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Bee sting allergy in beekeepers
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Summary

Background Beekeepers are strongly exposed to honey bee stings and therefore at an
increased risk to develop IgE-mediated allergy to bee venom.

Objective We wondered whether bee venom-allergic beekeepers were different from
normally exposed bee venom-allergic patients with regard to clinical and immunological
parameters as well as their response to venom immunotherapy.

Method Among the 459 bee venom-allergic patients seen over the 5 year period 1987-91,
62 (14%) were beekeepers and 44 (10%) family members of beekeepers. These two
groups were compared with 101 normally exposed bee venom-allergic patients matched
with the allergic beekeepers for age and sex, regarding clinical parameters, skin sensitivity,
specific IgE and IgG antibodies to bee venom as well as safety and efficacy of venom
immunotherapy.

Results As expected, allergic beekeepers had been stung most frequently before the first
allergic reaction. The three groups showed a similar severity of allergic symptoms
following bee stings and had an equal incidence of atopic diseases. Allergic beekeepers
showed higher levels of bee venom-specific serum IgG, lower skin sensitivity and lower
levels of bee venom specific serum IgE than bee venom-allergic control patients. A negative
correlation between number of stings and skin sensitivity as well as specific IgE was found
in allergic beekeepers and their family members, while the number of stings was positively
correlated with specific IgG in these two groups. Venom immunotherapy was equally
effective in the three groups, but better tolerated by allergic beekeepers than the two other
groups. The majority of allergic beekeepers continued bee-keeping successfully under the
protection of venom immunotherapy.

Conclusion The lower level of sensitivity in diagnostic tests and the better tolerance of
immunotherapy in allergic beekeepers is most likely related to the high level of specific IgG
in this group.
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often develop an allergic reaction: none of those beekeepers
receiving more than 200 stings each year reported a sys-

The risk of bee sting allergy increases with the degree ofeMiC reaction, whereas 45% of those receiving only up to

exposure [1]. Therefore, beekeepers are at high risk for beg® Stings did. B o

sting allergy. In a number of studies it was shown [2—7], that High levels of bee venom-specific IgE antibodies (SIgE)
between 14 and 35% of beekeepers give a history of at lea&€ Mainly found in allergic patients [3,7,9,10], whereas sera
one episode of systemic allergic reaction after bee stingL! non-allergic beekeepers usually contain high levels of bee
According to Bousquet [8], however, those who are least®NomM (BV) specific IgG antibodies (sIgG) [3,5,11-16],

frequently stung within a population of beekeepers, mosfainly of the IgG4 subclass [13,16]. This observation and
the positive results of passive immunotherapy trials with

Correspondence: Professor U. R’ llég, Medizinische Klinik, Zieglerspi- ~ D€€keepers gammaglObU"n [17-19] indicate a protective
tal, CH-3007 Bern, Switzerland. role for sigG in bee venom allergy.

Introduction
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In this paper we analyse, whether BV allergic beekeepert/ are considered as a definitely positive, class | as a
differ from normally exposed BV allergic patients with doubtful and class 0 as a negative result.
regard to clinical and diagnostic parameters or to the
response to venom immunotherapy (VIT).

slgG
Methods slgG were determinated by a protein A-based ELISA
technique as described previously [21]. The results are
Patients given inug/mL as estimated by comparison with a dilution

series of a beekeeper serum pool with a known content of
Between 1987 and 1991, 459 bee sting-allergic patients witBV specific 1gG.
a history of grade I-1V allergic reaction according to the Values of <0.31ug/mL are usually observed in non-
classification of Mueller [20] were seen at our hospital.exposed controls, while levels5ug/mL are seen in bee-
Among these, 62 (14%) were beekeepers (aBK) and 44eepers and patients on VIT.
(10%) family members of beekeepers (aFM). These two
groups were compared with a control group of 101 of theV
remaining BV allergic patients (aC), who were matched for
age and sex to the aBK. AllaBK and most aFM and aC had &IT conformed to the recommendations of the EAACI
history of recent sting reactions within the last year. Thesubcomittee on insect venom allergy [22]. Both rush and
three groups were analysed for clinical parameters such aonventional protocols were used [22,23]. The usual main-
exposure to bee stings, atopic background and grade d¢énance dose was 10@ for aFM and aC and 2Qqy for
severity of the allergic reaction, immunological parametersaBK. Efficacy of VIT was judged from the result of re-
(i.c. skin tests, slgE, slgG) and the response to VIT. Theexposure to a bee sting either by field sting or by sting
aBK were questioned again in 1994 about the long-ternprovocation test. Only the presence of objective systemic
results of VIT and their habits as beekeepers before and aftallergic symptoms was considered as indicating treatment
the manifestation of BV allergy. This questionnaire wasfailure. Safety was judged from the rate of occurrence
answered by 53 of the 62 aBK. of objective or subjective systemic allergic symptoms

following VIT injections.

