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Introduction
Anaphylaxis in children is a relatively rare event, but in the 

last 20 years, based on both the number of hospitalizations 
and the number of fatal anaphylaxis, a signiϐicant increase 
has been observed [1]. With regards to allergic reactions to 
hymenoptera venom, however Turner, et al. showed stability 

over time both in the number of hospitalizations and in the 
number of fatal events [2]. On the other hand, hymenoptera 
venom rarely causes severe and/or fatal anaphylactic episodes 
in the pediatric setting [3]. 

However, it is an epidemiologically important cause 
of systemic allergic reactions in children, so much so 

Abstract 

Introduction: Risk factors for systemic reactions (SRs) from hymenoptera venom (HV) allergy are well known in the adult population but 
they have been little studied in the pediatric one. 

Method: The aim of our study was to identify risk factors for SRs in a population of children allergic to HV, comparing a series of clinical 
(age, gender, atopy, asthma) and laboratory (total IgE, tryptase, venom-specifi c IgE levels) variables between patients with at least two large 
local reactions (LLRs) and patients with SRs of diff erent severity for the identifi ed insect. We selected a population of HV allergic children 
aged < 15 years with LLRs or SRs stratifi ed according to Mueller grades after stinging. 

Results: The population included 80 children, 35 with at least 2 LLRs and 45 with SRs. The level of specifi c IgE for vespid (Polistes 
dominula, Vespula species) venoms was signifi cantly higher (p = 0.0321) in children with SRs (Mueller grade II+III+IV) than in those with LLRs 
and the same signifi cance was also found for specifi c IgE for Apis mellifera, considering SRs group (Mueller grade I+II+III+IV) in respect with 
LLRs group (p = 0.0001). 

Conclusion: The main diff erence in our pediatric population was the highest level of specifi c IgE in children with a history of SRs compared 
to those with a history of LLRs for both vespids and honey bees. These results, once confi rmed on a larger population, could suggest the 
opportunity to follow the behavior of venom specifi c IgE in children with LLRs to reveal a risk to develop future more serious reactions.
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that according to the European Anaphylaxis Registry [4], 
19% out of 1970 subjects aged < 18 years experienced an 
anaphylaxis episode from allergy to hymenoptera venom, 
found to be the second most frequent cause of anaphylaxis in 
a pediatric population consisting of children and adolescents. 
Unlike in adults, reactions to hymenoptera venom tend to 
spontaneously improve especially in subjects < 16 years of age 
with only skin reactions, even if generalized; for this reason 
the guidelines suggest not to undertake diagnostic tests or 
Speciϐic Immunotheraphy (ITS) in this population [5,6]. 

Severe systemic reactions in the general pediatric 
population appear to be rarer than in adults [7], with a 
prevalence < 1% [8]. However, considering a recent study 
carried out on a group of children selected for systemic 
reactions to hymenoptera venom, Yavuz, et al. [9] found a rate 
of severe reactions (Mueller grade III + IV) equal to 59%. 

The majority of risk factors for severe systemic reactions 
in the adult population are known from the literature, while 
they have been little studied in children. Graif, et al. in 2009 
have identiϐied atopy as a risk factor while Yavuz, et al. in 2013 
identiϐied moderate eosinophilia, female sex and atopy [9,10].

The aim of our work was to identify the risk factors for 
severe systemic reactions in a population of subjects aged < 15 
years allergic to hymenoptera venom. For this purpose, age, 
gender, atopy, asthma, tryptase, total IgE and venom speciϐic 
IgE antibodies (Abs) levels for the different hymenoptera 
venoms were compared between a population of children 
with large local reactions (LLRs) and a population of children 
with systemic reactions (SRs).

Materials and methods
Patients

Pediatric subjects (< 15 years old) consecutively referred 
to the Allergy and Immunology Unit of the Niguarda Ca’ Granda 
Hospital (Milan, Italy) for a documented history of allergic 
reactions to Hymenoptera venom (HVA), were retrospectively 
studied. All the children have been diagnosed according to the 
guidelines [8].

