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INTRODUCTION

Allergic reactions triggered by Hymenoptera insects have been 
described as long ago as 2000 B.C.1 It was not until the early part 
of the 20th century that the first medical reference was made 
for the treatment of allergic reactions to Hymenoptera.2 Over 
the last 100 years, the knowledge base for the diagnosis and 
treatment of stinging insect allergy has greatly expanded.

Reactions following stings by Hymenoptera insects, primarily 
honeybee, wasp, yellowjacket, hornet and ant, are common. 
While most sting reactions are localized and self-limited, some 
lead to large local reactions or to systemic allergic reactions or 
anaphylaxis and cause death. Prompt recognition, diagnosis, 
and treatment of these systemic allergic reactions is important 
to improve the quality-of-life of such individuals and reduce 
the risk for future sting reactions.

This review summarizes the current recommendations to di-
agnose and treat Hymenoptera sting induced allergic reactions 
and highlights considerations for various populations through-
out the world.

TAXONOMY AND IDENTIFICATION

Although Hymenoptera are commonly known to cause hu-
man stings, these insects also play an important role in crop 
pollination and to reduce insect pest populations. The Hyme-
noptera insects which cause most stings are in the family Vespi-
dae (wasps) and include yellowjackets (Vespula), aerial yellow-
jackets (Dolichovespula), hornets (Vespa), and paper wasps 
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(Polistes); family Apidea (bees); and family Formicidae (ants) 
(Figure).3 Proper recognition of the insect responsible for the 
sting is important for appropriate management; however, most 
victims cannot identify the sting culprit. There are also signifi-
cant regional variations in Hymenoptera populations; for ex-
ample, fire ant stings are common in the southeast whereas yel-
lowjacket stings are more common in northeast United States. 
Similarly, different Hymenoptera exist in various parts of the 
world, e.g., in Australia, the jack jumper ant (Myrmecia pilosu-
la) is a major cause of Hymenoptera induced stings.

There are several defining characteristics of Hymenoptera in-
sects and their stings that can help with correct identification. 
Honeybees (Apis sp.) and bumblebees (Bombus sp.) are not 
typically aggressive but will sting to defend their hives. Both 
bumble and honey bees construct their nests from beeswax in 
combs containing numerous hexagonal cells. Bumblebee nests 
are typically small, concealed, and constructed in loose, fibrous 
materials such as grass clippings. They are characterized by their 
“fuzzy” appearing hair and loud buzzing sound. Honeybees are 
frequently used for commercial pollination in man-made hives 
and their sting can often be suspected by the stinger that is left 
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behind in the skin. Paper wasps, yellowjackets, aerial yellow-
jackets, and hornets may have similar coloring and appearance, 
but can often be differentiated by their nests. Paper wasp nests 
(Polistes sp.) are often found under eves or rafters of homes and 
other buildings and are characterized by a single paper comb 
with no protective envelope. Yellowjackets (Vespula sp.) typi-
cally make paper-like nest in concealed locations such as wall 
cavities, stumps, or underground locations while aerial yellow-
jackets (Dolichovespula sp.) live in large colonies and build 
nests near human dwellings. Imported fire ant (IFA) [Solenopsis 
(S.) invicta and S. richteri] colonies are recognizable in endemic 
areas by large mounds of loose soil commonly found in yards, 
fields, or pastures. Each colony may contain more than 200,000 
ants. IFA stings are characterized by a sterile pustule which forms 
within 24 hours of the sting.4 Other ants known to induce aller-
gic reactions in the United States include S. xyloni, S. richteri, 
and S. geminata.5 In addition, red harvester ants (Pogonomyr-
mex) cause allergic reactions in both the United States and Eu-
rope. Their nests are characterized by a lack of foliage surround-
ing the entrance to their colony. In Southeast Asia, Pachycondy-
la chinensis ants are winged and form small colonies near hu-
man dwellings, while jack jumper ants (Myrmecia pilosula) form 
colonies under rocks or small piles of gravel. They are also char-
acterized by their ability to jump when threatened.