enom immunotherapy

Atopy

An atopic background was assumed either in the presence gftatlstlcal evaluation

a history of seasonal allergic rhinitis, allergic bronchial Safety and efficacy of VIT between aBK and aC were
asthma or atopic dermatitis, or at least one Bositive  compared by chi-square-test. Differences between groups
skin prick test reaction to nine common inhalants (pollenregarding number of stings, grade of allergic reaction, skin
of mixed grass, birch, mugwort; dander of cat and dog;sensitivity, sIgE and slgG were analysed by contingency
D. pteronyssinusD. farinag Cladosporium herbarurand  table chi-square test.

Alternaria alternatg ALK, Horsholm, Denmark). For correlations between number of stings and diagnostic

parameters Spearman rank was used.

Skin tests

Intracutaneous skin test end point titration was performec‘q esults

as described previously [21]. The endpoint concentratiorb
(EPC) is the lowest concentration resulting in a weal of
at least 5mm in diameter with erythema. An EPC of49/  Table 1 shows that aBK and aC are similar in age and sex
L or less is considered as definitely positive, an EPC 6£10 distribution, while aFM are significantly younger, many of
g/L as doubtful and an EPC of10 3 g/L as negative (due them being children, and more often female, most bee-
to non-specific skin irritation). keepers being male. The distribution of the grade of severity
of the last allergic reaction is similar in the three groups
and so is the frequency of an atopic background. As seen in
Fig. 1, aBK were stung significantly more frequently than
These were estimated by the commercially availablethe two other groups, aFM taking an intermediate position
Phadezym RAST (Pharmacia Diagnostics AB, Uppsala, between aBK and aC. The subgroup of adult aEM2Q
Sweden) according to the prescriptions of the supplieryears) was stung significantly more frequently than aC
Results are given in RAST classes from O to 4. Classes II{P < 0.05). Surprisingly, 48% of aBK developed their first

linical parameters

sigE
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Table 1. Clinical data in allergic beekeepers (aBK), allergic family members of bee-
keepers (aFM) and in a control group of normally exposed patients with BV allergy (aC)

aBK aFM aC

Number of patients (%) 62 (13) 44 (10) 101 (22)

Sex: m/f (%) 46/16 (74/26) 19/25 (43/57) 72129 (64/36)

Mean age (range) 42.8 (16-84) 34.4 (8-84) 42.4 (15-75)
Atopy (%)

History 21 (34) 13 (30) 26 (26)

Skin prick test 7149 (14) 5/38 (13) 21/84 (25)
Grade of SR (%)

I 6 (10) 3(7) 5 (5)

Il 14 (22.5) 12 (27) 24 (24)

1 28 (45) 16 (36) 41 (40)

v 14 (22.5) 13 (30) 31 (31)

SR, last systemic allergic reaction.

allergic reaction only after 50 or more bee stings. In 51% ofsensitivity to BV, as indicated by EPC, than the two other
aBK the first sting reaction occurred within 2 years of groups. sIgE were also lower in aBK than in aFM and aC,
starting their hobby, but in 15% only after more than 10but this difference was only significant between aBK and aC

years of bee-keeping. (Fig. 3). On the contrary, slgG were significantly higher in
aBK than in aFM and in aC (Fig. 4). For all three diagnostic
Diagnostic parameters parameters the values of aFM lie between the two other

groups but closer to the aC.
As shown in Fig. 2 aBK had significantly lower skin In aBK a positive correlation was found between the
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aC aFM aBK aC aFM aBK
(n=101) (n=43) (n=62) (n=101) (n=43) (n=61)
aBK:aC  X°=74.52; P<0.001 aBK:aC xz =8.29; P<0.05
aBK:aFM x%=42.00; P<0.001 aBK:aFM x2=6.61; P<0.05
aFM:aC  x’=3.4 ;P> 0.05 aFM:aC  Xx?=0.24; P> 0.05

