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the sting challenge uneventfully. Two patients developed 
minimal transient symptoms that resolved spontaneously. 
SDS-PAGE with patient sera suggested cross-reactivity be-
tween VO and YJ venoms at molecular weights of 39–42 kDa. 
Using phospholipases, antigen 5 and hyaluronidase derived 
from several  Vespa ,  Dolichovespula  and  Vespula  species, hyal-
uronidase is possibly accountable for inducing the allergic 
reaction.  Conclusion:  In the absence of commercial VO ven-
om the practice of treating patients allergic to this insect 
with available commercial venoms seems to be efficacious 
and YJ venom is probably responsible for this effect. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 The old world hornets consisting of  Vespa orientalis 
 (VO) and  Vespa crabro  belong to the vespidae family, ge-
nus  Vespa . Frequently found in the Mediterranean area, 
VO can also be found in southern Europe, Asia and 
northeast Africa as well as Madagascar  [1, 2] . Data about 
anaphylactic reactions induced by VO sting are sparse.

  Since a commercial extract of VO venom is not avail-
able, practicing allergists use other commercially avail-
able venoms for both diagnostic and therapeutic (immu-
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 Abstract 

  Background:   Vespa orientalis  (VO) stings occasionally induce 
anaphylaxis. In the absence of commercial VO venom, aller-
gists use commercial venoms for immunotherapy, despite 
having no indication regarding efficacy. We attempted to 
examine the effectiveness of immunotherapy with commer-
cial venoms in patients with VO allergy and to identify the 
venom accountable for this effect.  Methods:  Patients who 
unequivocally identified VO as the culprit insect were ad-
ministered venom immunotherapy with the commercial 
venoms available in Israel to which they had positive skin 
tests. Patients were also skin tested with VO venom sac ex-
tracts and, after reaching the maintenance dose, were sting 
challenged by a live insect. The allergenic components in
the venom were determined by immunoblotting.  Results:  
Twelve patients were recruited and, based on their skin test 
results, all were treated with yellow jacket (YJ) venom, either 
alone or combined with other venoms. All 8 patients who 
were sting challenged by VO demonstrated positive skin test 
responses to VO venom. Six of the stung patients tolerated 
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notherapy) purposes in patients who have had a systemic 
reaction (SR) to VO stings. However, the efficacy of this 
policy has never been studied. To evaluate it, patients al-
lergic to VO received VIT with commercial venoms. Pa-
tients were skin tested with self-prepared venom sac ex-
tract and after reaching the maintenance dose, they were 
challenged by a deliberate VO sting. The antigenic com-
ponents in VO venom and their relationship to those of 
other Hymenoptera venoms were investigated by immu-
noblot and immunoblot inhibition techniques. 

  Methods 

 Patients and Skin Tests 
 All patients with an SR to insect sting who unequivocally rec-

ognized VO as the culprit insect were invited to participate. VO 
has a unique appearance with marked larger body size compared 
to other Hymenoptera, distinguished general brown color with 
two adjoining yellow stripes at the rear and elongated narrow 
wings. Only patients who correctly identified this insect on a 
demonstration tray containing the common Hymenoptera in Is-
rael [honeybees, yellow jackets (YJ) and paper wasps (W;  Polistes 
 spp)] together with VO were enrolled. None of the patients had 
had an SR inflicted by a different insect other than VO. Patients 
were skin tested with bee venom (BV), YJ venom protein and W 
venom protein (ALK-Abello, Horsholm, Denmark). In some of 
the patients (those from Meir Medical Center) serum venom-spe-
cific IgE of the same venoms were measured with a commercial 
kit (AlaSTAT; DPC, Los Angeles, Calif., USA). 

  Patients were also skin-tested with self-prepared venom sac 
extracts from VO. Some of the patients were tested before com-
mencement of venom immunotherapy (VIT) and some other pa-
tients who had already been receiving the maintenance dose were 
tested at this point.

