Allergy to bumblebees
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Purpose of review

Field stings by bumblebees are uncommon because of the
habitat and nonaggressiveness of these insects. More
stings have been reported in the Netherlands because of
the increasing use of bumblebees in flowering industries
such as tomato growing. The purpose of this review is to
summarize the recent literature concerning bumblebee
anaphylaxis and describe our own experience with
immunotherapy in an occupational group of bumblebee-
venom-allergic workers.

Recent findings

Two distinct categories of patients are sensitized to
bumblebee venom. First are patients with IgE highly cross-
reactive with honeybee venom allergens. Venom
immunotherapy with honeybee venom will be adequate in
these nonprofessionally exposed bumblebee-allergic
patients. These patients react to bumblebee venom as a
result of a primary earlier exposure and sensitization to
honeybee venom. Secondly, with heavily exposed
greenhouse workers or bumblebee workers, frequently
stung only by bumblebees, it is recommended to use
immunotherapy with purified bumblebee venom, due to the
low or absent degree of cross-reactivity with honeybee
venom. Otherwise, the best preventive therapy is to avoid
further exposure, which means changing profession.
Summary

Immunotherapy with purified bumblebee venom is as well
tolerated and effective as immunotherapy with other
Hymenoptera venoms.
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Introduction

Bumblebee anaphylaxis is rare compared with other
Hymenoptera venom allergies caused by stings from
vespids and honeybees. In the literature [1-5], the only
case reports are found in occupational settings. Bumble-
bees belong to the genus Bombus of the family Apidae.
The family Apidae consist of the honeybees (Apis
mellifera) which are brown and moderately hairy and
the bumblebees (genus Bombus) which are bigger than
honeybees, much more hairy and characterized by dis-
tinct yellow or white bands on their abdomen. Approxi-
mately 45 bumblebee species exist in North America and
about 160 species in other parts of the world. In Europe,
the Bombus terrestris have been domesticated and used for
more than 20years to pollinate plants grown in green-
houses, such as tomatoes and sweet bell peppers. The
bees feed on pollen and nectar collected from the plants
and, by foraging, they will pollinate the plants, resulting
in more efficient fruit production for the gardeners.
Bumblebees are more docile than other bees and green-
house workers are stung because the bumblebees get
stuck between the plants and clothing. The amount of
venom released during a sting varies from species to
species and within a species. Honeybee stings release
approximately 50—140 g of venom protein per sting;
bumblebee stings release 10-31 g of venom [6].

Earlier observations

Kochuyt ez al. [4] reports on seven bumblebee-allergic
patients working in a bumblebee farm and tomato green-
house. Two patients had been stung before by honey-
bees; all patients had a high level of sensitization to
honeybee venom. As purified bumblebee venom
(BBV) was not available, they started venom immu-
notherapy (VIT) with honeybee venom. After a follow-
up period of 2 months to 3 years, six patients were stung
by more than 36 bumblebee stings, only resulting in two
large local reactions.

Stern er al. [7], however, described two patients with
occupational bumblebee anaphylaxis who started VIT
with honeybee venom and experienced severe systemic
reactions after a sting with bumblebee. After reaching
maintenance dose with purified bumblebee venom, pro-
tection was demonstrated using in-hospital sting chal-
lenges with live bumblebees.

Knowledge of the composition of venoms and structure of
allergens is necessary for the appropriate diagnosis and
treatment of insect venom allergy. T'he majority of major
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venom allergens have been cloned and sequenced, and
some allergens have been expressed in recombinant form
(http://www.allergen.org).

Bumblebee venom contains phospholipase A2 (Bom p 1),
serine protease (Bom p 4), hyaluronidase, acid phospha-
tase and several allergens not found in honeybees [8].
The primary amino acid sequence of bumblebee venom
phospholipase shows 53.7% identity with that from
honeybee venom, with 33% additional conservative
changes. Mellitin is a peptide specific for honeybee
venom, whereas a protease of tryptic amidase specificity
was found only in bumblebee venom and not in other
Hymenoptera venoms.

