2) n = 22
3) n =   6
4) n = 10

Figure 1 | Flowchart of the patient selection procedure, systemic reactions and total number of 
stings in indolent systemic mastocytosis (ISM) patients.

On average, patients with a systemic reaction experienced a comparable number of stings as 

patients without a systemic reaction (Figure 1; 147 stings in 83 patients = 1.77 vs. 134 stings 

in 70 patients = 1.91). Patients with systemic reactions were older at the time of the index 

sting than patients without systemic reactions (51.3 vs. 45.5 years, P = .005), had urticaria 

pigmentosa less often (43.4% vs. 81.4%; P < .001), and showed higher levels of YJ venom-sIgE 

(0.62 vs. 0.01 kUA/L; P < .001) and Ves V 5-sIgE (0.40 vs. 0.01 kUA/L; P < .001), but also had a 

shorter time interval between the index sting and sIgE sampling (7.2 vs. 21.0 months; P < .001). 

No differences could be found in total levels of IgE or in tryptase, MH or MIMA levels.
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Table 1 | Clinical and biochemical characteristics of subjects with indolent systemic mastocytosis 
(ISM) and a history of a yellow jacket sting.

ISM Non-mastocytosis

Reaction type Systemic Not systemic Systemic

Number of patients 83 70 313

Male, n (%) 36 (43.4) 35 (50.0) 168 (53.7)

Urticaria pigmentosa, n (%) 36 (43.3) 57 (81.4) 0 (0.0)

Age at index sting (years) 51.3 ± 12.0 45.5 ± 12.9* 50.2 ± 14.1#

YJ venom-sIgE (kUA/L) 0.62 (0.15 – 2.17) 0.01 (0.01 – 0.04)* 4.83 (1.57 – 15.10)**,#

Ves v 5-sIgE (kUA/L) 0.40 (0.08 – 1.52) 0.01 (0.01 – 0.02)* 0.51 (0.11 – 0.71)#

Interval sting-sIgE sampling (months) 7.2 (3.2 – 30.8) 21.0 (8.1 – 103.3)* 4.3 (2.3-8.6)**, #

Total IgE (kUA/L) 20.0 (10.6 – 48.8) 14.4 (8.5 – 33.5) 71.0 (36.0 – 178.0)**,#

Tryptase (μg/L) 24.2 (15.4 – 39.8) 29.7 (17.0 – 48.7) 4.8 (3.5 – 6.3)**,#

MH (μmol/mol creatinine) 227 (166 – 339) 235 (189 – 434) 93 (76 – 115)**,#

MIMA (mmol/mol creatinine) 2.8 (2.3 – 3.9) 3.6 (2.4 – 5.2) 1.3 (1.2 – 1.7)**,#

KIT D816V mutation analysis

Not indicated, n (%) – – 313 (100.0)

Not performed, n (%) 12 (14.4) 16 (22.9) –

KIT D816V +, n (%) 64 (77.2) 53 (75.6) –

KIT D816V -, n (%) 8 (9.4) 1 (1.4) –

Data are presented as mean ± standard deviation or median (interquartile ranges). Group differences were tested using 
the independent samples t-test or Mann-Whitney U-test. *P < .05 between ISM systemic and non-systemic reactors. 
**P < .05 between ISM systemic reactors and non-mastocytosis systemic reactors. #P < .05 between ISM non-systemic 
reactors and non-mastocytosis systemic reactors.
ISM, indolent systemic mastocytosis; MH, methylhistamine; MIMA, methylimidazole acetic acid; YJ; yellow jacket; Ves v 5, 
Vespula vulgaris antigen 5.

An overview of the severity of sting reactions is given in Table 2. The first systemic sting reaction 

was very severe in 69.9% (n = 58), severe in 16.9% (n = 14), moderate in 7.2% (n = 6), and mild 

in 6.0% (n = 5) patients. One fatal reaction occurred. In the period before the initiation of VIT, 

systemic reactions recurred in 40 of 41 (97.5%) re-stung patients of which 58 of 64 (90.6%) 

reactions were severe. Overall, the most severe reaction was very severe in 84.3% (n = 70), 

severe in 13.3% (n = 11), and moderate in 2.4% (n = 2) patients. During follow-up, no fatal 

anaphylactic reaction occurred although two fatal anaphylactic reactions happened in our 

center outside the scope of this study after stopping VIT.3 

Characteristics of non-mastocytosis cohort and reactions to YJ stings
Between 2009 and 2015, 313 adult patients with serum tryptase levels < 10.0 µg/L and 

urinary MH excretion ≤ 154 µmol/mol creatinine were diagnosed with a systemic reaction 

following a YJ sting. An overview of the patient characteristics is given in Table 1. These 

patients had higher YJ venom-sIgE levels than ISM patients with a systemic reaction 
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(4.83 vs. 0.62 kUA/L; P < .001) but the time interval between sIgE sampling and the sting was 

also shorter (4.3 vs. 7.2 months; P < .001). In addition, non-mastocytosis patients showed 

higher total IgE levels (71.0 vs. 20.9 kUA/L; P < .001).

 Overall, the first systemic reaction was less severe than the first reaction in ISM patients: 

22% (n = 69) presented with a very severe reaction, 25.6% (n = 80) with a severe reaction, 39.6% 

(n = 124) with a moderate reaction, and 12.8% (n = 40) with a mild reaction. Fatal anaphylaxis 

did not occur.

Table 2 | Natural course of reaction recurrence in indolent systemic mastocytosis patients.

First SR First sting after 
first SR

Second sting after 
first SR

Third sting after 
first SR

No SR (n) – 1 1 2

Grade I (n) 5 1 1 0

Grade II (n) 1 0 0 0

Grade III (n) 5 6 0 0

Grade IVa (n) 14 7 3 2

Grade IVb (n) 58 26 10 4

Total (n) 83 41 15 8

SR, systemic reaction.
Reactions are classified according to Müller,10 with separation of grade IV reactions into a) severe, and b) very severe.

Diagnostic accuracy of sIgE against YJ venom in ISM patients
Using the manufacturer’s recommended clinical reference value for sensitization of ≥ 0.35 kUA/L, 

positive YJ venom-sIgE levels could be detected in 69.9% (n = 58) of ISM patients with a history 

of a systemic reaction. In the remaining 25 patients, 18 underwent intracutaneous testing, 

which was positive in all cases. In six patients intracutaneous testing was not performed due 

to very severe field reactions with loss of consciousness and incontinence, and one patient 

refused intracutaneous testing after a moderate sting reaction. In ISM patients without 

systemic reactions only 8.6% (n = 6) displayed YJ venom-sIgE levels ≥ 0.35 kUA/L, making 

asymptomatic sensitization exceedingly uncommon which underlines the clinical significance 

of sensitization in mastocytosis patients.

 The interval between the sting and sIgE sampling affected the level of sIgE. When the interval 

was ≤ 3 years, 79.7% (n = 55) of ISM patients with a systemic reaction showed sIgE ≥ 0.35 kUA/L 

while levels were positive in only 21.4% (n = 3) when the interval exceeded 3 years. In order to 

eliminate the time effect and approach clinical practice, the diagnostic accuracy of YJ venom-

sIgE was only determined in patients in which the time interval between the sting and sIgE 

sampling was ≤ 3 years. This cohort comprised 69 ISM patients with a systemic reaction and 

43 ISM patients without a systemic reaction. In these patients, receiver operating characteristic 
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analysis of YJ venom-sIgE exhibited a high diagnostic accuracy in ISM patients with an AUC 

of 0.90 (95% confidence interval 0.84-0.96; Figure 2). The current clinical reference value of 

0.35 kUA/L showed a sensitivity and specificity of 77.6% and 87.5%.
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Figure 2 | Receiver operating characteristic curves for sIgE against yellow jacket venom and Ves v 5 
to assess the occurrence of systemic reactions in indolent systemic mastocytosis patients.

Effect of a lower cut-off value of sIgE on diagnostic accuracy in ISM patients
The greatest combined sensitivity and specificity was found at a cut-off value of 0.21 kUA/L, 

resulting in a sensitivity and specificity of 82.1% and 87.5%, respectively. In order to obtain 

an optimal sensitivity, the cut-off was lowered to 0.17 kUA/L, resulting in a sensitivity and 

specificity of 83.6% and 85.0%, respectively. Using 0.35 kUA/L as a reference value, positive 

YJ venom-sIgE levels could be detected in 79.7% (n = 55) of ISM patients with a history of a 

systemic reaction. Conversely, in ISM patients without systemic reactions only 11.6% (n = 5) 

displayed YJ venom-sIgE levels ≥ 0.35 kUA/L. Using 0.17 kUA/L as a reference value, positive 

YJ venom-sIgE levels could be detected in 84.1% (n = 58) of ISM patients with a history of a 

systemic reaction. Conversely, in ISM patients without systemic reactions only 14.0% (n = 6) 

displayed YJ venom-sIgE levels ≥ 0.17 kUA/L. In addition, in ISM patients that could not recall 

ever being stung by a YJ and in those that were only stung during childhood venom-sIgE levels 

were all < 0.17 kUA/L (determined in 58 out of 90 patients). These results indicate that the 

clinical reference value of 0.35 kUA/L can safely be lowered to increase the sensitivity due to the 

infrequency of asymptomatic sensitization in ISM patients.
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Diagnostic accuracy of Ves v 5-sIgE in ISM patients
In the same subgroup, receiver operating characteristic analysis of Ves v 5-sIgE showed the 

greatest combined sensitivity and specificity at a cut-off value of 0.11 kUA/L, resulting in 

sensitivity and specificity of 80.3% and 81.5%, respectively (Figure 2). Using the > 0.11 kUA/L 

clinical cutoff point, additional Ves v 5-sIgE measurement correctly identified sensitization in 5 

of 11 ISM patients with a systemic reaction and a YJ venom-sIgE ≤ 0.17 kUA/L, indicating a role 

for Ves v 5-sIgE in diagnosing YJ venom allergy in ISM patients with negative YJ venom-sIgE 

results.

Sensitization in systemically reacting non-mastocytosis patients
In non-mastocytosis patients who experienced a systemic reaction, YJ venom-sIgE levels 

≥ 0.35 kUA/L could be detected in 94.2% (n = 295). Sensitization to YJ venom could be 

demonstrated by positive intracutaneous skin tests in all patients with a negative sIgE 

outcome. In the subgroup of patients in which sIgE was measured within three years, the 

positive sIgE rate was only slightly higher than in in overall group (94.8%, n = 272). In contrast 

to ISM patients, 87.5% showed sIgE levels above the threshold of 0.35 kUA/L when the interval 

exceeded three years.

DISCUSSION

Fatal anaphylactic reactions due to insect venom allergy are fortunately rare, but the social 

impact of such a reaction is high. These fatalities often occur on the first systemic reaction. 

The case of a fatal anaphylactic reaction in an ISM patient with a prior large local reaction 

and evidence of sensitization to YJ venom prompted us to question whether this fatal 

reaction could have been prevented by screening for sensitization and whether we therefore 

should recommend routine sensitization screening after every insect sting in patients with 

mastocytosis. Comparing our cohorts of patients with and without mastocytosis to those 

found in the literature, we conclude that systemic reactions in patients with ISM do not only 

occur more often than in the general population (34.2% (82/243) versus 3.0%5), but are also far 

more often very severe at the first systemic reaction (69.9% versus 22.0%) and have a higher 

recurrence rate when not treated by VIT (97.5% versus 50%21). 

 The high prevalence of YJ venom allergy in ISM patients is probably a slight overestimation 

because other ISM patients with subtle or absent symptoms of ISM may easily be missed.22 

Nevertheless, the prevalence of yellow jacket induced anaphylaxis is strikingly higher than 

that found in the general population, but similar to that previously reported in ISM patients 

(25.0%).23 In addition, we showed that once stung, the risk rises to 54.0% (83/153). Sensitization 

without a history of clinical reactions is found in 18.8-38.1% of the general population and 

poses a risk of a future systemic reaction in only 5.3-17.0%.24-29 We found that asymptomatic 
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sensitization is rare in ISM patients and occurs in only 8.6-13.0%, depending on the cut-off 

point. Conversely, symptomatic sensation occurred in 34.2% of ISM patients, indicating a large 

number of potentially preventable reactions. If we would have been aware of sensitization 

in the described case, should this have led to some form of intervention? It is questionable if 

an auto-epinephrine injector would have sufficed in light of the rapid and dramatic course of 

the reaction. Would prophylactic VIT haven been an option? Although our findings suggest 

that sensitization is more strongly associated with systemic reactions in ISM patients, the 

consequences on future reaction risk remains uncertain because prospective analysis is hard 

to achieve due to the rarity of the disease, the infrequent occurrence of YJ stings and the strong 

contra-indication against diagnostic sting challenges in ISM patients.

 Next to significantly more severe reactions and re-systemic reactions, the baseline 

frequency of systemic reactions in stung ISM patients is about 50% and comparable to the risk 

of re-systemic reactions for current non-mastocytosis VIT eligible patients, which supports the 

notion that these patients should be eligible for treatment.30 We feel that preventive treatment 

should be discussed with all ISM patients with elevated YJ venom sIgE wherein special 

attention should be paid to the estimated risks of a re-sting, the current uncertainty of the risk 

of a systemic reaction, the effects and burdens of VIT and the necessity of lifelong treatment 

to maintain efficacy. Therefore, we feel that ISM patients that suffer from a YJ sting should be 

recommended to undergo sensitization screening, both to identify potential patients at risk 

and to gather data on the implications of sensitization. The costs of these recommendations 

are relatively low because re-stings occur only once per 3.75-7.5 years, depending on the 

patient’s occupation.31 

 Pivotal for these recommendations is the use of an optimal clinical reference value for YJ 

venom sIgE. ISM patients are known to demonstrate lower sIgE and total IgE levels, as was also 

found in our study, which is presumably due to the adsorption of sIgE to the surface of the 

expanded mast cell population resulting in less detectable free IgE. This is the first study to 

assess both the sensitivity and specificity of sIgE against YJ venom and Ves v 5 in a large dataset 

of adult ISM patients. Only one other study has evaluated the current threshold of 0.35 kUA/L 

in patients with mast cell disorders and advised to lower the reference value to 0.10 kUA/L.32 

In that study including 17 systemic mastocytosis patients and 36 patients with other forms of 

mastocytosis or increased serum tryptase levels, the diagnostic sensitivity of sIgE was 87.7% 

at a threshold of ≥ 0.35 kUA/L and could be elevated to 91.8% using a cut-off of 0.10 kUA/L. 

However, the specificity was not taken into account. Applying the same threshold of 0.10 kUA/L 

in our ISM patients, we find a sensitivity increase of 77.6% to 85.0%, but also a substantial 

specificity decrease of 87.5% to 77.5%.

 The optimal combined diagnostic sensitivity and specificity of sIgE was found at a cut-off 

of 0.21 kUA/L (82.1% and 87.5%, respectively). However, because missing the diagnosis of YJ 

venom allergy could have serious consequences, a lower cut-off of 0.17 kUA/L is preferable 

resulting in a sensitivity and specificity of 83.6% and 85.0%, respectively. This lower threshold 



Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017

507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos

49

Yellow jacket stings in mastocytosis: options for identification and treatment

3

poses no technical problems because sIgE levels can be reliably measured above the detection 

limit of 0.10 kUA/L.33 Remarkably, the diagnostic accuracy at 0.17 kUA/L equals the diagnostic 

accuracy of sIgE reported in patients without ISM.34,35 Of note, the time interval between the 

sting and sIgE sampling seems more important to the level of sIgE in ISM patients than in non-

mastocytosis patients, because only a minority of ISM patients show positive sIgE levels after 

three years while the majority of non-mastocytosis patients are still sensitized. The lower levels 

of circulating sIgE might be an effect of an increased uptake of IgE by the abundant number of 

mast cells in mastocytosis.36,37 

 The diagnostic accuracy of Ves v 5-sIgE was lower than that of YJ venom-sIgE in ISM patients. 

In agreement with a previous report demonstrating improved sensitivity when adding Ves 

v 5-sIgE,35 Ves v 5-sIgE improves the diagnostic accuracy of YJ venom-sIgE when these are 

combined in patients with YJ venom sIgE levels ≤ 0.17 kUA/L. Considering the high costs of 

the Ves v 5-sIgE determination, we feel that measurement should be limited to establish 

sensitization in patients with a clear history of reactivity but YJ venom-sIgE levels ≤ 0.17 kUA/L.

 In conclusion, the high diagnostic accuracy of YJ venom-sIgE in ISM patients who have 

been stung (AUC 0.90) supports its use as a screening tool. In light of a recent fatal reaction we 

recommend sIgE screening before a sting happens and after every YJ sting for all ISM patients 

to identify development of sensitization and those at risk. In addition, the optimal threshold 

for the diagnosis of YJ venom allergy is found at a reference value of 0.17 kUA/L (sensitivity 

83.6% and specificity 85.0%) and determination of Ves v 5-sIgE should be limited to establish 

sensitization in patients with a clear history of reactivity but YJ venom-sIgE levels ≤ 0.17 kUA/L. 

Finally, based on the relatively low rate of asymptomatic sensitization and the high prevalence 

of severe systemic reactions in ISM patients we recommend discussing the possibility of VIT 

with all ISM patients exhibiting elevated YJ venom sIgE, even if they are hitherto asymptomatic, 

in order to arrive at an optimal individualized management strategy

ACKNOWLEDGEMENTS 

The authors thank P.M. Kluin of the Department of pathology for critically revising the 

bone marrow biopsies, and A.B. Mulder of the Department of laboratory medicine for 

immunophenotyping and c-KIT mutation analysis.



Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017

507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos

50

Chapter 3

REFERENCES

1. Seidel S, Voller B, Geusau A, et al. Severe 
anaphylaxis to hymenoptera stings: does the 
basal serum tryptase concentration really 
matter? Ann Allergy Asthma Immunol 2010; 
105: 185-7.