  Venom sacs of ether-anesthetized VO were gently exposed by 
pulling the stinger, and then removed and placed in a test tube.
To extract venom, the sacs were homogenized in 500  � l of sterile 
saline by glass-to-glass homogenizer and then centrifuged (at 
1,000  g  for 15 min). Both the pellet and the supernatant were used. 
The pellet was resuspended in 1 ml saline and was rehomogenized 
by passing it through 23G and 30G syringe needles. Both the re-
suspended pellet and the supernatant were dialyzed overnight at 
4   °   C in 500 ml of saline using a cellulose membrane dialysis tube 
(Sigma, catalogue No. D9777) which retains most proteins of mo-
lecular weight 12 kDa or heavier. The resultant venom-containing 
solutions were sterilized by filtration through a 0.20- � m syringe 
filter for further use. Protein concentrations of the filtered pellet 
and supernatant were 1.869 and 2.226 mg/ml, respectively.

  Prick and intradermal skin tests were initially performed with 
both the pellet and the supernatant of the crushed venom sac ex-
tracts. In the first patients studied we noticed that the superna-
tants gave stronger positive skin reactions than the pellets. There-
fore, we continued the study using only the supernatants. Skin 
prick tests were performed with 1:   1000, 1:   100 and 1:   10 dilutions 
(w/v) of the filtered venom sac extract (protein concentrations of 
2.23, 22.3 and 223  � g/ml, respectively). A higher concentration 

was applied only if the previous, lower concentration resulted in 
a negative response. If all skin prick tests were negative, intrader-
mal tests were similarly performed using the 1:   100,000, 1:   10,000 
and 1:   1000 dilutions (protein concentrations of 0.023, 0.223 and 
2.23  � g/ml, respectively). A positive response was defined as a 
wheal  6 3 mm for prick tests or  6 5 mm for intradermal tests, 
compared with the negative saline control, accompanied by a flare 
reaction and a positive histamine response. 

  Rush (3-day build-up phase) or conventional (3- to 4-month 
build-up phase, at weekly intervals) VIT was administered with 
all the commercial venoms to which the patients demonstrated 
positive skin tests. If the patient was scheduled to receive several 
venoms they were administered concomitantly in conventional 
VIT, whereas in rush VIT different venoms were administered in 
separate courses at weekly intervals between each treatment 
course. Patients continued receiving a regular dose after reaching 
the maintenance dose of 100  � g of each of the venoms. 

  SDS-PAGE and Immunoblotting 
 Five micrograms of each venom (VO, BV, YJ and W) as well as 

5  � g of the purified vespid phospholipases  (Vespula maculifrons ,  
Vespula germanica  and  V. crabro) , 10  � g of the purified hyaluron-
idases  (V. germanica  and  V. crabro)  and 10  � g of the purified an-
tigen 5 � s  (V. crabro  and  Dolichovespula maculata)  were separated 
by SDS-PAGE using 10% polyacrylamide gels and transferred to 
nitrocellulose filters. Blots were blocked for 2 h in TBST [10 m M  
Tris-HCl (pH 8.0), 150 m M  NaCl and 0.05% Tween 20] containing 
5% skim milk, followed by overnight incubation at 4   °   C with the 
specific patient’s serum diluted 1:   20 with TBST. After washing 3 
times with TBST, the blot was incubated for 1 h at room tempera-
ture with mouse anti-human IgE-HRP-conjugated secondary Ab 
(Southern Biotech., Birmingham, Ala., USA). Immunoreactive 
bands were visualized using the LAS-3000 imaging system (Fuji-
film Corp., Tokyo, Japan). Integrated optical densities of the im-
munoreactive protein bands were measured as arbitrary units 
employing multi-gauge software (Fujifilm).

  For immunoblot inhibition, the patient’s serum (diluted 1:   20 
with TBST) was mixed with YJ protein venom to achieve a final 
protein concentration of 30  � g/ml. Bovine serum albumin (BSA) 
at a concentration of 30  � g/ml was used as negative control. The 
mixes were preincubated for 10 min at room temperature, fol-
lowed by overnight incubation at 4   °   C with the membrane. Im-
munoblotting was performed as usual. 

  Purified vespid phospholipases, antigen 5 � s and hyaluronidas-
es that had been prepared from hand-milked venoms of  V. macu-
lifrons ,  V. germanica ,  V. crabro  and  D. maculata  were kindly do-
nated by Dr. Donald R. Hoffman from the Brody School of Med-
icine at East Carolina University, Greenville, N.C., USA. These 
were preparations from 1980 to 1991 that were stored freeze-dried 
at –20   °   C. 

