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Summary
International epidemiological studies indicate that around
1–7% of the population respond with an allergic reaction
to a hymenoptera sting, which is frequently associated with
admission to an emergency department. This retrospective
study included patients admitted between 2009 and 2013 to
an emergency department after a hymenoptera sting. In all,
86 (60.1%) men and 57 (39.9%) women were included in
the study. The mean age was 43 years, with a range from
19 to 84 years. The most common localisations of a sting
were the head (n = 33; 22.5%), the hands (n = 32; 21.9%)
and the arms (n = 26; 17.8%). In women, we recorded significantly more stings in distal extremities (p = 0.033) and
in men stings in the rump and head were most frequent.
Local swellings were observed in 67.1% (n = 96) of patients and 34.3% (n = 49) patients exhibited an anaphylactic reaction. Of these, 21.7% (n = 31) suffered from a grade
I, 6.3% (n = 9) grade II, 4.2% (n = 6) grade III and 2.1% (n
= 3) grade IV anaphylactic reactions. 46% (66) of the patients were given antihistamines, 45% (64) intravenous glucocorticoids and only 12.5% (16) epinephrine. Most stings
were recorded on days without rainfall (p = 0.013), with
more hours of sunshine (p = 0.001), low relative humidity
(p = 0.006), with mean air pressure above 954.3 hPa and
on days with mean temperature above 24.2 °C (p = 0.001).
In conclusion, the most hymenoptera stings induced local
swelling only; severe reactions were rare. The most dangerous stings are enoral and result from inattentive drinking.
Epinephrine was rarely used in anaphylactic reactions.
Key words: Hymenoptera; anaphylactic reaction;
adrenaline

Introduction
There has recently been an upsurge of media reports on
hymenoptera, including bees, wasps and ants. On the one
hand, some articles have reported the mass death of bees
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from disease or habitat destruction; on the other hand, it is
claimed that insects have become more aggressive towards
humans [1]. International epidemiological studies indicate
that about 1–7% of the population mount an allergic reaction to a hymenoptera sting. These stings are often the
reason for admission to an emergency department (ED) [2].
Overall, 0.2–1% of all ED admissions are due to allergic
reactions from any cause [3]. In 2004 in the canton of Bern,
the annual incidence of anaphylactic reactions was 7.9–9.6
cases per 100 000 inhabitants. Of these, 58.8% were due
to a hymenoptera sting [4]. In older people, anaphylactic reactions are overwhelmingly associated with drug allergies. Data from other European countries indicate that
around half of the reported cases of anaphylactic reactions
were due to wasp or bee stings [5]. Medication and food
are the other main causes that may lead to a severe anaphylactic reaction [6, 7]. The risk of an allergic reaction
after a hymenoptera sting not only depends on the number
of stings and dose of the venom – approximately 20 µg per
sting for wasps, and 50 µg per sting for bees [9] – but also
on other factors, including the frequency of the stings, interval between stings, mast cell load and medication [8].
Independently of any anaphylactic reaction, humans can
die of a lethal dose of the venom. The threshold for this is
around 20 stings per kg bodyweight [9]. There are anecdotal, reports of individuals who survived several thousand
stings. The clinical symptoms of an acute anaphylactic reaction frequently start with pruritus in the palmoplantar
or hairy body regions, and then develop to generalised
urticaria or are associated with gastrointestinal symptoms
such as epigastric cramps, diarrhoea or dyspnoea. The
symptoms may extend to cardiovascular complications
with hypotension and shock [10].
The aim of the study was to describe in an exploratory way
the frequency and grade of anaphylaxis, the therapy of the
hymenoptera sting, and secondary climate data and the localisation of the stings of patients admitted to the ED of the
Inselspital over the past 5 years.
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Materials and methods
Approximately 38 000 adult patients per year are admitted
to the Emergency Department (ED) of Bern University
Hospital. The present retrospective study included all patients admitted as a result of a hymenoptera sting between
1 January 2009 and 31 December 2013. The electronic
database with health-related data was searched with the
key words “bee”, “wasp” or “anaphylaxis”. The clinic programs used were Qualicare (Qualidoc AG, Trimbach,
Switzerland) and E.Care (E.care bvba, Turnhout, Belgium).
The analysis included the date and time of the sting, age
and sex of the patient, localisation of the sting and the provoked symptoms. Anaphylactic reactions were graded according to H.L. Mueller [11, 12]. In addition, local weather
data were included (Messstation Zollikofen, Kanton Bern,
MeteoSwiss) [13]. For comparison calculations, weather
data from days with stings were compared with the mean
values from June to September 2009 to 2013. Rainfall, humidity, pressure, temperature, and the number of hours of
sun relative to daylight hours were included in the analysis.
Mean data from May to October were compared from 2009
to 2013, in order to identify possible differences between
the summers in each year. The Federal Statistical Department supplied data on deadly insect stings [14]. The Federal data on deadly insect stings were used to compare our
results with the whole population of Switzerland. All statistical analyses were performed with Graphpad Prism. The
t-test was used to compare weather data on days with recorded stings with the mean values over the whole sting period
from June to September (rainfall, number of hours of sun
relative to daylight hours, low humidity, high pressure and
high temperature).