The study population included children with a history 
of at least two LLRs given the low risk of a subsequent SR 
and children with documented SRs to Hymenoptera stings 
both for the identiϐied insect [11]. Large local reaction was 
characterized by oedema, erythema or itch with an area of 
oedema > 10 cm of diameter and a peak between 24 to 48 
hours [12]. Systemic reactions were graded into four classes 
according to Mueller’s classiϐication (grades of severity I–IV) 
[13]. 

For each patient, the following data were collected: age, 
gender, atopy (presence of positive IgE against one or more 
inhalant allergens and a history of asthma and/or rhinitis and/
or atopic dermatitis), history of bronchial asthma (following 

GINA: https://ginasthma.org), total serum IgE (value 
sensitization > 100 kU/L; ImmunoCAP System Thermo Fisher 
Scientiϐic), venom speciϐic IgE for Apis mellifera, Vespula spp., 
Polistes dominula, (positive value > 0.10 kUA/L; ImmunoCAP 
System Thermo Fisher Scientiϐic) and basal serum tryptase 
value (sBT) (normal range < 11.4 ng/mL; ImmunoCAP System 
Thermo Fisher Scientiϐic). The primary end point of the study 
was the comparison of all these data between the groups of 
children with previous SRs versus the ones with previous 
LLRs. Given the low positive number of patient allergic to 
Polistes dominula for the statistical analysis the laboratory 
data were combined with those of the Vespula spp. For each 
patient an attempt was made to identify the insect responsible 
for both LLRs and SRs by distinguishing in particular between 
vespid and honey bee.

 The study protocol was approved by the Ethics Committee 
of ASST Grande Ospedale Metropolitano Niguarda (Milan, 
Italy) on October 26th 2018, protocol ID 538-102018.

Statistical analysis

All the collected data were validated before submission 
to usual descriptive statistics: categorical binary, nominal 
and ordinal variables were given as relative and absolute 
frequency tables, while continuous variables were described 
with mean and standard deviation or with median and range, 
depending on their distribution, which was checked with 
visual inspection of the histogram, as well as by the Shapiro-
Wilk test.

Cross-tabulations of the categorical variables were 
analysed with Fisher’s exact test. The effects exerted by 
continuous or categorical non-binary variables on binary 
dependent variables were analysed using the logistic 
regression with Wald’s test, whereas the differences between 
continuous variables have been evaluated by two-sided/two-
tailored Student’s t test, or by Welch’s test, or by the Mann–
Whitney U test with exact algorithm, depending on variable 
distribution and on variance homogeneity.

Results
Patients

The study population included 80 children (58 males and 
22 females, median age 10 years, range 4-15 years), of whom 
35/80 with previous LLRs (43.75%, 26 males and 9 females, 
median age 10 years, range 5-14 years) and 45/80 (56.25%; 32 
males and 13 females, median age 9 years, range 4-15 years) 
with a history of SRs. Amongst the 45 children with SRs, 22/45 
(48.89%) were classiϐied as Mueller grade I, 9/45 (20%) as 
grade II, 12/45 (26.66%) as grade III, and 2/45 (4.44%) as 
grade IV. Stratifying for the stinging insect, we observed that 
for vespids 14/27 (51.85%) patients presented a Mueller 
I reaction, 8/27 (29.63%) a Mueller II, and 4/27 (14.81%) 
a Mueller III and 1/27 (3.70%) a Mueller IV reaction, while 
for bee venom 8/18 (44.44%) patients presented a Mueller I 
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reaction, 1/18 (5.55%) a Mueller II, 8/18 (44.44%) a Mueller 
III, and 1/18 (5.55%) a Mueller IV reaction. A summary of 
patient’s demographic, clinical and laboratory data are shown 
in table 1.

Comparison of the various clinical and immunological 
parameters between patients with LLRs and SRs.

By comparing all considered variables, we did not ϐind 
any statistical difference between LLRs and SRs patients as 
regards to age, gender, atopy, asthma, tryptase levels (ng/mL), 
and serum total IgE (kUA/L), with values reported in table 1. 

Conversely, a statistically signiϐicant association was 
found between the severity of the reaction and venom-
speciϐic IgE levels for vespids and Apis mellifera. In fact, 
children with SRs (Mueller grade II+III+IV) for vespid venom 
presented a signiϐicantly higher levels of vespid speciϐic IgE 
than children with vespids-induced LLRs; similarly children 
with SRs (Mueller I+II+III+IV) for Apis mellifera venom 
presented higher levels of honey bee speciϐic IgE than children 
with honey bee-induced LLRs (Mann-Whitney exact test: 
p = 0.0321 and p = 0.0001 respectively) (Figures 1,2).