2. Wimazal F, Geissler P, Shnawa P, et al. Severe life-
threatening or disabling anaphylaxis in patients 
with systemic mastocytosis: a single-center 
experience. Int Arch Allergy Immunol 2012; 157: 
399-405.

3. Oude Elberink JN, de Monchy JG, Kors JW, et 
al. Fatal anaphylaxis after a yellow jacket sting, 
despite venom immunotherapy, in two patients 
with mastocytosis. J Allergy Clin Immunol 1997; 
99: 153-4.

4. Wagner N, Fritze D, Przybilla B, et al. Fatal 
anaphylactic sting reaction in a patient with 
mastocytosis. Int Arch Allergy Immunol 2008; 
146: 162-3.

5. Golden DB, Moffitt J, Nicklas RA, et al. Stinging 
insect hypersensitivity: a practice parameter 
update 2011. J Allergy Clin Immunol 2011; 127: 
852-4.

6. Horny HP, Sotlar K, Valent P. Mastocytosis: state 
of the art. Pathobiology 2007; 74: 121-32.

7. Niedoszytko M, Bonadonna P, Oude Elberink JN, 
et al. Epidemiology, diagnosis, and treatment 
of Hymenoptera venom allergy in mastocytosis 
patients. Immunol Allergy Clin North Am 2014; 
34: 365-81.

8. Valent P, Akin C, Escribano L, et al. Standards 
and standardization in mastocytosis: consensus 
statements on diagnostics, treatment 
recommendations and response criteria. Eur J 
Clin Invest 2007; 37: 435-53.

9. van Doormaal JJ, van der Veer E, van Voorst 
Vader PC, et al. Tryptase and histamine 
metabolites as diagnostic indicators of indolent 
systemic mastocytosis without skin lesions. 
Allergy 2012; 67: 683-90.

10. Müller HL. Diagnosis and treatment of insect 
sensitivity. J Asthma Res 1966; 3: 331-3.

11. Granerus G, Lonnqvist B, Nystrand J, et al. Serum 
tryptase measured with B12 and G5 antibody-
based immunoassays in mastocytosis patients 
and its relation to histamine turnover. Br J 
Dermatol 1998; 139: 858-61.

12. van Toorenenbergen AW, Hooijkaas H, 
Heerenbrink GK, et al. Heterophilic antibody 
interference in a tryptase immunoassay. Clin 
Biochem 2008; 41: 331-4.

13. Keyzer JJ, Wolthers BG, Breukelman H, et al. 
Determination of N tau-methylhistamine in 
urine by gas chromatography using nitrogen-
phosphorus detection. J Chromatogr 1983; 275: 
261-9.

14. Keyzer JJ, Wolthers BG, Breukelman H, et al. 
Determination of N tau-methylimidazoleacetic 
acid (a histamine metabolite) in urine by gas 
chromatography using nitrogen-phosphorus 
detection. Clin Chim Acta 1982; 121: 379-87.

15. Oosting E, Keyzer JJ, Wolthers BG, et al. Age 
dependent normal values of histamine and 
histamine metabolites in human urine. Agents 
Actions 1988; 23: 307-10.

16. Vos BJ, van der Veer E, van Voorst Vader PC, 
et al. Diminished reliability of tryptase as risk 
indicator of mastocytosis in older overweight 
subjects. J Allergy Clin Immunol 2015; 135: 792-
8.

17. Nagata H, Worobec AS, Oh CK, et al. 
Identification of a point mutation in the 
catalytic domain of the protooncogene c-KIT in 
peripheral blood mononuclear cells of patients 
who have mastocytosis with an associated 
hematologic disorder. Proc Natl Acad Sci U S A 
1995; 92: 10560-4.

18. Worobec AS, Semere T, Nagata H, et al. Clinical 
correlates of the presence of the Asp816Val c-KIT 
mutation in the peripheral blood mononuclear 
cells of patients with mastocytosis. Cancer 
1998; 83: 2120-9.

19. Lawley W, Hird H, Mallinder P, et al. Detection of 
an activating c-KIT mutation by real-time PCR in 
patients with anaphylaxis. Mutat Res 2005; 572: 
1-13.

20. Swets JA. Measuring the accuracy of diagnostic 
systems. Science 1988; 240: 1285-93.

21. Reisman RE. Natural history of insect sting 
allergy: relationship of severity of symptoms of 
initial sting anaphylaxis to re-sting reactions. J 
Allergy Clin Immunol 1992; 90: 335-9.

22. van Doormaal JJ, Arends S, Brunekreeft KL, et al. 
Prevalence of indolent systemic mastocytosis 
in a Dutch region. J Allergy Clin Immunol 2013; 
131: 1429-31.



Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017

507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos

51

Yellow jacket stings in mastocytosis: options for identification and treatment

3

23. Gulen T, Hagglund H, Dahlen B, et al. High 
prevalence of anaphylaxis in patients with 
systemic mastocytosis – a single-centre 
experience. Clin Exp Allergy 2014; 44: 121-9.

24. Golden DB, Marsh DG, Kagey-Sobotka A, et al. 
Epidemiology of insect venom sensitivity. JAMA 
1989; 262: 240-4.

25. Fernandez J, Blanca M, Soriano V, et al. 
Epidemiological study of the prevalence of 
allergic reactions to Hymenoptera in a rural 
population in the Mediterranean area. Clin Exp 
Allergy 1999; 29: 1069-74.

26. Fernandez J, Soriano V, Mayorga L, et al. Natural 
history of Hymenoptera venom allergy in 
Eastern Spain. Clin Exp Allergy 2005; 35: 179-85.

27. Nittner-Marszalska M, Liebhart J, Liebhart E, et 
al. Prevalence of Hymenoptera venom allergy 
and its immunological markers current in adults 
in Poland. Med Sci Monit 2004; 10: 324-9.

28. Golden DB, Marsh DG, Freidhoff LR, et al. Natural 
history of Hymenoptera venom sensitivity in 
adults. J Allergy Clin Immunol 1997; 100: 760-6.

29. Sturm GJ, Kranzelbinder B, Schuster C, et 
al. Sensitization to Hymenoptera venoms is 
common, but systemic sting reactions are rare. 
J Allergy Clin Immunol 2014; 133: 1635-43.

30. Reisman RE. Insect stings. N Engl J Med 1994; 
331: 523-7.

31. von Moos S, Graf N, Johansen P, et al. Risk 
assessment of Hymenoptera re-sting frequency: 
implications for decision-making in venom 
immunotherapy. Int Arch Allergy Immunol 
2013; 160: 86-92.

32. Michel J, Brockow K, Darsow U, et al. Added 
sensitivity of component-resolved diagnosis 
in hymenoptera venom-allergic patients with 
elevated serum tryptase and/or mastocytosis. 
Allergy 2016; 71: 651-60.

33. Ollert M, Weissenbacher S, Rakoski J, et al. 
Allergen-specific IgE measured by a continuous 
random-access immunoanalyzer: interassay 
comparison and agreement with skin testing. 
Clin Chem 2005; 51: 1241-9.

34. Leimgruber A, Lantin JP, Frei PC. Comparison of 
two in vitro assays, RAST and CAP, when applied 
to the diagnosis of anaphylactic reactions to 
honeybee or yellow jacket venoms. Correlation 
with history and skin tests. Allergy 1993; 48: 
415-20.

35. Vos BJ, Köhler J, Müller S, et al. Spiking venom 
with rVes v 5 improves sensitivity of IgE 
detection in patients with allergy to Vespula 
venom. J Allergy Clin Immunol 2013; 131: 1225-
7.

36. Haeberli G, Bronnimann M, Hunziker T, et al. 
Elevated basal serum tryptase and hymenoptera 
venom allergy: relation to severity of sting 
reactions and to safety and efficacy of venom 
immunotherapy. Clin Exp Allergy 2003; 33: 
1216-20.

37. Müller UR, Helbling A, Hunziker T, et al. 
Mastocytosis and atopy: a study of 33 patients 
with urticaria pigmentosa. Allergy 1990; 45: 
597-603.



Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017

507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos

4



Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017

507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos

Diminished reliability of tryptase as 
risk indicator of mastocytosis in older 

overweight subjects 

Byrthe J.P.R. Vos, Eveline van der Veer, Pieter C. van Voorst Vader, 
André B. Mulder, Sicco van der Heide, Suzanne Arends, 

Johanna C. Kluin-Nelemans, Jan G.R. de Monchy, 
Jasper J. van Doormaal, Joanne N.G. Oude Elberink

University Medical Center Groningen, University of Groningen,
Groningen, The NetherlandsGroningen, The Netherlands

Journal of Allergy and Clinical Immunology 2015; 135: 792-8.



Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017

507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos

54

Chapter 4

ABSTRACT

Background: Currently, measurement of serum tryptase level is the most commonly used test 

to estimate the need for bone marrow biopsy in patients suspected to have indolent systemic 

mastocytosis (ISM). Yet tryptase levels do not solely reflect the mast cell load and can be 

elevated by overweight, older age, and impaired renal function. The influence of these factors 

on urinary methylhistamine (MH) and methylimidazole acetic acid (MIMA) is still unknown.

Objective: We investigated the impact of age, body mass index (BMI), and kidney function on 

the diagnostic accuracy of tryptase, MH, and MIMA to select the most optimal test indicating 

the necessity of a bone marrow biopsy in ISM-suspected patients.

Methods: Retrospective data analysis of all adults in whom bone marrow investigations were 

performed because of high clinical suspicion and/or elevated tryptase, MH, or MIMA.

Results: 194 subjects were included. ISM was present in 112 and absent in 82 subjects (non-

ISM). Tryptase was elevated by age and body weight in non-ISM subjects and by BMI in ISM 

subjects; however, these factors did not influence MH or MIMA. In the total study population, 

the diagnostic accuracy of tryptase, MH, and MIMA were comparable (area under the curve 

0.80, 0.80, and 0.83). In subjects > 50 years with a BMI > 25 kg/m2, the diagnostic accuracy of 

MIMA was higher compared with that of tryptase (area under the curve 0.93 vs. 0.74; P = .011).

Conclusion: In ISM-suspected patients > 50 years with a BMI of > 25 kg/m2, MIMA has a greater 

value compared with tryptase in estimating the need for bone marrow biopsy.
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INTRODUCTION

Indolent systemic mastocytosis (ISM) is the most prevalent form of systemic mastocytosis (SM) 

and is characterized by a clonal proliferation of abnormal mast cells (MC) in 1 or more organ 

system(s) with bone marrow involvement.1 Clinical manifestations result from MC infiltration 

in tissue or release of MC mediators. The gold standard for diagnosis is bone marrow biopsy 

with the appropriate immunohistochemical analysis.1 Currently, measurement of serum 

tryptase is the most commonly used test to estimate the need for bone marrow biopsy, as 

elevated tryptase levels are associated with an increased risk of ISM. However, tryptase levels 

do not solely depend on MC load, and in the general population they are elevated by obesity, 

older age, and a decrease in kidney function.2-5 The extent of the influence of these factors 

on the diagnostic accuracy of tryptase as an estimator of the need for bone marrow biopsy 

to diagnose ISM is still unknown but is of considerable importance, as it is not possible to 

eliminate these factors.

 Less commonly used than serum tryptase are the urinary histamine metabolites 

methylhistamine (MH) and methylimidazole acetic acid (MIMA), which also provide an excellent 

estimation of the need for bone marrow biopsy in patients suspected of ISM.6 Although 

generally equivalent in diagnostic accuracy,6 tryptase and MIMA do not show association,7 

which is underlined by the fact that ISM can be absent despite high tryptase levels if histamine 

metabolites are (near) normal in ISM-suspected subjects without urticaria pigmentosa (UP).8  

The absence of association might be due to a difference in the degradation pathway of histamine 

and tryptase giving rise to a discrepancy in factors influencing these analytes. Tryptase is a 

trypsin-like proteinase produced and released predominantly by MCs,9 while MH and MIMA are 

degradation products of histamine, catalyzed by histamine N-methyltransferase and diamine 

oxidase. MH and MIMA urinary levels depend on the contribution of exogenous histamine 

from food and drinks10,11 and on the activity of the enzymes histamine N-methyltransferase 

and diamine oxidase, which are influenced by genetic polymorphisms,12 alcohol,11,13,14 and 

drugs.11 Therefore, subjects must be asked to refrain from use of these products before sample 

collection of urine.

 We aimed to find a pragmatic diagnostic strategy using widely available techniques, which 

would reliably discriminate subjects suspected of ISM who need a bone marrow biopsy from 

those who do not. We evaluated the influence of age, body mass index (BMI), and kidney 

function on the levels of serum tryptase and urinary MH and MIMA and bone marrow MC 

number in an ISM and a non-ISM population. Furthermore, the diagnostic accuracy of serum 

tryptase and urinary MH and MIMA for the diagnosis of ISM by bone marrow examination was 

studied.
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METHODS

Subjects
Data from 194 consecutive adult subjects who underwent bone marrow procedures including 

immunophenotyping to establish the diagnosis of SM were analyzed. In general, these 

procedures were performed based on clinical suspicion of SM, in most cases combined with a 

tryptase level > 11.4 μg/L (upper 95th percentile for healthy individuals), and/or MH excretion 

> 154 μmol/mol creatinine, and/or MIMA excretion > 1.9 mmol/mol creatinine. Bone marrow 

biopsy and tryptase, MH, and MIMA sampling were done on the same day, except for 14, 11, 

and 13 subjects, respectively. Only in 1 subject, the interval was > 1 year, but clinical symptoms 

remained unchanged.

 The diagnosis of ISM was established according to the World Health Organization criteria.15 

Patients were excluded from the study if they had: a) aggressive forms of SM; b) presence 

of urticaria pigmentosa (UP) without ISM; c) insufficient cytological or histological bone 

marrow data to exclude the possibility of SM with certainty; d) renal failure (serum creatinine 

> 120 μmol/L). Absence of UP in non-ISM subjects was important for group homogeneity and 

was established by the attending physician. In ISM subjects, UP was established or excluded by 

clinical examination by an experienced dermatologist and histological examination of a biopsy 

of a suspected skin lesion.

 The Medical Ethical Review Board of the University Medical Center Groningen declared that 

the study has been done in accordance with regulations of the review board for publication of 

subject data.

Biochemical markers
Tryptase assay
Serum tryptase levels were determined with the B12 assay,16 using ImmunoCAP Tryptase 

reagents and the Phadia 250 analysis device (Thermo Fisher Scientific, Uppsala, Sweden). 

Reference values for healthy individuals are those reported by Phadia, showing a geometric 

mean level of 3.8 μg/L and an upper 95th percentile of 11.4 μg/L. The inter-assay analytical 

coefficient of variation in our laboratory is 5.8%. Tryptase concentrations > 10 μg/L were 

verified for interference by heterophilic antibodies.17 These antibodies were found in 3 non-

ISMs; in these subjects, the corrected tryptase concentrations were used.

Histamine metabolite assays
To measure MH and MIMA, urine samples were collected after an overnight fast, discarding 

the first voiding after wakening. Subjects were asked to refrain from histamine-rich foods 

and drinks (e.g., sauerkraut, canned fish, yogurt, and wine) during the 24 hours before 

urine collection. Levels of MH and MIMA were determined by an isotope-dilution mass 

fragmentographic method, as described previously.18-21 The normal values for MH and MIMA 
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excretion in urine collected after an overnight fast have been established in a previous study 

in a healthy population without performing bone marrow investigations.22  The mean ± SD 

values (ranges) are 101 ± 33 (50–154) μmol/mol creatinine and 1.3 ± 0.3 (0.9–1.9) mmol/mol 

creatinine, respectively. The inter-assay analytical coefficient of variation in our laboratory is 

6.8% for MH and 4.2% for MIMA.

Bone marrow samples
Bone marrow biopsies were taken from the iliac crest by an experienced hematologist using the 

Jamshidi technique. To classify a bone marrow trephine biopsy negative for the presence of the 

histological major criterion of multifocal clusters or cohesive aggregates/infiltrates of >15 MCs, 

a minimum length of 20-mm bone marrow had to be examined. In case of doubt, multiple 

deeper sections were made. Formalin-fixed paraffin-embedded bone marrow samples were 

stained by hematoxylin and eosin and by Giemsa. Immunohistochemistry (for tryptase and 

CD117), performed on 3-μm-thick tissue sections using a Nexes or Benchmark Ultra automated 

immunostainer (Ventana Medical Systems, Tucson, Ariz), using primary antibodies anti-MC 

tryptase, clone AA1 (DakoCytomation, Glostrup, Denmark) and affinity-isolated polyclonal 

rabbit anti-human CD117 (DakoCytomation). Bone marrow aspirates were recovered in EDTA, 

and smears were stained for May-Grünwald-Giemsa and toluidine blue. MCs were analyzed 

outside the marrow particles, and atypical morphology was recorded.

Immunophenotyping
For bone marrow MC immunophenotyping, 300,000 events were analyzed using 4-color 

staining with CD45-peridin-chlorophyl protein/cyanine 5.5, CD117-allophycocyanine, CD2-

phycoerythrin, and CD25-fluorescein isothiocyanate (all from BD Biosciences, San Jose, Calif ). 