Fig. 1. Number of bee stings before the first allergic reaction inFig. 2. Skin sensitivity to BV in BV-allergic beekeepers (aBK),
BV-allergic beekeepers (aBK), family members of beekeeperdamily members of beekeepers (aFM) and in normally exposed
(aFM) and normally exposed patients (aC). The figures in thepatients (aC). The skin sensitivity, as indicated by the negative log

bars give absolute numbers of patients. The sting frequency isf the EPC, is significantly lower in aBK than in the two other
significantly higher in aBK than in aFM and aC. groups.
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100 - - ” RAST class Immunotherapy

9 g 9 As shown in Table 2, 43 (69%) of aBK, 24 of aFM (56%)
% 80r an | 4 and 61 of aC (60%) underwent VIT. Although aBK usually
:]C: B (19) []3 received a maintenance dose of 200 while aC and aFM

= 60| 8 7 2 got only a maintenance dose of 1§, allergic side-effects

s B - were observed significantly less frequently in aBK than in
© 40 @) ] on the two other groups. Both in aBK and aC side-effects
3 B (1/4)/ occurred more frequently in patients with a severe (grade
g 20+ g () r'?‘f;%';‘;‘e [l1-1V) pre-treatment reaction than in those with only grade
z T o 6) (12) I-1l reactions. In aBK aIIe_rgic side-effects were observeq in

aC =y 2BK 119% [1/9] of those with m|Id.and 3_4% [11/32] of thosg with
(n=101) (n=43) (n=61) severe pre-treatment reactions, in aC, the respective data

were 0%][0/5] and 53% (30/56). The groups with only mild
pre-treatment reactions were however, so small, that statis-
tical analysis did not seem appropriate. No difference in the
frequency of side-effects in either group was observed in
Fig. 3. BV-specific IgE (sIgE) in BV-allergic beekeepers (aBK), relation to the pre-treatment RAST score.
family members of beekeepers (aFM) and normally exposed As expected the highestresting rate was observed in aBK.
patients (aC). sIgE are significantly lower in aBK thaninaC.  The rate of objective systemic allergic reactions did not
differ significantly between groups. The severity of the pre-
number of stings per year and slgG={0.49,P<0.005) and  treatment reaction did not influence the result of a re-sting
a negative correlation between number of stings and skifluring VIT: 22% [2/9] aBK with mild and 16% [5/32] with
sensitivity f =0.44,P<0.007) as well as slgE &0.404, severe reactions developed systemic allergic symptoms
P<0.002). No correlation between number of stings andvhen re-stung R=0.1). No re-stings during VIT were
any of the parameters was observed in aC, while in aFM &ecorded in the 5 aC with mild pre-treatment reactions,
negative correlation was also observed between number d¥hile 21% [7/33] of aC with severe pre-treatment reactions
stings and skin senisitivtyr & 0.354, P<0.02) and slgE developed systemic allergic symptoms following the re-
(r =0.498,P<0.001). slgG were positively correlated to the sting. The pre-treatment RAST score had no influence on
number of stings only in the subgroup of adult aFM the result of a re-exposure during VIT.
(r=0.555,P<0.01), who were stung more frequently.

aBK:aC  x%>=8.28; P<0.05
aBK:aFM x?=2.90; P> 0.05
aFM:aC  X?=2.44; P> 0.05

Special aspects in allergic beekeepers

100 - gurns slgG (ug/ml) The following recommendations were given to all aBK: (1)
— N_© - ® 9% 1Hg give up bee-keeping, (2) start immunotherapy with BV, (3)
B (7)
s 80 . >15 return to bee-keeping only after a well-tolerated sting
a (28)
c B D -15
.0 60 |- (11) (25) . . L .
P V/ 4.9 Table 2. Side-effects and efficacy of VIT as indicated by a sting
S N - provocation test
5 a0l [ ] <0.31
= (32)
2 - (10)/
€ 201} ( ) Absolute aBK aFM aC
> L 7 number
z (10) (5) / SIT (%) 43 (69) 24 (56) 61 (60)
- aC aFM aBK Allergic side-effects (%)* 12 (28) 12 (50) 30 (49)
(n=76) (n=33) (n=52) .
2 Efficacy
aBK:aC X = 9.41; P<0.05 Re-exposed patients (%) 41 (95) 11 (45) 33 (45)
aBK:aFM X, = 8.99; P<0.05 Systemic reaction after
aFM:aC  x“=4.71; P> 0.05 re-exposure (%)** 7 (17) 1 (6) 7 (21)