  Live Sting Challenge 
 After reaching the 100- � g maintenance dose of all venoms, 

patients were sting challenged, as previously described  [3] , with a 
live VO supplied by Jacob S. Ishay, PhD. Peak expiratory flow was 
measured before the challenge and in case of adverse symptoms, 
measurements were repeated. An informed consent approved by 
the Meir Medical Center ethical committee was signed by all pa-
tients before enrolling in the study.
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  Results 

 Patients 
 Twelve patients (11 male, 1 female) were recruited. The 

average age was 29.3  8  11.5 years (mean  8  SD), range 
15–45 years. The severity of their initial SR (Mueller cri-
teria) to VO sting was grade 1 in 1 patient, grade 2 in 7 
patients, grade 3 in 3 patients and grade 4 in 1 patient. 
Patient characteristics are presented in  table 1 .

  Specific IgE to Commercial Venoms 
 All 12 patients had a positive skin test to YJ venom be-

fore initiation of VIT. One patient had a positive skin test 
to YJ venom only, whereas the others had positive skin 
tests to other venoms, including 6 patients to W venom, 
4 to W venom and BV, and 1 patient to BV. Thus, the 
prevalence of positive skin tests for YJ venom was 100% 
(12 out of 12 patients), for W venom 83% (10 out of 12) 
and for BV 42% (5 out of 12). Serum venom-specific IgE 
was measured before the initiation of VIT in 7 patients. 
Six patients had a positive reaction to YJ venom. One pa-
tient also had a positive result to BV, 1 patient to BV and 
W venom, and 1 patient had negative results for all 3 ven-
oms. Thus, the prevalence of serum venom-specific IgE 
for YJ venom was 86% (6 out of 7 patients), for BV 29% (2 
out of 7) and for W venom 14% (1 out of 7).

  Skin Tests with VO Venom Sac Extracts 
 Four nonallergic volunteers had borderline positive 

skin prick test results with the undiluted extracts and 

negative results with the 1:   10 dilution. Similarly, they had 
positive intradermal skin test results with the 1:   100 dilu-
tion and negative results with the 1:   1,000 dilution. Thus, 
a positive skin test result was defined as a positive re-
sponse at  ̂  1:   10 dilution for skin prick test and at
 ̂  1:   1000 dilution for intradermal skin test. 

  Skin tests with VO venom sac extracts were performed 
in 5 patients before the initiation of VIT and in 5 patients 
after they had been on the maintenance dose for an aver-
age of 53.2  8  40.0 months (range 4–110). Eight out of 10 
patients had positive skin prick tests with the 1:   10 to
1:   1000 dilutions. The other 2 patients who had negative 
skin prick tests had positive intradermal skin tests at the 
1:   1000 dilution. No signs of infection were notified after 
skin tests performed with self-prepared solutions.

  Sting Challenge with VO 
 Sting challenge was performed in 8 patients. The chal-

lenge was performed 5–8 days after reaching the mainte-
nance dose in 3 patients, after 4 months in 1 patient and 
after 32–110 months (mean 66) in 4 patients. Six patients 
tolerated the sting uneventfully. One patient developed 
three small urticarial lesions and another developed mild 
cough without wheezing and without significant change 
in peak expiratory flow. The symptoms in both patients 
subsided spontaneously. Considering the very mild, self-
resolving urticarial lesions in the first patient and the 
presence of only mild subjective symptoms with no evi-
dent objective symptoms in the second patient, we con-
tinued administering the 100  � g maintenance dose to 

Table 1. P atient characteristics

Patient
No.

Gen-
der

Age
years

Severity of
SR to field 
sting

Positive ST Positive serum 
venom-specific 
IgE

Venoms ad-
ministered
for VIT

Type of 
VIT

Time between 
reaching MD 
and SC

Reaction to SC

1 M 20 4 YJ, W YJ YJ, W Rush 40 months none
2 F 45 3 YJ ND YJ C 110 months none
3 M 32 3 YJ, BV ND YJ, BV C 70 months 3 transient urticarial lesions
4 M 44 1 YJ, W, BV ND YJ, W C 32 months none
5 M 45 2 YJ, W, BV YJ, W, BV YJ, W, BV Rush 8 days none
6 M 20 2 YJ, W YJ YJ, W Rush 5 days none
7 M 22 2 YJ, W ND YJ, W C 50 months none
8 M 17 3 YJ, W, BV YJ YJ, W, BV Rush 6 days mild cough
9 M 31 2 YJ, W, BV YJ, BV YJ, W, BV ND NC NC

10 M 42 2 YJ, W None YJ, W C NC NC
11 M 15 2 YJ, W YJ YJ, W Rush NC NC
12 M 18 2 YJ ND YJ Rush NC NC

C  = Conventional; MD = maintenance dose; NC = not challenged; ND = not done; SC = sting challenge; ST = skin tests.
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these 2 patients. Two months after the first monitored 
challenge, 1 patient deliberately restung himself with VO 
in the field, and tolerated this second challenge well.