Local swellings were recorded in 96 (67.1%) of the patients
at the site of the sting. About one third of the patients (49;
34%) exhibited an anaphylactic reaction (fig. 3). Of these,
31 (21.7%) were scored with a grade I reaction (19 men),
9 (6.3%) with a grade II reaction (5 men), 6 (4.2%) with a
grade III reaction (6 men), and 3 (2.1%) with a grade IV reaction (3 men). One patient died because of cardiovascular
collapse.
The most frequent clinical symptoms recorded in our patients are depicted in table 1. In two thirds (n = 96) of the
cases, local swelling was recorded, in one third (n = 47) by
a local erythema only. Loss of consciousness and hypotension were both recorded in 4 patients.
In 10% of the patients, medical therapy was not fully documented. Patients were most frequently given antihistamines (table 2): 66 (51.6%) patients were given intravenous
clemastine and 58 (45.3%) oral levoceterizine. The second
most frequent treatment was with glucocorticoids: 64
(50.0%) of the patients were given intravenous methylprednisolone, 20 (15.6%) prednisolone and 19 (14.8%) prednisone. Thus, 124 (96.9%) of the patients were given antihistamines and 103 (80.4%) glucocorticoids.
Only 16 patients (12.5%) were given epinephrine. In 9
(56.2%) patients, epinephrine was administered intramuscularly, in 7 (43.7%) patients by inhalation, in 3 (18.7%)
intravenously, while 3 of these patients received both intra-

Results
Between 2009 and 2013, 143 patients were admitted to the
ED as a result of a hymenoptera sting. In 2009, only 10 patients were admitted and in 2013 61 patients were admitted with hymenoptera stings (fig. 1). 86 (60.1%) patients
were men and 57 (39.9%) women, with an average age of
43 years (range 19–84 years). The patients in the age category 21–30 years were stung the most often (fig. 2). In
126 (88.1%) cases, data were available on patient admission. Of these, 102 (71.3%) patients were self-admitted, 16
(12.5%) were brought by ambulance and 3 (2.5%) by helicopter.

Figure 2
Age distribution of cases.

Figure 1

Figure 3

Health related data were analysed for patients admitted between
2009 and 2013 to the emergency department because of a
hymenoptera sting. Here depicted are number of cases per year.

Anaphylactic reactions due to hymenoptera stings. Patients were
scored according to Mueller et al [12] into local reactions, and
grades I to IV (1–4) anaphylactic reactions.
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muscular and inhalational administration. In patients with
local swelling, epinephrine was applied prophylactically if
they were stung in the buccal cavity. One patient exhibited
a massive swelling of the tongue, such that in addition intubation was needed. However, in 4 patients, no epinephrine was given despite a grade III or IV anaphylactic reaction.
Most of the stings happened on weekends and Wednesdays.
On Mondays fewest stings were recorded (fig. 4). August
was the month with most stings, followed by July and
September (fig. 5).
Most stings were recorded on days with: (a) less or no rainfall (p = 0.007) with a mean rainfall on days with stings
of 1.9 mm compared with a mean rainfall in the time from
June–September 2009–2013 of 3.2 mm; (b) more hours
of sunshine in relation to the number of daylight hours (p
<0.001) with 69.7% sunshine of the possible day-length on
days with stings compared with the mean of 55.5% during June–September 2009–2013; (c) a lower mean humidity of 71.9% (p = 0.003) on days with stings in comparison
with the mean humidity from June–September 2009–2013
of 74.0%; (d) higher pressure (p = 0.004) with a mean atmospheric pressure of 954.3 hPa on days with stings and
a mean of 953.2 hPa between June–September 2009–2013;
and (e) higher maximum day temperature (p <0.001) with a
mean of 24.2 °C on days with stings compared with a mean
of 22.8 °C June–September 2009–2013 (fig. 6).
The most frequent sting sites were the head (n = 33;
22.5%), hands (n = 32; 22%) and arms (n = 26; 18%) (fig.
7). In women, the most frequent site was the feet and hands,
in men the legs and head. There were 17 (11.6%) enoral
stings, mostly due to inattentive drinking.