DEMOGRAPHICS AND SUSCEPTIBILITY

The exact incidence of human Hymenoptera stings is un-

known, but it is estimated that between 56% and 94% of adults 
worldwide have been stung at least once in their lifetime.6 In a 
study of subjects who moved to an endemic IFA area, 55% re-
ported stings from such insects within one month.7 While most 
stings are self-limited, some result in large local or systemic al-
lergic reactions. In a study of 3,236 Hymenoptera allergic sub-
jects in North America, males accounted for over 60% of sting 
reactions with a median age of 30.5 years. Each subject averaged 
2.7 stings during their lifetime and 89% (2,866) of the subjects 
reported at least one systemic allergic reaction.8 The prevalence 
of systemic allergic reactions after a sting is estimated to be be-
tween 0.15% to 0.8% in children and 0.3% to 8.9% in adults. 
Large local reactions, defined as pain, swelling, and erythema 
at the site of a sting which may involve an entire extremity, while 
not life-threatening, occur in 2.4% to 26.4% of the general pop-
ulation, but nearly 40% in those with regular exposure, such as 
beekeepers.9-13

Insect sting-related anaphylaxis accounts for over 30% of all 
cases of anaphylaxis seen in emergency departments.14 Mortal-
ity from insect-sting anaphylaxis in the United States ranges 
from 0.3 to 0.48 fatalities per 1,000,000 individuals/year or an 
average of 40 to 100 deaths per year and accounts for nearly 
20% of all anaphylaxis related deaths.15-19

Evaluation for mast cell disorders, such as systemic mastocy-
tosis, monoclonal mast cell activation syndrome, or mast cell 
activation syndrome, should be initiated in some Hymenoptera 
hypersensitive subjects. Severe, life-threatening systemic reac-
tions following a Hymenoptera sting may be the only present-

Figure. Taxonomy of Hymenoptera species.
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ing clinical manifestation of these disorders.20-22

VENOMS

Hymenoptera venoms typically contain a mixture of 3 to 4 
major proteins as well as pharmacologically active peptides and 
other small molecules. There are common proteins shared 
amongst the various Hymenoptera species, however, there are 
significant differences as well. Most of the protein structures for 
the major allergens are known and several have been produced 
in recombinant forms. Table 1 summarizes relevant allergens 
for selected Hymenoptera venoms. Phospholipases, hyaluroni-
dases, and antigen 5 are shared amongst many species of ves-
pids. Phospholipases found in vespid venoms differ from those 
found in bee venoms. IFA venoms are primarily made of alka-
loids. These alkaloids do not induce allergic reactions; IFA ven-
oms also contain 4 to 5 proteins that are responsible for such 
reactions. Other species of ants, such as the jack jumper ant 
(Myrmecia pilosula), contain highly allergenic proteins, but 
these proteins do not cross-react with other ant species.

DIAGNOSIS

Subjects with a clinical history of a systemic allergic reaction, 
defined as systemic signs and symptoms of anaphylaxis, fol-
lowing a Hymenoptera sting should undergo evaluation for Hy-
menoptera allergy. Following an appropriate history and physi-
cal, further evaluation, i.e., appropriate skin or in vitro testing, 
should be delayed three to six weeks because of false negative 
testing which can occur immediately following a sting reaction.23 
Skin prick puncture and intradermal tests are tests of choice to 
confirm suspected Hymenoptera allergy. Negative skin prick 
puncture tests should be followed by the appropriate intrader-
mal tests, which are more sensitive in detecting IgE hypersensi-
tivity but less specific than skin prick tests. This is especially true 
if a considerable amount of time has passed since the sting re-
action occurred.24 Such intradermal skin tests should begin with 
a 0.001 to 0.01 µg/mL concentration and be titrated up to 1 µg/
mL, depending on clinical sensitivity. Concentrations higher 
than 1 µg/mL are associated with a higher incidence of false 
positive results.25 Skin testing is safe in Hymenoptera allergic 
subjects, with a less than 2% risk of a systemic allergic reaction 
with testing.26

Skin testing for suspected IFA allergy (S. invicta and S. richteri) 
should be considered in subjects with a history of a systemic re-
action following an IFA sting. IFA are native to South America 
but are now endemic in the southeastern United States, Austra-
lia, Taiwan, Philippines, and China. IFA stings are common in 
these areas thus there is a high incidence of “false positive” skin 
sensitivity.27,28 As with other Hymenoptera species, skin prick 
testing is performed first followed by the appropriate intrader-
mal testing, as necessary. The initial concentration for IFA in-

Table 1. Allergens of selected Hymenoptera venoms

Venom Allergen Common name Molecular 
Wt. (kDa)