Expression of CD2 and CD25 was measured on CD45-positive/bright CD117-positive MCs with 

the isotype pattern used as control. The results were analyzed on a FACSCalibur flow cytometer 

(BD Biosciences) using WinList 5.0 software (Verity Software House, Inc, Topsham, Me).

c-KIT mutation analysis
To detect the KIT D816V mutation, RNA was initially isolated from EDTA-anticoagulated 

bone marrow cells with the QIAamp RNA Blood Mini Kit (QIAGEN, Westburg, Leusden, The 

Netherlands). C-DNA was synthesized using the Promega reverse transcriptase kit (Promega 

Benelux, Leiden, The Netherlands) and amplified using previously described primers.23,24 

The resulting 346-bp PCR product was digested with Hae III en Hinf I (BioLabs, Westburg, 

Leusden, The Netherlands) to detect the wild type and the D816V mutation by agarose gel 

electrophoresis. From December 2007, detection of the KIT D816V mutation was performed with 

a real-time PCR test using previously described primers 5’-TTGTGATTTTGGTCTAGCCAGACT-

3’and 5’-GTGCCATCCACTTCACAGGTAG-3’.25
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Evaluation of diagnostic accuracy of tryptase, MH, and MIMA for ISM
The influence of age, BMI, and kidney function on the levels of serum tryptase, urinary MH and 

MIMA, and number of bone marrow MCs was evaluated in the ISM population and control non-

ISM population. The diagnostic accuracy of tryptase, MH, and MIMA for the diagnosis of ISM by 

bone marrow examination was evaluated in the total study population, in subpopulations with 

age > 50 years, BMI > 25 kg/m2 (definition of overweight), serum creatinine level lower than 

75 μmol/L for females and 90 μmol/L for males, and in combined subpopulations.

Statistical methods
Statistical analysis was performed with PASW Statistics 18 (SPSS, Chicago, Ill). Subjects were 

categorized into positive or negative for ISM by the outcome of bone marrow histology and the 

additional minor criteria set by the World Health Organization. Group differences were tested 

using the independent samples t-test and Mann-Whitney U-test. Percentages were compared 

using the χ2 test. Pearson and Spearman correlation coefficients were used as appropriate to 

analyze the relationship between tryptase, histamine metabolites, MC number, and subject 

characteristics. Predictor analysis for tryptase, MH, and MIMA was performed using univariate 

and multivariate linear regression with conditional stepwise backward exclusion of variables 

that had a P value ≤ .30 in univariate analysis. The probability of P for stepwise removal was 

.10. Tryptase, MH and MIMA concentrations, and MC numbers were log transformed before 

being entered into the equation in order to normalize the distribution of residuals. Receiver 

operator characteristic (ROC) curves were constructed with Analyse-It (Analyse-It Software, 

Leeds, United Kingdom) to examine the diagnostic value of each analyte. Areas under the 

curve (AUC) < 0.70 were interpreted as poor accuracy, 0.70 < AUC < 0.90 as moderate accuracy, 

and AUC > 0.90 as high accuracy.26 P values < .05 were considered to be statistically significant.

RESULTS

An overview of the clinical and biochemical characteristics of the 194 subjects included in 

the study is given in Table 1. ISM was present in 112 subjects, of whom 79 had UP. Subjects 

with ISM were heavier and taller than those without ISM (78.7 vs. 73.7 kg; P = .020; and 

1.73 vs. 1.70 meter; P = .017). ISM subjects with UP were younger than ISM subjects without UP 

(46.5 vs. 55.6 years of age; P < .001).
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Table 1 | Clinical and biochemical characteristics of subjects with and without indolent systemic 
mastocytosis.

Non-ISM
n = 82

ISM
n = 112 P value

UP (n, %) 0 (0%) 79 (71%) .000

Male, n (%) 21 (26%) 43 (38%) .066

Age (years) 49.6 ± 13.9 49.1 ± 12.1 .806

Body weight (kg) 73.7 ± 16.5 78.7 ± 15.0 .020

Height (m) 1.70 ± 0.09 1.73 ± 0.10 .017

BMI (kg/m2) 25.5 ± 4.9 26.2 ± 4.5 .244

MC number (‰) 0.3 (< 0.1–0.6) 1.8 (0.8–3.3) .000

Creatinine (μmol/L) 74 ± 14.3 76 ± 13.2 .185

CD2 pos (n/n; %) 0/79 (0%) 98/110 (89%) .000

CD25 pos (n/n; %) 0/78 (0%) 111/112 (99%) .000

D816V pos (n/n; %) 0/80 (0%) 93/101 (87%) .000

Tryptase (μg/L) 12 (4–18) 23 (15–40) .000

MH (μmol/mol creatinine) 124 (83–198) 226 (162–377) .000

MIMA (mmol/mol creatinine) 1.5 (1.2–2.0) 2.7 (2.1–4.5) .000

Mean ± SD or median (interquartile ranges).
MC number, mast cell number counted by flow cytometry.

Non-ISM subjects (n = 82)
Clinical suspicion of SM in non-ISM subjects was based on insect anaphylaxis (n = 17), flushing 

or similar complaints (n = 24), osteoporosis or other bone pathology (except for the C-finding 

of osteolysis) (n = 12), and other symptoms or signs (n = 29). Of the non-ISM subjects, 41 had 

tryptase > 11.4 μg/L, of whom 30 had normal MH and MIMA levels; 16 subjects showed tryptase 

levels > 20.0 μg/L, of whom 11 had normal MH and MIMA levels. In the total non-ISM group, 

25 subjects showed MH > 154 μmol/mol creatinine and 23 MIMA > 1.9 mmol/mol creatinine.

 Tryptase correlated positively with MC number in bone marrow aspirates, age, and BMI and 

inversely with MH (Table 2). The inverse correlation between tryptase and MH disappeared 

after excluding subjects with tryptase ≤ 11.4 μg/L. MIMA correlated positively with MH, MC 

number, and age and inversely with height. 

 Multivariate analysis showed that tryptase was independently related to MC number 

(regression coefficient: 0.142; 95% CI: 0.010–0.274), age (0.008; 0.002–0.013) and body weight 

(0.005; 0.001–0.009); MH was independently related to serum creatinine (-0.005; -0.009 to 

-0.001) and MIMA to height (-0.001; -0.001 to -0.000) (Table 3). Age was not related to MC 

number in univariate analysis (P = .33).
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Table 2 | Correlations in subjects with and without indolent systemic mastocytosis.

Tryptase MH MIMA MC 
number

Serum 
creatinine

Age Height Body 
weight

Non-ISM

MH -.256 *

MIMA -.137 .587 **

MC number .255 * .028 .261 *

Serum 
creatinine

.195 -.234 * -.184 .133

Age .303 ** -.054 .255 * .091 .093

Height .163 -.206 -.357 * -.044 .364 ** -.162

Body weight .195 -.216 -.217 -.028 .305 ** -.025 .536 **

BMI .220 * -.164 -.065 .029 .146 .066 .049 .862 **

ISM

MH .597 **

MIMA .662 ** .797 **

MC number .572 ** .464 ** .487 **

Serum 
creatinine

.167 -.094 -.161 .272 **

Age .091 -.021 .131 .182 .039

Height -.067 -.224 * -.248 ** .138 .414 ** -.260 **

Body weight .073 -.153 -.120 -.045 .244 ** -.064 .492 **

BMI .104 -.057 .016 -.121 -.003 090 -.119 .801 **

* P < .05; ** P < .01
MC number, mast cell number counted by flow cytometry.

ISM subjects (n = 112)
The minor diagnostic criterion of tryptase > 20.0 μg/L was only necessary to diagnose ISM in 

3 subjects. Fifty subjects with ISM had tryptase levels ≤ 20.0 μg/L, of whom 7 subjects had both 

normal MH and MIMA levels; 12 subjects had tryptase ≤ 11.4 μg/L of whom 2 had both normal 

MH and MIMA levels. In the total ISM group, 24 subjects had MH ≤ 154 μmol/mol creatinine 

and 24 MIMA ≤ 1.9 mmol/mol creatinine.

 Tryptase, MH, MIMA, and MC number showed interrelationships (Table 2). Furthermore, 

MH and MIMA correlated inversely with height. Notably, correlations were different in subjects 

with UP compared with subjects without UP. While in subjects with UP, MC number correlated 

with tryptase (P = .640), MH (P = .507), and MIMA (P = .521), in subjects without UP, the MC 

number only correlated with MIMA (P = .366).
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Multivariate analysis showed that tryptase was independently related to MC number 

(regression coefficient: 0.443; 95% CI: 0.331–0.555) and BMI (0.016; 0.004–0.027); and MH to 

MC number (0.263; 0.169–0.357) and height (-0.001; -0.001 to -0.000); and MIMA to MC number 

(0.279; 0.198–0.360), height (-0.001; -0.011 to -0.000), and serum creatinine (-0.003; -0.007 to 

-0.000) (Table 3). Notably, in ISM subjects, UP did not influence levels of tryptase, MH, or MIMA 

(P = .574, .293, and .584, respectively) (Table 3).

 

ROC analyses
ROC analyses were performed to evaluate the sensitivity and specificity of tryptase, MH, and 

MIMA in order to discriminate between subjects with and without ISM. AUC of these analytes 

did not differ in the whole group (0.80 [95% CI: 0.74–0.86], 0.80 [0.74–0.86], and 0.83 [0.78–0.89], 

respectively). The level with the highest combination of sensitivity and specificity was 16.0 μg/L 

for tryptase (sensitivity 73%, specificity 69%), 154 μmol/mol creatinine for MH (sensitivity 79%, 

specificity 69%), and 2.0 mmol/mol creatinine for MIMA (sensitivity 76%, specificity 77%).

As we confirmed the reported influence of age and BMI on tryptase, we determined the 

diagnostic accuracy of tryptase, MH, and MIMA for subjects divided into different categories as 

described in the method section. The analytes showed similar diagnostic accuracy in subjects 

> 50 years of age (AUC tryptase 0.75 [0.65–0.85]; MH 0.78 [0.69–0.88]; MIMA 0.83 [0.74–0.91]), 

and in subjects with BMI > 25 kg/m2 (AUC tryptase 0.79 [0.71–0.88]; MH 0.85 [0.77–0.93]; MIMA 

0.90 [0.83–0.96]). However, in the category > 50 years of age and BMI > 25 kg/m2, the AUC of 

MIMA (0.93; 95% CI: 0.86–1.00) was higher than that of tryptase (0.74; 0.61–0.87; P = .011) (Figure 

1). The MIMA level with the highest combination of sensitivity and specificity in this category 

was 1.9 mmol/mol creatinine (sensitivity 91%, specificity 83%). No significant difference in AUC 

was found between tryptase and MH (0.86; 0.75–0.96; P = .188) and between MH and MIMA 

(P = .126) in this category. A comparison of tryptase, MH, and MIMA levels between subjects 

≤ 50 years of age and/or BMI ≤ 50 kg/m2 and subjects > 50 years of age and BMI > 25 kg/m2 

is provided in Table 4. Tryptase levels were higher in non-ISM subjects > 50 years of age and 

BMI > 25 kg/m2 compared with non-ISM subjects ≤ 50 years of age and/or BMI ≤ 25 kg/m2 

(6.4 vs. 15.6 μg/L; P = .049). In all other categories, including the category of subjects aged ≤ 

50 years and BMI ≤ 25 kg/m2, AUC did not differ for tryptase (0.86; 0.75–0.96) and MH (0.80; 

0.68–0.93; P = .366), tryptase and MIMA (0.83; 0.71–0.95; P = .614), or MH and MIMA (P = .513). 

Also, ROC analyses for tryptase, MH, and MIMA performed in categories of subjects divided 

according to serum creatinine level did not show statistical differences.
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Table 3 | Univariate and multivariate linear regression analysis for serum tryptase and urinary 
methylhistamine and methylimidazole acetic acid in subjects with and without indolent systemic 
mastocytosis.

Univariate analysis Multivariate analysis

B 95% CI P value B 95% CI P value

Tryptase

Non-ISM

MC number .150 .010–.290 .036 .142 .010–.274 .036

Age .008 .003–.013 .004 .008 .002–.013 .005

Height .004 -.004–.013 .321 **

Body weight .005 .000–.009 .047 .005 .001–.009 .025

BMI .014 -.002–.030 .088 *

Serum creatinine .004 -.002–.009 .178 *

Gender -.168 -.344–.007 .060 *

ISM

MC number .427 .314–.540 .000 .443 .331–.555 .000

Age .004 -.002–.009 .175 *

Height -.003 -.010–.003 .315 **

Body weight .001 -.003–.006 .580 **

BMI . 010 -.004–.025 .171 .016 .004–.027 .011

Serum creatinine .003 -,002–.008 .203 *

Gender -.103 -.237–.031 .131 *

UP .041 -.104–.187 .574 **

MH

Non-ISM

MC number -.006 -.101–.088 .892 **

Age -.001 -.005–.002 .494 **

Height -.001 -.011–.000 .065 *

Body weight -.003 -.006–.000 .078 *

BMI -.005 -.016–.006 .362 **

Serum creatinine -.004 -.008– -.001 .015 -.005 -.009– -.001 .022

Gender .070 -.047–.187 .235 *

ISM

MC number .240 .142–.338 .000 .263 .169–.357 .000

Age .001 -.003–.006 .544 **

Height -.007 -.012– -.002 .009 -.001 -.001–.000 .000

Body weight -.004 -.007–.000 .026 *

BMI -.004 -.016–.007 .469 **

Serum creatinine -.002 -.006–.002 .225 *

Gender .006 -.100–.111 .915 **

UP .060 -.053–.173 .293 *
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Univariate analysis Multivariate analysis

B 95% CI P value B 95% CI P value

MIMA

Non-ISM

MC number .058 -.012–.128 .105 *

Age .003 .000–.006 .025 *

Height -.005 -.010– -.001 .016 -.001 -.001–.000 .019

Body weight -.002 -.004–.001 .119 *

BMI -.002 -.010–.006 .617 **

Serum creatinine -.002 -.005–.001 .172 *

Gender .053 -.039–.145 .253 *

ISM

MC number .241 .155–.327 .000 .279 .198–.360 .000

Age .004 .000–.008 .046 *

Height -.007 -.012– -.003 .003 -.001 -.011–.000 .002

Body weight -.003 -.006–.000 .079 *

BMI .000 -.010–.011 .953 **

Serum creatinine -.003 -.007–.000 .070 -.003 -.007–.000 .036

Gender .015 -.080–.110 .753 **

UP .028 -.074–.130 .584 **

B, coefficient (slope); MC number, mast cell number counted by flow cytometry.
Adjusted R2 for ISM versus non-ISM were: tryptase 0.374 resp. 0.195; MH 0.268 resp. 0.084; MIMA 0.362 resp. 0.158. 
*The variable was not selected during multivariate regression analysis. 
**The variable was not tested in multivariate regression analysis because of a P value > .30 in univariate regression analysis.

Table 4 | Serum tryptase and urinary methylhistamine and methylimidazole acetic acid levels in 
subjects ≤ 50 years and/or BMI ≤ 25 kg/m2 and subjects > 50 years and BMI > 25 kg/m2.

Subjects (n = 138)
≤ 50 years and/or 

BMI ≤ 25 kg/m2

Subjects (n = 56)
> 50 years and 
BMI > 25 kg/m2

P value

Tryptase (µg/L)*

Non-ISM 6.4 [1.6–32.6] (3.5–16.8) 15.6 [3.5–42.6] (6.5–21.2) .049

ISM 21.7 [4.6–169.0] (15.2–39.1) 22.6 [8.8–296.0] (16.5–46.4) 1.000

MH (μmol/mol creatinine)*

Non-ISM 133 [39–322] (87–217) 115 [56–383] (72–171) .621

ISM 231 [76–1077] (160–433) 208 [77–2554] (176–346) .678

MIMA (mmol/mol creatinine)*

Non-ISM 1.6 [0.5–6.4] (1.2–2.2) 1.6 [1.0–3.7] (1.3–1.8) .801

ISM 2.7 [0.5–10.7] (2.0–4.2) 3.2 [1.4–21.6] (2.4–4.5) .341

*Median [ranges] (interquartile ranges)
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Figure 1 | ROC curves for serum tryptase, urinary MH and MIMA to assess the risk of ISM in the overall 
study population A), subjects aged > 50 years B), subjects with BMI > 25 kg/m2 C), and subjects aged 
> 50 years with BMI > 25 kg/m2 D).
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DISCUSSION

This is the first study to investigate the clinical impact of age, BMI, and renal function on the 

diagnostic accuracy of tryptase, MH, and MIMA in the diagnosis of ISM confirmed by bone 

marrow analysis. Our results demonstrate that urinary MIMA allows a more accurate estimation 

of the need for bone marrow biopsy than serum tryptase and urinary MH in overweight subjects 

> 50 years of age (AUC 0.93 vs. 0.74, respectively). Furthermore, an equal accuracy was found 

for tryptase, MH, and MIMA in the overall ISM-suspected population as well as in younger and/

or slender patient categories and in subjects with increased serum creatinine. The relevance 

of this finding is important, as overweight is a growing problem, and even currently, subjects 

with overweight and > 50 years of age represent a relatively large group of subjects with ISM, 

comprising about 30% of our total study population. Another important finding is that UP 

did not influence levels of tryptase, MH, or MIMA in patients with ISM, suggesting that the 

contribution of tryptase and histamine from UP lesions is not significant to their total amount.

 As most clinicians currently are accustomed to using tryptase as a first indicator of ISM, 

the diagnostic value of MH and MIMA when tryptase levels are generally considered to be 

normal (≤ 11.4 μg/L), raised (11.4–20.0 μg/L), or markedly raised (> 20.0 μg/L) is also of interest. 

Twelve out of 112 ISM subjects (10.7%) showed tryptase ≤ 11.4 μg/L, of whom only 2 had 

normal MH and MIMA levels, and 50 out of 112 (44.6%) ISM subjects showed tryptase levels 

≤ 20.0 μg/L, of whom only 7 had normal MH and MIMA levels. In non-ISM subjects, 41 out of 

82 (50.0%) showed tryptase levels > 11.4 μg/L, of whom 30 had normal MH and MIMA levels, 

and 16 subjects (19.5%) showed tryptase levels > 20.0 μg/L, of whom 11 had normal MH and 

MIMA levels. The number of subjects with ISM when tryptase levels are ≤ 11.4 μg/L and non-

ISM when tryptase levels are > 20.0 μg/L does not, however, allow us to perform reliable sub-

analyses using ROC curves. This issue remains a topic of interest for future analysis.