  Immunoblotting 
 This was performed in 9 patients (before commence-

ment of VIT in 5 patients and while on the maintenance 
dose in 4 patients). Sera from all 9 patients demonstrated 
several positive staining lines with VO and YJ venoms. 
Specifically, positive staining at molecular weights of 39–
42 kDa with VO venom was demonstrated in all 9 patients, 
whereas with YJ venom, staining at these molecular 
weights could be shown in 6 patients (67%). Staining of YJ 
venom at these molecular weights was found in all patients 
before commencement of VIT (5 out of 5, 100%) and only 
in the minority of patients (1 out of 4, 25%) who had al-
ready been on the maintenance dose ( table 2 ). Fewer pa-
tients demonstrated positive staining with other, lower 
molecular weight bands of both VO and YJ venoms. Posi-
tive staining was less common with bee and wasp venoms.

  Immunoblot inhibition was performed with sera of 2 
patients, before commencement of VIT. Due to shortage 
of sera, tests for inhibition were performed once and not 
in duplicates. In both patients incubation of the patient’s 
serum with YJ venom before immunoblot of VO venom 
significantly inhibited the staining of fractions with mo-
lecular weights of 40 and 32 kDa as compared to control 
preincubation with BSA ( table 3 ). An unexpected and dif-
ficult-to-explain inhibitory effect of BSA ranging be-
tween 30 and 40% was noticed in some of the experi-
ments but it was still notably smaller compared to the 
60–100% inhibition induced by the venoms. 

  Immunostaining with purified phospholipases from 
 V. germanica ,  V. maculifrons  and  V. crabro  was performed 
in 8 patients. Many patients demonstrated positive stain-

Table 2. I mmunoblotting of venoms with patient sera drawn at different phases of VIT

M olecular weight, kDa

Before commencement of V IT (n = 5) While on maintenance dose of VIT (n = 4)

25 28 32 38 39–42 19 22 25 28 32 38 39–42

VO 1 (20) 4 (80) 3 (60) 5 (100) 1 (25) 2 (50) 1 (25) 3 (75) 4 (100)
YJ 1 (20) 1 (20) 1 (20) 5 (100) 1 (25) 1 (25) 2 (50) 2 (50) 3 (75) 1 (25)
BV 1 (20) 1 (25) 2 (50)
W 1 (20)

Dat a are presented as number of patients with percentages in parentheses.

Table 3. V O and YJ venom immunoblot inhibition by preceding 
incubation of patient serum with YJ venom

Ve-
nom

Patient 1 P atient 2 Molecular 
weight
kDaSerum 

only
Serum +
YJ

Serum +
BSA

Serum 
on ly

Serum + 
YJ

Serum + 
BSA

VO 100 31.8 58.7 100 33.8 109.9 40
YJ 100 20.6 61.9 100 0 67.4

VO 100 39.4 63.7 100 0 114.1 32
YJ 100 43.8 67.8 100 ND ND

Den sitometry of 2 fractions with molecular weights of 40 and 
32 kDa (numbers represent relative intensity of the staining ex-
pressed as percentage). ND = Not done.

75

kDa

50

37
BV YJ W V

O

V
g

er

V
cr

Vm
ac

  Fig. 1.  A representative immunoblot staining of venoms and phos-
pholipases from a single patient. Vcr =  V. crabro  phospholipase; 
Vger =  V. germanica  phospholipase; Vmac =  V. maculifrons  phos-
pholipase; VO = VO venom; W = W venom; YJ = YJ venom.   
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ing with the phospholipases of  V. crabro  and  V. germani-
ca  (75 and 62%, respectively), whereas some (25%) dem-
onstrated positive staining with  V. maculifrons  phospho-
lipase. Nevertheless, the staining was not restricted to any 
particular molecular weight and was rather equally dis-
tributed among various molecular weights ranging be-
tween 20 and 42 kDa. Immunoblotting results before 
commencement of VIT and while on the maintenance 
dose are shown in  table 4 . An example of immunoblot-
ting with a single patient’s serum is presented in  figure 1 . 