Apis mellifera (honeybee) Api m 1 Phospholipase A2 16
Api m 2 Hyaluronidase 39
Api m 3 Acid phosphatase 43
Api m 4 Melittin 3
Api m 5 Dipeptidylpeptidase IV 100
Api m 6 N/A 8
Api m 7 Protease 39
Api m 8 Carboxylesterase 70
Api m 9 Carboxypeptidase 60
Api m 10 Incarapin variant 2 50-55
Api m 11 Major royal jelly protein 50
Api m 12 Vitellogenin 200

Vespula vulgaris 
(yellowjacket)

Ves v 1 Phospholipase A1B 34
Ves v 2 Hyaluronidase 38
Ves v 3 Dipeptidylpeptidase IV 100
Ves v 5 Antigen 5 23
Ves v 6 Vitellogenin 200

Dolichovespula arenaria 
(yellow hornet)

Dol a 5 Antigen 5 23

Dolichovespula maculate 
(white face hornet)

Dol m 1 Phospholipase A1B 34
Dol m 2 Hyaluronidase 42
Dol m 5 Antigen 5 23

Vespa crabro 
(European hornet)

Vesp c 1 Phospholipase A1B 34
Vesp c 5 Antigen 5 23

Polistes annularis Pol a 1 Phospholipase A1B 34
Pol a 2 Hyaluronidase 38
Pol a 5 Antigen 5 23

Solenopsis invicta 
(imported fire ant)

Sol i 1 Phospholipase A1B 18
Sol i 2 N/A 14
Sol i 3 Antigen 5 26
Sol i 4 N/A 12

Myrmecia pilosula 
(jack jumper ant)

Myr p 1 Pilosulin-1 5.5/7.5
Myr p 2 Pilosulin-3 2-4/8.5
Myr p 3 Pilosulin-4.1 8.1

Pachycondyla chinensis 
(Asian needle ant)

Pac c 3 Antigen 5 21

Major allergens are shown in bold.
N/A, not available.

tradermal testing is 1:1 million (1×106) weight/volume (w/v) of 
whole body extract (WBE). If these tests are negative, the con-
centration should be increased 10-fold until a positive response 
is reached or to a maximum concentration of 1:1,000 or 1:500 
w/v. In Asia and Australia, several other ant species are impor-
tant causes of venom-induced anaphylaxis. In Australia, stings 
by the jack jumper ant (Myrmecia pilosula) and bull ant (Myr-
mecia pyriformis) are common, while in Korea and other parts 
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of Southeast Asia, Pachycondyla species are relevant. Skin prick 
puncture and intradermal tests using WBE (Pachycondyla) or 
venom extracts (Myrmecia) are recommended to confirm sus-
pected IgE-mediated allergy to these ant species. Intradermal 
concentrations of 1 µg/mL or less have been used successfully 
to help diagnose allergy to the jack jumper ant (Myrmecia pilo-
sula), but less is known about other ant species.29 Extracts for 
skin testing to these ant species are not commercially available.

Although skin testing is the preferred method to confirm Hy-
menoptera allergy, in vitro testing is also available and is an op-
tion for subjects that cannot undergo skin testing. In vitro test-
ing should also be considered for subjects with a convincing 
clinical history and negative skin tests. Approximately 5%-10% 
of subjects with a history of systemic allergic reaction following 
a Hymenoptera sting will have detectable levels of venom-spe-
cific IgE but negative skin tests. Conversely, 10%-20% of sub-
jects with positive skin tests will have no detectable in vitro ven-
om-specific IgE.30 There is a small subgroup of subjects with a 
convincing history of an IgE-mediated reaction following a Hy-
menoptera sting with both negative skin and in vitro tests. This 
may represent a low level of IgE production or lack of sensitivity 
to currently available test reagents or methods. In such subjects, 
skin and in vitro tests should be repeated within several months 
after the initial tests are completed.30,31

Component-resolved diagnosis (CRD) involves the identifica-
tion of IgE antibodies to specific components rather than the 
whole allergen. In food allergies, CRD may become important 
to identify subjects at risk for future serious allergic reactions to 
a food versus those that may have elevated specific IgE to a food 
due to cross-reactivity, e.g. peanut and birch pollen.32 CRD may 
also be useful in subjects with Hymenoptera allergy. Many Hy-
menoptera allergic subjects have cross-reactivity between bee 
and wasp venoms with standard skin and IgE testing, which 
may be due to cross-reactive carbohydrate determining re-
agents rather than true cross-reactivity between venom pro-
teins. Determination of specific IgE to Api m 1 (phospholipase 
A2) and Ves v 5 (antigen 5), rather than to conventional venom 
extracts, could be useful to determine if cross-reactivity is pres-
ent to both venoms, especially if the clinical history is uncer-
tain. This could aid in the selection of venoms used for immu-
notherapy.33,34 To date, only a few venom components are fully 
sequenced, including Api m 1, Ves v 1, and Ves v 5.

