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Cross reactivity between European Hornet and Yellow
Jacket venoms

Summary
Background: Cross-reactions between venoms may be responsible for multiple diagnos-

tic positivities in hymenoptera allergy. There is limited data on the cross-reactivity be-

tween Vespula spp and Vespa crabro, which is an important cause of severe reactions in

some parts of Europe. We studied by CAP-inhibition assays and immunoblotting the

cross-reactivity between the two venoms. Methods: Sera from patients with non dis-

criminative skin/CAP positivity to both Vespula and Vespa crabro were collected for the

analyses. Inhibition assays were carried out with a CAP method, incubating the sera

separately with both venoms and subsequently measuring the specific IgE to venoms

themselves. Immunoblotting was performed on sera with ambiguous results at the

CAP-inhibition. Results: Seventeen patients had a severe reaction after Vespa crabro

sting and proved skin and CAP positive also to vespula. In 11/17 patients, Vespula

venom completely inhibited IgE binding to VC venom, whereas VC venom inhibited

binding to Vespula venom only partially (<75%). In 6 subjects the CAP-inhibition

provided inconclusive results and their sera were analysed by immunoblotting. The

SDS-PAGE identified hyaluronidase, phospholipase A1 and antigen 5 as the main

proteins of the venoms. In 5 sera the levels of IgE against antigen 5 of Vespa crabro

were higher than IgE against Vespula germanica, thus indicating a true sensitisation to

crabro. Conclusion: In the case of multiple positivities to Vespa crabro and Vespula spp

the CAP inhibition is helpful in detecting the cross-reactivities.
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Introduction

The choice of the vaccine for immunotherapy (IT) is cru-

cial in hymenoptera venom allergy (HVA), since specific

desensitization may confer an almost complete protection

and avoid severe reactions (1). Therefore, it is important to

know if the skin and CAP positivities to multiple venoms

are due to independent sensitisations or, rather, if is due to

cross-reacting epitopes. In this latter case, the vaccination

with the primary sensitising venom is sufficient. Cross re-

activities among venoms of different stinging insects, in-

cluding Polistinae and Vespinae (2, 3) or bees and wasps

(4), have been previously described, and in the case of

Vespidae, the cross reactivity seems to be remarkably fre-

quent (3). The CAP-inhibition technique maybe a helpful

method to approach the problem.

European Hornet (Vespa crabro) is largely present in many

European countries and is now recognized as an important

cause of severe reactions in patients with HVA (5). There

are, so far, few data available on the possible cross-reactivity

between the venoms of Vespa crabro (VC) and Vespula spp

(6-8).
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We evaluated the presence and extent of cross-reactivity

between the venoms of VC and yellow jacket in patients

with severe reactions to VC stings. The cross reactivity was

evaluated with CAP-inhibition techniques. In addition an

immunoblotting was carried out on selected sera, for which

the CAP-inhibition provided inconclusive results.

Methods

Sera from patients with severe reactions (grade III and IV

according to Mueller), and who unequivocally recognized

VC as the stinging insects responsible for the reaction were

collected for the CAP-inhibition experiments. All patients

underwent the standard diagnostic work-up (9), including

clinical history, skin prick test, intradermal tests and specif-

ic IgE measurement by the commercial CAP-RAST (Uni-

Cap, Phadia, Uppsala, Sweden) assay. Prick tests were per-

formed with standardized extracts at increasing concentra-

tions from 0.01 to 100 µg/ml, whereas intradermal tests in-

volved the injection of 0.02 mL extract at 0.001 to 1

µg/ml concentration. The tests were carried out with Apis

mellifera, Vespula spp (Stallergènes, Milan, Italy), Polistes

dominulus and Vespa crabro (Anallergo, Florence, Italy).

The inhibition assays were performed following a slightly modi-

fied Straumann’s procedure (4), thus a specific IgE level greater

than 1 kU/L was required. Briefly, 200 µL of serum were incu-

bated for 12 hours at 4°C with 100 µL of venom at increasing

concentrations (0; 0.3; 3.0; 30, 300 µg/ml). Inhibitor venoms

were the same used for IT and skin testing and the commercial

reagent, containing American and European Vespula venoms

(including germanica) was the substrate in the CAP inhibition.

Subsequently, specific IgE against each of the venoms were de-

termined in the samples prepared as above. The CAP inhibition

test was carried out with a specific program in UniCap 250

(Phadia, Uppsala, Sweden). The extent of homologous (block-

age of venom-specific IgE by the same venom) and heterolo-

gous (blockage of the venom-specific IgE by the other venom)

inhibition at the maximum venom concentration was computed

with the following formula: %inhibition= 100-[IgE inhibited

Table 1 - Characteristics of the patients and results of CAP-RAST and intradermal test. VC = Vespa crabro; Vspp = Vespula Species

Allergen-specific IgE (CAP) Intradermal test wheal (concentration in µg/ml)

N Age/ Total bee Polistes VSpp VC bee Polistes VSpp VC

Pat Sex IgE kU/L dominulus kU/L KU/L dominulus

kU/L kU/L

1 59/m 19 <0.35 1.00 2.30 1.79 8 mm (1) 6 mm (1) 8 mm (0.1) 9 mm (0.1)