In other words these results showed that there is a 73.1% 
chance that a child with SRs compared to a child with LLRs 
had higher speciϐic IgE Abs levels against Vespids and 87.0% 
chance against Apis mellifera.

Discussion
In this work, we analyzed the risk factors for severe 

anaphylactic reactions from hymenoptera venom allergy in 
a pediatric population with previous documented reactions 
to these insects. For this purpose, we compared a series of 
clinical and biological parameters between a group of 35 
children who had previously presented at least two LLRs and 
one of 45 children who had presented systemic reactions 
of varying severity. It should be noted that in the group of 
children with systemic reactions we identiϐied two subjects 
with a reaction classiϐiable as Mueller IV because they had 
presented a cardiovascular collapse, associated with very 
brief loss of consciousness, whereas 26.6% of the children 
we evaluated for severe systemic reaction reported a clinical 

picture deϐinable as Mueller III. The ϐinding of a low prevalence 
of severe anaphylactic reactions in our case series conϐirms 
previous data from the literature [7], since it is known that 
HVA in children causes mainly skin reactions and is less severe 
than in adults [8]. Similarly, more recently in the case series 
of Blum, et al. [14], including adults and children, the group 

Table 1: Patient's demographic, clinical and laboratory data.
Total SRs LLRs p value 

 Patients 80 45/80 (56.25%)  35/80 (43.75%)
Gender (M/F) 58/22 32/13 26/9 0.805*

Median Age, (min-max) 10 (4-15) 9 (4-15) 10 (5-14) 0.3653**
Atopy 28/80 (35%) 13/45 (28.8%) 15/35 (42.8%) 0.240*

Anti-Vespid IgE levels kU/L  median value, (min-max) n.c. 4.26 (0.38-100) 2.29 (0.14-100) 0.0321**
Anti-Apis-mellifera IgE levels kU/L median value, (min-max) n.c. 55.0 (2.06-100) 7.13 (0.17-60) 0.0001**  

sBT levels ng/mL
median value, (min-max) n.c. 3.3 (1.1-13.4) 3.2 (1.8-8.5)  0.7470**

Total IgE kUA/L
median value, (min-max) n.c. 347.5 (29.3-3418) 253.5 (12-2770) 0.1137**

M: Male; F: Female; LLRs: Local Large Reactions; SRs: Systemic Reactions; sBT: serum Basal Tryptase; *Fisher’s exact test; **Mann-Whitney test with exact algorithm; n.c: 
not calculate

Figure 1: Vespid IgE specifi c values in LLRs patients and in SRs patients allergic 
to vespid venom.

Figure 2: HB (honey bee) IgE specifi c values in LLRs patients and in SRs patients 
allergic to HB venom.
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of children/adolescents showed few severe anaphylaxis and 
mostly reactions classiϐiable as Mueller III. The two groups of 
children studied were then compared with each other with 
regard to the prevalence of gender, atopy, allergic diseases in 
general and asthma in particular as well as levels of tryptase, 
venom-speciϐic and total IgE Abs.

In some cases the IgE values were clearly positive for both 
honey bee and vespids venoms but with very different levels 
and with a clear clinical identiϐication of the culprit stinging 
insect on the basis of history and positivity of skin tests and 
the major allergens (when tested).

Considering the SRs of all severities compared to the 
LLRs, we found that the only difference that signiϐicantly 
distinguished the two populations of children was represented 
by the level of venom-speciϐic IgE Abs. This result is noteworthy 
because it was conϐirmed for both vespid and Apis mellifera 
venoms, thus demonstrating that as the concentration of 
venom-speciϐic IgE increased, the clinical reactivity increased 
too, ranging from a simple large local reaction to systemic 
reactions of various severity. As a matter of fact, in our work 
a difference in venom-speciϐic IgE Abs was identiϐied between 
LLRs and mild to severe SRs (Mueller I+II+III+IV) for Apis 
mellifera and between LLRs and moderate to severe SRs 
(Mueller II+III+IV) for vespids.