MANAGEMENT OF STING REACTIONS

There are three kinds of reactions that occur following a Hy-
menoptera sting: a local reaction, a large local reaction, and a 
systemic reaction. Treatment indicated is predicated on the 
type of reaction that occurs.

A local reaction typically presents with pain, swelling, and er-
ythema at the site of the sting. Most resolve within several hours 
and can be treated successfully with topical ice packs and “tinc-

ture of time”. Pustules caused by IFA stings, however, are caused 
by the toxicity of the alkaloid component of the ant venom and 
do not respond to any known treatment modality.35 Secondary 
infection is the most common complication and immediate 
antibiotic therapy should be initiated if it is suspected. A large 
local reaction presents with similar symptoms of pain, swelling, 
and erythema at the site of sting, but the reaction extends to a 
larger area of skin. Occasionally, this reaction is also associated 
with nausea and vomiting. The swelling associated with a large 
local reaction usually peaks at 48 hours after a sting and may 
take up to a week to resolve. Some reactions will involve an en-
tire hand, hand and forearm, foot and leg, or one side of the 
face. Applications of ice packs, elevation of the affected limb, 
oral antihistamines and/or systemic corticosteroids may be 
useful to help resolve this reaction.

A systemic allergic reaction following a Hymenoptera sting 
can be life threatening and require prompt medical attention 
and long-term proper management to prevent reoccurrences. 
Systemic allergic reactions may involve more than one organ 
system, typically the skin, gastrointestinal, respiratory and/or 
cardiovascular systems. Subjects with an acute presentation 
should be placed in the recumbent position with the lower ex-
tremities elevated. Epinephrine is the drug of choice for any 
systemic allergic reaction including Hymenoptera-induced 
anaphylaxis. In children, 0.01 mg/kg up to 0.3 mg, intramuscu-
larly, is recommended to be given in the anterior-lateral thigh, 
while 0.3-0.5 mg should be initially given in the same manner 
to adults. These doses of epinephrine should be repeated, as 
necessary, based on the clinical scenario. H1 and H2 antihista-
mines, glucocorticosteroids, oxygen, bronchodilators, and in-
travenous volume expanders as well as vasopressors are utilized 
to treat anaphylaxis when it does not respond to epinephrine, is 
protracted, or biphasic.

Once the reaction is resolved, it is imperative that individuals 
presenting with systemic allergic reactions be prescribed epi-
nephrine for self-administration and given appropriate instruc-
tions for its use.36 Likewise, they should be taught how to avoid 
being stung and given the option of having a MedicAlert brace-
let (http://www.medicalert.org/).

Venom immunotherapy (VIT) should be prescribed for sub-
jects with a history of a systemic allergic reaction following a 
Hymenoptera sting who have evidence of venom-specific IgE 
antibodies (Table 2). The goals of VIT are to alleviate patient 
anxiety about potential future stings as well as to prevent future 
systemic allergic reactions and even death. Once a maintenance 
dose is achieved, systemic allergic reactions are successfully 
prevented upon re-sting in 75%-95% of subjects, depending on 
the incriminating insect, compared to a 40% to 60% risk of a fu-
ture systemic reaction in untreated subjects.37,38 When systemic 
allergic reactions do occur in a patient following VIT, with ex-
ception, they are usually mild and not life threatening.39 Effica-
cy of such therapy is long-lasting with 80% or more of the sub-
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jects who complete at least three years of VIT being protected 
for up to seven years after VIT is stopped.40-44 Because VIT is po-
tentially life threatening, patients should receive their injections 
under the care of a physician trained to prescribe and adminis-
ter such therapy and trained to recognize and treat systemic al-
lergic reactions from VIT, when they occur. Such reactions are 
uncommon and no deaths have been reported associated with 
VIT.39

There is less information available about IFA and other ant-in-
duced systemic reactions. WBE rather than extracted venoms 
are used for IFA immunotherapy and contain venom proteins.45 
IFA WBE therapy has not been studied in a double-blind con-
trolled fashion; however, it does appear to be effective at pre-
venting future systemic reactions.46 In a study of subjects who 
completed IFA immunotherapy, two of fifteen subjects had al-
lergic reactions upon re-sting 18 months after cessation of VIT 
and these reactions were mild and cutaneous only. At 54 months 
post therapy, zero of nine subjects had systemic reactions fol-
lowing re-sting.47 Immunotherapy for other ant species may 
also be available. In Australia, extracted venom rather than 
WBE is used to treat systemic reactions to jack jumper ants 
(Myrmecia pilosula) as demonstrated in a double-blind, place-
bo controlled crossover trial.29 Although extracted VIT for jack 
jumper ant is effective, commercial extracts are not available. 
Extracts for VIT for ant species in other parts of the world, in-
cluding Southeast Asia, remains under investigation and are 
also not commercially available.