 A previous study in a general population displayed >30% higher median tryptase values 

in individuals of > 50 years of age compared with those of younger adults.3 Because this effect 

was independent of renal dysfunction (glomerular filtration rate < 60 mL/min/1.73 m2), an 

increased MC mass with aging was suggested to be the underlying cause. Although we also 

found a dependence of tryptase on age in subjects without ISM, we could not find a relation 

between age and MC number in bone marrow as measured by flow cytometry, suggesting 

another cause for the elevation. The relation between tryptase and age may be explained 

by the decline in renal function with aging, because a decrease in kidney function can 

elevate tryptase levels.27 We can only hypothesize this is a likely explanation, as we could not 

demonstrate a relation between tryptase and kidney function due to the methodological 

limitation of using serum creatinine as a reflection of kidney function. Interestingly, MH and 

MIMA were not influenced by age in multivariate analysis.

 Obese individuals in the general population have been described to have higher basal 

serum tryptase concentrations compared with individuals without this condition.3,4 In line 
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with this report, white adipose tissue from obese humans and mice contains more MCs than 

that from their lean counterparts.2 In mice on a “western” diet, genetically induced deficiency 

or pharmacological stabilization of MCs reduced body weight gain, suggesting that MCs 

contribute to diet-induced obesity.2 In accordance with these reports, we found that tryptase 

increases with increasing body weight in subjects without ISM and with increasing BMI in 

subjects with ISM. Remarkably, ISM subjects did not have a higher BMI compared to non-ISM 

subjects. Apparently, the abnormal MCs in ISM do not exhibit a weight-gaining effect.

 Before sampling urine for MH and MIMA, we asked patients to refrain from consuming 

histamine-rich products known to influence histamine metabolite levels.10,11,13,14 An earlier 

report comparing tryptase and MH using radioimmunoassay in subjects with suspected 

mastocytosis concluded that tryptase is a more solid discriminator than MH.28 However, it 

should be noted that a radioimmunoassay is less specific than mass spectrometry, due to a 

false-positive influence of histamine.20 Although not commercially available at the moment, 

urinary MH and MIMA can easily be determined in laboratories that have gas chromatography 

and mass spectrometry facilities at their disposal.19,20

 In conclusion, urinary MIMA allows a more accurate estimation of the need for bone marrow 

biopsy than serum tryptase and urinary MH in overweight subjects of > 50 years of age and 

shows an equal accuracy to that of tryptase and MH in the overall ISM-suspected population. 

Therefore, we suggest determining MIMA as an indicator of the need for bone marrow biopsy 

in overweight patients of > 50 years of age when ISM is suspected, in order to avoid negative 

bone marrow outcome.
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ABSTRACT

Background: Although venom immunotherapy (VIT) with partially purified venom 

(Pharmalgen®) is highly effective in preventing systemic reactions in yellow jacket (YJ) venom 

allergic patients, its cost-effectiveness has recently been questioned. Up-dosing is particularly 

expensive while the reductive effect on adverse reactions to VIT has never been demonstrated.

Objective: Initiation of YJ-VIT with 100 μg Pharmalgen® was compared to up-dosing with a 

modified rush regimen in terms of adverse reactions, clinical efficacy, immunological effects 

and costs.

Methods: In this randomized clinical trial, eighteen patients received YJ-VIT initiation by a 

single injection of 100 μg Pharmalgen® followed by 3 booster injections every 4 weeks, or, 

alternatively, 12 updose injections in 7 weeks followed by one booster injection 5 weeks 

later. Adverse reactions were registered. Clinical efficacy was assessed by a sting challenge 

and compared to sting challenge outcomes in twenty untreated patients. Allergen-blocking 

IgG capacity was assessed with the ELIFAB assay. Direct medical costs and indirect costs were 

estimated as actual costs from a societal perspective.

Results: No systemic adverse reactions were observed to either VIT regimen and both regimens 

offered complete protection against systemic reactions to subsequent sting challenges. In 

contrast, 20% of untreated patients reacted systemically to a sting challenge. Allergen blocking 

IgG capacity was increased equally by the two VIT regimens. The 100-µg regimen and modified 

rush regimen cost $323.76 and $856.52, respectively.

Conclusions and clinical relevance: This is the first indication that YJ-VIT may be initiated at 

the maintenance dose in selected patients, thereby avoiding time-consuming regimens and 

reducing costs. Further studies on the safety of this approach are warranted.
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INTRODUCTION

Allergic reactions to Hymenoptera stings 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.1 The prevalence of systemic reactions related 

to Hymenoptera venom allergy is estimated at 3%, with yellow jacket (YJ) stings accounting for 

the majority of anaphylactic reactions in adults. 2,3 Without treatment, 25–60% of patients with 

a YJ venom allergy develop a systemic reaction to an in-hospital sting challenge.4-7

 The risk of anaphylaxis can be reduced to the general population hazard of 5% by YJ venom 

immunotherapy (YJ-VIT).5 Moreover, sting reactions that occur during YJ-VIT are usually milder 

than those experienced before treatment, and YJ-VIT is highly effective in improving quality 

of life.8 One of the most commonly used YJ-VIT products is Pharmalgen®, a partially purified 

extract of raw YJ venom. Recently, the cost-effectiveness of Pharmalgen® has been questioned 

based on a cost estimate of $27.5 million per quality-adjusted life year.9 Despite the controversy 

relating to failure of this study to include specific effects on quality of life,10 it does suggest that 

critical appraisal of current treatment regimens and exploration of more cost-effective options 

are warranted.

 In terms of non-medical costs, the up-dosing phase is a relatively expensive part of YJ-

VIT as its time-consuming nature causes economic productivity losses. The purpose of up-

dosing is to reduce the risk of systemic adverse reactions to VIT, and up-dosing has been 

common practice since immunotherapy with venom extract was first introduced in 1974.11 

However, the reductive effect on systemic adverse reactions has never been demonstrated, 

and randomized controlled trials on treatment regimens are scarce. Several studies have 

suggested that not the dose but the exposure rate plays a pivotal role in the incidence of 

systemic adverse reactions.12-14 In these studies, rush regimens result in less systemic adverse 

reactions than conventional regimens, while greater incremental steps are taken using fewer 

injections. In another study, Hymenoptera venom allergic patients tolerated 1, 10 and 100 µg 

venom injections given at 30-minute intervals, while 58% developed a systemic reaction to a 

subsequent sting challenge.5 Since patients showed no systemic adverse reaction to 100 µg of 

YJ-VIT, we hypothesized that this dose might be applied as the starting dose when initiating 

YJ-VIT in selected patients. Elimination of the up-dosing phase would reduce costs, increase 

patient convenience, and shorten the time to reach clinical protection.

 In this randomized controlled pilot study, up-dosing with 4 monthly 100 µg Pharmalgen® 

injections was compared with up-dosing according to a modified rush regimen, in terms 

of elicitation of adverse reactions, clinical efficacy (as ascertained by a sting challenge and 

compared to a group of YJ venom allergic patients not treated with VIT undergoing a sting 

challenge), immunological effects (measuring allergen-specific antibody profiles and the 

allergen-blocking capacity of patient sera by the enzyme-linked immunosorbent facilitated 

antigen binding (ELIFAB) assay), and treatment costs.
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METHODS

Subjects
This pilot study was an investigator-initiated, prospective, randomized clinical trial conducted at 

the University Medical Center Groningen between May 2013 and November 2015. Participants 

had a history of a systemic reaction grade I-IV, classified according to the system proposed by 

Mueller, following a YJ field sting,15 in addition to YJ venom-specific (s)IgE > 0.35 kUA/L in serum, 

measured within two months before inclusion. Patients with double sensitization to YJ venom 

and bee venom were excluded. For safety reasons, patients were prohibited from participation 

if they met the relative contraindications for YJ-VIT with Pharmalgen® as specified by the 

manufacturer (ALK-Abelló, Hørsholm, Denmark): severe cardiopulmonary disease, insufficiently 

controlled asthma, immune deficiencies, auto-immune diseases, malignancy, severe kidney 

failure, use of β-blockers or immunosuppressive drugs, or pregnancy.16 Additionally, patients 

were not included if they were younger than 18 years, experienced a grade IV sting reaction 

with loss of consciousness or incontinence, or suffered from mastocytosis. Patients were 

screened for mastocytosis by measuring baseline serum tryptase (cut-off value 10.0 µg/L17), 

urine methylhistamine (MH; reference value 154 µmol/mol) and methylimidazole acetic acid 

(MIMA; reference value 1.9 mmol/mol), and inspecting the skin for clinical lesions compatible 

with urticaria pigmentosa.

 The trial was registered at the European Clinical Trials Database (EudraCT no. 2013-001990-

26) and was approved by the National Research Ethics Service and the Institutional Review 

Board of the University Medical Center Groningen. All participants provided written informed 

consent.

Treatment and sting challenge regimens
Participants were computerized stratified randomized to one of the two following treatment 

regimens of YJ-VIT with Pharmalgen® (ALK-Abelló, Hørsholm, Denmark), balanced for age, 

gender, and severity of field sting reaction (Table 1). Regimen 1 encompassed VIT initiation 

by a single injection of 100 µg YJ venom, followed by 3 monthly 100 µg injections, resulting 

in a cumulative dose of 400 μg YJ venom in 12 weeks. Regimen 2 resembled a modified rush 

(cluster) regimen, with a total of 6 injections every 30 minutes on the first day (starting with 

0.0001 µg, final amount 10 µg, cumulative dose 11.1111 µg/d), followed by weekly injections 

of increasing venom doses up to the final amount of 100 µg YJ venom at week 7, and a booster 

injection of another 100 µg YJ venom 5 weeks later (cumulative dose 421 µg in 12 weeks). The 

treatment regimens are outlined in Table 2.
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Table 1 | Clinical and laboratory patient characteristics. 

Regimen 1
(n = 10)

Regimen 2
(n = 8)

Comparators
(n = 20)

Age (years) 43.1 ± 12.4 52.9 ± 5.5 51.25 ± 12.2

Gender (male, %) 6 (60.0) 6 (75.0) 10 (50.0)

Field sting reaction (grade, %) I 1 (10.0) 1 (12.5)  3 (15.0)

II 2 (20.0) 2 (25.0)  3 (15.0)

III 3 (30.0) 1 (12.5)  7 (35.0)

IV 4 (40.0) 4 (50.0)  7 (35.0)

Interval field sting – start VIT or  
sting challenge (months)

9.7 (8.4–20.6) 9.6 (7.7–10.4) 11.2 (8.5–25.0)

Yellow jacket venom-sIgE (kUA/L) 3.51 (1.47–7.22) 7.96 (3.28–16.62) 5.15 (3.06–8.35)

Tryptase (μg/L) 5.0 (3.9–6.7) 5.5 (3.7–6.0) 4.3 (3.5–5.1)

MH (μmol/mol creatinine) 93 (62–125) 113 (73–114) 83 (60–108)

MIMA (mmol/mol creatinine) 1.1 (0.9–1.4) 1.0 (0.9–1.3) 1.4 (1.2–1.6)*

Mean ± SD or median (interquartile ranges). Group differences were tested using the independent samples t-test, Mann-
Whitney U-test, or Kruskal Wallis test. *P < .05 for patients on regimen 2 vs. sting protocol. Regimen 1, 4 monthly 100 μg 
injections; regimen 2, modified rush regimen; comparators, untreated patients receiving a sting challenge.
MH, methylhistamine; MIMA, methylimidazole acetic acid; VIT, venom immunotherapy.

Table 2 | Injection scheme regimen 1 and regimen 2. 

Injection scheme regimen 1 Injection scheme regimen 2

Week Injection Dose (µg) Week Injection Dose (µg)

1 1 100 1 1 0.0001

4 2 100 2 0.001

8 3 100 3 0.01

12 4 100 4 0.1

Final cumulative dose 400 µg 5 1

6 10

2 7 10

3 8 20

4 9 40

5 10 60

6 11 80

7 12 100

12 13 100

Final cumulative dose 421 µg
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To compare clinical efficacy of the VIT regimens, an in-hospital sting challenge (the gold 

standard) was performed 4 weeks after the last injection of each regimen. This outcome was 

compared to the outcome of a sting challenge in patients not treated with VIT (hereafter 

referred to as the comparator group, patient characteristics Table 1). Sting challenges were 

performed according to European guidelines with Vespula vulgaris or Vespula germanica, 

confirmed by entomologic determination, and caught in the wild on the morning of the 

challenge.18 Stings were performed on the volar side of the arm and local sting reactions (e.g. 

erythema and local swelling) were measured and recorded after 15 minutes.

 As a safety measure, all sting challenges and injections of regimen 1, as well as the first six 

injections of regimen 2, were administered in an intensive care setting. Patients were under 

constant medical supervision with intravenous access and monitoring of blood pressure, 

respiratory and cardiac function, allowing prompt recognition and treatment of anaphylaxis. 

Adverse reactions were ascertained and documented according to predefined criteria including 

condition of the skin, pulse rate, blood pressure, and respiratory rate. To objectify suspected 

systemic reactions, the course of serum tryptase and the urinary histamine metabolites were 

measured, comparing baseline values to values one and two hours after the first symptoms. 

Symptoms of late-phase reactions (e.g. large local reactions defined as local swelling with a 

diameter of > 10 cm) were systematically evaluated using a questionnaire.

Hymenoptera venom-specific serum antibodies and mast cell parameters
YJ venom-sIgE and -sIgG4 antibodies, Ves v 5, and bee venom-sIgE were measured in patients’ 

serum by the ImmunoCAP system according to the manufacturer’s instructions (Thermo Fisher 

Scientific Inc., Phadia AB, Uppsala, Sweden). Serum tryptase levels were determined with the 

B12 assay using ImmunoCAP Tryptase reagents and the Phadia 250 analysis device (Thermo 

Fisher Scientific Inc., Phadia AB, Uppsala, Sweden).19 Levels of MH and MIMA were determined 

by an isotope-dilution mass fragmentographic method as described previously.20-22

Enzyme-linked immunosorbent facilitated antigen-binding (ELIFAB) assay
In order to evaluate immunological changes during the initial phase of VIT, blood was drawn 

immediately before the first Pharmalgen® injection and immediately before the sting challenge. 

The allergen-blocking capacity of patients’ sera was assessed with the cell-free ELIFAB assay23 

The blocking capacity depends on allergen-specific IgG antibodies, as neither serum of non-

sensitized healthy controls nor IgG-depleted serum of patients treated by VIT inhibits allergen-

IgE complex binding to CD23.24

 In brief, 20 μL of IgG-depleted25,26 indicator serum exhibiting high Ves v 5-sIgE levels 

(> 100 kUA/L) was either mixed with 20 μL of patient serum or 20 μL medium in the presence 

of 5 µL recombinant Ves v 5. As YJ venom extract consists of a complex mixture of different 

allergens, the major allergen Ves v 5 was used as a surrogate to allow defined assay conditions. 

The indicator serum was previously shown to exhibit an optimal antibody/allergen ratio 
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for complex formation at 3 µg/mL Ves v 5.24 The solution was preincubated at 37°C for one 

hour in order to allow for formation of allergen-IgE complexes. After preincubation, allergen-

IgE complexes were transferred to soluble CD23-coated plates (R&D Systems, Wiesbaden-

Nordenstadt, Germany) and incubated for one hour at room temperature. Next, free sIgE was 

washed away and allergen-IgE complexes bound to immobilized soluble CD23 (Sigma-Aldrich, 

Schnellorf, Germany) were detected by adding biotin-conjugated anti-human IgE antibody (BD 

Biosciences, Heidelberg, Germany), streptavidin-peroxidase, and 3,3’,5,5’-tetramethylbenzidine 

(TMB; both Sigma-Aldrich, Schnelldorf, Germany). All samples were measured in duplicate. 

For the calculation of antibody ratios, any individual value below the detection limit for Ves v 

5-sIgG4 was arbitrarily replaced by 0.01 mgA/L in statistical analysis.

Statistical methods
Statistical analysis was performed with IBM Statistics 22.0 (SPSS, Armonk, NY). Categorical 

variables were expressed as percentage and metric variables as mean or median and 

standard deviation or interquartile range, respectively. Group differences were tested using 

the independent samples t-test, Mann-Whitney U-test, or Kruskal Wallis test. Percentages 

were compared using the Chi-Square test. P values < .05 were considered to be statistically 

significant.

Pharmacoeconomic evaluation
All health care costs and non-health care costs were valued from a societal perspective 

according to standard Dutch guidelines for economic evaluations (Dutch Health Care Insurance 

Board),27,28 meaning that costs were expressed as actual costs instead of tariffs. All prices were 

converted to the price level of 2015 and converted from euro to US dollars. A detailed overview 

of the cost components and prices implemented per patient per regimen is shown in Table 

3. In addition to the study regimens, the costs of the conventional up-dosing regimen are 

shown.16

Health care costs
The Pharmalgen® purchase price is $26 per 100 µg.27 The average costs of an outpatient 

department (OPD) visit were calculated as follows: for each visit, a nurse (salary cost: $31 per 

hour) is present for 15 minutes. In general, reactions occur in 1.9% of the updosing injections29 

for which an allergist (salary cost: $79 per hour) must be present for half an hour and a nurse 

for two hours. On average, this comes to $2 per visit; with an additional 44% overhead for 

the accommodation, cleaning and equipment. In total, this yields a total average cost of $14 

per visit. In addition to the OPD visit costs, a half-day of hospital care during the first day of 

updosing of regimen 2 was included, as patients are admitted to hospital ($309 per day) for 

three hours. 8
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Table 3 | Overview of costs per regimen per patient.

