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Background: A majority of subjects allergic to bee venom are beekeepers, their
relatives, or neighbors. Predetermining systemic reactivity to honeybee stings and
risk assessment through laboratory tests have been unsatisfactory.
Objective: To estimate the prevalence and type of sting reactions, and especially

to evaluate potential risk factors of systemic reactions in beekeepers.
Methods: A questionnaire concerning sting reactions and potential risk factors

was mailed to all members of the regional beekeepers’ association; 191 beekeepers
were included in the study.
Results:Systemic bee sting reactions were present in 50 (26%) and large local

reactions in 73 (38%) of the beekeepers. Similar reactions following wasp stings
were present in 2% and 13%, respectively. Twenty-four (48%) of the systemic
reactors and 39 (28%) of the remaining subjects had a history of atopic symptoms
(allergic rhinitis, allergic bronchial asthma, or atopic dermatitis). While working at
hives, nasal and eye symptoms were present in 54% of the systemic reactors and in
23% of the remaining subjects. Systemic reactors were younger and had been
beekeepers for a shorter period than nonreactive subjects. Multiple logistic regres-
sion analysis showed that the risk of systemic sting reaction increased fourfold when
nasal or eye symptoms were present while working at hives and twofold when the
years in beekeeping were less than 15.
Conclusions: The occurrence of systemic and large local reactions after bee

stings is high among beekeepers. A history of atopy is associated with systemic
reactions. Both the presence of nasal or eye symptoms while working at hives and
a history of beekeeping less than 15 years significantly increase the risk of systemic
reactions.

Ann Allergy Asthma Immunol 1996;77:423–7.

INTRODUCTION
A vast majority of subjects allergic to
bee venom are beekeepers, their rela-
tives or neighbors with a high risk of
stings, whereas wasp venom allergy
seems to be a random event.1–3The rate
of systemic reactions following bee
stings has been reported to be 14% to
42% in beekeepers,4–6while serum bee

venom-specific IgE has been found in
42% to 79% of beekeepers.4,5 In-
creased awareness of possible life-
threatening consequences has led to
risk assessment with laboratory tests in

predetermining systemic reactivity to
honeybee stings. Unfortunately, these
tests have been unsatisfactory.7

The present study was designed to
estimate the prevalence and type of
sting reactions by using a specific
questionnaire. Potential risk factors for
systemic reactions in current beekeep-
ers were evaluated.

MATERIAL AND METHODS
The data for this study were collected
by a questionnaire mailed in Septem-
ber, 1993, to all 274 members of the
regional beekeepers’ association in the
Pirkanmaa area of Finland (pop.
450,000). Beekeepers in this area com-
mence working at beehives in May and
finish in August. The questionnaire
contained questions on bee and wasp
(Vespula spp.) sting reactions and fac-
tors presumed to correlate with them
(Table 1 and 2). The severity of sys-
temic sting reactions was graded in
four groups according to Mu¨ller’s clas-
sification of anaphylaxis.8 A large lo-
cal reaction was defined as the pres-
ence of swelling at the sting site with a
diameter of at least 10 cm that lasted
24 hours or longer. The presence or
absence of atopy was defined by clin-
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Table 1. Characteristics of the Subjects Classified by the Severity of Bee Sting Reactions in
History (mean 6 SD)

None
(n 5 100)

Large Local
(n 5 41)

Systemic
(n 5 18)

Systemic and
Large Local
(n 5 32)

Total
(n 5 191)

Age, yr 54.9 6 12.4 49.0 6 12.9 48.3 6 10.3 47.9 6 10.3 51.8 6 12.3*
Number of beehives 18.9 6 36.3 19.9 6 29.1 24.2 6 37.2 31.9 6 59.5 21.8 6 39.9
Years in beekeeping 17.7 6 16.3 17.4 6 13.0 12.3 6 11.1 12.1 6 8.9 16.2 6 14.3*
Bee stings in 1993 36.2 6 111.1 25.9 6 39.5 21.8 6 30.5 19.6 6 23.2 29.6 6 82.3
BMI 26.3 6 3.7 25.5 6 2.7 25.5 6 3.1 25.9 6 2.9 26.0 6 3.3
Age at beginning of
beekeeping, yr

37.5 6 12.5 32.3 6 10.3 35.7 6 11.5 36.0 6 11.4 36.0 6 11.8

The difference between systemic reactors and others *P , .01.
BMI 5 bodymass-index, length (m)/weight2 (kg).
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ical history (allergic rhinitis, allergic
asthma, or atopic dermatitis).
Eighty-eight beekeepers responded

to the first questionnaire. Nonrespon-
dents were remailed the questionnaire
(84) or were contacted by telephone
(102) and asked to complete the ques-
tionnaire. Finally, 218 subjects re-
sponded. The inclusion criterion for
the study was active participation in
beekeeping in 1993. Twenty-seven re-
spondents were excluded because they
had finished beekeeping (17), had
never been beekeepers (3), or did not
complete the questionnaire (7). The
age of 27 female and 164 male subjects
ranged from 21 to 83 years with a
mean of 52 years. The subjects had
been beekeepers for 1–66 years (mean
17). They managed from one to 300
hives (mean 22). Nine of the subjects
were professional beekeepers, 28 were
farmers, and five were gardeners. For
the remaining 149 subjects, beekeep-
ing was a leisure pursuit.