CONSIDERATIONS IN SPECIFIC POPULATIONS

Children
VIT for children who have had a systemic allergic reaction fol-

lowing a Hymenoptera sting is safe and appears to be more ef-
fective in inducing long-term tolerance than in adults.48 It is not 
indicated in children less than 16 years of age who present with 
a systemic allergic reaction involving only cutaneous manifes-
tations, such as generalized urticaria, erythema or flushing, 
and/or pruritus.49 In such children, 10% will have a systemic al-
lergic reaction upon re-sting and most of these reactions will be 
mild and limited to the skin.50,51 In general, VIT is also not rec-
ommended for children with large local reactions. An exception 
may include children living in areas of endemic IFA exposure.

In contrast to other Hymenoptera insects, there appears to be 
an increased risk of systemic allergic reactions with future IFA 
stings in children who present with cutaneous manifestations 
only following their initial sting.52 Therefore, many experts place 
children with such reactions on VIT, while some do not.

Pregnancy
The decision as to whether or not VIT should be started in a 

pregnant subject depends on the risk/benefit of such therapy 
versus the likelihood that they will be stung and have a system-
ic allergic reaction during pregnancy. A systemic allergic reac-
tion following a Hymenoptera sting in a pregnant subject car-
ries significant risk to the fetus including fetal loss, possible 
congenital abnormalities, as well as an increased risk of mater-
nal morbidity and even mortality. VIT is safe to continue in 
subjects who have already reached a maintenance dose. In a 
study of 43 pregnant subjects receiving VIT, only two had sys-
temic allergic reactions, both of which were mild and did not 
require treatment.53 There were no adverse effects on the moth-
er or the fetus. Some experts recommend decreasing the VIT 
dose by 50% and reducing by half the interval between injec-
tions during pregnancy to decrease the risk of VIT-associated 
reactions.

Large local reactions
VIT is not routinely recommended to treat large local reac-

tions, however, in a study of 29 subjects with a history of such 
reactions, VIT significantly reduced their size and duration. This 
benefit seemed to improve with two to four years of continued 
treatment.54 VIT for large local reactions is also effective at im-
proving the quality-of-life of subjects who are at risk of occupa-
tional or recreational exposure.55

Mast cell disorders
Almost 8% of subjects presenting with Hymenoptera allergy 

have mast cell disorders.56 These subjects appear to be at risk 
for severe reactions following a sting, especially if the total se-
rum tryptase is elevated above 11.4 µg/L. Although there is con-

Table 2. Patient selection for venom immunotherapy

Venom immunotherapy recommended

•  Adults with systemic allergic reactions AND evidence of venom-specif-
ic IgE antibodies

•  Children with systemic allergic reactions, involving more than cutane-
ous manifestations, AND evidence of venom-specific IgE antibodies

•  Children with large local reactions to IFA who live in an endemic area 
of exposure and have major problems with large local reactions

•  Children with systemic cutaneous reaction following IFA sting
•  Adults with debilitating, large local reactions and a high risk of re-sting
•  History of systemic allergic reactions and diagnosis of a mast cell dis-

order such as systemic mastocytosis, mast cell activation syndrome, or 
monoclonal mast cell activation syndrome AND serum tryptase above 
11.4 µg/L

Venom immunotherapy NOT recommended

•  Subjects with small local reactions
•  Adults with large local reactions that are not at high risk of re-sting 

and a decrease in quality-of-life
•  Children with ONLY cutaneous systemic reactions to flying Hymenop-

tera insects
•  Subjects with no evidence of venom-specific IgE

IFA, imported fire ant.
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tinued debate about the mechanisms of these reactions in sub-
jects with mast cell disorders, VIT is the treatment of choice to 
successfully prevent future reactions.57-59 These subjects are also 
at higher risk for adverse reactions while receiving VIT, thus 
premedication with antihistamines and other medications may 
be indicated. Although many Hymenoptera allergic subjects 
can be successfully treated with 3 to 5 years of VIT, subjects with 
mast cell disorders may require life-long therapy.60