Unit costs (US $)* Regimen 1 Regimen 2 Conventional 
regimen

Health care costs        

Pharmalgen $26.29 per 100 μg $105.16 $110.68  $104.14 

OPD visit $14.01 per injection $56.04 $182.13  $168.12 

Half day hospital care $154.29 per visit – $154.29 – 

Subtotal health care costs   $161.20 $447.10 $272.26 

Non-health care costs        

Travel costs $0.24/km#; 
$3.56 parking costs

$27.68 $55.36 $83.04 

Productivity loss Hourly wage men 
$37.50 (20.50–45.18)

$134.88 $354.06 $404.64 
Hourly wage women  
$29.94 (19.84–33.08)

Subtotal non-health care costs   $162.56 $409.42 $487.68 

Total costs   $323.76 $856.52  $759.94 
*Exchange rate January 2016 (€1 = US $1.09). All prices are derived from  the Dutch Health Care Insurance Board.  
Regimen 1, 4 monthly 100 μg injections; regimen 2, modified rush regimen.
#Mean travel distances: 7.0 km to specialist
OPD, Outpatient department

Non-health care costs
On average, patients travel 7 kilometers to reach the OPD and pay $4 for parking at the 

hospital.28 Productivity losses were quantified in terms of lost earnings caused by absenteeism. 

Time spent per visit was half an hour of treatment time, and half an hour of waiting and 

traveling to the OPD. An average age of 40 years and an equal distribution of men and women 

were applied, leading to an hourly wage of $38 for men and $30 for women.28

RESULTS

Ten patients were randomized to regimen 1 and eight patients to regimen 2. The comparator 

group receiving only a sting challenge consisted of twenty patients. All participants completed 

the study regimen. Patient characteristics are outlined in Table 1. Subjects did not differ in 

demographic characteristics, grade of the field sting reaction, interval between the field 

sting and start of VIT or sting challenge, YJ venom-sIgE or mast cell parameters, except for 

a slightly higher MIMA level in the comparator group compared to the group of regimen 2 

(1.4 vs. 1.0 mmol/mol creatinine; P = .027). However, all mast cell parameters were within 

normal range.
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Adverse reactions to YJ-VIT
Immediate systemic reactions
None of the subjects developed a systemic reaction to VIT. One patient on regimen 1 developed 

tachycardia without any measurable change in blood pressure within 10 minutes of the first, 

second and third 100 µg injection with a duration of a few minutes. This patient recognized the 

feeling of palpitations under other circumstances, usually at home and related to emotional 

stress. One patient on regimen 2 developed tachycardia after 10 µg of YJ venom, without other 

symptoms of anaphylaxis. However, all mast cell parameters remained stable in both patients.

Late phase reactions
Fatigue and flu-like symptoms developed repeatedly in four patients on regimen 1 and in four 

patients on regimen 2, several hours after the injection. On regimen 1, large local reactions 

appeared in eight out of ten patients after the first YJ venom injection, in seven after the 

second, in three after the third, and in one after the fourth injection. During the course of VIT, 

a reduction in local reaction size on the injections was observed. On regimen 2, six out of eight 

patients developed a large local reaction on the first day, and one patient after each injection 

until the fifth week of up-dosing.

Adverse reactions to the sting challenge
None of the subjects treated with YJ-VIT developed a systemic reaction after the sting challenge. 

Of note, two patients on regimen 1 experienced an additional, accidental, YJ sting in the field 

between the third and fourth injection, but neither of them developed a systemic reaction.

 In the comparator group, four out of twenty patients (20%) developed a systemic reaction 

to the sting challenge consisting of three grade I and one grade III reactions (Table 4). All 

clinically diagnosed systemic reactions were biochemically supported by an increase and 

subsequent decrease in mast cell parameters compared to baseline values. Two other subjects 

showed tachycardia without any measurable change in blood pressure and flushing of the 

head, neck and chest, but the mast cell parameters remained stable.
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Hymenoptera venom-specific serum antibodies and ELIFAB
Ves v 5-sIgE antibodies were detectable in all sera and increased equally during regimen 1 and 

regimen 2 (1.39 and 1.20 kUA/L, respectively; P = .573; Figure 1A). In addition, Ves v 5-sIgG4 

antibody concentrations were equally increased (1.23 and 1.87 mgA/L, respectively; P = .534; 

Figure 1B). The latter resulted in a comparable decrease of the Ves v 5-sIgE/-sIgG4 ratio, seen 

in both schedules (12.25 and 15.26, respectively; P = .344; Figure 1C).

 Although addition of some of the patient sera resulted in a greater degree of IgE-allergen 

interaction than the indicator serum alone, all sera showed an increased ability to inhibit 

allergen-IgE complex formation after VIT (Figure 1D). No difference was found in the decrease 

of allergen-IgE complex binding to CD23 between the patients during regimen 1 and regimen 

2 (47.8% and 37.8%, respectively; P = .529). After VIT, an inverse correlation was found between 

the Ves v 5-sIgG4 antibody concentrations and the percentage of allergen-IgE complexes 

bound to CD23 (two-tailed Spearman’s rank correlation coefficient: rs = -0.833 vs. -0.714; P = .01 

and .047, respectively; Figure 1E).

Figure 1 A and B | Ves v 5-specific (s)IgE and -sIgG4 antibody concentrations; C) Ves v 5-sIgE/IgG4 
ratio; D) ELIFAB. Data are related to binding with indicator serum alone (100%); E) Correlation 
between Ves v 5-sIgG4 antibody concentrations and percentage of allergen-IgE complexes bound 
to sCD23. Comparisons of paired samples vs. unpaired samples were made using Wilcoxon Signed-
Rank test and Mann-Whitney U-test. 
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Pharmacoeconomic evaluation
On regimen 1, the cost per patient was $324 compared with $857 on regimen 2, which 

represents a 2.6 fold reduction (Table 3). The main causes for the cost difference were 

productivity loss ($219), hospital care costs for the first day of up-dosing ($154) and OPD visit 

costs ($126). Conventional up-dosing costs $760 per patient, which is 2.3 times more than 

calculated for the treatment by regimen 1.16 

DISCUSSION

Since immunotherapy with Hymenoptera venom extract was first carried out in 1974, up-

dosing of venom at the start of VIT has been a standard procedure. It is a widely held view 

that up-dosing can reduce the occurrence of systemic adverse reactions to VIT. This is the first 

randomized controlled study exploring the option of VIT initiation without an up-dosing phase 

but rather by starting with a single dose of 100 µg YJ venom (Pharmalgen®), corresponding 

to the usual maintenance dose. We demonstrate that a regimen starting with a single dose 

as high as the maintenance dose of 100 µg/injection is tolerated as well as a regimen with 

incremental venom doses. Although this study is limited by a small sample size and additional 

research in a larger number of patients is needed to ensure therapy safety, these results 

give a first indication that it may be safe to start VIT directly with the maintenance dose of 

100 µg/injection in selected patients.

 No systemic reactions were observed during the 100 µg YJ venom regimen, or the modified 

rush regimen. Remarkably, 20% of the patients not treated by VIT reacted systemically to a 

sting challenge. Our results are in agreement with the study by Hunt et al., in which patients 

tolerated 1, 10 and 100 µg of purified venom given at 30-minute intervals, but in which 58% 

reacted systemically to a subsequent sting challenge.5 These combined data suggest that the 

composition of Hymenoptera venom extracted for purposes of immunotherapy could be 

somewhat different from the venom injected by a living insect. Pharmalgen® is obtained from 

the venom sacs of a mixture of Vespula species. After the sac is pulled out of the insect, it is 

crushed in a β-alanine acetic acid buffer to release the venom.16 Supposedly, the allergens 

characterized to date (Ves v 1, 2, 3, 5, and 6)30 are present in venom after extraction but hitherto 

unknown allergens may be left behind in the venom sac or lost upon exposure to a non-natural 

environment. Moreover, little is known about the protein recovery and stability resulting from 

the extraction process, both of which may alter the final composition of the extract utilized for 

VIT in comparison to venom found in its natural molecular environment in the venom sac.

 All treated patients were clinically protected from systemic reactions to the sting 

challenge, regardless of the utilized VIT regimen, while 20% of the untreated patients in the 

comparator group reacted systemically to the sting challenge. Early immunological changes 

could be demonstrated in both treatment arms as a similar boost in Ves v 5-sIgG4 antibody 
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concentrations was observed. Additionally, an equally increased ability of patients’ serum to 

inhibit allergen-IgE complex formation after three months of VIT was demonstrated by the 

ELIFAB assay. This assay was performed in addition to IgG4 measurement, as successful VIT is 

associated with an increase in IgG4 blocking activity that is more dependent on the affinity 

than on the quantity of the antibodies.31 Thus, the non-responsiveness to the sting challenge 

and development of YJ venom inhibitory IgG antibodies suggest a comparable efficacy of both 

VIT regimens.

 For patient enrolment, strict selection criteria were applied with emphasis on exclusion 

of patients affected by mastocytosis or suffering from pulmonary or cardiovascular diseases, 

which result in an increased risk of systemic reactions to VIT.32,33 Except for patients with 

mastocytosis, because they have a high risk for severe reactions, future studies should evaluate 

the safety of directly starting with the maintenance dose of 100 µg YJ venom in these groups 

of patients. Furthermore, the suitability of this VIT regimen for the treatment of bee venom 

allergy should be assessed, as bee venom VIT poses a higher risk for systemic adverse effects.34

 Given the current focus on cost and convenience in health care worldwide, this report may 

contribute to greater use and acceptance of this important and effective treatment. Starting 

directly with 100 µg YJ venom brings a 2.6 fold reduction compared to modified up-dosing, 

or a 2.3 fold reduction compared to conventional up-dosing. Given a prevalence of 3% of 

systemic reactions to YJ stings,3 a life expectancy of 79 years,35 and a mean age of occurrence of 

40 years, the calculated incidence of systemic reactions is 0.077%. In a population comparable 

to that of the United States (323 million people), implementation of regimen 1 in, for example, 

50% of the YJ venom allergic patients would save $54 million compared to conventional up-

dosing each year. Costs were analyzed according to standard Dutch guidelines for economic 

evaluations. In the US setting, health expenditures are higher than in the Netherlands. The total 

health expenditure per capita is $8.713 in the US compared to $5.217 in the Netherlands,36 

implying that the cost difference between the regimens would be even greater in the US.

 In conclusion, the results of this study give a first indication that VIT initiation at the 

maintenance dose may be safe, clinically effective, induces YJ venom-blocking IgG antibodies, 

and is pharmaco-economically advantageous compared to an up-dosing treatment schedule. 

However, caution is warranted in the selection of eligible patients. As we applied very strict 

exclusion criteria, with an emphasis on mastocytosis, our findings cannot be extrapolated to all 

YJ venom allergic patients. Moreover, additional research including a larger number of patients 

is needed to ensure safety of this VIT regimen. Our results confirm that sting challenges with 

living insects remain the only test for evaluating clinical allergic reactivity to stinging insects.
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ABSTRACT

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

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

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

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

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

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

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

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

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

calculated with logistic regression models.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

METHODS

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

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

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

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

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

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

5 percent; power, 80 percent).

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

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

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

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

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

approved the retrospective analysis.

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

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

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

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

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

the beginning of the maintenance phase.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

cardiopulmonary resuscitation).

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

skin was stratified semi quantitatively by antitryptase immunohistochemistry. Histological 

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

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

minor criterion for MIS).21,22

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

venom dose during the maintenance phase of VIT.

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

objective systemic allergic reaction.

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

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

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

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

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

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

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

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

results of the second SC were used for the analysis.

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

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

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

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

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

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

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

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

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

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

reaction during in-hospital SC (VIT failure).

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

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

tests for binary variables.

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

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

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

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

nonlinear covariate effects.

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

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

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

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

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

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

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

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

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

estimation of effects of that risk depending on BTC.

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

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

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

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

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

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

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

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

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

protection.

RESULTS

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

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

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

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

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

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

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

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

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

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

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

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

onset MIS).

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

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

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

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

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

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

pre-applied maintenance dose.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Objective systemic reaction during sting challenge (cases) 

Yes
(n = 104)

No
(n = 1505) P value

Gender

male 46 (6.4) 669 (93.6)
.965

female 58 (6.5) 836 (93.5)

Highest degree of index sting reaction preceding VIT

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

III or IV 24 (7.2) 310 (92.8)

Double VIT for a simultaneous bee and vespid venom allergy

yes 16 (6.2) 244 (93.8)
.824

no 88 (6.5) 1261 (93.5)

Type of venom

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

honey bee 55 (15.8) 293 (84.2)

Venom dose (µg) during maintenance therapy

100 83 (5.8) 1356 (94.2)
.001

200 21 (12.4) 149 (87.6)

Systemic allergic reaction during build-up or maintenance phase

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

no 79 (5.4) 1378 (94.6)

ACE inhibitor medication at sting challenge

yes 6 (20.0) 24 (80.0)
.002

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

Yes
(n = 104)

No
(n = 1505) P value

Beta-blocker medication at sting challenge

yes 0 (0.0) 18 (100.0)
.262

no 104 (6.5) 1487 (93.5)

Any antihypertensive medication at sting challenge

yes 17 (7.3) 215 (92.7)
.563

no 87 (6.3) 1290 (93.7)

Entomological verification of insect used for sting challenge

yes 73 (8.2) 817 (91.8)
.002

no 31 (4.3) 688 (95.7)

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

yes 12 (11.3) 94 (88.7)
.035

no 92 (6.3) 1411 (93.9)

Brand of venom used for VIT

Pharmalgen® 20 (5.5) 342 (94.5)
.409

Aquagen® 84 (6.7) 1163 (93.3)

Era of sting challenge

5/1998–10/2002 39 (7.5) 481 (92.5)

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

5/2006–10/2008 23 (5.8) 374 (94.2)

5/2009–10/2011 14 (4.9) 274 (95.1)

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

≤ 45 51 (6.2) 767 (93.8)
.704

> 45 53 (6.7) 738 (93.3)

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

≤ 15 70 (8.6) 747 (91.4)
< .001

> 15 34 (4.3) 758 (95.7)

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

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

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

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

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

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

revealing no objective reaction.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

P value Odds ratio 95% CI

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

Therapy with honeybee venom < .001 5.09 3.17 8.15

Systemic allergic reaction during VIT < .001 3.07 1.79 5.14

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

.003 2.74 1.37 5.22

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

.017 0.68 0.50 0.93

Double VIT for a simultaneous bee and vespid venom 
allergy

.027 0.51 0.27 0.90

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

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

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

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

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

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

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

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

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

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

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

Risk profile

Systemic allergic 
reaction during VIT

Double 
VIT

Type of  
venom used 

for VIT

BTC  
> 20.0 µg/L 
and/or MIS

Venom 
dose  
(µg)

Duration 
of VIT 

(months)

Lowest possible 
probability of VIT 

failure (%)

No No Vespid No 200   9 2.2

No No Vespid No 100 14 3.3

No No Vespid Yes 200 19 4.6

No No Vespid Yes 100 28 6.8

No No Bee No 200 29 7.1

No No Bee No 100 42 10.4

No No Bee Yes 200 55 14.2

No No Bee Yes 100 74 20.5

No Yes Vespid No 200   5 1.4

No Yes Vespid No 100   8 2.1

No Yes Vespid Yes 200 12 2.8

No Yes Vespid Yes 100 17 4.2

No Yes Bee No 200 18 4.4

No Yes Bee No 100 27 6.5

No Yes Bee Yes 200 36 9.0

No Yes Bee Yes 100 51 13.1

Yes No Vespid No 200 21 4.9

Yes No Vespid No 100 30 7.4

Yes No Vespid Yes 200 40 10.1

Yes No Vespid Yes 100 56 14.7

Yes No Bee No 200 58 15.4

Yes No Bee No 100 78 22.1

Yes No Bee Yes 200 94 29.3

Yes No Bee Yes 100 109 40.6

Yes Yes Vespid No 200 13 3.1

Yes Yes Vespid No 100 19 4.6

Yes Yes Vespid Yes 200 26 6.3

Yes Yes Vespid Yes 100 37 9.3

Yes Yes Bee No 200 39 9.7

Yes Yes Bee No 100 55 14.1

Yes Yes Bee Yes 200 70 19.1

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

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

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

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

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

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

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

increase the risk for VIT failure.

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

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

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

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

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

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

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

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

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

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

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

terms of predicting therapeutic success.

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

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

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

because AIC values could not be improved further.

DISCUSSION

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

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

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

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

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

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

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

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

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

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

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

disease studied.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

allergenic molecular structures.33

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

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

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

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

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

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

after a field sting in untreated patients.15

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

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

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

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

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

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

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

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

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

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

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

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

nature of the elicitor.

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

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

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

insect.

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

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

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

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

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

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

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

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

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

identification of an independent effect of the sting reaction variable.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

considered when applying our predictors in practice.
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Chapter 7

This thesis gives an overview of some of the main challenges and controversies in the 

understanding, diagnosis, and treatment of Hymenoptera venom allergy with a special focus on 

patients with indolent systemic mastocytosis (ISM). We aim to address clinical and biochemical 

factors related to anaphylaxis and to provide a practical guidance for decision-making in 

diagnosis and treatment. This chapter presents a summary of the results of our research, the 

implications thereof on clinical practice and recommendations for future research.

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 yellow jacket venom (YJV) 

extract (YJV ImmunoCAP®) by adding the major allergen Ves v 5 in a recombinant form (rVes v 

5). YJV extract is used as a first-line diagnostic work-up for YJV allergy and consists of a mixture 

of natural whole venom extracts of several Vespula species. Some of the major allergens such 

as Ves v 5 have been produced in a recombinant form and are used as a second-line analysis in 

cases where the causative insect is uncertain or double-positive results for both honeybee and 

yellow jacket venom are obtained with YJV extract. In the routine use of recombinant allergens 

we found that IgE reactivity was frequently higher to rVes v 5 than to YJV extract and that in 

some cases IgE reactivity was only detectable by rVes v 5, suggesting a shortage of Ves v 5 in 

the conventional YJV ImmunoCAP®.

 To test our hypothesis, we prospectively investigated IgE reactivity to several allergen 

compounds in a multicenter trial in 308 patients with an established diagnosis of YJV allergy. 