About 75% of sera from patients allergic to honeybee
react in radio allergo sorbent test (RAST) with bumble-
bee venom, and 85% of sera from patients with histories
of allergy to bumblebee stings demonstrate positive
RAST responses to honeybee venom. These obser-
vations can be caused by true double sensitization or
by cross-reactive IgE recognizing similar epitopes of
different common venoms. The distinction between
the two is important for the choice of venom(s) for
immunotherapy. Stapel e /. [9] demonstrated in sera
from patients who worked in a bumblebee farm by
RAST-inhibition and immunoblot analysis the existence
of bumblebee-specific epitopes. Even within the bumble-
bee subspecies, differences were found between
European and American bumblebee species, recently
confirmed by Hoffman e &/ [10] using three-
dimensional modeling.

The Dutch experience with occupational
bumblebee anaphylaxis

The growing use of bumblebees in Dutch greenhouses
for pollination has resulted in an increasing number of
anaphylactic reactions to their stings in the gardeners. In
our outpatient clinic, we have seen 42 consecutive
patients with a history of bumblebee anaphylaxis. The
group consisted of 22 workers in tomato horticulture,
17 workers on a bumblebee farm and three city gardeners.
Anaphylaxis occurred after 8.5 stings of the bumblebees
(range 1-25 stings). The city gardeners were stung in the
past by vespids and honeybees without any sign of
anaphylaxis.

The diagnosis of bumblebee anaphylaxis was confirmed
according to international guidelines [11°°]. Intracuta-
neous testing was performed with 0.02 ml of stepwise
incremental 10-fold dilutions of purified bumblebee
venom (B. ferrestris, 1 pg/ml, ALK Abello, Nieuwegein,
The Netherlands), ranging from a venom concentration
of 0.0001 to 1.0 wg/ml. After 20 min, wheal and flare
reactions were measured with the grading system of
standardized plus signs devised by Norman [12]. As
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control solutions, dilution buffer and histamine
diphosphate (0.1 mg/ml) were used. Subsequently, con-
firmation of the IgE-mediated reaction to bumblebee
venom and sensitization to Vespula germanica and Apis
mellifera were detected by RAST (Pharmacia, Uppsala,
Sweden).

The general characteristics, severity of the sting reaction
according to Mueller [13] and sensitization to the three
venoms are summarized in Table 1.

Stapel e a/l. [9] and Hoffman ez «/. [10] demonstrated
significant species group-specific epitopes on bumblebee
venom proteins, using the sera of the Dutch patients.

Table 1 General characteristics of 42 consecutive patients with
occupational bumblebee venom

IgE B. IgE A. IgE V.
Grade Age terrestris mellifera germanica
Workers in bumblebee farm
| 52 12.2 0.36 n.d.
| 27 0.45 4.5 0.85
| 22 12.8 n.d. n.d.
Il 52 2.5 <0.35 <0.35
Il 27 0.45 <0.35 <0.35
1l 24 10.5 9.19 0.76
1] 43 1.05 0.86 0.45
1] 44 135 3.95 19.6
1l 42 15.2 1.59 0.49
1] 29 9.99 19.8 105
1] 32 9.16 6.25 <0.35
1] 22 43.1 n.d. n.d.
I\ 58 3.22 n.d. n.d.
\" 43 8.4 n.d. n.d.
\% 38 8.58 3.17 <0.35
I\ 30 56.5 1.59 0.46
\" 28 2.4 6.87 0.37
Workers in tomato greenhouse
Il 37 5.3 n.d. n.d.
Il 42 50 12.2 1.17
Il 61 3.3 n.d. n.d.
Il 60 125 n.d. n.d.
Il 51 15.3 <0.35 <0.35
Il 57 83.7 19.5 4.1
1] 34 6.7 2.8 <0.35
1l 55 17.5 <0.35 <0.35
1] 38 11.3 <0.35 0.56
\" 49 10.8 0.7 <0.35
\" 41 35.4 9.68 4.77
I\ 44 15.3 5.34 2.71
v 51 48 33.8 0.46
\Y 37 3.28 n.d. n.d.
\" 57 0.95 n.d. n.d.
\" 39 5.75 <0.35 <0.35
\Y 34 445 16.3 4,18
I\ 55 27.3 12.2 2.02
\" 59 0.38 <0.35 <0.35
I\ 59 194 61.2 36
\" 69 0.94 <0.35 <0.35
\" 34 80.7 >100 2.16
City gardeners
Il 25 2.94 27.9 14.2
1] 25 12.8 60 4
\" 60 12.9 49.7 2.58

n.d., not done; IgE, values in kU/I.
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Table 2 Severity of bumblebee anaphylaxis and follow-up in 42
consecutive patients