2 51/m 118 <0.35 <0.35 2.08 1.11 7 mm (1) NEG 9 mm (0.1) 10 mm (0.1)

3 63/f 91 <0.35 1.70 2.36 3.30 NEG 7 mm (1) 11 mm (0.1) 12 mm (0.1)

4 43/m 127 0.85 <0.35 4.95 1.36 8 mm (1) 8 mm (0.1) 10 mm (0.01) 9 mm (0.1)

5 50/f 80 <0.35 1.0 10.5 5.25 NEG 8 mm (0.01) 8 mm (0.001) 12 mm (0.001)

6 39/f 346 0.88 <0.35 11.0 2.28 NEG NEG 11mm (0.01) 10 mm (0.1)

7 51/m 260 0.70 0.60 4.50 3.50 6 mm (1) 6 mm (1) 9 mm (0.1) 10 mm (0.1)

8 47/f 173 0.35 0.49 4.29 2.81 NEG 8 mm (0.01) 9 mm (0.01) 8 mm (0.1)

9 17/m 85 0.75 0.90 2.90 1.60 7 mm (1) 8 mm (1) 9mm (0.1) 10mm (0.1)

10 52/m 209 0.92 0.94 84.9 5.50 NEG 8 mm (0.01) 9 mm (0.0001) 11mm (0.0001)

11 30/m 69 0.35 1.40 1.60 3.49 8 mm (1) 9 mm (0.1) 10 mm (0.1) 11 mm (0.1)

12 46/m 191 0.80 0.35 4.27 5.26 NEG 11 mm (0.01) 10 mm (0.01) 12 mm (0.01)

13 33/m 168 7.90 2.40 6.50 10.8 9 mm (1) NEG 10 mm (0.1) 9mm (0.1)

14 75/f 280 4.12 12.0 15.2 6.57 10 mm (1) 11.5 mm (1) 11 mm (0.1) 13 mm (1)

15 70/m 175 9.27 0.68 6.78 7.37 10 mm (1) 11 mm (1) 13 mm (0.1) 12 mm (0.1)

16 60/m 116 0.77 1.72 6.06 2.92 NEG 11 mm (1) 12 mm (0.1) 11.5 mm (0.1)

17 30/m 151 3.00 1.93 2.66 2.75 6.5 mm (1) 10 mm (0.1) 10.5 mm (0.1) 10 mm (0.1)
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sample (kU/L)X100/IgE antivenom (kU/L) at zero concentra-

tion]. An inhibition ≥75% was considered indicative of full

cross-reactivity.

For immunoblotting, the proteins of venoms were separated

through an SDS-PAGE (Bio-Rad, gel Criterion XT 12%

and Bio-Rad, XT Reducing Agent 20x) in MES buffer

(Bio-Rad, MES Running buffer) under reducing and dena-

turing conditions. Eight mcg of venom, 5 mcg of molecular

weight standard and 8 mcg of Parietaria extract (as control)

were run for 1 hour at 200V. Parietaria was chosen since it is

an uncommon allergen in North-east Italy, where all patients

proved skin negative for it. Protein bands were revealed by

Coomassie blue staining and quantified by densitometry. In

parallel, another gel was run for immunoblotting onto nitro-

cellulose membranes. Membranes were incubated with pa-

tients’ sera, then with peroxydase-conjugate anti-IgE (Sig-

ma, St.Louis, Anti-Human IgE peroxidase Conjugate).

Bound IgE were detected by a chemiluminescent reaction

(GE Healthcare, ECL Plus, catalog RPN2132). Final results

were expressed as the ratio between the staining intensity

obtained in the immunoblotting and that of the Coomassie

blue, in order to avoid the bias due to the different content

of proteins in the separation bands.

Results

Patients. Seventeen patients (12 male, mean age 45.3 years)

had a severe reaction (10 grade IV and 7 grade III) unequiv-

ocally provoked by VC. Thirteen of them had previous stings

by yellow jacket, two could not recognize the insect at previ-

ous stings and two (patients 1 and 2) reported one VC sting

in the past. In all cases, the previous stings had provoked on-

ly local reactions. All subjects had skin and CAP-RAST

positivity to both VC and Vespula spp. with specific IgE of

3.98 ± 2.55 and 10.2 ± 19.6, respectively (p= NS). Some pa-

tients had also a positive skin test and/or CAP-RAST for

honeybee and four for Polistes dominulus, but they have had

never been stung by these insects. The results of the diagnos-

tic workup are summarized in Table 1.