Statistical analyses
The statistical tests used were analysis
of variance, Bonferroni’s pairedt test,
the chi-square test and multiple logistic
regression analyses. Differences were
considered significant whenP , .05.
Multiple logistic regression analysis
was applied to evaluate the influence
of potential risk factors to systemic bee
sting reactions. The age of the subject,
the number of hives, the number of bee
stings in 1993, his/her atopic history as
an adult, nasal or eye symptoms when
working at beehives, and the years in
beekeeping were used as independent
variables. The logistic regression anal-
ysis started with all independent vari-
ables in the model. Only significant
variables were kept in the final model.
Analyses were performed with a
BMDP (BMDP Statistical Software,
Inc, Los Angeles, CA, USA) statistical
software package.

RESULTS
Systemic reactions after bee stings
were present in 26% of the subjects.
The most severe reaction was grade I
in 13, II in 15, III in 15, and IV in 7 of
the 50 systemic reactors. No associa-

tion was found between the severity of
systemic sting reactions and any char-
acteristic of the subjects. Of the 50
beekeepers with systemic reactions in
their histories, 18 had experienced re-
actions during the preceding beekeep-
ing season. The remaining 32 systemic
reactors had had their last reaction 1 to
12 years earlier (mean 4 years). None
of the beekeepers reacted to the latest
sting. After their last systemic sting
reaction, each subject had been stung
by bees from 1 to 360 times (median 3,
mean 34). Beekeepers with systemic
reactions in their histories were signif-
icantly younger (P 5 .006) and had
been beekeepers for significantly
shorter periods (P 5 .005) than those
with no systemic reactions (Table 1).
The 50 systemic reactors had more
beehives and fewer stings in 1993 than
the remaining 141 subjects, but these
differences were not statistically sig-
nificant. The relationship between the
frequency of bee stings and the type of
sting reaction is illustrated in Figure 1.
The mean age at the beginning of bee-
keeping was 36 years. Body constitu-
tion and the age at which beekeeping
had began were not associated with the
severity of sting reactions.
Forty-five (90%) of 50 beekeepers

who had systemic reactions after bee

stings always used protective gloves at
the hives. Ninety-seven (69%) of the
141 subjects with no systemic sting
reactions always used gloves. With a
chi-square test this difference was sig-
nificant (P 5 .006) (Table 2). Sex and
smoking habits were not associated
with systemic sting reactions.
A history of atopic symptoms (aller-

gic rhinitis, bronchial asthma, or atopic
dermatitis) in adulthood was present in
48% of the systemic reactors and in
28% of nonreactive subjects (Table 2).
This difference was significant (P 5
.014) with a chi-square test. A history
of atopy was highly associated with
nasal and eye symptoms while work-
ing at beehives (P , .001). Twenty-
seven (54%) of the 50 systemic reac-
tors and 33 (23%) of the 141 remaining
beekeepers had had nasal or eye symp-
toms when working at beehives (P ,
.001). Respiratory symptoms (cough,
dyspnea, or wheezing) during work
had been present in 22% of the sys-
temic reactors and in 5% of the re-
maining subjects (P 5 .001). Multiple
logistic regression analysis showed
that the most important factors associ-
ated with systemic bee sting reactions
were nasal or eye symptoms when
working at hives and the years in bee-
keeping (Table 3).

Table 2. Results of questionnaire, subjects classified by systemic sting reactions (SR) after
bee stings

Questions
No SR n 5 141
Number (%)

SR n 5 50
Number (%)

Total n 5 191
Number (%)

Female 20 (14) 7 (14) 27 (14)
Smokers and ex-smokers 51 (36) 15 (30) 66 (35)
Atopic symptoms (a*) 39 (28) 24 (48)‡ 63 (33)
Atopic symptoms (a 1 c†) 49 (35) 27 (54)‡ 76 (40)
Nasal or eye symptoms while
working at hives

33 (23) 27 (54)§ 60 (31)

Respiratory symptoms while
working at hives

7 (5) 11 (22)§ 18 (9)

Use of gloves always while
working at hives

97 (69) 45 (90)\ 142 (74)

Use of headprotection always
while working at hives

86 (61) 29 (58) 115 (60)