INITIATION OF VIT

Selection of venoms
There is no consensus about which venoms should be includ-

ed when VIT is prescribed. One approach is to include venoms 
from the causative insect only, although correct identification 
of such an insect may be problematic due to similar appearanc-
es among many Hymenoptera species.61,62 Another approach is 
to include all venoms to which the patient has positive skin or 
specific IgE tests.37,63 Several venoms are cross-reactive; for ex-
ample, honeybee and bumblebee mostly cross-react. Vespids 
are also highly cross-reactive, especially among Vespula, Doli-
chovespula, and Vespa species. Vespula and Polistes species are 
considered less cross-reactive and Vespidae and Apidae do not 
cross-react.

Treatment protocols
The maintenance dose is that which provides protection 

against future systemic allergic reactions and ranges from 50 to 
200 µg. Most experts recommend at least 100 µg, equivalent to 
two bee stings and a larger number of Vespula stings. If a patient 
has a systemic allergic reaction while on a 100 µg maintenance, 
the dose should be increased to 150 to 200 µg.64 These latter 
doses are not initially recommended due to an increased risk of 
VIT-associated adverse reactions; however, higher initial doses 
may be indicated for subjects who are at routine risk of stings, 
such as beekeepers.65

Dosing for flying Hymenoptera should begin at 0.1 to 0.5 µg 
and be increased weekly until maintenance is reached. Once a 
maintenance concentration of 100 µg is achieved, dosing inter-
vals can be gradually increased to every four weeks during the 
first year of therapy and subsequently to every 6 to 8 weeks and 
even every 12 weeks.66,67 For IFA, most experts agree that the 
maintenance dose should be 0.5 mL of a 1:100 w/v WBE, al-
though a 1:10 w/v dose is also recommended.68 Recommenda-
tions for dosing of immunotherapy with other ant species are 
currently lacking, although a maintenance dose of 100 µg has 
been successfully used to treat jack jumper ant (Myrmecia pilo-
sula) allergy.29

Although weekly dosing to reach maintenance is most com-
mon, alternatives exist. Traditional buildup requires 8 to 15 
doses/weeks to reach maintenance, while rush, cluster, or ul-
trarush regiments allow maintenance doses more quickly.

Rush immunotherapy protocols call for three to four injections 
per visit, in increasing concentrations, permitting maintenance 
to be reached in four to seven days. This form of buildup does 
not seem to be associated with an increased risk of systemic re-
actions.69-71 Ultrarush protocols are even quicker, allowing main-
tenance to be reached in one to two days, or even hours.72,73 
Such protocols are also considered safe, although there may be 
an increased risk of adverse reactions and premedication with 
antihistamines and/or corticosteroids may be required. Ultra-
rush protocols have been studied in children and are consid-
ered safe for use in this population.74 Cluster immunotherapy is 
a form of modified rush therapy in which multiple injections 
are given during the first visit, but subsequently, dosing more 
closely resembles the traditional build-up allowing maintenance 
to be reached in six weeks. Cluster VIT is not associated with an 
increased risk of systemic reactions.

For IFA allergy, experts recommend that dosing be given 
weekly or biweekly during the buildup phase, although Tanker-
sley et al.75 have shown that rush protocols are also successful.

Duration of therapy
VIT should be continued for a minimum of three to five years, 

although some subjects require life-long therapy.76 Although 
there are no consensus recommendations for discontinuing 
such therapy, most experts agree that it can be stopped in sub-
jects that meet the following criteria: decrease in venom-specif-
ic IgE to insignificant levels, conversion to negative skin testing, 
or completion of a finite period of treatment. Discontinuation 
of VIT can still be considered in subjects that continue to have 
positive skin tests after three to five years of treatment since 
80%-90% will not have a systemic reaction upon re-sting.40,43 In 
subjects who have a history of severe, life-threatening anaphy-
laxis following an Hymenoptera sting and continue to have 
positive skin tests after five years of such therapy, caution 
should be exercised before discontinuing VIT since these sub-
jects are at highest risk of future systemic reactions.77,78 Adult 
subjects, those treated for honeybee systemic reactions, sub-
jects with systemic reactions during VIT, and those with elevat-
ed baseline serum tryptase or a diagnosis of systemic mastocy-
tosis are at higher risk for systemic reactions following re-sting 
and should be considered for life-long therapy.79,80

