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clinical classification of SR severity is based on a 
4-grade scale, with the leading symptoms rang-
ing from the mildest to the most severe (I, urti-
caria; II, vomiting; abdominal pain; III, respira-
tory disorders; and IV, anaphylactic shock).2 This 
classification applies to all age groups. Both LLRs 
and SRs are most common in the highly exposed 
groups, such as beekeepers (LLRs up to 38%, SRs 
up to 43%).2 According to the European network 
of severe allergic reactions (Network of Online 
Registration for Anaphylaxis, NORA) data, in-
sect stings (ISs) are the most common cause of 
anaphylaxis in adults (51%), and the second one 

INTRODUCTION  Hymenoptera is a family of in-
sects with membranous wings, whose stings can 
cause an allergic reaction, mostly mediated by 
immunoglobulin E. The reaction manifests ei-
ther as a large local reaction (LLR; 5%–15%, up to 
26% of cases) or a systemic reaction (SR; 3%–9% 
of adults and about 10 times less in children).1 
LLRs are defined as edema and erythema at the 
sting site, exceeding 10 cm in diameter and last-
ing over 24 hours. On the other hand, SRs include 
skin, gastrointestinal, respiratory, and cardiovas-
cular symptoms that develop either separate-
ly or in any combination of the above. Typically, 
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ABSTRACT

INTRODUCTION  Hymenoptera insect stings (ISs) in the head and neck (H&N) region are commonly con‑
sidered to be a risk factor for grade IV systemic reactions (SRs) in patients with Hymenoptera venom 
allergy (HVA). However, clinical data addressing this issue are scarce.
OBJECTIVES  The aim of our study was to verify whether ISs in the H&N region were related to a higher 
risk of grade IV SRs in patients with HVA.
PATIENTS AND METHODS  This retrospective cross‑sectional study included 195 patients aged 2  to 
74 years and treated with venom immunotherapy due to at least a grade II SR to ISs. The study sample 
comprised 109 adults (56%; mean [SD] age, 41.08 [14.62] years; male, 50.5%) and 86 children (mean 
[SD] age, 9.53 [4.37] years; male, 72.1%; P <0.001 for age and P = 0.002 for sex). The IS site was 
divided into 7 categories.
RESULTS  The H&N region was the most common site for the IS (one‑third of the study group). In the en‑
tire study population, the risk of grade IV SRs was numerically, though insignificantly higher for ISs in 
the trunk (odds ratio [OR], 1.58; 95% CI, 0.42–5.92; P = 0.50) and legs (OR, 1.56; 95% CI, 0.49–5.10; P 

= 0.45), as compared with the H&N region. The H&N region showed a similar risk of grade IV SRs when 
compared with all the other IS sites combined into a single category (OR, 0.87; 95% CI, 0.43–1.75, P = 0.7).
CONCLUSIONS  ISs in the H&N region were not confirmed to be a risk factor for grade IV SRs in patients 
with HVA, regardless of age and sex.
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chest constriction, nausea, vomiting, diarrhea, 
abdominal pain, or dizziness; grade III, any of 
the previous ones plus 2 or more of the following: 
dyspnea, wheezing, stridor, dysarthria, hoarse-
ness, weakness, confusion, or a feeling of im-
pending disaster; and grade IV, any of the pre-
vious ones plus 2 or more of the following: fall 
in blood pressure, collapse, loss of conscious-
ness, incontinence, or cyanosis.6 In all cases, self
‑reported symptoms were verified by medical 
staff with the original medical records related 
to an intervention during an SR. The questions 
concerned the most severe anaphylactic reaction 
to an IS that resulted in VIT, but we also asked 
about the number of ISs in the past, the num-
ber of insects that caused the reported reaction, 
and the type of culprit insect, which in Poland 
could be categorized either as bees (Apis mel-
lifera) or wasps (Vespula vulgaris) with hornets 
(Vespa crabro) (due to similar venom character-
istics). The patient’s place of residence was cate-
gorized either as a town or a country, based on 
a postal code.

The study protocol was approved by the Ja-
giellonian University ethics committees (No. 
KBET/126/B/2012). Adult patients, children old-
er than 16 years, and parents of all children pro-
vided written consent to participate in the study.