Fig. 4. BV specific 1IgG (slgG) in BV-allergic beekeepers (aBK),
family members of beekeepers (aFM) and normally exposed aBK:aC x°=6.83; P<0.01. aBK:aFM x*>=4.46; P<0.05.
patients (aC). slgG are significantly higher in aBK than in theaFM:aC x*=0.01; P>0.1. **aBK:aC x?=1.29; P>0.05.
two other groups. aBK:aFMx?=0.82;P>0.05. aFM:aC¢? = 1.96;P>0.05.
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provocation test, and (4) when bee-keeping, always wearFable 4. Maintenance of tolerance by self-application of bee stings
protective clothing, have an emergency kit available andn seven aBK
inform family members before going to attend to the bees:
Table 3_ shows_ thfa_ compliance of aBK with these recom+ mber of stingsfyear 20-100
menQatlons._ Significantly more female aBK stopped beey,mber of aBK with systemic reaction 1
keeping, while somewhat more male aBK underwent V|T-(three reactions in 3 years)
Precautions while working in the beehive were followed _ o
slightly better by female aBK. Of 31 aBK who continued Therapy during wintertime
bee-keeping, 22 received VIT. None of these developed a BY-'nections 2
systemic allergic reaction when restung, while four of the Slelf-apphcatuon_ 5
] . . ean follow-up in years 2.64
nine who rejected VIT did.
In seven aBK, after successfull VIT of at least 3 years
duration, we agreed to a special protocol to maintain
tolerance by self-application of bee stings. These patientsyork, either through inhalation or multiple stings, atopic
in addition to the recommendations given above, wereéeekeepers are more easily sensitized than non-atopic bee-
instructed to avoid more than two stings at the time bykeepers. This finding is in no contradiction with our results,
strictly wearing protective clothing, to apply one or two since we did not investigate a group of non-allergic bee-
weekly stings during the warm season and during winter tkeepers and the rate of atopy, at least from history, was
apply at least one sting per month or to restart monthlyrather high in our aBK. Surprisingly, almost half of the aBK
maintenance injections with 2@ of BV at the family  developed their first allergic reaction after more than 50 bee
doctor. Table 4 shows data on these seven patients: only orstings. The majority of aBK first reacted shortly after
developed a mild systemic allergic reaction (grade 1) eaclstarting bee-keeping, at a time when stings occurred more
spring, when restarting the work with bees, during the first Frequently than in their previous life. Many of the remaining
years after stopping VIT. indicated that the first reaction occurred after the winter
break, thus following a period of several months without
stings during which protection may have waned.
As expected, aBK had significantly higher levels of slgG
In our study population aBK and aFM represent only 1/4 ofthan aFM and aC and these antibodies were positively
all BV-allergic patients, whereas in most other countriescorrelated to the number of stings in aBK. This confirms
[3,7,8] the majority of BV-allergic patients are beekeepersresults from unselected populations of beekeepers
or their family members. The reason for this difference mos{5,7,10,12,28]. In addition we observed a lower skin sensi-
likely lies in the higher degree of exposure of the wholetivity and lower sIgE in aBK, which were negatively
population in Switzerland, where bee-keeping is extremelycorrelated to the number of stings. These findings suggest
popular as a hobby and often also practised in suburbathat sIgG either interfere directly with the allergen—IgE
areas. As in other studies [25,26,27], an atopic backgrounghteraction during skin testing or in the RAST assay, or else
was found with similar frequency in aBK, aFM and aC, andmay suppress IgE-antibody formation by B cells. Moreover,
not significantly more often than in the general population.it is likely that the superior tolerance of VIT in aBK in spite
Interestingly, Miyachiet al. [9] observed a significantly of the double maintenance dose is related to the increased
higher frequency of atopic background in allergic than inlevel of slgG. On the other hand it comes as a surprise that,
non-allergic beekeepers. They suggested that during thedespite the much higher slgG levels in aBK, no difference
was observed between the three groups regarding the
severity of allergic sting reactions, and that the rate of
Table 3. Compliance of allergic beekeepers with our recommendationgrotection during re-exposure was similar in aBK and aC.
One reason for the second finding could be that the re-sting
rate was much higher (near to 100%) in aBK, and that most
aBK were re-exposed during the first months of VIT, while

Discussion

Total Male (%) Female (%) P-value

Number 53  38(72) 15 (28) aC were re-stung most often only after several years of VIT.