These speciϐic differences would indicate that the severity 
of the allergic reaction is closely dependent on the level of 
venom-speciϐic IgE Abs. Few studies have so far demonstrated 
a relationship between venom-speciϐic IgE Abs level and the 
severity of the reaction in children, and particularly between 
those present in LLRs and moderate and severe SRs [15]. On 
the other hand, this absence of correlation between IgE level 
and severity has been well demonstrated especially for the 
adult population in which the dissociation of the two 
phenomena is more evident with increasing age [16]. In 
the older population, an inverse correlation has even been 
demonstrated, i.e. lower levels of venom-speciϐic IgE Abs 
correspond to more severe reactions. In adults, in fact, 
the severity of the reaction is more than anything else 
conditioned by problems of clinical relevance, as we have 
recently demonstrated, conϐirming previous studies [17]. 
For example, many authors have identiϐied the presence of 
hypertension or various types of cardiovascular diseases 
as the main risk factors for severe anaphylactic reactions 
[18]. Moreover, in adults the presence of Mastocytosis or in 
any case of an elevated level of tryptase in basal condition 
has been identiϐied as factors favoring severe SRs [19]. In 
children in our population, tryptase levels were found to be 
superimposable between the 2 considered groups of LLRs 
with respect to both moderate and severe SRs. We also did 
not identify pediatric subjects in our study population with 
either cutaneous or systemic Mastocytosis. Therefore, it does 
not appear that a clonal mast cell disease is involved in the 
severity of the anaphylactic reaction to hymenoptera venom 
in children. 

Nor was a distinctive role of atopy or of the prevalence of 
atopic diseases such as asthma or rhinitis in distinguishing 
populations of different severity conϐirmed in the children 
we studied. However, it should be considered that in our 
population, considered as a whole of 80 children, the 
prevalence of atopy was 35%, thus similar to that of the 
general population. We can’t therefore conϐirm the data from 
the literature that would have shown a higher prevalence of 
allergy to hymenoptera venom in the population of atopic 
subjects than in non-atopic ones [9,10]. However, atopy did 
not differentiate LLRs from severe SRs.

Moreover, also Solley, et al. [20] in 2004, in an Australian 
study, did not ϐind any statistical association between the 
presence of atopic diseases and severe systemic reactions. 
These results differ from those of Graif, et al. [10] who in 
2009 identiϐied atopy and asthma as risk factors for severe 
anaphylactic reactions from hymenoptera venom in a 
population of 14,306 boys aged between 13 and 14 years. 
However, this comparison was carried out with the general 
population and not with subjects with LLRs.

We also found no gender difference between patients with 
LLRs or with systemic reactions unlike Yavuz, et al. [9] who in 
2013, studying a population of 76 children with a mean age 
of 9.8 years and systemic reactions, identiϐied, as risk factors 
for severe anaphylaxis, the presence of moderate eosinophilia 
and female sex as well as atopy.

Another unconϐirmed data in our pediatric population 
but actually described in the literature only in adults, and 
especially in the elderly adult, was the correlation between low 
total IgE levels and a high probability of loss of consciousness 
or in any case of Mueller IV [21]. In the population of children 
we described there was only one grade IV reaction with loss of 
consciousness and the total IgE showed no difference between 
children with Mueller grade III + IV reactions and those with 
LLRs.

To distinguish the two populations therefore remains only 
the statistically signiϐicant difference between the speciϐic 
venom IgE levels of children with LLRs compared to those 
with SRs.

Venom speciϐic IgE Abs represent a biological response 
that has at least partially protective aspects as, as now known, 
the mast cell reaction involves the release of mediators useful 
for the neutralization of hymenoptera venom and more 
[22-25]. Therefore, it is possible to consider that an excessive 
increase in IgE, also conditioned by predisposing, intercurrent 
and non-speciϐic factors, can alter the fragile balance between 
protection and allergy. Since in our case series the difference 
was also highlighted considering the LLRs even compared to 
grade I and II honey bee venom induced SRs, it is possible to 
hypothesize that small increases in speciϐic IgE are enough 
to produce an aggravation of the reaction but also little is 
enough to facilitate their decrease with subsequent clear 
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clinical improvement. This in fact happens very often in 
children. The direct correlation between speciϐic IgE levels 
and the severity of the reaction is however not usual in the 
context of atopic diseases and what we have observed would 
indicate how this type of allergic reaction strictly depends on 
the immunogenic characteristics of the venom rather than on 
the personal predisposition of the individuals. In addition, this 
unexpected result could suggest the opportunity, if conϐirmed 
on a larger case study, to include the dosage of speciϐic IgE 
in the monitoring of children with LLRs as one of the useful 
elements for determining the risk of a future more serious 
reaction.