are induced by hymenoptera stings [4]. This suggests that
many cases of anaphylactic reaction are treated outside the
university ED. The incidence of anaphylactic reactions –
both in Bern and elsewhere – has increased steadily over
time, apart from the strikingly high value in 2013 [15].
Our results could indicate that men more often suffer stings
and more often exhibit a severe anaphylactic reaction than
do women. However, this has not been found in other studies [16, 17]. Furthermore, the ratio of all patients, independent of the reason for admission, that were admitted to
the ED in the last 10 years was around 40% female to 60%
male. Therefore, we suppose that this is the normal gender
ratio of the patients admitted to our ED. The number of pa-

Table 2: Medication and interventions of patients.
Drug / intervention

Proportion of
patients (%)

Number of
patients

Clemastine i.v

51.6%

66

Methylprednisolone i.v.

50.0%

64

Levocetirizine dihydrochloride p.o.

45.3%

58

Prednisolone

15.6%

20

Prednisone

14.8%

19

Epinephrine

12.5%

16

Ranitidine

9.4%

12

Amoxicillin and clavulanic acid

7.0%

9

Amoxicillin

5.5%

7

Cooling

5.5%

7

NaCl

5.5%

7

Dimetindene maleate

3.9%

5

Ranitidine

3.9%

5

Cetirizine dihydrochloride

3.9%

5

Dimentindene maleate gel

2.3%

3

Discussion

Elevation

2.3%

3

Ring removal

2.3%

3

Hymenoptera stings are a significant problem in the ED
[15]. On the one hand, people are afraid of potential systemic or severe reactions after stings, since an anaphylactic
reaction cannot be foreseen, and on the other hand people
in our society have little experience of managing simple
and normal local sting reactions. Nevertheless, in the Canton of Bern, the annual incidence of anaphylactic reactions
is 7.9–9.6 cases per 100 000 population. Of these, 58.8%

Lorazepam

2.3%

3

i.v. = intravenous; p.o. = oral

Table 1: Observed clinical symptoms.
Symptom

Proportion of
patients (%)

Number of
patients

Swelling

67.1%

96

Erythema

32.9%

47

Pruritus

21.0%

30

Pain

16.8%

24

Urticaria

16.8%

24

Generalised pruritus

14.0%

20

Generalised erythema

13.3%

19

Facial swelling

7.7%

11

Hyperthermia

5.6%

8

Chest tightness

4.9%

7

Paraesthesia

4.9%

7

Dyspnoea

4.2%

6

Nausea

2.8%

4

Figure 5

Loss of consciousness

2.8%

4

Hypotension

2.8%

4

Distribution of cases by month. Case numbers are depicted by
month.
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Figure 4
Distribution of cases per weekday. Case numbers are depicted
according to the day of the week.
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tients in this study does not allow the significance of this
assertion to be assessed, but could indicate a trend.
Stings can induce a local or systemic reaction. In the
present study, 66% of the patients exhibited a local reaction. In central Europe, around 25% of the population exhibit major local reactions [18] and in a multicentre study
in 15 North American EDs, 58% of the patients had a local
reaction [19]. This number of finally local sting reactions
suggest that in our ED more trivial cases are admitted compared with other EDs. In the study of the North American EDs 11% of the admitted patients with hymenoptera
stings exhibited a grade I to III reaction and 41% a grade
IV reaction [19]. This was in contrast to the findings in the
present study, where 32% of the patients exhibited a grade
I to III and only 2% a grade IV anaphylactic reaction. It remains unclear why the majority of patients who presented
to our ED with a hymenopteran sting were suffering only
local reactions and, equally, if this applies to the whole of
Switzerland. It may be that the people living in Switzerland are more sensitive to the risk of stings, as on average

Figure 6
Meteorological data. Each dot represents a day without recorded
hymenoptera sting (blue) or a day with a hymenoptera sting
(orange). Maximal temperatures are shown in A, numbers of
sunshine compared with daylight hours in B, air pressure data in C
and precipitation in D.