Statistical analysis  The distribution of qualita-
tive variables was presented using frequencies 
and percentages, whereas quantitative variables 
were presented as means and SD in the case of 
normal distribution and as medians and quar-
tiles in the case of nonnormal distribution. 
The χ2 test was used to examine an association 
between 2 qualitative variables. The difference in 
age between study groups was confirmed using 
the t test for independent samples.

Four logistic regression models were con-
structed to assess factors influencing the sever-
ity of a Hymenoptera sting–induced anaphylac-
tic reaction. Two models compared the odds ra-
tio (ORs) of grade IV SRs related to the sting site 
subdivided into 7 categories, with the H&N re-
gion considered as a reference category. The oth-
er 2 models compared the H&N region with all 
the other regions combined into a single cat-
egory and considered as a reference. In each 
pair of the above models, one compared chil-
dren and adults (18 years of age was the age 
limit for adulthood) and the other compared 
the age groups divided by 10‑year intervals, 
with the youngest one considered as a refer-
ence category. All models were adjusted for sex 
(with men as a reference category), culprit in-
sect (with hornet and wasp as a reference cat-
egory), and place of residence (with towns as 
a reference category). Interactions between all 
variables were tested.

The  results with a  P value of less than 
0.05 were treated as significant. The IBM SPSS 
Statistics 24 for Windows software was used 
(IBM, Armonk, New York, United States).

in children (21%).3 Worm et al4 reported that 
out of all anaphylaxis cases triggered by Hyme-
noptera, 67.95% were due to wasp stings, and 
21.11%, to bee stings. In the case of ISs, the se-
verity of an SR depends on the kind of venom, 
its dose, and time intervals between stings. There 
are also other patient‑dependent risk factors, in-
cluding elevated baseline serum tryptase levels, 
mastocytosis, adult age, and cardiovascular dis-
eases treated with β‑blockers.5 The Hymenop-
tera stings in the H&N region are commonly re-
garded as a risk factor for a fatal outcome6; how-
ever, some investigators reported that there was 
no such correlation in adult population.7 There 
are scarce data addressing this issue in children.8

We decided to verify whether ISs in the H&N 
region were related to a higher risk of grade IV 
SRs in patients with Hymenoptera venom aller-
gy (HVA), and to determine whether such an as-
sociation was age dependent. To the best of our 
knowledge, no studies have been published on 
this particular topic so far.

PATIENTS AND METHODS  It was a  cross
‑sectional retrospective study conducted from 
2014 to 2018 at 3 reference centers for HVA 
management in Poland, including the Depart-
ment of Pediatrics at the University Children’s 
Hospital of Cracow, the Department of Clinical 
and Environmental Allergology in Kraków, and 
the Department and Clinic of Internal Medicine 
and Allergology in Wrocław. The study group 
included 195 patients (age, 2–74 years) with 
a history of at least grade II anaphylactic reac-
tion (according to the system by Mueller)6 due 
to an IS, treated with venom immunotherapy 
(VIT) in one of the above centers. A structured 
questionnaire (Supplementary material, Ap-
pendix S1) was used to collect detailed informa-
tion on the most severe reaction after an IS that 
had become a reason for VIT. Adults and chil-
dren aged 12 years or older completed the ques-
tionnaires on their own. In the case of patients 
younger than 12 years, the questionnaires were 
completed by their parents. When describing 
sex groups, the terms “men” and “women” were 
used for adults, and the terms “boys” and “girls,” 
for children. The terms “males” and “females” 
applied to the whole population, regardless of 
age. The questions referred to general demo-
graphic data, such as the patient’s age and sex, 
and medical history, such as the date of the Hy-
menoptera sting or the presence of beehives in 
the neighborhood.

The site of the IS was determined both by pin-
pointing the place on the front and back side pic-
tures of the body and by written or oral descrip-
tion. The IS sites were further divided into 7 cat-
egories: H&N, trunk, arms, forearms, palms, 
thighs or calves, and feet. The SRs were classified 
according to the system proposed by Mueller as 
follows: grade I, generalized urticaria, itching, 
malaise, or anxiety; grade II, any of the previous 
ones plus 2 or more of the following: angioedema, 
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age, a similar pattern was observed in adults 
(63.9% for wasp stings and 50% for bee stings, 
P = 0.04), but not in children (52.9% for wasp 
stings and 56% for bee stings, P = 0.42).