Amongst others, we compared IgE reactivity to YJV extract, rVes v 5, and to a newly developed 

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

found substantially higher specific (s)IgE reactivity to rVes v 5 than to YJV extract (on average 

2.4 times higher) and could detect sensitization (≥ 0.35 kUA/L) in 89.9% and 83.4% of the 

patients, respectively. In addition, 84.4% of the patients that were negative to YJV extract tested 

positive to rVes v 5. Next, we demonstrated that IgE reactivity to rVes v 5-spiked YJV extract was 

substantially higher in Ves v 5-positive sera, whereas no relevant difference in reactivity was 

observed in Ves v 5-negative sera. The increase of sensitivity from 83.4% to 96.8% was not 

accompanied by a decrease of specificity (as demonstrated in 51 honeybee venom allergic 

patients without a history of YJV allergy).

 A number of mechanisms could theoretically explain a reduced Ves v 5 immunoreactivity in 

the extract, compared with the recombinant protein. There might be a true shortage of Ves v 5 

protein in the YJV extract because natural venom is a heterogeneous mixture and components 

are present in widely varying concentrations, or particular allergens such as Ves v 5 might be 

lost or degraded during processing into extracts. Alternatively, an inefficient coupling of Ves v 

5 to the assay’s solid phase or sterical shielding of Ves v 5 epitopes by endogenous ligands of 
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Ves v 5 or its attachment to the solid phase may cause a diminished accessibility of Ves v 5 in 

the extract compared to the recombinant protein.

 In conclusion, our results suggest an incomplete capture of Ves v 5-reactive IgE antibodies 

in the conventional YJV ImmunoCAP® and spiking with rVes v 5 can compensate the absence of 

IgE immunoreactivity without impairing the specificity. As a result of this study, rVes v 5-spiked 

YJV ImmunoCAP® (Thermo Fisher Scientific) was introduced for routine diagnostics in June 

2012 and the previous conventional YJV ImmunoCAP® was withdrawn from the market after a 

transitional period.

 Chapter 3 illustrates the consequences of YJV sensitization in patients with ISM and 

proposes a customized reference value for YJV-sIgE in this particular group of patients. Patients 

with ISM are at high risk for severe and recurrent systemic reactions to yellow jacket stings, 

and sometimes the first systemic reaction may be fatal. A case of a fatal yellow jacket sting 

reaction just two months after a large local reaction in a patient with known ISM in our clinic 

raised the question whether sensitization in ISM patients without a prior systemic reaction 

should have therapeutic consequences. However, robust data on the natural history of yellow 

jacket venom allergy and the meaning of sensitization in patients with ISM is lacking. In case 

reports and small patient groups, demonstration of sensitization in ISM patients with a history 

of anaphylactic sting reactions is reported to be problematic because sIgE levels are regularly 

below the reference value to conclude sensitization. This phenomenon may be explained 

by an increased adsorption of sIgE to the high-affinity IgE receptors on the surface of the 

expanded mast cell population. We hypothesize that ISM patients who have been stung by a 

yellow jacket have lower YJV-sIgE levels in general, and that this specific group of patients is in 

need of a customized reference value.

 We retrospectively analyzed 153 ISM patients with a history of a yellow jacket sting and 

used 313 YJV allergic non-mastocytosis patients as a control. Our results demonstrate that 

yellow jacket stings often result in systemic reactions in ISM patients and that the first systemic 

reaction is frequently very severe. Moreover, without venom immunotherapy (VIT), subsequent 

stings often result in recurrence of systemic reactions and most of these reactions are also 

severe. As hypothesized, YJV-sIgE levels were considerably lower in ISM patients compared to 

non-mastocytosis patients and the current threshold (0.35 kUA/L) was less frequently reached. 

Subsequently, we investigated whether the diagnostic accuracy of sIgE could be improved in 

patients with ISM by customizing the reference value. The current reference value of 0.35 kUA/L 

yields a sensitivity of 77.6% and a specificity of 87.5%. The low sensitivity at the current 

reference value is alarming since we demonstrated that untreated YJV allergy could have 

serious consequences in ISM patients. Therefore, we propose a customized reference value in 

ISM patients at 0.17 kUA/L (sensitivity 83.6%, specificity 85.0%).

 The question as to whether sensitization in ISM patients without a prior systemic reaction 

should be treated with VIT remains unanswered. Although asymptomatic sensitization was 

very rare in our ISM cohort, suggesting that sensitization is more often associated with systemic 
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reactions in this particular group of patients, the risk on future systemic reactions remains 

uncertain as prospective analyses are difficult to achieve due to the rarity of the disease, 

the infrequent occurrence of yellow jacket stings and the unacceptable risk of performing 

diagnostic sting challenges in ISM patients. The only solution seems to be prospective 

multicenter collection of sIgE and sting outcome data at the moment of diagnosis of ISM in 

patients that have not yet experienced a systemic reaction, and after every successive sting 

in order to gather information on the implications of sensitization. Based on the relatively low 

rate of asymptomatic sensitization and the high prevalence of severe systemic reactions in 

ISM patients we recommend discussing the possibility of VIT with all ISM patients exhibiting 

elevated YJV sIgE, even if they are hitherto asymptomatic, in order to arrive at an optimal 

individualized management strategy.

 In conclusion, the high rate of severe systemic reactions to yellow jacket stings in ISM 

patients underscores the importance of an adequate sensitivity of sIgE in order to detect 

patients in need of VIT. The significantly lower YJV-sIgE levels in ISM patients compared to non-

mastocytosis patients supports the concept for a lowered customized sIgE reference value in 

ISM patients.

 Chapter 4 compares the ability of baseline serum tryptase (bsT) and baseline urinary 

histamine metabolites methylhistamine (MH) and methylimidazole acetic acid (MIMA) to 

discriminate between subjects suspected of having ISM who need a bone marrow biopsy 

from those who do not. Special attention was given to those that were older than 50 years 

and had a body mass index (BMI) over 25 kg/m2. Because ISM has a significant influence on 

the diagnosis, treatment, and prognosis of Hymenoptera venom allergy, it is important to 

accurately recognize and diagnose this condition. Immunohistochemical staining of a bone 

marrow biopsy is the gold standard for the diagnosis of ISM, but should only be performed 

if there is a reasonable clinical indication because it is an invasive procedure. BsT is the most 

commonly used indicator of the need for a bone marrow biopsy, but it does not solely depend 

on the mast cell load and can be elevated by obesity, older age, and a decreased renal function. 

We hypothesize that the urinary histamine metabolites may be relatively unaffected by these 

factors because bsT is a direct product of mast cells while MH and MIMA are indirect products 

that are produced by the degradation of histamine. The reported absence of a concordance 

between bsT and the histamine metabolites underscores the hypothesis that there might be a 

discrepancy in factors that affect the level of these analytes.

 We conducted a retrospective data analysis of 194 adults in whom bone marrow 

investigations had been performed because of a high clinical suspicion of ISM and/or elevated 

bsT, MH, or MIMA levels. ISM was established in 112 subjects and excluded in 82. Non-ISM 

subjects had a higher bsT when they were over 50 years and had a BMI over 25 kg/m2, while 

urinary baseline MH and MIMA levels did not differ compared to younger, leaner subjects. As 

hypothesized, multivariate analysis in non-ISM subjects revealed that age and body weight are 

independent predictors for bsT, while these factors did not influence MH or MIMA levels. The 
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diagnostic accuracy of bsT, MH and MIMA is comparable in the total population suspected of 

having ISM, while it is limited for bsT in subjects suspected of having ISM over 50 years with a 

BMI over 25 kg/m2. We conclude that MIMA is the best indicator of the need for a bone marrow 

biopsy in older, overweight subjects suspected of ISM.

 In conclusion, age and BMI influence bsT whereas baseline urinary MH and MIMA levels 

are not influenced by these factors. In subjects suspected to have ISM > 50 years with a 

BMI > 25 kg/m2, MIMA has a greater value compared to tryptase in estimating the need for 

a bone marrow biopsy. The relevance of this finding is considerable because most clinicians 

are accustomed to using only bsT as a first indicator of ISM, while overweight and ageing are 

growing problems currently representing 30% of the population suspected of having ISM.

CHALLENGES IN THE TREATMENT OF PATIENTS AT RISK FOR 
SYSTEMIC REACTIONS TO HYMENOPTERA STINGS

Chapter 5 explores the effect of eliminating the up-dosing phase of yellow jacket VIT 

(Pharmalgen®) in terms of elicitation of adverse reactions, clinical efficacy (comparing a sting 

challenge in this group with a sting challenge in a group of untreated YJV allergic patients), 

immunological effects (measuring allergen-specific antibody profiles and the allergen-

blocking capacity of patient sera by the enzyme-linked immunosorbent facilitated antigen 

binding assay (ELIFAB)), and treatment costs. Currently, VIT is the only therapeutic option to 

diminish the risk for severe systemic reactions including anaphylaxis in YJV allergic patients. 

Yellow jacket VIT is a purified extract of raw YJV, which supposedly still contains all allergens. 

Therefore, it is implemented in an up-dose fashion with the aim of reducing systemic adverse 

reactions. However, up-dosing is relatively time consuming and expensive while the intended 

effect, a reduction in systemic adverse reactions, has never been demonstrated. The rationale 

of elimination of the up-dosing phase in VIT was to reduce costs, increase patient convenience, 

and potentially shorten the time needed to reach clinical protection. 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%. This suggests that the allergenicity of the venom 

extract, injected for VIT, is different from that of the venom, injected directly by a yellow jacket.

 We designed a randomized controlled pilot study including patients with an established 

YJV allergy that were randomized to either yellow jacket VIT initiation by a single injection 

of 100 μg Pharmalgen® followed by 3 consecutive booster injections every 4 weeks (n = 10), 

or, alternatively, yellow jacket VIT initiation by a modified rush VIT regimen consisting of 

12 updose injections in 7 weeks followed by one booster injection 5 weeks later (n = 8). VIT and 

sting challenges were performed under constant medical supervision and adverse reactions 

were ascertained and documented according to predefined clinical and laboratory criteria. 
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None of the subjects developed a systemic reaction to VIT. The clinical efficacy of both VIT 

regimens was assessed by a sting challenge. To confirm the validity of the sting challenge, a 

control group of patients with a previous systemic sting reaction was included that received 

a sting challenge before starting VIT (n = 20). None of the patients in the treatment regimens 

reacted systemically to the sting challenge while 20% of the control group did. Although three 

challenges with negative result are needed in order to definitely exclude a persisting YJV allergy, 

this outcome suggests that four single 100 μg injections may already desensitize patients to 

the venom. We conducted additional immunological studies, comparing IgG4 antibody levels, 

and additionally performing a novel cell-free ELIFAB assay. IgG4 antibody levels rose equally by 

the two VIT regimens and the ELIFAB assay showed that the allergen blocking IgG capacity was 

also equally increased, supporting the clinical outcome of the sting challenges. From the non-

responsiveness to the sting challenge and the development of allergen blocking IgG capacity, 

we suspect a comparable efficacy of both VIT regimens.

 Direct medical costs and indirect costs were estimated as actual costs from a societal 

perspective. The 100-µg regimen costs $323.76 per patient compared to $856.52 for the 

modified rush regimen or $759.94 for conventional up-dosing, which entails a 2.6 or 2.3 fold 

reduction in costs during the up-dosing phase. Implementation of the 100-µg regimen in 50% 

of the YJV allergic patients in a population comparable to that of the United States would 

yearly save $54 million compared to conventional up-dosing. Given the current focus on cost 

and convenience in health care worldwide, our report may contribute to greater use and 

acceptance of this important and effective treatment.

 Although larger randomized controlled trials are needed to ensure the safety of this 

approach before it can be implemented in clinical practice, we conclude that initiation of 

yellow jacket VIT at the maintenance dose might prove to be a time efficient and cost-effective 

option for selected patients in the future.

 Chapter 6 evaluates which suspected risk factors from clinical practice and previous reports 

are independent risk factors for VIT failure, as evaluated by the frequency of objective systemic 

reactions during an in-hospital sting challenge (the gold standard) during the maintenance 

phase of VIT. Although the efficacy of VIT as a therapeutic measure in general is very high, it 

is estimated that 16–20% of patients with a bee venom allergy and 5–10% of patients with an 

YJV allergy are not protected. The efficacy of VIT is thought to depend on a variety of factors, 

but the relative importance of these factors is unknown as previous studies are small and lack 

an appropriate adjustment for confounders. Knowledge of risk factors for therapy failure is of 

importance for modifying treatment strategies (e.g. by increasing the maintenance dose or 

prolonging the duration of the therapy).

 We designed the largest observational retrospective study to date on the efficacy of VIT 

during the maintenance phase, including 1609 cases (1532 patients of which 77 were allergic to 

both Hymenoptera species) with an established YJV (n = 1261) and honeybee venom (n = 348) 

allergy. Patients had experienced a systemic field sting reaction for which they received species 
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specific VIT and a subsequent in-hospital sting challenge to measure treatment efficacy. Data 

were collected on various putative risk factors.

 104 Cases developed a systemic reaction to the sting challenge performed at the 

maintenance phase of VIT (49 reactions to a yellow jacket sting (reactivity 3.9%) and 

55 reactions to a honeybee sting (reactivity 15.8%)). The median time that had elapsed 

between commencement of VIT and the sting challenge was 15 months. Systemic adverse 

reactions were observed in 152 cases (9.4%) during the up-dosing or maintenance phase; 25 of 

these (16.4%) also experienced systemic allergic reactions to the sting challenge. Multivariate 

analysis showed an increased risk for VIT failure in patients with a honeybee venom allergy, if 

a systemic allergic adverse reaction had occurred during VIT, when ACE inhibitor medication 

was used at the time of the sting challenge, and if bsT was above 20.0 μg/L and/or adult onset 

of cutaneous mastocytosis was present. Protective were a longer duration of the maintenance 

therapy, double VIT for simultaneous honeybee venom and YJV, and a double venom dose 

(200 μg) during maintenance therapy, implemented because of a predefined risk profile of the 

individual patient. Our study confirmed the importance of factors for treatment failure, which 

were only reported in small groups before.

 There are a few limitations to our study. First, the criteria bsT > 20.0 μg/L and/or adult onset 

of cutaneous mastocytosis was supposed to likely represent patients suffering from systemic 

mastocytosis (n = 98). It is not unlikely that part of the patients with systemic mastocytosis were 

missed due to the criteria for mastocytosis used in the study. In the experience of the expert 

clinic on mastocytosis in Groningen, a substantial proportion of patients that do not have skin 

lesions with a bsT ≤ 20 μg/L suffer from ISM, while ISM patients usually experience severe 

reactions (Chapter 3). Consequently, the impact of systemic mastocytosis on the occurrence 

of reactions to the sting challenge is presumably higher than we could establish by our study. 

Second, beta-blocker and ACE inhibitor use were underrated because ACE inhibitors and beta-

blockers were often temporarily withdrawn at the time of the sting challenge. Six out of thirty 

patients who were still on ACE inhibitors experienced a systemic reaction compared to none 

out of eighteen on beta-blockers. The relatively low rate of ACE inhibitor and beta-blocker use 

can be seen in the large confidence interval of ACE inhibitors while the impact of beta-blockers 

might have been missed.

 In conclusion, therapeutic success correlates with the duration of therapy, type of venom, 

and venom dose. Adult-onset cutaneous mastocytosis and/or a bsT > 20 μg/L, systemic 

allergic reactions during VIT, and ACE inhibitor medication at the time of the sting challenge 

are significant determinants for VIT failure. The increase in protection with duration of therapy 

suggests that even during the maintenance phase the protection rate increases with time. 

Double VIT for YJV and honeybee venom and a high venom dose for groups at risk suggest that 

these are successful strategies.
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Dit proefschrift belicht de voornaamste vraagstukken en controverses omtrent ons begrip, 

de diagnostiek en de behandeling van insectenallergie met een bijzondere focus op de 

samenloop van insectenallergie en indolente systemische mastocytose (ISM). Gepoogd is de 

klinische en biochemische factoren die samenhangen met anafylaxie te ontrafelen en een 

praktische handreiking te geven voor beslissingen tijdens de diagnostiek en behandeling van 

insectenallergie en mastocytose. In dit hoofdstuk presenteren wij een samenvatting van de 

onderzoeksresultaten, en de implicaties hiervan voor de dagelijkse kliniek en aanbevelingen 

voor toekomstig onderzoek.

DIAGNOSTISCHE UITDAGINGEN BIJ PATIËNTEN DIE RISICO LOPEN 
OP SYSTEMISCHE REACTIES OP INSECTENSTEKEN

Hoofdstuk 2 richt zich op het verbeteren van de diagnostische sensitiviteit van het 

conventionele wespengif extract (ImmunoCAP® wesp) door het voornaamste allergeen Ves 

v 5 in een recombinante vorm (rVes v 5) aan het extract toe te voegen. Wespengif extract, 

bestaande uit een mix van natuurlijke gif extracten van verschillende Vespula soorten, is tot op 

heden de eerste keus bij de diagnostiek van wespengif allergie. Een aantal van de voornaamste 

allergenen, zoals Ves v 5, worden in een recombinante vorm geproduceerd ten behoeve 

van tweedelijns diagnostiek ingeval het veroorzakende insect niet met zekerheid is vast te 

stellen of wanneer positieve resultaten optreden voor zowel bijen- als wespengif terwijl het 

niet aannemelijk is dat er sprake is van twee allergieën. Tijdens het gebruik van recombinante 

allergenen in de dagelijkse klinische praktijk merkten wij op dat de reactiviteit van IgE vaak 

hoger was voor rVes v 5 dan voor het gehele wespengif extract en dat de IgE reactiviteit soms 

zelfs alleen maar meetbaar was met gebruik van rVes v 5. Dit suggereert een tekort van het 

allergeen Ves v 5 in het conventionele ImmunoCAP® wesp.