Systemic reaction after a wasp
sting

0 3 (6) 3 (1.6)

Large local reaction after a
wasp sting

12 (9) 7 (14) 19 (10)

* a 5 in adulthood, †a 1 c 5 in adulthood or in childhood.
The difference between systemic reactors and non-reactors ‡P , .05, §P , .001, and \P , .01.
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Those 67 beekeepers with nasal,
eye, or respiratory symptoms while
working at beehives had significantly
(P5 .003) more beehives (33) than the
remaining subjects (15). The number
of yearly stings was 26 and 32, respec-
tively, but this difference was not sta-
tistically significant. No difference
was found in years spent in beekeeping
between those with symptoms of inhal-
ant allergy and those with no inhalant
allergy.
In 50% of the systemic reactors, the

first systemic bee sting reaction oc-
curred during the first 4 years of bee-
keeping (Fig 2). Forty-seven beekeep-
ers had no wasp stings in their
histories. A history of large local reac-
tions was present after bee stings in
38% and after wasp stings in 13% of
the subjects. With a chi-square test a
significant association (P 5 .009) was
found between large local reactions for
bee and wasp stings. Three beekeepers
had experienced systemic reactions af-
ter wasp stings. Two of them had his-
tories of atopy and all of them also had
systemic bee sting reactions in their his-
tories (Table 2). The estimated mean
number of past wasp stings was 14 in
those having a history of systemic reac-
tions after a wasp sting and 21 in the

remaining subjects. This difference was
not statistically significant. No associa-
tion was found between the severity of
wasp sting reactions and any character-
istics of the subjects.
Twenty-two subjects had taken bee

stings deliberately to reduce sensitiv-
ity. In 14 of them, sting reactions had
become weaker according to their own
evaluation. Five beekeepers had previ-
ously received bee venom immuno-
therapy. The duration of immunother-
apy was 3 years for four subjects and 6
years for one of them. Three of the five
subjects treated had not experienced
systemic sting reactions after the ther-
apy. In one beekeeper systemic sting
reactions had changed from grade III
to grade I reactions. In another case
bee venom immunotherapy had no ef-
fect on sting reactions.

DISCUSSION
The present data indicate that first,
among Finnish beekeepers the occur-
rence of systemic bee sting reactions is
high and second, the risk of systemic
bee sting reactions is increased four-
fold when nasal or eye symptoms are
present while working at beehives and
twofold when the years in beekeeping
are less than 15.

Approximately 70% of Finnish bee-
keepers are members of the national
beekeepers’ association. The study
population consisted of all registered
beekeepers in a geographically defined
area of Finland. Although it is not a
random sample of Finnish beekeepers,
there is no reason to believe that it
differs markedly from the respective
population as a whole. The response
rate (80%) was quite high but the non-
respondence may still have caused a
minor bias in prevalence estimates.
In our study, the rate of systemic

reactions to honeybee stings was high
(26%), while in most previous studies
among beekeepers or their family
members, systemic bee sting reactions
occurred in 14% to 20%.5,6,9,10 Bous-
quet et al,4 however, reported anaphy-
lactic sting reactions in 42% of 250
French beekeepers. In comparison,
among the general population the prev-
alence of systemic reactions to Hyme-
noptera stings ranges from 0.8% to
3.3%.11–13Among forestry workers the
prevalence of systemic reactions to
Hymenoptera stings was 21%.14 Fur-
thermore, the occurrence of large local
reactions in this study was higher
(38%) than the 9% to 12% reported
among beekeepers in France and the
USA.5,6 In our study, most of those
who experienced a systemic reaction to
a honeybee sting had not reacted to
stings during the past beekeeping sea-
son. This is in accordance with studies
showing that deliberate re-sting chal-
lenges result in systemic reactions in
only 36% to 52% of bee venom-aller-
gic patients.7,15,16 In addition, in some
reports no systemic reaction was ob-
served in the sting challenges of bee
venom-allergic patients.17,18These data
suggest that bee venom allergy is a
self-limiting process for some individ-
uals. Studies of natural history of in-
sect sting allergy have shown a lower
re-sting reaction rate in children than
in adults.19,20 In our study, none of the
beekeepers had experienced systemic
sting reactions in childhood.
A clinical history of atopy was

found to be present in 48% of those
with systemic reactions in their histo-
ries. This is in accordance with the