Severity of systemic reaction  The  most fre-
quent clinical diagnosis in both age groups was 
the most severe SR (ie, grade IV); however, it 
was more common in adults than in children 
(72.5% vs 48.8%) (TABLE 2). A similar trend was 
also observed in sex groups (70.9% of men vs 
46.8% of boys and 74.1% of women vs 54.2% of 
girls). There was a difference in the distribution 
of the severity grades between male adults and 
children (P = 0.01), but no such difference was 
observed for the female group (TABLE 2). There 
was no difference in the severity of clinical symp-
toms between wasp and bee stings. The severity 
of the reaction was not evaluated with respect 
to concomitant mast cell activation syndrome 
either in adults or in children.

Site of the insect sting  Overall, the most fre-
quent IS site was the H&N region (one third of 
the whole study population). Adults were most 
often stung in the H&N region, followed by 
the feet and forearms, while in children, the most 
common site was the feet, followed by the H&N 
region and hands (TABLE 3). The difference in IS 
sites between children and adults was significant 
(TABLE 3). When the study group was divided ac-
cording to sex, more male patients were stung in 
the H&N region than females (37.6% vs 26.9%). 
This trend was observed both in children (29% 
for boys and 12.5% for girls) and adults (47.3% 
for men and 33.3% for women). The H&N region 
was the most frequent IS site in all subgroups ex-
cept girls, in whom the most common site was 
the hands (37.5%) (P = 0.02 compared with wom-
en, P = 0.03 compared with boys). Two adult in-
dividuals, female and male, were stung by a wasp 
in the lower lip, which resulted in grade IV and 
grade III SRs, respectively. None of the children 
were stung in the tongue or mouth.

The site of the sting in relation to age and sex 
is shown in FIGURE 1. There were no significant dif-
ferences in IS sites between the types of venom 
allergy groups, regardless of age. The frequency 
of stings in the H&N region was comparable for 
wasp and bee stings (30.8% and 35.3%, respec-
tively). In adults, the H&N region was the most 
common site for wasp and bee stings (29.2% 
and 57.9%, respectively, P = 0.01). The H&N re-
gion was also the most common site for wasp 
stings in children (33.3%), while bee stings were 
almost twice less frequent (17%). The foot was 
the most frequent site for bee stings in children 
(29.8%). In adults, grade IV SRs occurred most 
often when the IS site was the trunk (100%), fol-
lowed by the calf (88.9%) and the H&N region 
(72.27%). In children, anaphylaxis occurred when 
they were stung in the arm (66.7%), calf (54.5%), 
and H&N region (52.4%). In both age groups, re-
gardless of sex, there was no association between 

RESULTS  Demographic characteristics  The study 
included 195  patients with confirmed HVA: 
109 adults (56%; mean [SD] age, 41.08 [14.62] 
years) and 86 children (44%; mean [SD] age, 
9.53 [4.37] years, P <0.001). The groups dif-
fered with regards to sex (50.5% of male patients 
among adults and 72.1% of male patients among 
children, P = 0.002). The number of rural inhab-
itants was higher compared with their city coun-
terparts, and there was a higher number of boys 
living in the country regions (P <0.001).

Type of culprit Hymenoptera insects  There was no 
difference in the types of culprit Hymenoptera 
insects between adults and children (P = 0.05). 
The most common Hymenoptera stings in adults 
were those by wasps (54%), and in children, by 
bees (54%) (TABLE 1). Female patients, regardless 
of their age, were mostly stung by wasps, while 
in the male population, boys were more frequent-
ly stung by bees compared with men (P = 0.01). 
The beehive location was an important factor, be-
cause 73% of the 78 patients stung by bees had 
a beehive either right next to their house (41%) or 
in the neighborhood (32%). In the group stung by 
bees, children had a beehive in their closest sur-
roundings twice more often than adults (53.7% 
vs 27%), whereas the neighborhood localization 
resulted in a comparable rate of bee stings in both 
adult and pediatric populations (31.7% vs 32.5%, 
P = 0.02). The number of stings in the past varied 
between 1 and 4; however, the number did not 
influence the severity of the reaction regardless 
of age and sex (data not shown). There was a dif-
ference in the type of the culprit Hymenoptera 
insect with respect to the place of residence. In 
the entire study group, wasp stings predominat-
ed in the town population, while bee stings were 
most common in the rural area (61.5% vs 53.8%, 
P = 0.01). When the study group was divided by 