 Om onze hypothese te toetsen voerden wij een prospectief onderzoek uit waarin de 

IgE reactiviteit voor verscheidene allergeen samenstellingen werd getest. Dit onderzoek 

werd uitgevoerd in een multicenter setting waarin 308 patiënten met een vastgestelde 

wespenallergie werden geïncludeerd. Wij vergeleken onder meer de IgE reactiviteit tegen het 

gehele wespengif extract, rVes v 5, en een nieuw ontwikkeld extract waarbij rVes v 5 aan het 

wespengif extract werd toegevoegd (rVes v 5-verrijkt ImmunoCAP® wesp). Wij vonden een 

substantieel hogere IgE reactiviteit tegen rVes v 5 dan tegen het wespengif extract (gemiddeld 

2.4 maal hoger) en konden sensitisatie (≥ 0.35 kUA/L) in respectievelijk 89.9% en 83.4% van 

de patiënten aantonen. Bovendien toonde 84.4% van de patiënten die niet reactief waren 

op het wespengif extract wel reactiviteit tegen rVes v 5. Vervolgens toonden wij aan dat IgE 

reactiviteit tegen het rVes v 5-verrijkte wespengif extract substantieel hoger was in de Ves v 

5-positieve sera terwijl er geen relevant verschil in reactiviteit gevonden kon worden in de Ves 
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v 5-negatieve sera. De verbetering in sensitiviteit van 83.4% naar 96.8% ging niet gepaard met 

een vermindering in specificiteit (aangetoond in 51 bijengif allergische patiënten zonder een 

voorgeschiedenis van een wespenallergie).

 Theoretisch zijn er een aantal mechanismen die de verminderde Ves v 5 immunoreactiviteit 

in het wespengif extract kunnen verklaren. Mogelijk is er sprake van een daadwerkelijk tekort 

van Ves v 5 proteïne in het wespengif extract omdat het extract een natuurlijk product is dat 

bestaat uit een heterogene mix van componenten, of omdat bepaalde allergenen zoals Ves v 

5 verloren gaan of degraderen gedurende de verwerking tot het diagnostisch product. Een 

andere mogelijke verklaring is een inefficiënte koppeling van het Ves v 5 aan de assay die in 

vaste fase verkeerd of sterische afscherming van de Ves v 5 epitopen door endogene liganden 

van Ves v 5 of hechting aan de vaste fase, welke beiden een verminderde beschikbaarheid van 

het Ves v 5 in het extract teweegbrengen ten opzichte van het recombinant. 

 Concluderend wijzen onze resultaten er op dat de Ves v 5-reactieve IgE antilichamen niet 

compleet gevangen kunnen worden in het conventionele ImmunoCAP® wesp en dat verrijking 

met rVes v de afwezige IgE immunoreactiviteit kan compenseren zonder de specificiteit van de 

test aan te tasten. Volgend op deze studie werd rVes v 5-verrijkt ImmunoCAP® wesp (Thermo 

Fisher Scientific) in juni 2012 op de markt gebracht voor routine diagnostiek en werd de 

voorgaande conventionele ImmunoCAP® wesp gedurende een overgangsperiode geleidelijk 

van de markt terug getrokken.

 Hoofdstuk 3 illustreert de gevolgen van sensitisatie voor wespengif bij patiënten met 

ISM en stelt een aangepaste referentie waarde voor wespengif-sIgE voor in deze specifieke 

patiënten populatie. Patiënten met ISM hebben een bijzonder hoog risico op ernstige en 

herhaalde systemische reacties op wespensteken, en de eerste reactie kan al fataal verlopen. 

Een fatale afloop op een wespensteek twee maanden na een grote plaatselijke reactie bij een 

patiënt die bekend was met ISM in onze kliniek riep de vraag op of sensitisatie op zichzelf 

zonder voorgaande systemische reactie al therapeutische consequenties zou moeten geven. 

Het ontbrak echter aan robuuste data betreffende het natuurlijk beloop van wespenallergie 

en de gevolgen van sensitisatie bij patiënten met ISM. In case reports en studies met kleine 

patiënten aantallen is herhaaldelijk gemeld dat het aantonen van sensitisatie in ISM patiënten 

met een voorgeschiedenis van een anafylactische reactie op een insectensteek problematisch 

kan zijn omdat sIgE waarden regelmatig beneden de vigerende referentie waarde voor 

vaststelling van sensitisatie vallen. Dit fenomeen zou verklaard kunnen worden door een 

verhoogde adsorptie van sIgE aan de hoge-affiniteit IgE oppervlakte receptoren op het grote 

aantal mestcellen. Wij postuleerden dat ISM patiënten die gestoken zijn door een wesp in het 

algemeen lagere wespengif-sIgE waarden vertonen en dat er voor deze groep patiënten dus 

een aangepaste referentiewaarde moet worden gehanteerd.

 Retrospectief werden 153 ISM patiënten met een wespensteek in de voorgeschiedenis 

geanalyseerd met 313 niet-mastocytose patiënten met een wespenallergie als controle 

groep. Onze resultaten demonstreerden dat wespensteken bij ISM patiënten met regelmaat 

in systemische reacties resulteren en dat de eerste reactie vaak ernstig is. Indien er nog geen 
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specifieke immunotherapie tegen het gif (VIT) is gegeven resulteren volgende steken vaak 

in herhaalde systemische reacties welke meestal ernstig verlopen. Onze hypothese werd 

bevestigd dat, vergeleken met patiënten zonder ISM, de wespengif-sIgE waarden significant 

lager waren in ISM patiënten en dat de vigerende referentie waarde (0.35 kUA/L) minder 

vaak werd bereikt. Vervolgens onderzochten wij of de diagnostische accuraatheid van sIgE 

verbeterd kon worden in patiënten met ISM door de referentiewaarde aan te passen. De huidige 

referentiewaarde van 0.35 kUA/L behaalde een sensitiviteit van 77.6% bij een specificiteit 

van 87.5%. De lage sensitiviteit behorende bij de huidige referentie waarde is zorgwekkend 

omdat wij aantoonden dat een onbehandelde wespenallergie bij patiënten met ISM ernstige 

gevolgen kan hebben. Daarom stellen wij voor bij ISM patiënten een aangepaste referentie 

waarde van 0.17 kUA/L te hanteren (sensitiviteit 83.6%, specificiteit 85.0%).

 Het blijft de vraag of sensitisatie bij ISM patiënten zonder voorafgaande systemische reactie 

zou moeten leiden tot behandeling met VIT. Hoewel asymptomatische sensitisatie nauwelijks 

voorkwam in ons ISM cohort, hetgeen suggereert dat sensitisatie vaker geassocieerd is met 

systemische reacties binnen deze specifieke groep patiënten, blijft het risico op toekomstige 

systemische reacties speculatief omdat prospectief onderzoek moeilijk uitvoerbaar is gezien 

de zeldzaamheid van de ziekte, het relatief weinig voorkomen van wespensteken en het 

onacceptabele risico dat proefsteken bij ISM patiënten met zich meebrengt. Prospectief 

multicenter onderzoek bij ISM patiënten die nog geen systemische reactie op een steek 

ervaren hebben waarin sIgE data voorafgaand aan iedere veldsteek en het verloop van iedere 

veldsteek verzameld worden zou een antwoord kunnen geven op onze vraag. Op basis van 

het relatief weinig voorkomen van asymptomatische sensitisatie en de hoge prevalentie 

van ernstige systemische reacties bij ISM patiënten adviseren wij de mogelijkheid van VIT te 

bespreken met alle ISM patiënten die een verhoogd sIgE tegen wespengif vertonen, zelfs als ze 

tot dusverre asymptomatisch zijn, zodat er een optimaal persoonlijk behandelplan opgesteld 

kan worden.

 Concluderend benadrukt het groot aantal ernstige systemische reacties op wespensteken 

bij ISM patiënten het belang van een adequate sensitiviteit van sIgE om patiënten die VIT 

nodig hebben te kunnen detecteren. De significant lagere wespengif-sIgE levels in ISM 

patiënten in vergelijking met patiënten zonder mastocytose ondersteunen het voorstel voor 

een aangepaste sIgE referentie waarde bij ISM patiënten.

 Hoofdstuk 4 vergelijkt hoe geschikt basaal serum tryptase (bsT) en de basale 

histaminemetabolieten methylhistamine (MH) en methylimidazolazijnzuur (MIMA) in de urine 

zijn, om vast te stellen wie van de personen, die vermoedelijk aan ISM leiden, in aanmerking 

komen voor een beenmergbiopt. Speciaal werd gekeken naar personen met een leeftijd boven 

50 jaar en een body mass index (BMI) boven 25 kg/m2. Omdat ISM een significante invloed 

heeft op de diagnose, behandeling, en prognose van insectenallergie is het belangrijk om deze 

aandoening te herkennen en te diagnosticeren. De gouden standaard voor de diagnose van 

ISM is immunohistochemische kleuring van een beenmergbiopt. Deze moet echter alleen op 

een redelijke klinische indicatie uitgevoerd worden omdat het nemen van een beenmergbiopt 
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een invasieve procedure betreft. Het bsT is de meest gebruikte indicator voor het nemen van 

een beenmergbiopt; deze reflecteert echter niet alleen de hoeveelheid mestcellen maar kan 

ook verhoogd worden door overgewicht, oudere leeftijd, en een verminderde nierfunctie. 

Wij veronderstelden dat de urine metabolieten relatief weinig beïnvloed worden door deze 

factoren. Waar het bsT een direct product is van de mestcel, zijn MH en MIMA indirecte 

producten die geproduceerd worden door de degradatie van histamine. De gerapporteerde 

afwezigheid van een associatie tussen het bsT en de histamine metabolieten versterkt 

de hypothese dat er mogelijk een verschil bestaat in de factoren die de waarden van deze 

analyten beïnvloed.

 Wij voerden een retrospectieve data analyse uit bij 194 volwassenen bij wie beenmerg 

onderzoek was uitgevoerd in verband met een hoog klinische verdenking op ISM en/of 

verhoogde bsT, MH of MIMA waarden. ISM werd vastgesteld in 112 personen en geëxcludeerd 

in 82 personen. Personen zonder ISM hadden een hogere bsT indien zij ouder dan 50 jaar 

waren en een BMI boven 25 kg/m2 hadden terwijl de histamine metabolieten MH en MIMA in 

de urine niet afweken ten opzichte van jongere, slankere personen. In overeenstemming met 

de hypothese toonde multivariaat analyse in personen zonder ISM aan dat leeftijd en gewicht 

onafhankelijke voorspellers zijn voor het bsT, terwijl deze factoren de MH en MIMA waarden 

niet beïnvloeden. De diagnostische accuraatheid van het bsT, MH en MIMA is vergelijkbaar in de 

totale populatie die verdacht wordt van ISM, terwijl deze beperkt is bij personen die verdacht 

worden van ISM die ouder zijn dan 50 jaar met een BMI boven 25 kg/m2. Wij concluderen dat 

MIMA de beste indicator is voor de noodzaak voor een beenmergbiopt bij oudere personen 

met overgewicht waarvan vermoed wordt dat ze ISM hebben.

 Concluderend beïnvloeden leeftijd en BMI het bsT terwijl basaal MH en MIMA in de urine 

niet beïnvloed worden door deze factoren. Bij personen waarvan vermoed wordt dat ze ISM 

hebben en ouder zijn dan 50 jaar met een BMI boven 25 kg/m2 heeft MIMA een grotere waarde 

dan bsT voor de inschatting van de noodzaak voor een beenmergbiopt. De relevantie van deze 

bevinding is groot omdat de meeste artsen in de kliniek gewend zijn om alleen het bsT als 

eerste indicator voor ISM te gebruiken, terwijl overgewicht en vergrijzing groeiende problemen 

zijn. Op dit moment behelst deze groep reeds 30% van onze patiënten die verdacht worden te 

lijden aan ISM.

UITDAGINGEN IN DE BEHANDELING VAN PATIËNTEN DIE RISICO 
LOPEN OP SYSTEMISCHE REACTIES OP INSECTENSTEKEN

Hoofdstuk 5 exploreert de mogelijkheid de opdoseerfase van wespen VIT (Pharmalgen®) te 

elimineren. Er werd hierbij gekeken naar bijwerkingen, klinische effectiviteit (door proefsteken 

bij deze groep patiënten te vergelijken met proefsteken bij patiënten met een wespenallergie 

die nog geen behandeling hadden ondergaan), immunologische effecten (door het meten 
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van allergeen-specifieke antilichaam profielen en de allergeen-blokkerende capaciteit van 

patiënten sera met de enzyme-linked immunosorbent facilitated antigen binding assay 

(ELIFAB)), en economische overwegingen. Momenteel is VIT de enige behandeling welke het 

risico op ernstige systemische reacties inclusief anafylaxie kan verminderen bij patiënten 

met een wespenallergie. Wespen VIT is een gepurificeerd extract van natuurlijk wespengif 

waarbij aangenomen wordt dat deze de allergenen nog steeds bevat. Om die reden wordt 

VIT toegepast in een opdoseer schema, met als doel het aantal systemische bijwerkingen 

te verminderen. Opdoseren is echter tijdrovend en kostbaar terwijl het beoogde effect, 

een vermindering van het aantal systemische bijwerkingen, nog nooit aangetoond is. 

De rationale achter het elimineren van de opdoseer fase is om de kosten te reduceren, de 

patiëntvriendelijkheid te bevorderen, en mogelijk de tijd totdat klinische bescherming is 

bereikt, te verkorten. De oorspronkelijke studie die de effectiviteit van VIT aantoonde liet zien 

dat hoge dosis gepurificeerd gif geen systemische reactie uitlokt bij onbehandelde patiënten, 

terwijl de direct daarop volgende proefsteek resulteerde in een systemische respons in 58% 

van de patiënten. Dit suggereert dat de allergeniciteit van het gif extract dat voor VIT wordt 

toegediend anders is dan het gif dat door het insect wordt ingespoten.

 Wij ontwierpen een gerandomiseerde gecontroleerde pilot studie waarin patiënten met 

een vastgestelde wespenallergie werden gerandomiseerd in een groep waarbij VIT werd 

geïnitieerd met een enkele 100 μg Pharmalgen® injectie gevolgd door 3 opeenvolgende 

booster injecties iedere 4 weken (n = 10), en een groep met een aangepast rush schema met 

12 opdoseer injecties in 7 weken gevolgd door een booster injectie 5 weken later (n = 8). VIT 

en de proefsteken werden uitgevoerd onder constante medische supervisie en bijwerkingen 

werden vastgesteld en gedocumenteerd volgens vooraf bepaalde klinische en laboratorium 

criteria.

 Geen van de participanten ontwikkelde een systemische reactie op de toediening van VIT. 

De klinische effectiviteit van beide schema’s werd geëvalueerd door een proefsteek. Om de 

validiteit van de proefsteek te bevestigen werd een vergelijkbare controlegroep van patiënten 

met een eerdere systemische reactie op een veldsteek geïncludeerd die voorafgaand aan de 

start van VIT (n = 20) een proefsteek kregen. Geen van de patiënten in beide behandelgroepen 

reageerde systemisch op de proefsteek, terwijl 20% van de controle groep een systemische 

reactie ontwikkelde. Hoewel er drie proefsteken nodig zijn om een persisterende 

insectenallergie te kunnen uitsluiten suggereert deze uitkomst dat vier enkele 100 μg injecties 

patiënten reeds kunnen desensitiseren zonder een verhoogd risico op bijwerkingen te geven. 

Additioneel werd immunologisch onderzoek verricht waarbij IgG4 antilichaam concentraties 

werden vergeleken en een recent ontwikkelde cel-vrije ELIFAB analyse werd uitgevoerd. De 

IgG4 antilichaam concentraties stegen gelijkwaardig in de twee behandelgroepen en de ELIFAB 

analyse toonde aan dat de allergeen-blokkerende IgG capaciteit ook gelijkwaardig steeg, 

wat de klinische bevindingen tijdens de proefsteken bevestigde. De bescherming tegen de 
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proefsteken en de ontwikkeling van blokkerende IgG capaciteit suggereert een vergelijkbare 

effectiviteit van beide VIT schema’s.

De directe medische kosten en de indirecte kosten werden vanuit een maatschappelijk 

oogpunt berekend. Het 100-μg schema kost $323.76 per patiënt in vergelijking tot $856.52 

voor het gemodificeerde rush schema of $759.94 voor het conventioneel opdoseren, hetgeen 

een vermindering in kosten met een factor 2.6 of 2.3 inhoudt. Het invoeren van het 100-μg 

schema bij 50% van de patiënten met een wespenallergie bij een populatie, vergelijkbaar met 

die van de United States, zou jaarlijks $54 miljoen besparen ten opzichte van conventioneel 

opdoseren. Gegeven de huidige focus op kosten en gemak in de gezondheidszorg wereldwijd 

zou onze studie kunnen bijdragen aan de toepassing en acceptatie van deze belangrijke en 

effectieve behandeling.

 Hoewel een groter gerandomiseerd klinisch onderzoek nodig is om de veiligheid van 

onze benadering te bevestigen voordat deze in de dagelijkse klinische praktijk toegepast 

kan worden, concluderen wij dat initiatie van wespen VIT met de onderhoudsdosering een 

tijdsefficiënte en kosten effectieve optie zou kunnen zijn.

 Hoofdstuk 6 evalueert welke vermeende risicofactoren vanuit de klinische praktijk en 

voorgaande publicaties onafhankelijke risicofactoren zijn voor VIT falen aan de hand van het 

aantal geobjectiveerde systemische reacties na een gecontroleerde proefsteek (de gouden 

standaard) gedurende de onderhoudsdosering van VIT. Hoewel de effectiviteit van VIT als 

behandeling in het algemeen hoog is, wordt aangenomen dat 16-20% van de patiënten met 

een bijenallergie en 5-10% van de patiënten met een wespenallergie niet beschermd worden. 

De oorzaken zijn multifactorieel maar het individuele belang van deze factoren is onbekend 

omdat voorgaande studies klein zijn en een juiste correctie voor confounders mist. Kennis van 

de risicofactoren van therapie falen is belangrijk zodat de behandeling eventueel aangepast 

kan worden (bijvoorbeeld door de dosis tijdens de onderhoudsbehandeling te verhogen of 

door de duur van de behandeling te verlengen).