Grade Number Start immunotherapy
I 3 1

I 9 7

I 11 6

\Y 19 14

They advised these occupational patients to be treated
with the appropriate species group, which was respon-
sible for the primary sensitization, the B. zerrestis. Select-
ing the patients who needed VIT is mainly based on the
clinical history: it is indicated in patients with a history of
severe systemic reaction including respiratory and cardi-
ovascular symptoms and documented sensitization to the
respective insect [14°°]. Higher-risk subjects are those
who are likely to receive frequent stings in their occupa-
tion. Some patients quit their job and they are not at an
increased risk of being re-stung by bumblebees in the
future (see also Table 2). All patients were provided with
an Epipen autoinjector; oral and written instructions were
given by the doctor or a trained nurse about the use of the
pen. As the other patients could not avoid bumblebees,
VIT was started. Activities in which the risk of re-sting
was high were forbidden until the maintenance dose of
VIT was reached [15].

Immunotherapy with purified bumblebee venom extract
(obtained by electric stimulation and provided by ALK
Abello, Nicuwegein, The Netherlands) was started very
carefully in the first two patients [5]. No severe reac-
tions were seen and we subsequently treated the next
26 patients with a modified semi-rush protocol, followed
by monthly injections with approximately 100 pg of
purified bumblebee venom [15]. All patients showed a
10—100-fold decrease in skin test reactivity after 1 year of
immunotherapy, confirmed by RAST.

Challenge tests [16] using live insects were performed in
the first two patients according to the European guide-
lines. No systemic reactions were seen — only large local
reactions. Subsequently, 56 field stings were experienced
in 15 of the 28 patients who were still working with
bumblebees. Five patients suffered from large local
reactions; in two patients a systemic reaction (grade I/
IT and grade II) was observed, although less severe than
the index sting reaction (respectively grade IV and grade
III). No epinephrine was used in these reactions.

The protection rate is estimated to be 96% in BBV; this is
comparable to that of other VIT. In prospective (uncon-
trolled) studies [14°°] with in-hospital sting challenges
during the course of immunotherapy, a treatment failure
was found for vespids in 0-9% of the patients and for
honeybees in approximately 20% of the patients. In the

patients who reacted, the symptoms were usually much
less severe than before the injection therapy, indicating a
partial success in these ‘failures’. In follow-up studies,
more than 80% of the patients remained protected when
re-stung up to 7 years after stopping immunotherapy.

All patients reached maintenance dose in 6 weeks with-
out severe side effects. During the induction phase (336
injections), we registered 14 (4.2%) local reactions
(5-10cm) and two (0.6%) systemic reactions, consisting
of shortness of breath in an asthmatic atopic gardener who
did not use his asthma medication as instructed by his
physician. After stabilization of the bronchial hyperreac-
tivity with inhalant corticosteroids, no additional side
effects were seen in this patient. During the maintenance
phase (1272 injections), we encountered 14 (1.1%) local
reactions and no systemic side effects. In an EAACI-
multicenter study [17], systemic reactions were found in
20% of patients, corresponding to 1.9% of injections
during the dose-increase phase and 0.5% during the
maintenance phase.

Conclusions

Bumblebee anaphylaxis is a rare phenomenon due to the
nonaggressiveness of these insects as compared with
yellow jackets. People at risk are those who are occupa-
tionally exposed to bumblebees, such as bumblebee farm
workers, scientists studying these creatures or green-
house gardeners who use these insects for pollination.
VIT with honeybee venom will be adequate in nonpro-
fessionally exposed bumblebee-allergic patients. For
occupational bumblebee anaphylaxis, the best preven-
tive therapy is to avoid further exposure, which means
changing profession. VIT is advised in people who will
continue to work with bumblebees. Due to the low or
absent degree of cross-reactivity with honeybee venom in
these patients, we advise the use of purified bumblebee
venom. All patients reached maintenance dose in 6 weeks
without severe side effects. Efficacy was demonstrated,
first with in-hospital sting challenge and subsequently
with field stings with bumblebees. The efficacy was
comparable to honeybee and yellow jacket VIT.
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