  Immunostaining of antigen 5 and hyaluronidase was 
performed with sera of 5 patients before commencement 
of VIT. Antigen 5 was derived from  D. maculata  and  V. 
crabro  venoms and hyaluronidase was derived from  V. 
germanica  and  V. crabro  venoms. No staining of antigen 
5 was detected with any of the sera whereas both hyal-
uronidases were stained with all 5 sera. Staining at a mo-
lecular weight of 40–44 kDa was detected for both hyal-
uronidases in the sera of all 5 patients. Staining at a mo-
lecular weight of 34–37 kDa with hyaluronidase derived 
from  V. crabro  venom was detected in all patients as com-
pared with that of hyaluronidase derived from  V. german-
ica  venom which was detected in 3 out of 5 patients.

  Discussion 

 Despite the wide distribution of VO in Asia, Africa 
and southern Europe, a survey of the literature revealed 
only a single case report  [4]  of SR inflicted by VO, where-
as other case reports have concentrated on the toxic, non-
allergic morbidity, manifesting mostly as renal failure, 
which was provoked by multiple insect stings  [5–10] . Re-
ports on SRs including fatalities inflicted by the other old 
world hornet  V. crabro  are much more common  [11–15]  
and it has even been shown that the relative risk of a life-

threatening reaction after a  V. crabro  sting was about 
three times higher than it was for honeybee or YJ sting 
 [15] . Spread of  V. crabro  to the USA and to Australia has 
been reported  [16, 17] , but to the best of our knowledge, 
VO has been found only once west of Europe  [18] .

  Initially, when the biochemical and immunologic 
properties of venoms from different  Vespa  and  Dolicho-
vespula  species including VO were compared, it was con-
cluded that immunotherapy with commercially available 
venoms of  Dolichovespula  should be adequate for most 
patient’s sensitive to  V. crabro  but probably not for a sig-
nificant proportion of those individuals primarily sensi-
tive to VO  [19] . This study did not examine YJ venom. 
However, another study  [20]  which also relied on the 
cross-reactivity between the two venoms claimed that 
commercially available YJ venom was appropriate for the 
treatment of  V. crabro  allergy. Nevertheless, this conclu-
sion  [20]  was rather a supposition since the degree of pro-
tection provided by YJ-VIT has not been objectively con-
firmed in patients receiving this treatment. In another 
study, 2 patients allergic to  V. crabro  were indeed treated 
with YJ venom, but the efficacy of this approach has not 
been evaluated  [21] .

  VO is widely distributed in Israel, but the actual inci-
dence of SRs induced by its stings is not known. Still, it is 
well known among Israeli allergists that these reactions 
are not exceptional. That is why it was so important to 
confirm the effectiveness of the practical approach taken 
here and probably worldwide, i.e. administration of com-
mercially available venoms to VO allergic patients. There-
fore, recruitment for this study included only patients 
whose allergy to VO was confirmed by an unequivocal 
identification of the stinging insect and by the positive 
skin tests with VO venom. Indeed, after having received 
VIT with commercial venoms, although 2 patients had 
minimal transient symptoms following VO sting, practi-

Table 4. I mmunoblotting of purified vespid phospholipases with patient sera drawn at different phases of VIT

Molecular weight, kDa

before commencement of VIT
(n = 5)

while on maintenance dose of VIT 
(n = 3)

20 26 37 42 2 2 28 32 37

V. germanica 1 (20) 1 (20) 1 (20) 1 (33) 1 (33) 1 (33)
V. crabro 1 (20) 1 (20) 2 (40) 1 (33) 2 (67) 1 (33)
V. maculifrons 1 (20) 1 (20) 1 (33)

Da ta are presented as number of patients with percentages in parentheses.
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cally all of them tolerated it well. The natural history of 
VO stings is unknown. Nevertheless, considering the ana-
phylactic nature of SRs occasionally induced by VO stings 
and the phylogenetic resemblance of different  Vespa  and  
Vespula  species, conducting a placebo-controlled study in 
patients who have experienced anaphylactic reactions to 
VO stings seems unethical. Thus, despite the relatively 
small number of patients included here, this preliminary 
report supports the notion of the effectiveness of VIT with 
commercially available venoms in VO allergy. 