TABLE 1  Type of insect venom allergy across age and sex groups

Adults Children Total

Male
P = 0.01

Wasp 28 (50.9) 22 (35.5) 50 (42.7)

Bee 19 (34.5) 38 (61.3) 57 (48.7)

Hornet 8 (14.5) 2 (3.2) 10 (8.5)

Total 55 (100) 62 (100) 117 (100)

Female
P = NS

Wasp 32 (59.3) 14 (58.3) 46 (59.0)

Bee 21 (38.9) 9 (37.5) 30 (38.5)

Hornet 1 (1.9) 1 (4.2) 2 (2.6)

Total 54 (100) 24 (100) 78 (100)

Total
P = 0.05

Wasp 60 (55.0) 36 (41.9) 96 (49.2)

Bee 40 (36.7) 47 (54.7) 87 (44.6)

Hornet 9 (8.3) 3 (3.5) 12 (6.2)

Total 109 (100) 86 (100) 195 (100)

Data are presented as number (percentage) of patients.

The P value expresses the difference in the type of the culprit insect between children 
and adults with respect to sex or in the whole group.

Abbreviations: NS, nonsignificant
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considered to be a risk factor for severe SRs. Ob-
jective data on this topic in adults are scarce, and 
to our knowledge, there has been no research ad-
dressing the severity of a reaction to an IS with 
respect to the sting site in pediatric population 
or comparing the severity of a reaction to Hyme-
noptera sting between children and adults with 
respect to sting site.8 Our study is the first to 
evaluate the relationship between grade IV SRs 
and the IS site, with a special focus on the H&N 
region in the Polish population of children and 
adults with HVA undergoing VIT. At the end of 
the study (2018), the total number of VIT-treated 
patients in Poland was estimated at 3090, with 
an adult‑to‑child ratio of 5:1, which means that 
our study included 4.4% of adults and 17.2% of 
children of the entire Polish population treat-
ed with VIT at the time.12 The current results 
are comparable with our preliminary data from 
a previous study, which included half of the cur-
rent sample.13

Site of insect sting  Previous studies identified 
a relationship between an IS in the face or neck 
and grade IV SRs, but the data were not objec-
tively verified.6 Stoevesandt et al14 were the first 
to evaluate risk factors for severe anaphylaxis, 
such as IS site, age, comorbidities, baseline serum 
tryptase levels, and concomitant drugs. In their 
study, the body regions were divided into 6 cat-
egories: H&N, hand, arm, foot, leg, and trunk. 
The majority of patients (29.7%) had been stung 
in the H&N region. This is in line with our results, 
except that girls were stung mostly in the hand. 
Stoevesandt et al14 identified 4 significant indi-
cators or risk factors for severe anaphylaxis, in-
cluding elevated baseline serum tryptase levels, 
absence of urticaria or angioedema during ana-
phylaxis, time interval of less than 5 minutes 
from the sting to onset of symptoms, and senior 
age.14 However, the authors only used a univar-
iate analysis so they could not confirm a caus-
al relationship between the analyzed variables.

Arzt et al7 hypothesized that severe reactions 
were more frequent following a sting in the H&N 
region due to the presence of thin reticular der-
mis. To confirm this, they evaluated the sting-
er’s depth of penetration in different parts of 
the body in the murine model. They observed 
that the stinger in the back got stuck in the rarely 

the frequency of grade IV SRs and the IS site 
(P = 0.35 and P = 0.99 for adults and children, 
respectively).

Multivariable analysis  The analysis of each of 
the 6 body regions as compared with the H&N re-
gion in the whole population showed that the risk 
of grade IV SRs was numerically, though insignifi-
cantly, higher for ISs in the trunk (OR, 1.58; 95% 
CI, 0.42–5.92; P = 0.5) and legs (OR, 1.56; 95% CI, 
0.49–5.10; P = 0.45) in comparison with the H&N 
region (FIGURE 2). The analysis of the 6 body parts 
combined into a single category and compared 
with the H&N region resulted in a similar risk of 
grade IV SRs in the H&N region (OR, 0.87; 95% 
CI, 0.43–1.75; P = 0.7) (FIGURE 2). There was no 
significant association between age and IS site; 
therefore, the relationship between the site of Hy-
menoptera sting and severity of an allergic reac-
tion was similar in both age groups. The detailed 
results of the multivariable analysis concerning 
the association of grade IV SRs and age are avail-
able in Supplementary material, Appendix S2.