Table 2 - Results of the CAP-inhibition assays. The inconclusive results are highlighted in light grey. VC= Vespa crabro; VSp= Vespula

Species

Heterologous Homologous

% inhibition of VC- % inhibition of VSp- % inhibition of VSp- % inhibition of VC-

specific IgE by specific IgE by specific IgE specific IgE by

VSp venom VC venom by VSp venom by VC venom

1 75 48 85 80

2 90 39 89 70

3 67 73 94 79

4 82 62 94 83

5 96 67 99 98

6 87 42 95 70

7 95 36 92 90

8 75 88 100 95

9 75 52 98 75

10 90 87 98 93

11 83 52 85 79

12 98 32 94 99

13 77 61 89 77

14 95 68 94 98

15 97 83 90 98

16 92 92 93 95

17 86 78 94 83
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CAP inhibition. At the CAP-inhibition assays, pre-incuba-

tion with each venom efficiently blocked the specific IgE for

that venom (homologous inhibition >90%) as expected. Con-

cerning the heterologous inhibition, in 11/17 patients, Vespu-

la venom completely inhibited IgE binding to VC venom,

whereas VC venom inhibited binding to Vespula venom only

partially (<75%) (Table 2). This means that pre-incubation

with VC venom did not bind the Vespula-specific IgE. In 6

subjects (n. 3, 8, 10, 15-17) the CAP-inhibition test provided

inconclusive results, therefore the sera of these patients were

analysed by immunoblotting. Examples of different inhibi-

tion curves (patients 14 and 16) are shown in Figure 1.

SDS-PAGE. The SDS-PAGE procedure separated three

major bands, corresponding to hyaluronidase (45 kD),

phospholipase A1 (35 kD) and antigen 5 (23 kD) (11)

(Fig. 2). The 45 kD band had a too low intensity and was

not analysed. At the immunoblotting, the serum from pa-

tient 15 proved positive also for the negative control (Pari-

etaria) and was not included in the evaluation. In the 5 sera

evaluated, the levels of IgE (optical density) against phos-

pholipase of VC and V germanica were similar. On the

other hand, IgE against Vespula antigen 5 were significant-

ly lower than IgE against VC antigen 5 (Fig. 3), thus indi-

cating at least a greater affinity of the IgE for the VC anti-

gen 5 epitopes.

Discussion

The cross-reactivity among different allergens is quite

common and occurs, in fact, with vegetables, pollens (10)

and drugs. In the case of HVA, cross-reactions among ven-

oms may produce multiple diagnostic positivities, with the

consequent prescription of multiple vaccines, also when one

single IT would be sufficient. This frequently occurs with

Vespidae, whose venoms are quite similar in the allergenic

composition. In our experience, the positivity to both yel-

low jacket and VC (European hornet), often makes diffi-

cult the choice of the vaccine, although it has been previ-

ously suggested that one wasp venom can protect also

against VC (8). Thus, we attempted to define if a patient

truly had IgE against unique epitopes in both venoms or if

the reactivity with one of the venoms was entirely due to

cross-reactivity. The CAP-inhibition assay, indeed evi-

denced that the two venoms extensively cross-react in 67%

of patients, and that vespula venom efficiently binds the

VC-specific IgE. In those patients, yellow jacket vaccina-

tion is reasonably expected to be adequate. Similar findings

were reported some years ago in a case series of 24 patients

Figure 1 - Examples of two inhibition experiments. On X axis

the concentration of the inhibitor, and on Y axis the % of inhi-

bition. Homologous and heterologous inhibitions with VC and

Vespula spp venoms are shown.

Figure 2 - Immunoblotting assays of the 6 sera with inconclusive

results at the CAP inhibition assay. From left to right lanes: mole-

cular standard, Vespula, VC, parietaria. The serum #15 (right) pro-

ved positive also for the negative control and was excluded

Figure 3 - Specific IgE (optical density) against phospholipase

(left) and antigen 5 (right) of VC and Vespula in the five sera

shown in figure 1
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(8). In such cases, it can be hypothesized that patients are

primarily sensitised to yellow-jacket, and the cross-reactivi-

ty of venoms is responsible for the severe reactions to Eu-

ropean hornet. Our results partly differ from those reported

in a Spanish study (7), but this may be attributed, at least

in part, to the different presence and distribution of the in-

sect in different geographical regions. As a partial limita-

tion, in this study we could not identify the exact nature of

the cross-reactive epitope, although it is conceivable that

part of the cross-reactivity is due to carbohydrate determi-

nants, as previously described for honeybee and yellow

jacket (12, 13). Another possible limitation is that the ex-

tract used for skin tests and as inhibitor is a mix of different

Vespula species, including Vespula germanica. This is due to

the fact that a purified Vespula germanica venom for in vit-

ro and in vivo diagnosis is not available.

The CAP-inhibition assay, which is a sensitive technique,

largely used in allergy since decades, is helpful in identifying

those patients. Where the CAP-inhibition provided am-

biguous results, the immunoblotting assay clearly showed

that the patients had higher levels of IgE against one aller-

gen of VC, thus they should be vaccinated with a VC ex-

tract, which is of note available only in few European coun-

tries. Certainly, the clinical evaluation remains the basic cri-

teria, but the CAP-inhibition, which is relatively simple,

can be regarded as an useful tool to better detail the diagno-

sis and the consequent therapeutic approach. In this regard,

the identification of the correct venom to use for vaccina-

tion may counterbalance the cost of the technique itself.
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