There is no consensus for the duration of therapy for IFA aller-
gy. Most experts recommend three to five years of treatment 
and life-long therapy should be considered in IFA allergic sub-
jects if they meet similar criteria as those with flying Hymenop-
tera allergy.76

SUMMARY

Correctly diagnosing and instituting appropriate management 
of Hymenoptera allergic subjects is important to reduce mor-
bidity and mortality associated with future stings and to im-
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prove quality-of-life. A detailed medical history and correct 
identification of the offending insect coupled with skin and/or 
in vitro testing remains the best way to correctly identify Hyme-
noptera allergic subjects. Recombinant allergens, identification 
of venom-specific B- and T-cell epitopes, and manipulation of 
DNA plasmids may allow for more accurate diagnosis and 
treatment of Hymenoptera allergic patients in the future. Im-
munotherapy remains the best treatment option for subjects 
with a history of a systemic allergic reaction following Hyme-
noptera insect sting.

REFERENCES

1. Chafee FH. Insect sting allergy. J Allergy 1969;43:309.
2. Braun LIB. Notes on desensitization of a patient hypersensitive to 

bee stings. S Afr Med Rec 1925;23:408-9.
3. Guralnick MW, Benton AW. Entomological aspects of insect sting 

allergy. In: Levine MI, Lockey RF, editors. Monograph on insect al-
lergy. 4th ed. Milwaukee: AAAAI; 2003. 11-25.

4. Rhoades RB, Schafer WL, Newman M, Lockey R, Dozier RM, Wub-
bena PF, Townes AW, Schmid WH, Neder G, Brill T, Wittig HJ. Hy-
persensitivity to the imported fire ant in Florida. Report of 104 cas-
es. J Fla Med Assoc 1977;64:247-54.

5. Lockey RF. Systemic reactions to stinging ants. J Allergy Clin Im-
munol 1974;54:132-46.

6. Antonicelli L, Bilò MB, Bonifazi F. Epidemiology of Hymenoptera 
allergy. Curr Opin Allergy Clin Immunol 2002;2:341-6.

7. Kemp SF, deShazo RD, Moffitt JE, Williams DF, Buhner WA 2nd. 
Expanding habitat of the imported fire ant (Solenopsis invicta): a 
public health concern. J Allergy Clin Immunol 2000;105:683-91.

8. Lockey RF, Turkeltaub PC, Baird-Warren IA, Olive CA, Olive ES, 
Peppe BC, Bukantz SC. The Hymenoptera venom study I, 1979-
1982: demographics and history-sting data. J Allergy Clin Immunol 
1988;82:370-81.

9. Golden DB, Marsh DG, Kagey-Sobotka A, Freidhoff L, Szklo M, 
Valentine MD, Lichtenstein LM. Epidemiology of insect venom 
sensitivity. JAMA 1989;262:240-4.

10. Incorvaia C, Mauro M, Pastorello EA. Hymenoptera stings in con-
scripts. Allergy 1997;52:680-1.

11. Golden DB. Insect sting anaphylaxis. Immunol Allergy Clin North 
Am 2007;27:261-72.

12. Fernandez J, Blanca M, Soriano V, Sanchez J, Juarez C. Epidemio-
logical study of the prevalence of allergic reactions to Hymenop-
tera in a rural population in the Mediterranean area. Clin Exp Al-
lergy 1999;29:1069-74.

13. Biló BM, Rueff F, Mosbech H, Bonifazi F, Oude-Elberink JN; The 
EAACI Interest Group on Insect Venom Hypersensitivity. Diagno-
sis of Hymenoptera venom allergy. Allergy 2005;60:1339-49.

14. Bilò BM, Bonifazi F. Epidemiology of insect-venom anaphylaxis. 
Curr Opin Allergy Clin Immunol 2008;8:330-7.

15. Clark S, Camargo CA Jr. Emergency treatment and prevention of 
insect-sting anaphylaxis. Curr Opin Allergy Clin Immunol 2006; 
6:279-83.