DISCUSSION  Anaphylaxis, which is an increas-
ingly common topic in epidemiological studies,9-11 
is a severe and potentially fatal grade IV SR fre-
quently triggered by ISs. To ensure an appropri-
ate medical intervention, it is important to iden-
tify the risk factors for severe reactions. The issue 
is clinically relevant also for emergency depart-
ment staff, because ISs in the H&N region often 
result in serious local edema and are commonly 

TABLE 3  Distribution of sting sites according to age

Sting sitea Adults Children Total

Head and neck 44 (40.4) 21 (24.4) 65 (33.3)

Trunk 9 (8.3) 7 (8.1) 16 (8.2)

Arm 11 (10.1) 3 (3.5) 14 (7.2)

Forearm 12 (11.0) 5 (5.8) 17 (8.7)

Palm 11 (10.1) 17 (19.8) 28 (14.4)

Thigh and calf 9 (8.3) 11 (12.8) 20 (10.3)

Foot 13 (11.9) 22 (25.6) 35 (17.9)

Total 109 (100) 86 (100) 195 (100)

Data are presented as number (percentage) of patients.

a  P = 0.001 (difference in the site of an insect sting between children and adults)

TABLE 2  Relationship between severity of systemic reaction (Mueller’s classification) and sex in adults and children (n = 195)

Gradea                   Adults                 Children                                  Total

Female Male Female Male Adults Children Total

II 3 (6) 4(7) 3(13) 15(24) 7 (6.4) 18 (20.9) 25 (12.8)

III 11 (20) 12 (22) 8 (33) 18 (29) 23 (21.1) 26 (30.2) 49 (25.1)

IV 40 (74) 39 (71) 13 (54) 29 (47) 79 (72.5) 42 (48.8) 121(62.1)

Total 54 (100) 55 (100) 24 (100) 62 (100) 109 (100) 86 (100) 195 (100)

Data are presented as number (percentage) of patients.

a  P = 0.001 (difference in the severity of a systemic reaction between children and adults)
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a nonsignificantly higher risk of grade IV SRs. This 
relationship was independent of the patient’s age.

There were no significant differences between 
children and adults in the severity of the reac-
tion with respect to the IS site. Grade IV SRs in 
adults were most common when the IS site was 
the trunk, calf, and H&N region, whereas in chil-
dren, the arm, calf, and H&N region.

High incidence of the IS site in the H&N region 
might be due to the fact that it is usually an un-
covered part of the body. However, the higher in-
cidence of stings in this region in male than in 
female patients questions the hypothesis that 
fragrances worn by women attract more sting-
ing insects. This concept was put forward many 
years ago, but it has not been supported by any 
peer‑reviewed literature.15 In a study by Braun 
et al,16 which included 143 Swiss adult residents 
(age, 19–84 years), the most common site of Hy-
menoptera sting was the head (22.5%). However, 
when data were analyzed with respect to the pa-
tient’s sex, the most frequent site became the feet 
and hands in women, and the legs and head in men. 

supplied reticular dermis, whereas in the face, it 
reached the deep arteriovenous plexus of the sub-
cutis. In their observation of 847 patients aged 
9 to 85 years with confirmed HVA, only 16.3% 
of patients with severe reactions were stung in 
the head (P = 0.017), and symptom severity was 
independent from the IS site.7 The authors con-
cluded that advanced age, elevated baseline trypt-
ase levels, and the absence of cutaneous signs 
were associated with severe sting‑related SRs, 
while sting site, sex, and type of venom were not 
the risk factors.7 These results are in line with our 
observations. In the univariate analysis, we con-
firmed that the H&N region was the major site 
of IS in the total study sample, in adults regard-
less of sex, and in boys. The IS in the H&N re-
gion was not a risk factor for grade IV SRs in any 
of the age or sex groups. In the multivariate anal-
ysis comparing the 6 body sites with the H&N re-
gion, the risk of grade IV SRs was nonsignificant-
ly higher for ISs in the trunk and legs. When all 
the 6 body sites were combined in a single catego-
ry, the ISs in the H&N region were associated with 

FIGURE 1�  Sting sites 
recorded for 7 body 
regions in adults and 
children with respect to 
sex; A – a man;  
B – a woman. The bigger 
part of each figure 
presents an adult person, 
and the smaller part, 
a child. The numbers 
present percentage of 
insect stings located in 
a particular part of 
the body (the percentage 
sums up to 100% with 
respect to each age and 
sex combination).