  All our 12 patients had positive skin tests to YJ venom. 
Most of them (83%) also had positive skin tests to W ven-
om and less than half (42%) to BV. This is consistent with 
the high cross-reactivity between  Vespide  species and the 
low cross-reactivity between  Apidae  and  Vespidae  which 
has already been acknowledged repeatedly in the past. 
Immunoblotting also established the presence of specific 
IgE against both YJ and VO venoms in all patients and 
immunoblot inhibition reaffirmed the cross-reactivity 
between the two venoms. However, the specific antigens 
that were recognized by the patients’ sera were not identi-
cal for both venoms. Whereas positive staining with VO 
venom could be detected at molecular weights of 39–42 
kDa in all patients both before commencement as well as 
after reaching the maintenance dose of VIT, this staining 
with YJ venom was detected in all patients before com-
mencement of VIT but only in a minority of patients after 
reaching the maintenance dose. This difference may sug-
gest that, as has already been described with other VIT 
protocols, the level of specific IgE directed against the 
administered venom tends to decline over time.

  Considering the lack of well-established data on the 
cross-reactivity between VO venom and other venoms, 
before commencement of the present study we chose to 
include BV in the immunotherapy protocol despite the 
above-mentioned general low cross-reactivity between 
 Apidae  and  Vespidae . In the light of our results this ap-
proach was probably unnecessary and VIT with YJ ven-
om alone or with the addition of W venom should suffice 
to provide protection from future VO stings.

  The common antigens in all vespids are hyaluroni-
dase, phospholipase A1 and antigen 5  [22]  with molecular 
weights of 38–39, 34 and 23 kDa, respectively  [23] . The 
cross-reactivity of these antigens between different spe-
cies of hymenoptera has been studied extensively  [19, 24–
27] , especially by Hoffman et al.  [26] . However, only a 
single study  [19]  has examined this issue in regard to VO. 
It found that although strong cross-reactivity was present 
between the venoms of VO and  V .  crabro , and between 
the venoms of  V. crabro  and both  Dolichovespula macu-

late  and  Dolichovespula arenaria , VO venom had only a 
weak cross-reaction with the two  dolichovespulae.  There-
fore, although it would theoretically be possible to specu-
late on the cross-reactivity of VO venom according to its 
cross-reactivity with  V. crabro  venom, such assumptions 
are not well substantiated. Indeed, Severino et al.  [28]  
demonstrated the existence of cross-reactivity between  V. 
crabro  and YJ venoms. However, data about the role of 
hyaluronidase and  V. crabro  allergy are conflicting. 
Whereas one study showed that hyaluronidase was the 
major antigen in 3 out of 4 patients who were allergic to 
 V. crabro   [26] , two other studies concluded that the role 
of hyaluronidase in YJ venom allergy was minute  [29, 30] . 
We used immunoblot to explore whether sera of VO-al-
lergic patients could detect the major vespid antigens. 
Antigen 5 was not detected by any of the sera. As for phos-
pholipases, many of the patients demonstrated a positive 
staining, but it was not restricted to any particular mo-
lecular weight and was roughly equally distributed among 
various molecular weights. Although this finding could 
result from a partial decomposing of the phospholipases, 
which were 20–30 years old, it is still in accordance with 
a previous study that suggested that there were multiple 
antigenic determinants on the phospholipase molecule 
and that individuals responded to different determinants 
 [25] . In contrast, hyaluronidases derived from both  V. 
crabro  and  V. germanica , which were also as old as the 
phospholipases, were detected at a molecular weight of 
40–44 kDa by all sera and at 34–37 kDa by the majority 
of the sera. This may suggest that hyaluronidase is the 
major antigenic component in VO venom. Conversely, it 
has also been shown in YJ allergy that many of the spe-
cific anti-hyaluronidase IgE antibodies are cross-reactive 
carbohydrates determinant-specific IgE antibodies that 
have very low clinical relevance  [29, 30] . All in all, al-
though our results suggest that hyaluronidase is probably 
the major antigen in VO venom allergy, this supposition 
should be evaluated cautiously considering the age of the 
purified antigens used.