Figure 7
Localisation of recorded stings for each body region in men (blue)
and women (red).
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three persons die of stings each year, which gives a fatality rate of 0.43 per million population per year [14]. This
is relatively high compared with the numbers in a review
of the epidemiology of life-threatening and lethal anaphylaxis, which reported about 0.09–0.45 to 3 deaths by severe
anaphylaxis induced by hymenoptera per 1 million people
[3]. In a study from the USA the overwhelming majority
of hospitalisations or ED presentations for anaphylaxis did
not result in death, as an average case fatality rate of 0.3%
was reported [20]. Some older studies form Sweden and
Australia reported a case fatality rate of 0.2 per million and
0.086 per million population, respectively [21, 22]. Furthermore, in the canton of Bern the annual incidence of
anaphylactic reactions due to hymenoptera stings has been
calculated to be as high as 45 [4]. A second reason might be
that the population is unaware that the risk of anaphylaxis is not increased if the local reaction is severe rather than
mild [16]. Nevertheless, Moneret et al. reported in their review of the epidemiology of life-threatening and lethal anaphylaxis that there is definitive agreement on the figures for
the incidence of severe anaphylaxis (1–3 cases per 10 000
inhabitants) [3] and that most cases of severe anaphylaxis
were induced by hymenoptera stings [23].
The vast majority of patients admitted to our ED were
treated with a combination of antihistamines and corticosteroids and only very few patients (12.5%) with epinephrine. Although in most guidelines of many medical societies epinephrine is emphasised as the drug of choice in
anaphylaxis. However the use of epinephrine is in agreement with other reports, in which only a minority of patients are treated with epinephrine [18, 19, 23]. Epinephrine
was rarely used, and in four patients no epinephrine was
used even though it was indicated. This shows that physicians are reluctant to use this drug even in cases with circulatory and or respiratory problems, as reported by Trepp
[24].
Stings were most often recorded on weekends and Wednesdays. This is not surprising, as on weekends in the summer
people are often outside. In Switzerland on Wednesday afternoons most children are not at school so consequently
more people may spend their time with their children outside and thus are at increased risk of a hymenoptera sting.
More wasps are in flight as the temperature increases [25,
26]. A study by the institute of neurobiology of the
University Düsseldorf in the year 2002 showed a significant positive linear correlation between the daily temperature and the activity of bees. In the same study a negative linear correlation of humidity and the activity of bees
was shown [27]. Thus our data that hymenoptera stings
are more frequent on days and months with increased temperatures and less humidity corresponds to other studies
[15]. Analysing the meteorological data [13] we could find
a slightly higher mean value of the minimum temperature
and a slightly lower relative humidity over the sting period
of 4 months.
Most stings are in the area of the head and the neck (40%).
These are often related to inattentive drinking and, in some
cases, to wearing helmets while driving a motorcycle or bicycle. Stings of the upper and then the lower extremities
are rarer, as published previously [15]. Extremities are
more often exposed and women may tend to wear open
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940000 inhabitants of the Swiss Canton Bern. Clin Exp Allergy.
2004;34:285–90.

sandals, whereas men may more often wear closed shoes
and this protects them from stings.
Limitations
This is a retrospective observational study with routinely
recorded patient data of the ED. Therefore only patients
with hymenoptera stings recorded by the treating physician
were included.

Conclusion
In this study, most hymenoptera stings induced only local
swelling and severe reactions were rare.
Half of the stings were in the head and neck region; the
most dangerous were enoral stings that were mostly due to
inattentive drinking.
Most stings are to be expected on long, dry and warm days
with high air pressure.
Epinephrine is rarely used in anaphylactic reactions.
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Figures (large format)

Figure 1
Health related data were analysed for patients admitted between 2009 and 2013 to the emergency department because of a hymenoptera sting.
Here depicted are number of cases per year.

Figure 2
Age distribution of cases.
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Figure 3
Anaphylactic reactions due to hymenoptera stings. Patients were scored according to Mueller et al [12] into local reactions, and grades I to IV
(1–4) anaphylactic reactions.

Figure 4
Distribution of cases per weekday. Case numbers are depicted according to the day of the week.
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Figure 5
Distribution of cases by month. Case numbers are depicted by month.

Figure 6
Meteorological data. Each dot represents a day without recorded hymenoptera sting (blue) or a day with a hymenoptera sting (orange). Maximal
temperatures are shown in A, numbers of sunshine compared with daylight hours in B, air pressure data in C and precipitation in D.
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Figure 7
Localisation of recorded stings for each body region in men (blue) and women (red).
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