Statement of ethics

The study protocol was approved by the Ethics Committee 
of ASST Grande Ospedale Metropolitano Niguarda (Milan, 
Italy) on 26 October 2018, protocol ID 538-102018.

Author contributions

All the authors have contributed equally in the design, data 
collection, realization and writing of this manuscript.

References
1. Mullins RJ, Dear KB, Tang ML. Time trends in Australian hospital 

anaphylaxis admissions in1998-1999 to 2011-2012. J Allergy Clin 
Immunol. 2015; 136: 367-375.     
PubMed: https://pubmed.ncbi.nlm.nih.gov/26187235/ 

2. Turner PJ, Gowland MH, Sharma V, Ierodiakonou D, Harper N, et al. 
Increase in anaphylaxis-related hospitalizations but no increase in 
fatalities: an analysis of United Kingdom national anaphylaxis data. 
1992-2012. J Allergy Clin Immunol. 2015; 135: 956-963.   
PubMed: https://pubmed.ncbi.nlm.nih.gov/25468198/ 

3. Mullins RJ, Wainstein BK, Barnes EH, Liew WK, Campbell DE. 
Increases in anaphylaxis fatalities in Australia from 1997 to 2013 Clin 
Exp Allergy. 2016; 46: 1099-1110.     
PubMed: https://pubmed.ncbi.nlm.nih.gov/27144664/ 

4. Grabenhenrich LB, Dölle S, Moneret-Vautrin A, Kohli A, Lange L, et al. 
Anaphylaxis in children and adolescents: The European Anaphylaxis 
Registry. J Allergy Clin Immunol. 2016; 137: 1128-1137.   
PubMed: https://pubmed.ncbi.nlm.nih.gov/26806049/ 

5. Golden DB, Demain J, Freeman T, Graft D, Tankersley M, et al. 
Stinging insect hypersensitivity: A practice parameter update 2016. 
Ann Allergy Asthma Immunol. 2017; 118: 28-54.    
PubMed: https://pubmed.ncbi.nlm.nih.gov/28007086/ 

6. Sturm GJ, Varga EM, Roberts G, Mosbech H, Bilò MB, et al. EAACI 
guidelines on allergen immunotherapy: Hymenoptera venom allergy. 
Allergy 2018; 73: 744-764.     
PubMed: https://pubmed.ncbi.nlm.nih.gov/28748641/ 

7. Golden DB. Insect allergy in children. Curr Opin Allergy Clin Immunol. 
2006; 6: 289-293.

8. Bilò MB, Pravettoni V, Bignardi D, Bonadonna P, Mauro M, et al. 
Hymenoptera Venom Allergy: Management of Children and Adults in 
Clinical Practice. J Investig Allergol Clin Immunol. 2019; 29: 180-205. 
PubMed: https://pubmed.ncbi.nlm.nih.gov/30183660/ 

9. Yavuz ST, Sahiner UM, Buyuktiryaki B, Soyer OU, Sakesen C, et al. 
Clinical features of children with venom allergy and risk factors for severe 
systemic reactions. Int Arch Allergy Immunol. 2013; 160: 313-321.
PubMed: https://pubmed.ncbi.nlm.nih.gov/23095437/ 

10. Graif Y, Romano-Zelekha O, Livne I, Green MS, Shohat T. Increased 
rate and greater severity of allergic reactions to insect sting among 
schoolchildren with atopic disease. Pediatr Allergy Immunol. 2009; 20: 
757-762.       
PubMed: https://pubmed.ncbi.nlm.nih.gov/19397756/ 

11. Bilò MB, Martini M, Pravettoni V, Bignardi D, Bonadonna P, et al. Large 
local reactions to Hymenoptera stings: Outcome of re-stings in real life. 
Allergy 2019; 74(: 1969-1976.     
PubMed: https://pubmed.ncbi.nlm.nih.gov/31074868/ 