  In Israel the common hymenoptera include honey-
bees, YJs, W and VO. Accordingly, the commercial ven-
oms used for diagnosis and immunotherapy include the 
above-mentioned venoms, except VO venom which is not 
available commercially. Since only VO and  V. crabro  be-
long to the  Vespinae  subfamily, theoretically, the closest 
venom to VO venom should be that of  V. crabro . A com-
mercial  V. crabro  venom is not available from our sup-
plier and before commencement of the present study we 
were not aware about its availability from another source 
(Anallergo, Florence, Italy). It might be of great interest 
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to compare the diagnostic and therapeutic efficacy of this 
venom with that of the venoms we have used in our study, 
especially with YJ venom.

  Based on the favorable outcome of sting challenges 
and supported by skin tests and immunoblot techniques 
we conclude that the common practice of treating pa-
tients who have anaphylactic reactions to VO with the 
commercially available venoms is effective. Although we 
have also used other commercial venoms we assume that 
YJ venom is primarily responsible for inducing this pro-
tective effect and suspect that hyaluronidase is the major 
allergenic constituent in VO venom. The small number 
of patients in the present study necessitates a larger study 
to ascertain whether this practice is appropriate. A larger 

study may better define whether YJ venom alone or pos-
sibly commercial  V. crabro  venom might be sufficient for 
VIT of VO allergy, or whether further efforts are required 
to attain pure commercial VO venom for this purpose. 

  Acknowledgments 

 We thank Dr. Donald R. Hoffman from The Department of 
Pathology and Laboratory Medicine, The Brody School of Medi-
cine at East Carolina University, Greenville, N.C., USA, for sup-
plying the vespid phospholipases, antigen 5’s and hyaluronidases. 
We are indebted to the late Jacob S. Ishay, PhD, from The Depart-
ment of Physiology and Pharmacology, The Sackler School of 
Medicine, Tel Aviv University, Israel, for supplying the venom 
sacs extracted from VO and for the live insects.
 

 References 

  1 Archer ME: Taxonomy, distribution and nest-
ing biology of  Vespa orientalis  L. (Hymenop-
tera, Vespidae). Entomol Month Mag 1998:  134:  
45–51. 

  2 Carpenter JM, Kojima J: Checklist of the spe-
cies in the subfamily Vespinae (Insecta: 
Hymenoptera:Vespinae). Nat Hist Bull Ibara-
ki Univ 1997:  1:  51–92. 

  3 Goldberg A, Confino-Cohen R: A simple de-
vice for deliberate Hymenoptera sting chal-
lenge. J Allergy Clin Immunol 1997:  100:  139–
141. 

  4 Goldberg A, Confino-Cohen R, Mekori YA: 
Deliberate hymenoptera sting challenge as a 
diagnostic tool in highly selected venom-al-
lergic patients. Ann Allergy Asthma Immunol 
1995:  75:  30–32. 

  5 Chugh KS, Sharma BK, Singhal PC: Acute re-
nal failure following hornet stings. J Trop Med 
Hyg 1976:  79:  42–44. 

  6 Sakhuja V, Bhalla A, Pereira BJ, Kapoor MM, 
Bhusnurmath SR, Chugh KS: Acute renal fail-
ure following multiple hornet stings. Nephron 
1988:  49:  319–321. 

  7 Sharma A, Wanchu A, Mashesha V, Sakhuja V, 
Bambery P, Singh S: Acute tubulo-interstitial 
nephritis leading to acute renal failure follow-
ing multiple hornet stings. BMC Nephrol 
2006:  7:  18. 

  8 Korman SH, Jabbour S, Harari MD: Multiple 
hornet  (Vespa orientalis)  stings with fatal out-
come in a child. J Paediatr Child Health 
1990:  26:  283–285. 

  9 Watemberg N, Weizman Z, Shahak E, Aviram 
M, Maor E: Fatal multiple organ failure fol-
lowing massive hornet stings. J Toxicol Clin 
Toxicol 1995:  33:  471–474. 

 10 Weizman Z, Mussafi H, Ishay JS, Shvil Y, Goit-
ein K, Livni N, Deckelbaum RJ: Multiple hornet 
stings with features of Reye’s syndrome. Gas-
troenterology 1985:  89:  1407–1410. 

 11 Panzani R, Blanca M, Sanchez F, Juarez 
C:Sensitivity to European wasps in a group of 

allergic patients in Marseille: preliminary re-
sults. J Investig Allergol Clin Immonol 1994:
  4:  42–46. 