Figure 1. The relationship between the frequency of bee stings in the past beekeeping season and the
clinical symptoms after stings.h None,■ large local, and1 systemic.
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studies by Bousquet et al4 and Miyachi
et al9 in which a history of atopy was
present in 41% to 47% of beekeepers
with systemic sting reactions. In other
studies, however, the prevalence of
atopy has been lower—20% to 32%—
among Hymenoptera venom-allergic
patients.21–24 Obviously atopic bee-
keepers more readily become allergic
to honeybee venom than non-atopics,
and atopy has been shown to predis-
pose towards more severe reac-
tions.4,9,25 The difference in the preva-
lence of atopy described in the
literature is partly due to the fact that
different populations were studied and
that the definition of atopy differs from
paper to paper. In the present study,
nasal and eye symptoms while work-
ing at beehives were common (31%)
and these symptoms were associated
with a fourfold risk of systemic bee
sting reactions. Furthermore, an asso-
ciation was found between a history of
atopy and nasal or eye symptoms dur-
ing work at beehives. The symptoms
of inhalant allergy when working
around hives were highly associated
with the number of beehives, but not
with the number of yearly stings. Nu-
merous observations of beekeepers
with an inhalant allergy to bee body
components have been made.10,26–28

During work at beehives, beekeepers
are probably exposed to bee venom
also via eye, nasal, and respiratory mu-
cous membranes. This exposure is pre-
sumably greater when bees are aggres-
sive. Possible sensitization to bee
venom via mucous membranes may
play a role in the pathogenesis of bee
venom allergy in beekeepers. Further,
beekeepers are exposed concurrently
to other allergens, especially pollen.

Our results suggest that atopic bee-
keepers develop respiratory allergies to
inhalant bee body debris and possibly
to venom more frequently than nona-
topic beekeepers.
In our study, beekeepers with sys-

temic reactions in their histories were
significantly younger and had been
beekeepers for a shorter period than
nonreactors. This may imply that sys-
temic reactors cease beekeeping earlier
than those with no systemic reactions
in their histories. The risk of systemic
bee sting reactions was twofold when
the years spent in beekeeping were less
than 15. These data disagree with the
finding by Bousquet et al,5 who re-
ported that the duration of beekeeping
did not influence the symptoms pre-
sented by beekeepers. Due to the short
beekeeping season in Finland, the nat-
ural history of sting reactions may be
different than in France. In this study,
the risk of systemic sting reactions
seemed to be greatest during the first

years of beekeeping, suggesting that
spontaneous desensitization occurs
later. The number of stings seemed to
be smaller after systemic reactions
than before them, and reactions after
single stings seemed to weaken as the
season progressed.
Beekeepers with systemic sting re-

actions seemed to have more beehives
and fewer stings than others. This is in
accordance with the findings of Bous-
quet et al5 who found that beekeepers
stung more than 50 times in a season
do not develop any allergic reaction. It
is suggested that a short interval be-
tween two consecutive stings is a risk
factor for the onset of a Hymenoptera
venom allergy.29 Beekeepers are stung
by bees several times at short intervals
during the beekeeping season. Our re-
sults indicate that systemic reactors
protect themselves better against bee
stings than others. Exposure to bee
venom might have been greater before
the first systemic sting reaction, but
reliable retrospective evaluation of that
exposure is difficult. Furthermore,
marked sensitization may occur by in-
halation of bee venom at beehives and
by unnoticed stings through protective
clothing, suggested by our finding that
beekeepers having systemic reactions
in their history have more hives but
fewer stings than others.
The exposure of beekeepers to wasp

stings may be greater than in the nor-
mal population, because honey-eating

Figure 2. The cumulative prevalence of subjects with systemic reactions following a honeybee sting
after commencing beekeeping (n5 47, for three subjects the years of reactions were unknown).

Table 3. Adjusted Odds Ratios (OR) with 95% Confidence Intervals (95% CI) for Systemic
Bee Sting Reaction in History by Nasal or Eye Symptoms while Working at Hives and Years
Spent in Beekeeping

Independent Variables Values OR (95% CI)

Nasal or eye symptoms at hives no 1
yes 4.2 (2.0–8.7)

The years in beekeeping ,15years 2.3 (1.1–5.0)
$15years 1

Nasal or eye symptoms at hives and
beekeeping less than 15 years

9.6 (2.2–43.0)
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wasps are present in many hives. A
slight association was found between
systemic reactions to bee and wasp
stings. In addition, an association was
found between large local reactions to
bee and wasp stings. Major antigens in
vespid and bee venoms are shown to
be unique to each family but several
minor cross-reacting antigens have been
observed.30 The slight association be-
tween bee and wasp sting reactions may
be explained by personal characteristics.
In conclusion, incidences of sys-

temic and large local reactions are high
among beekeepers. A history of atopy
is associated with systemic sting reac-
tions. In addition to stings, beekeepers
may become sensitized to bee venom
via the mucous membranes of the re-
spiratory tract and the eyes. In the
present study, the risk of systemic bee
sting reactions increased fourfold
when nasal or eye symptoms were
present while working at hives and
twofold when the years spent in bee-
keeping were less than 15.
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