12. Severino M, Bonadonna P, Passalacqua G. Large local reactions from 
stinging insects: from epidemiology to management. Curr Opin Allergy 
Clin Immunol. 2009; 9: 334-337.     
PubMed: https://pubmed.ncbi.nlm.nih.gov/19458526/ 

13. Mueller HL. Diagnosis and treatment of insect sensitivity J Asthma 
Res. 1966; 3: 331-333.      
PubMed: https://pubmed.ncbi.nlm.nih.gov/4380730/ 

14. Blum S, Gunzinger A, Muller UR, Helbling A. Infl uence of total and 
specifi c IgE, serum tryptase and age on severity of allergic reactions to 
Hymenoptera stings. Allergy. 2011; 66: 222-228.   
PubMed: https://pubmed.ncbi.nlm.nih.gov/20880144/ 

15. Tripolt P, Arzt-Gradwohl, Cerpes U, Laipold K, Binder B, et al. Large 
local reactions and systemic reactions to insect stings: similarities and 
diff erences. Plos One. 2020; 16: 1-8. 

16. Soyygit S, Arslan S, Caliskaner AZ. Investigation of the factors that 
determine the severity of allergic reactions to hymenoptera venoms. 
Allergy and Asthma Proceedings. 2019; 40: 116-122.   
PubMed: https://pubmed.ncbi.nlm.nih.gov/30819281/  

17. Pastorello EA, Borgonovo L, Preziosi D, Schroeder JW, Pravettoni V, 
et al. Basal Tryptase high levels associated with a history of arterial 
hypertension and hipercholesterolemia represent risk factors for 
severe anaphylaxis in Hymenoptera venom Allergic subjects over 50 
years old. Int Arch Allergy Immunol. 2020; 1-7.   
PubMed: https://pubmed.ncbi.nlm.nih.gov/33264768/ 

18. Turner PJ, Jerschow E, Umasunthar T, Lin R, Campbell DE, et al. Fatal 
Anaphylaxis: Mortality Rate and Risk Factors J Allergy Clin Immunol 
Pract. 2017; 5: 1169-1178.     
PubMed: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5589409/ 

19. Farioli L, Losappio LM, Schroeder JW, Preziosi D, Scibilia J, et al. 
Basal tryptase levels can predict clinical severity in hymenoptera 
venom anaphylaxis and ischemic cardiovascular disorders J Investig 
Allergol Clin Immunol. 2019; 29: 162-164.    
PubMed: https://pubmed.ncbi.nlm.nih.gov/31017123/ 

20. Solley GO. Stinging and biting insect allergy: an Auxtralian experience. 
Ann Allergy Asthma Immunol. 2004; 93: 532-537.    
PubMed: https://pubmed.ncbi.nlm.nih.gov/15609761/ 

21. Sturm GJ, Heinemann A, Schuster C, Wiednig M, Groselj-Strele A, 
et al. Infl uence of total IgE levels on the severity of sting reactions in 
Hymenoptera venom allergy. Allergy. 2007; 62: 884-889.   
PubMed: https://pubmed.ncbi.nlm.nih.gov/17620065/ 

22. Stebbings Jr JH. Immediate Hypersensitivity: a defence against 
arthropods? Perspect Biol Med. 1974; 17: 233-239.   
PubMed: https://pubmed.ncbi.nlm.nih.gov/4273175/ 

23. Profet M. The function of allergy: Immunological defence against 
toxins. Q Rev Biol. 1991; 66: 23-62.     
PubMed: https://pubmed.ncbi.nlm.nih.gov/2052671/ 

24. Mukai K, Tsai M, Starkl P, Marichal T, Galli SJ. IgE and mast cells 
in host defense against parasites and venoms. Semin Immunopathol. 
2016: 38: 581-603.      
PubMed: https://pubmed.ncbi.nlm.nih.gov/27225312/ 

25. Galli SJ, Starkl P, Marichal T, Tsai M. Mast cells and IgE in defense against 
venoms: possible “good side” of allergy? Allergol Int. 2016; 65: 3-15.
PubMed: https://pubmed.ncbi.nlm.nih.gov/26666482/