 12 Blanca M, Garcia F, Miranda A, Carmona MJ, 
Garcia J, Fernandez J, Terrados S, Vega JM, 
Juarez C: Determination of IgE antibodies to 
 Polistes dominilus ,  Vespula germanica  and 
 Vespa crabro  in sera of patients allergic to ves-
pids. Allergy 1991:  46:  109–114. 

 13 Saggese S: Su di un nuovo caso mortale da 
puntura di Vespa crabro (A new fatal case of 
Vespa crabro sting). Nuovi Ann Ig Microbiol 
1956:  7:  306–308. 

 14 Korantzopoulos P, Kountouris E, Voukelatou 
M, Charaktsis I, Dimitroula V, Siogas K: Acute 
myocardial infarction after a European hor-
net sting – a case report. Angiology 2006:  57:  
383–386. 

 15 Antonicelli L, Bilo M, Napoli G, Farabollini B, 
Bonifazi F: European hornet  (Vespa crabro)  
sting:a new risk factor for life-threatening reac-
tion in hymenoptera allergic patients? Allerg 
Immunol (Paris) 2003:  35:  199–203. 

 16 Hoffman DR, McDonald CA: Allergens in hy-
menoptera venom. VII. Species specific reac-
tivity to yellow jacket venoms. Ann Allergy 
1981:  47:  23–27. 

 17 Levick NR, Winkel KD, Smith G: European 
wasps: an emerging hazard in Australia. Med 
J Aust 1997:  167:  650–651. 

 18 Dvořák L: Oriental hornet  Vespa orientalis 
 Linnaeus, 1771 found in Mexico (Hymenop-
tera, Vespidae, Vespinae). Entomological 
Problems 2006:  36:  80. 

 19 Mueller U, Elliott W, Reisman R, Ishay J, 
Walsh S, Steger R, Wypych J, Arbesman C: 
Comparison of biochemical and immunolog-
ic properties of venoms from four hornet spe-
cies. J Allergy Clin Immunol 1981:  67:  290–
298. 

 20 Kosnik M, Korosec P, Silar M, Music E, Erzen 
R: Wasp venom is appropriate for immuno-
therapy of patients with allergic reaction to 

the European hornet sting. Croat Med J 
2002:  43:  25–27. 

 21 Sturm G, Kränke B, Rudolph C, Aberer 
W:Rush Hymenoptera venom immunothera-
py: a safe and practical protocol for high-risk 
patients. J Allergy Clin Immunol 2002:  110:  
928–933. 

 22 Fernández J: Distribution of vespid species in 
Europe. Curr Opin Allergy Clin Immunol 
2004:  4:  319–324. 

 23 King TP, Spangfort MD: Structure and biolo-
gy of stinging insect venom allergens. Int 
Arch Allergy Immunol 2000:  123:  99–106. 

 24 Hoffman DR: Hymenoptera venom allergens. 
Clin Rev Allergy Immunol 2006:  30:  109–128. 

 25 Hoffman DR: Allergens in Hymenoptera ven-
om XVI: studies of the structures and cross-
reactivities of vespid venom phospholipases. J 
Allergy Clin Immunol 1986:  78:  337–343. 

 26 Hoffman DR, Jacobson RS, Zebroni R: Aller-
gens in Hymenoptera venom. XIX. Allergy to 
 Vespa crabro , the European hornet. Int Arch 
Allergy Appl Immunol 1987:  84:  25–31. 

 27 Hoffman DR: Allergens in Hymenoptera ve-
non. XXV. The amino acid sequences of anti-
gen 5 molecules and the structural basis of an-
tigenic cross-reactivity. J Allergy Clin Immu-
nol 1993:  92:  707–716. 

 28 Severino MG, Caruso B, Bonadonna P, Mac-
chia D, Campi P, Passalacqa G: Cross reactiv-
ity between European hornet and yellow jack-
et venoms. Eur Ann Allergy Clin Immunol 
2010:  42:  141–145. 

 29 Jin C, Focke M, Léonard R, Jarich R, Altman 
F, Hemmer W: Reassessing the role of hyal-
uronidase in yellow jacket venom allergy. J Al-
lergy Clin Immunol 2010:  125:  184–190. 

 30 Seismann H, Blank S, Braren I, Greunke K, 
Cifuentes L, Grunwald T, Bredehorst R, Ollert 
M, Spillner E: Dissecting cross-reactivity in 
hymenoptera venom allergy by circumven-
tion of alpha-1,3-core fucosylation. Mol Im-
munol 2010:  47:  799–808. 

  