 Wij ontwierpen de grootste observationele retrospectieve studie tot op heden naar de 

effectiviteit van VIT gedurende de onderhoudsdosering met 1609 casus (1532 patiënten onder 

wie 77 allergisch waren voor bijen plus wespen) met een vastgestelde wespenallergie (n = 

1261) en bijenallergie (n = 348). Patiënten hadden een voorgeschiedenis van een systemische 

reactie op een veldsteek waarvoor zij insect-specifieke VIT ontvingen en hadden vervolgens 

een proefsteek ondergaan om de effectiviteit van de behandeling te bepalen. Data omtrent de 

onderscheiden vermeende risico factoren was verzameld.

 104 Casus ontwikkelden een systemische reactie op de proefsteek tijdens de 

onderhoudsdosering van VIT (49 reacties op een wespensteek (reactiviteit 3.9%) en 55 

reacties op een bijensteek (reactiviteit 15.8%)). De mediane tijd welke was verstreken tussen 

de aanvang van VIT en de proefsteek was 15 maanden. Systemische bijwerkingen werden in 

152 casus geobserveerd (9.4%) gedurende de opdoseerfase of onderhoudsfase; 25 van deze 

(16.4%) ontwikkelden een systemische allergische reactie op de proefsteek. Multivariate 
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analyse toonde een verhoogd risico voor VIT falen bij patiënten met een bijenallergie, indien 

er een systemische bijwerking was opgetreden tijdens VIT, indien ACE remmers gebruikt 

werden tijdens de proefsteek, en als het bsT > 20.0 μg/L was en/of er sprake was van cutane 

mastocytose die op volwassen leeftijd voor het eerst openbaarde. Relatief beschermend 

waren een langere duur van de onderhoudsdosering, simultaan bijen en wespen VIT, en een 

dubbele dosis VIT (200 μg) tijdens de onderhoudsdosering welke was toegepast in verband 

met een vooraf gesteld hoog risico profiel van de individuele patiënt. Onze studie bevestigde 

het belang van een aantal vermeende risicofactoren die voorheen in kleine studies naar voren 

kwamen.

 Onze studie heeft een aantal beperkingen. In verband met het ontbreken van 

beenmergbiopten is er voor gekozen dat de criteria bsT > 20.0 μg/L en/of cutane mastocytose 

die op volwassen leeftijd openbaart waarschijnlijk de patiënten met systemische mastocytose 

representeren (n = 98). Het is echter goed mogelijk dat een deel van de patiënten met 

systemische mastocytose gemist zijn door de gehanteerde criteria in de studie. Blijkens 

ervaring van het expertisecentrum voor mastocytose in Groningen heeft een substantieel deel 

van de patiënten zonder huidlaesies met een bsT ≤ 20 μg/L ISM, terwijl juist ISM patiënten vaak 

ernstige reacties doormaken (Hoofdstuk 3). Als een gevolg hiervan is de impact van systemische 

mastocytose op de frequentie van het optreden van systemische reacties op de proefsteek 

waarschijnlijk hoger dan we konden vaststellen met deze studie. Ten tweede is het gebruik van 

bètablokkers en ACE remmers onderschat, omdat ACE remmers en bètablokkers vaak tijdelijk 

werden gestopt ten tijde van de proefsteek. Zes van de dertig patiënten die nog steeds ACE 

remmers gebruiken ervoeren een systemische reactie in vergelijking tot geen van de achttien 

die bètablokkers gebruikten. De beperking in het gebruik van ACE remmers en bètablokkers 

ten tijde van de proefsteek wordt weerspiegelt in het brede betrouwbaarheidsinterval van de 

ACE remmers terwijl het effect van bètablokkers hierdoor mogelijk gemist is.

 Concluderend correleert het therapeutische succes met de duur van de therapie, het 

type gif en de dosis. Openbaring van cutane mastocytose op volwassen leeftijd en/of een 

bsT > 20.0 μg/L, systemische bijwerkingen tijdens VIT en ACE remmer gebruik ten tijde van 

de proefsteek zijn significante risicofactoren voor VIT falen. De toename in bescherming met 

de duur van de therapie suggereert dat de onderhoudsfase ook bijdraagt aan de toename in 

bescherming. Dubbele VIT voor wespengif en bijengif en een hoge dosering voor de patiënten 

met een vooraf vermeend hoog risico suggereren dat deze strategieën succesvol zijn.
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Het is zover! Mijn proefschrift is voltooid, en dat had ik zonder een aantal mensen niet voor 

elkaar gekregen. Graag wil ik daarom iedereen bedanken, die op welke wijze dan ook mij heeft 

ondersteund om mijn promotie tot een goed einde te brengen. Een aantal mensen wil ik in 

het bijzonder bedanken.

Allereerst wil ik alle patiënten hartelijk bedanken die aan onze spannende klinische 

onderzoeken hebben deelgenomen. Stel je voor dat je in shock bent geraakt door een 

wespensteek en dat je je dan vrijwillig door ons in het ziekenhuis laat steken om te ontdekken 

of je nog altijd allergisch bent. Daar heb je ongekend veel lef voor nodig! Bedankt voor jullie 

vertrouwen in ons. Want eerlijk, zonder jullie, geen proefschrift.

Mijn promotor, prof. dr. E.A. Dubois. Beste Ewoud, als een vader zorg jij voor je onderzoekers. 

Inhoudelijk van grote waarde en mentaal ondersteunend, voor mij ben je een grote 

inspiratiebron. Altijd kon ik op jou rekenen. Als ik aan het dubben was over de toekomst 

van het onderzoek kon jij de zaken goed relativeren. Ik kan niet in woorden uitdrukken hoe 

dankbaar ik ben, dat je mijn promotor wilde zijn.

My second promotor, prof. dr. Ruëff. Dear Franziska, I will always remember the warm welcome 

and support you gave me at the start of my scientific career in Munich. Together we built an 

enormous database of patients, which was worth every bit of the effort as it proved to be of 

great value and resulted in publications and presentations at the EAACI congresses. With a 

warm hart I think back at the times I spent in your clinic, and all the wonderful people you have 

gathered around you like Ankica and Sonja. Working with Eva and Bastian made struggling 

through the handwritten patient charts definitely more fun.

Mijn co-promotor, Hanneke. Vanaf het eerste moment dat ik jou tegenkwam heeft jouw 

enthousiasme voor de insectenallergie een aanstekelijke werking op mij gehad. Omdat onze 

karakters zo verschillend zijn, waren wij een mooie aanvulling op elkaar. Je hebt het voor 

elkaar gekregen mij meerdere keren uit mijn ‘comfort zone’ te trekken, zoals tijdens de last-

minute interviews voor de schrijvende pers, radio of TV om patiënten voor onze onderzoeken 

te werven. Onderzoek met jou is een sensatie.

I would like to thank the members of the assessment committee, prof. dr. K. Brockow, prof. dr. 

R.G. van Wijk and prof. dr. H.M. Boezen, for their time and effort to critically review this thesis.
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En dan bij wie het allemaal begon, dr. van Doormaal. Beste Jaap, iedereen die jou kent zal het 

met mij eens zijn dat jouw gedrevenheid en precisie in het onderzoek grenzeloos lijkt te zijn. 

Jij hebt mij voor het eerst met de wereld van onderzoek kennis laten maken in een project 

van de Junior Scientific Masterclass tijdens de bachelor geneeskunde welke uitmondde in een 

prachtige publicatie in de JACI. Je hebt mijn ogen geopend voor de patiënten waar jouw hart 

ligt, mensen met mastocytose, wat een spannende populatie! Onder jouw begeleiding heb ik 

in 2010 mijn eerste poster mogen presenteren op het ECNM congres in Stockholm. Ook heb je 

mij voor mijn wetenschappelijke stage bij Hanneke en Franzisca in München geïntroduceerd, 

waar uiteindelijk mijn PhD-onderzoek uit is voortgevloeid. Ik ben blij dat wij ook na jouw 

emeritaat onze samenwerking konden voortzetten.

Mijn kamergenoten: Harriëtte Smidt-Huizinga, Esther Klein Hesselink, Lisanne de Vos, Stefanie 

de Boer, en Hilde Hop. Harriëtte, mijn steun en toeverlaat als insider van de afdeling allergologie 

op de onderzoekskamer. Jij begreep als geen ander het spanningsveld dat onderzoek en 

klinische werkzaamheden soms met zich meebrengt op een afdeling. Ik ben blij dat wij af en 

toe lekker samen konden sparren. Esther, jouw doorzettingsvermogen is een inspiratie voor 

ons allen. Nooit werd het je teveel, ik denk dat wij later nog veel over je gaan horen. Lisanne, 

onze Excel en SPSS held. Ik heb ongelofelijk veel aan jouw tips gehad. Geweldig hoe jij zo open 

staat om de mensen om je heen te helpen. Stefanie, strakke organisatie en grootte precisie 

in je werk als PhDer maar ook in het organiseren van je bruiloft. Wat hebben wij met zijn alle 

genoten dat we dit grote evenement mee mochten maken! Hilde, voor je heerlijke humor. Het 

onderzoek heeft bij jou zeker niet altijd mee gezeten, maar toch verschijnt dan weer die lach 

op je gezicht. Je bent een kanjer.

Mijn onderzoek partners in crime, Bjorn van Anrooij en Eleonore Pettersson. Bjorn, 

gecombineerd PhD onderzoeker bij de hematologie en allergologie en ons raakvlak de 

mastocytose. Ik denk met plezier terug aan de congressen in Genève en Milaan die wij samen 

bezocht hebben, jij wist altijd de leuke ‘culturele’ activiteiten op te zoeken. Onze samenwerking 

in ons onderzoek naar mastocytose heeft mooie resultaten opgeleverd, maar ons verhaal 

eindigt nog niet, we zullen samen het grote genetica project nog afronden! Ella, een PhD 

onderzoeker bij de kinderen en voedselallergie. Het onderzoek naar Apolipoproteine B bracht 

ons bij elkaar, wat een prachtig idee van Ewoud om ons te koppelen. Met veel plezier heb ik 

met jou samen mogen werken, en we gaan nog door voor een mooie publicatie!

De leden van het lab klinische immunologie in Groningen. Mijn bijzondere dank gaat uit naar 

Brigitte Dijkhuizen, die mij wegwijs heeft gemaakt in het lab en de vele vriezers en zelf ook 

urenlang sera in de vriezer heeft gezocht omdat we herhaaldelijk bedachten nabepalingen te 

verrichten bij patiënten. Wat een werk! Ik kon je hulp en de tijd die je voor mij vrij maakte altijd 

ontzettend waarderen. Maar ook Janneke Heimweg en Marco van der Toorn hebben tijd voor 
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mij hebben uitgetrokken om mij te leren PBMCs te isoleren en bij jullie kon ik altijd terecht 

voor vragen. Martijn Nawijn, iemand die zonder iets terug te vragen mij altijd heeft bijgestaan, 

aangemoedigd en geholpen tijdens mijn lab werk in Wenen. Aan het einde van het traject ben 

je betrokken geraakt bij het genetica project, en hebt je met je inzicht als bioloog ontzettend 

veel voor ons medici betekend. Ik heb onze samenwerking altijd als zeer prettig ervaren.

Dear Michèle, my colleague, my friend. I love your curiosity and sincerity; we always have 

so many things to discuss and laugh about (who is the bad influence?). I admire your strong 

academic ambition and perseverance. Hopefully we will find many new adventures on our 

path as colleagues and as friends. My thanks is also going out to your department in Marburg, 

that gave me a great and inspiring welcome. My special thanks to Christian Möbs and Wolfgang 

Pfützner, who supported me in every way to perform the ELIFAB assays. Prof. dr. Pfützner also 

showed me what it is like to be a dermatologist in Marburg and let my enthusiasm about facial 

reconstruction even grow stronger.

A special thanks also to Barbara Bohle and her lab in Vienna, who taught me the basics in cell 

staining and FACS analysis while I was there for half a year. I have learned a lot about basic 

immunology from your staff and during the famous lab meetings. Thank you for welcoming 

me in you laboratory and putting effort in our research projects. Especially, I would also 

like to thank Birgit Nagl, Beatrice Jahn-Schmid and Claudia Kitzmüller for their nerves and 

understanding when teaching me the basics in the lab as an ignorant medicine student.

Zonder de medewerkers van het dagcentrum, de functie afdeling allergologie en het secretariaat 

van de allergologie van het Universitair Medisch Centrum Groningen was het proefschrift 

niet tot een succesvol einde gekomen. Mijn bijzonder grote dank gaat uit de toppers Petra 

Ellerkamp en Teooka Polling, zonder jullie creativiteit en flexibiliteit in de planning zouden 

de tientallen proefsteken en de experimentele hoge dosis immunotherapie behandelingen 

nooit klaargespeeld zijn. Jullie enthousiasme en inzet zijn ontzettend belangrijk geweest, vele 

malen dank.

Beste Joost Wessels en collegae van de persvoorlichting van het UMCG, wat hebben jullie mijn 

onderzoek in een fantastische stroomversnelling gekregen door jullie twitter en facebook 

acties! Er was bijna niet meer tegen de telefoontjes en mailtjes in te werken. De omgang met 

jullie was ontzettend plezierig. Ik ben benieuwd naar het publicitaire offensiefje dat ons nog 

te wachten staat..

Mijn lieve vriendinnetjes en tevens paranimfen, Liselot en Sarah. Lotte, mensen komen en 

gaan, maar ik weet zeker dat jij altijd zult blijven. Jouw zorgvuldige aandacht en interesse 

in de mensen om je heen siert je enorm, en maken velen een gelukkiger mens. Dat weet ik 
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zeker. Lieve Saar, de eerste indruk die jij tijdens de tutorgroep bijeenkomst van het eerste jaar 

geneeskunde op mij hebt gemaakt zal ik nooit vergeten. Niemand kan verhalen zo levendig 

en indrukwekkend vertellen als jij. Ik was er ondersteboven van. Met jullie aan mijn zijde is het 

leven heerlijk. Ook al is er nu door de afstand en onze tijdrovende banen niet zo vaak meer 

de tijd om elkaar op te zoeken, het is meteen weer als vanouds als we elkaar weer zien. Wat 

ontzettend fijn dat jullie mij in het uur der waarheid terzijde willen staan!

Lieve mam en pap, bedankt dat jullie mij hebben gemaakt tot wie ik nu ben, voor al jullie 

investeringen in mij. Mam, voor je onvoorwaardelijke geloof in mij en het geven van 

een voorbeeld waar ik naar wil leven. Jij hebt werkelijk een onuitputtelijke voorraad 

doorzettingsvermogen en wilskracht. Pap, mijn filosofeer maatje die mij heeft leren denken 

in oplossingen in plaats van problemen. Jouw brede interesse, als accountant zelfs in de 

geneeskunst, en je vermogen tot analytisch denken is ongeëvenaard. Ik ben ontzettend trots 

dat ik mij jullie dochter mag noemen.

Lieve Jorga, lief zusje, lief vriendinnetje. Wat heerlijk dat we na jaren student-zijn toch nog 

de kans kregen om in mijn laatste jaar als PhD kandidaat samen te gaan wonen in hetzelfde 

studentenhuis in Groningen. Het was een spannend voorstel maar ik ben blij dat we deze kans 

met beide handen hebben aangegrepen. Je hebt dit jaar de hoogte punten rond de klinische 

onderzoeken en de pers meegemaakt maar ook de moeilijke momenten van het doen van 

onderzoek. Dank je wel voor je luisterend oor en steun. Wat ben ik dankbaar dat ik jou als zusje 

heb.

Lieve Alexander, samen met jou door het leven gaan is het mooiste wat er is. Bedankt voor je 

warmte, steun, en eindeloze liefde. Dat we nog lang van elkaar mogen genieten!
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Byrthe Jorga Petra Ruth Vos werd geboren op 28 februari 1988 in Groningen. In 2007 behaalde 

zij het VWO diploma aan het Aletta Jacobs college in Hoogezand. Datzelfde jaar startte ze met 

de studie geneeskunde aan de Rijksuniversiteit Groningen.

 Tijdens de bachelor fase van haar studie geneeskunde behaalde zij het certificaat voor 

de Junior Scientific Masterclass en kwam zij tijdens een proefproject onder begeleiding van 

dr. van Doormaal bij de afdeling interne geneeskunde in aanraking met het onderzoek naar 

mastocytose. Hierdoor kwam zij ook in contact met dr. Oude Elberink, allergoloog, die haar 

introduceerde in de fascinerende link tussen mastocytose en insectenallergie. In het kader van 

haar studie geneeskunde deed Byrthe haar wetenschappelijke stage naar risicofactoren voor 

het falen van immunotherapie voor insectenallergie in 2010 op de afdeling dermatologie en 

allergologie van de Ludwig-Maximilian University te München onder begeleiding van prof. 

Ruëff. Gefascineerd door onderzoek op dit terrein startte Byrthe een MD/PhD traject onder 

begeleiding van prof. Dubois, prof. Ruëff en dr. Oude Elberink. 

 Tijdens het MD/PhD traject werden de co-schappen in Groningen, Deventer en Zwolle met 

het promotieonderzoek gecombineerd. De klinische trials werden in het UMCG uitgevoerd 

terwijl ze voor laboratorium onderzoek in 2014 een half jaar naar Wenen ging. Zij deed 

daar onderzoek naar T-cellen bij de afdeling voor pathofysiologie en allergologie onder 

begeleiding van prof. Bohle. In haar laatste jaar als MD/PhD in 2016 volgde een derde, korte 

onderzoeksperiode in Marbug bij de afdeling klinische en experimentele allergologie onder 

begeleiding van Prof. dr. Pfützner en dr. Möbs. In november 2016 rondde zij haar proefschrift 

af. Eind 2016 behaalde Byrthe tevens haar artsenbul.