Stop bee-keeping 22 12 (32) 10 (67) <0.025 It must, however, be considered that besides sIgG other
VIT 36 28 (74) 8 (53) NS protective mechanisms may be induced by VIT such as
Precautions alterations in releasability of effector cells [29] or changes

Emergency kit in T-cell reactivity [30,31]. While the predictive value of

in bee hive 41 28(74) 13 (87) NS  slgG with regard to protection from stings seems reasonable

during early VIT, it is very limited before starting this

© 1998 Blackwell Science LtdZlinical and Experimental Allergy28, 1292—1298
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treatment, during protracted VIT and after stopping it [22]. 8 Bousquet J, Meardo J, Aznar R, Robinet-Levy M. Clinical

Not surprisingly, aBK who continued bee-keeping were fully and immunological surveys in beekeepers in relation to their

protected when on VIT, wheras those who declined to start Sensitization. J Allergy Clin Immunol 1984; 73:332-40.

VIT, frequently developed systemic allergic reactions again. © Miyachi S, Lessof MH, Kemeny DM, Green LA. Comparison
Most aBK on VIT sooner or later ask whether they could of the atopic background between allergic anq nqn-allerglc

not maintain protection by self application of bee stings. Ou beekeepers. Int Archs Allergy appl Immun 1979; 58:160-6.

L . .. . 10 Miuller U, Spiess J, Roth A. Serological investigations in
preliminary results in 7 aBK show that this is feasible. It is, Hymenoptera sting allergy: IgE and hemagglutinating anti-

however, extremely important that adequate precautions are pqgies in patients with bee sting allergy, beekeepers and non-
prescrlped. Itis _man_datory, that thege aBK_contln_ue towear gjlergic blood donors. Clin Allergy 1977; 7:57—64.
protective clothing in order to avoid multiple stings at a 11 Kemeny D, Lessof M, Trull AK. IgE and IgG antibodies to bee
time. The protection induced by VIT most likelyisnotanall ~ venom as measured by modification of the RAST method. Clin
or nothing phenomenon, but it must be expected that Allergy 1980; 10:413-21.
allergic reactions may re-occur in such patients wheril2 Muler U, Johannsson SGO, Streit C. Hymenoptera sting
exposed to very high BV doses, as applied by multiple hypersensitivitiy: IgE, IgG and haemagglutinating antibodies
bee stings, since most aBK continue to have positive skin to bee venom constituents in relation to exposure and clinical
tests and sIgE even after many years of VIT. The protectiorl reactions to bee stings. Clin Allergy 1978; 8:267-72. .
O . . . . . .. 13 Aalberse RC, van der Gaag R, van Leeuwen J. Serologic
must be maintained during winter time either by self-application

f st b . S he d aspects of IgG4 antibodies. I. Prolonged immunization results
of stings or by maintenance injections at the doctor. in an 1gG4-restricted response. J Immunol 1983; 130:722—6.

Finally, emergency medication must be available in the;4 goiden DB, Meyers D, Kagey-Sobotka A, Valentine MD,
bee house of every aBK. In conclusion, our study shows that | ichtenstein L. Clinical relevance of the venom-specific
allergic beekeepers differ from normally exposed BV aller-  immunoglobulin G antibody level during immunotherapy.
gic patients with regard to diagnostic but not clinical  J Allery Clin Immunol 1982; 69:489-93.
parameters. Tolerance of VIT is superior in aBK and this15 Light WC, Reisman R, Shimizu M, Arbesman CE. Clinical
treatment allows most beekeepers to continue their work application of measurements of serum levels of bee venom-
with honey bees safely. specific IgE and 1gG. J Allery Clin Immunol 1977, 59:247-53.

16 Wetterwald A, Skvaril F, Miler UR, Blaser A. Isotypic
and idiotypic characterization of anti-bee venom phospho-
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