FIGURE 2�  Odds ratios 
(OR) of grade IV severe 
reactions related do 
different parts of 
the body based on 
the model comparing 
the head and neck region 
with all the other parts of 
the body separately or all 
parts combined
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outdoor workers with vespid venom allergy. In 
contrast, indoor occupation and the absence of 
a beehive in the neighborhood resulted in a very 
low risk to sting exposure, regardless of the type 
of venom allergy.23 In an earlier Swiss study, bee-
keepers and their family members were classi-
fied as a group at high risk of ISs as well as se-
vere anaphylaxis from an IS.26 Also in our study, 
residence in the vicinity of beehives was poten-
tially an additional risk factor for being stung by 
a bee. We understand that a high number of chil-
dren exposed to bee stings and stung by a bee in 
our study might cause a bias towards overesti-
mation of bee stings. Nevertheless, both mod-
els of the multivariate analysis in our study pop-
ulation confirmed, similarly to the study by von 
Moos,23 that living in the village increased the risk 
of grade IV SRs, regardless of the type of the Hy-
menoptera insect or the patient’s age.

Severity of reaction  There is no universal classi-
fication of anaphylactic reactions. The available 
4‑grade classifications of the severity of SRs to 
IS were established in the 1960s (by Mueller)6 
and 1970s (by Ring and Messmer27). More re-
cently, a few authors adapted 3‑grade classifica-
tions (Brown28 and Muraro et al29) to evaluate 
systemic allergic reactions to Hymenoptera ven-
om, but they did not become a standard in clin-
ical practice.14 Most studies that examined ISs 
used the classifications by Mueller or Ring and 
Messmer. However, both scales have some lim-
itations: the one by Mueller does not recognize 
that an isolated cardiovascular shock might be 
the only sting‑induced allergic manifestation, 
while the other almost entirely focuses on the car-
diovascular collapse, which it considers more se-
vere than respiratory symptoms. We decided to 
use the Mueller’s classification as it is most com-
mon in specialist centers in Poland.

Overall, we believe that our results signifi-
cantly contribute to the knowledge about a pre-
sumed correlation between Hymenoptera stings 
in the H&N region and severe anaphylaxis. Our 
analysis showed that there is no such correlation, 
proving this concept to be another medical myth 
that should be dispelled, similarly to many oth-
er myths surrounding the diagnosis and man-
agement of anaphylaxis.30 The implications of 
our study should be considered when choosing 
a medical intervention for an IS in the H&N re-
gion. An IS in this region should not warrant im-
mediate self‑administration of adrenaline. We 
believe that a decision whether to use adrena-
line should be based on clinical symptoms and 
not the IS site.18 However, medical interventions 
were not assessed in our study.

The results of the multivariate analysis con-
cerning the association of grade IV SRs and age 
are discussed in detail in Supplementary mate-
rial (Appendix S2).

Limitations of the study  The major limitation of 
our study is the cross‑sectional design. Our results 

In contrast to our study, the authors included pa-
tients admitted to the emergency department be-
cause of the most recent acute reaction to a Hyme-
noptera sting. They also used the Mueller’s classi-
fication to determine the severity of the reaction 
to an IS, but they did not evaluate the relation-
ship between the severity and the site of the IS.16

Braun et al16 suggested that ISs occurred in 
the foot especially in women because they more 
often wear open sandals and thus have higher 
skin exposure compared with men, who usually 
wear closed shoes. In our study, we observed that 
feet were a frequent site of stings in children. This 
may result from the fact that children often walk 
barefoot. It was shown that children were stung 
in the feet by bees and not wasps, which is sur-
prising because, unlike bees, wasps, in particular 
the wild ones, build their nests in the ground.17 
To avoid an IS in this particular location, some 
preventive measures were recommended, such as 
avoidance of barefoot walking.18

In our study, 2 patients reported an  IS in 
the mouth or tongue, which resulted in either 
grade IV or grade III SR. The most common risk 
behavior to suffer from Hymenoptera stings in 
the oral region was drinking sweet beverages or 
eating; therefore, this should be avoided as a pre-
ventive measure.18 In the study by Braun et al,16 
there were 11.6% of intraoral stings, mostly due 
to lack of attention during drinking. Surprising-
ly, the risk of anaphylaxis following subsequent 
Hymenoptera stings in patients with a previous 
LLR, even in the intraoral region, was not much 
higher than the risk in the general population and 
ranged from 5% to 15%.19 However, even an LLR 
due to an IS in the mouth or tongue region might 
still be fatal because of tissue edema narrowing 
the upper respiratory tract, which requires an im-
mediate aggressive medical intervention.20

An interesting finding in our study was that 
girls were predominantly stung in the hand. We 
hypothesized that it might be due to their de-
fensive behaviors, such as waving hands or cov-
ering the face with the hands to protect them-
selves from the sting. In a Turkish study, the up-
per limb was also indicated as the most frequent 
location of IS in children (43%), regardless of sex.8

Demographic data and types of stinging Hymenoptera 
insect  In Europe, ISs are predominantly caused 
by wasps, followed by bees and yellow hornets, as 
reported in original studies as well as in the NORA 
database.3,4 Our data support previous results 
that the worldwide incidence of Hymenoptera 
stings is usually similar regardless of sex in adult 
population, while among children, boys were up to 
3‑fold more frequently stung than girls.21-25 This 
may result from the fact boys undertake more 
outdoor activities and risky behaviors than girls 
or adults working mostly indoors. This is in line 
with the results of von Moos et al,23 who indicat-
ed that living mainly in a rural environment re-
sulted in a high sting incidence not only among 
beekeepers and their family members, but also 
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might be biased because we examined a preselect-
ed group of patients, as they all had presented se-
vere reactions to an IS, which made them eligible 
for VIT. It is possible that the distribution of IS 
sites in patients with lower severity grades was 
different than in those with severe SRs, which 
might have biased our estimation of the odds of 
grade IV SRs related to a particular body part. In 
that case, our study provides even more powerful 
data to confirm that ISs in the H&N region do not 
increase the risk of severe anaphylaxis regardless 
of age and sex. A larger study would be needed to 
estimate the risk of grade IV SRs more precisely.

Conclusions  In patients with HVA with grade II 
SRs or higher, there is no significant relationship 
between Hymenoptera sting in the H&N region 
and subsequent grade IV SRs. Living in the vil-
lage was identified as a risk factor for grade IV SRs 
due to ISs. Similarly, adulthood (age ≥30 years) 
was another independent risk factor of grade IV 
SRs due to ISs. We did not find any association 
between age and either the place of residence or 
the site of Hymenoptera sting; therefore, the cor-
relation between these 2 factors and the severi-
ty of an anaphylactic reaction was independent 
of age.
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Appendix S1. Questionnaire used in the study for adults  

Questionnaire regarding the place of sting site, severity of reaction, and exposure to 

sting 

Please supplement the information concern the most severe sting reaction being a basis for 

qualifying your child to the Venom Immunotherapy.  

Date of sting: Day: □□ Month: □□ Year: □□□□ 

(If You do not remember exact date, please estimate the month and year, please use Arabic 

numerals) 

1. Sting site. 
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 (Please point the place of sting site and describe it next to the scheme if it requires a more 

precise location determination, eg, the lip, tongue, finger) 

 

 

 

 

 

lips, tongue, oral cavity 

head 

neck 

abdomen (belly) / chest  

back 

right arm 

left arm 

right forearm, elbow 

right hand 

left forearm, elbow   

left hand 

right thigh 

left thigh 

right calf, knee  

right foot 

left calf, knee  

left foot 
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2. Please indicate the symptoms that occurred during the reaction after this sting:  

Local skin reaction: 

□Large local reaction – redness and 

swelling larger than 10cm in diameter, last 

over 24 hours  

Skin: 

□urticaria/ hives or redness 

□angioedema  

□flushing, 

□itch  

Gastrointestinal system: 

□nausea,  

□vomit,  

□diarrhea,  

□spastic abdominal pain 

Respiratory tract: 

□ dyspnea, chest tightness 

□ wheezing (inspiratory or expiratory) 

□ laryngeal edema, throat and tongue  

edema 

□ rhinorrhea 

Cardiovascular system: 

□ dizziness, 

□ fainting, 

□ hypotension 

□ confusion  

□ loss of consciousness 

Others: 

□ headache 

□ chest pain 

□ convulsions 

□ incontinence of urine or feces 

 

1. At which sting, in order, systemic symptoms described in points 1,2 appeared? 

…………………………………………………………………………………… 

2. Are you able to identify the insect? 

□ wasp  
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□ bee   

□ hornet  

□ I am not able to identify the insect 

3. How many insects sting caused reaction described in points 1 and 2? 

□ 1 insect   

□ more insects – how many?      

□ I cannot determine 

4. Is there an apiary in your neighborhood (home, vicinity)? 

□ yes, near the house/ farm 

□ yes, in the vicinity 

□ no 

□ I don’t know 

5. I am exposed due to the nature of the work / hobby that I perform:  

□ beekeeping 

□ fruit growing, agriculture,  

□ grocery store,  

□ confectioner’s trade 

□ barman, waiter,  

□ fireman 

□ others –what?     

Name:     Surname:        

 

Date of birth:    Zip code of the place of residence:    
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Appendix S2. Results of multivariable analysis concerning grade IV systemic reactions 

(SRs) with respect to age 

The risk of grade IV SRs was four times lower in children following a Hymenoptera sting 

(OR 0.26; 95%CI, 0.13–0.54; p<0.001), however it was almost two and a half times higher in 

the rural population (OR 2.34; 95%CI, 1.13–4.84; p=0.022). The analysis of the groups 

divided into six age categories that differed by 10-year intervals demonstrated that the risk of 

grade IV SRs due to IS increased with age, reaching its peak in the 30-40 years age group 

(OR 9.42; 95%CI, 2.30–38.5; p=0.002). It was still significantly higher in the 41-50 age group 

(OR 5.48; 95%CI, 1.69–7.0; p=0.005), and in the 50+ group (OR 4.77; 95%CI, 1.53–14.9; 

p=0.007), when compared to the youngest age group below 10 years. According to this model, 

living in a village increased the risk of grade IV SRs to a similar extent as in the previous one 

(OR 2.27; 95%CI, 1.9–4.72; p=0.029). There was no significant association between patient’s 

age and his/her place of residence, which confirmed that the relationship between place of 

living and severity of reaction was similar in both age groups. 

There was a predominant notion that HVA patients reported higher incidence of more severe 

clinical reaction due to IS in adults than children [32]. It was also the case in our selected 

population, as we observed grade IV SRs in adults two times more often than in children. 

Some authors indicated even 10 times more frequent grade IV reaction in adults in 

comparison to children [1]. According to the data published by some European and American 

authors both severity of systemic reaction and fatality rate due to IS, was the highest in the 

middle-aged men [33]. Similar data were obtained in Australia, where most of the IS-induced 

anaphylaxis deaths occurred in the patients between 35 and 84 years, almost exclusively in 

male subjects [25]. Our results corroborated previous findings since the highest odds ratio of 

grade IV SRs was observed in age group 30-40 years (OR 9.42; 95%CI, 2.30–38.5), followed 

by age groups 41-50 years (OR 5.48; 95%CI, 1.69–17.0) and over 50 years (OR 4.77; 95%CI, 
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1.53–14.9.). On the other hand, our data indicated that childhood period was a factor that 

reduced risk of grade IV SRs 4-times (OR 0.26; 95%CI, 0.13–0.54). In the European 

Anaphylaxis Registry, there were two factors identified as the most important predictors for 

increased risk of severe anaphylaxis, specifically advanced age (OR not given for age) and 

concomitant mastocytosis (OR 3.1; 95%CI, 2.6–3.7) [5]. The above registry confirmed earlier 

observations that indicated the significance of older age [34,35], as well as mast cells 

activation syndrome [36] in this particular group of patients. The authors suggested that the 

higher risk of severe, potentially fatal IS reaction in seniors might result from the high, 

increasing with age, upload and/or activity of the mast cells corresponding to increased 

baseline concentration of serum tryptase [37]. Mast cell activation syndromes might occur at 

any age, though indolent systemic mastocytosis, the most important risk factor for severe IS 

anaphylaxis, occurred mostly in adult population [38,39]. However, a more detailed 

evaluation of the mast cells activity was not a part of this study.  
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