16. Pumphrey RS. Fatal anaphylaxis in the UK, 1992-2001. Novartis 
Found Symp 2004;257:116-28.

17. Low I, Stables S. Anaphylactic deaths in Auckland, New Zealand: a 
review of coronial autopsies from 1985 to 2005. Pathology 2006;38: 

328-32.
18. Simon MR, Mulla ZD. A population-based epidemiologic analysis 

of deaths from anaphylaxis in Florida. Allergy 2008;63:1077-83.
19. Liew WK, Williamson E, Tang ML. Anaphylaxis fatalities and ad-

missions in Australia. J Allergy Clin Immunol 2009;123:434-42.
20. Fricker M, Helbling A, Schwartz L, Müller U. Hymenoptera sting 

anaphylaxis and urticaria pigmentosa: clinical findings and results 
of venom immunotherapy in ten patients. J Allergy Clin Immunol 
1997;100:11-5.

21. Kosnik M. Anaphylaxis to venom without IgE antibody. Allergy 
2000;55:676-7.

22. Ludolph-Hauser D, Ruëff F, Fries C, Schöpf P, Przybilla B. Constitu-
tively raised serum concentrations of mast-cell tryptase and severe 
anaphylactic reactions to Hymenoptera stings. Lancet 2001;357: 
361-2.

23. Goldberg A, Confino-Cohen R. Timing of venom skin tests and IgE 
determinations after insect sting anaphylaxis. J Allergy Clin Immu-
nol 1997;100:182-4.

24. Müller UR. Insect sting allergy: clinical picture, diagnosis, and 
treatment. Stuttgart: Gustav Fischer Verlag; 1990.

25. Georgitis JW, Reisman RE. Venom skin tests in insect-allergic and 
insect-nonallergic populations. J Allergy Clin Immunol 1985;76: 
803-7.

26. Lockey RF, Turkeltaub PC, Olive CA, Baird-Warren IA, Olive ES, 
Bukantz SC. The Hymenoptera venom study. II: Skin test results 
and safety of venom skin testing. J Allergy Clin Immunol 1989;84: 
967-74.

27. Tracy JM, Demain JG, Quinn JM, Hoffman DR, Goetz DW, Freeman 
TM. The natural history of exposure to the imported fire ant (Sole-
nopsis invicta). J Allergy Clin Immunol 1995;95:824-8.

28. Hoffman DR, Dove DE, Moffitt JE, Stafford CT. Allergens in Hyme-
noptera venom. XXI. Cross-reactivity and multiple reactivity be-
tween fire ant venom and bee and wasp venoms. J Allergy Clin Im-
munol 1988;82:828-34.

29. Brown SG, Wiese MD, Blackman KE, Heddle RJ. Ant venom immu-
notherapy: a double-blind, placebo-controlled, crossover trial. 
Lancet 2003;361:1001-6.

30. Golden DB, Kagey-Sobotka A, Norman PS, Hamilton RG, Lichten-
stein LM. Insect sting allergy with negative venom skin test re-
sponses. J Allergy Clin Immunol 2001;107:897-901.

31. Kontou-Fili K. Patients with negative skin tests. Curr Opin Allergy 
Clin Immunol 2002;2:353-7.

32. Mittag D, Akkerdaas J, Ballmer-Weber BK, Vogel L, Wensing M, 
Becker WM, Koppelman SJ, Knulst AC, Helbling A, Hefle SL, Van 
Ree R, Vieths S. Ara h 8, a Bet v 1-homologous allergen from pea-
nut, is a major allergen in patients with combined birch pollen and 
peanut allergy. J Allergy Clin Immunol 2004;114:1410-7.

33. Shin YS, Liu JN, Hur GY, Hwang EK, Nam YH, Jin HJ, Lee SM, Ye 
YM, Nahm DH, Park HS. Clinical features and the diagnostic value 
of component allergen-specific IgE in Hymenoptera venom aller-
gy. Allergy Asthma Immunol Res 2012;4:284-9.

34. de Graaf DC, Aerts M, Danneels E, Devreese B. Bee, wasp and ant 
venomics pave the way for a component-resolved diagnosis of 
sting allergy. J Proteomics 2009;72:145-54.

35. Parrino J, Kandawalla NM, Lockey RF. Treatment of local skin re-
sponse to imported fire ant sting. South Med J 1981;74:1361-4.

36. Westermann-Clark E, Fitzhugh DJ, Lockey RF. Increasing cost of 
epinephrine autoinjectors. J Allergy Clin Immunol 2012;130:822-3.

37. Hunt KJ, Valentine MD, Sobotka AK, Benton AW, Amodio FJ, Lich-



Pesek et al.

Allergy Asthma Immunol Res. 2013 May;5(3):129-137. http://dx.doi.org/10.4168/aair.2013.5.3.129

Volume 5, Number 3, May 2013

136 http://e-aair.org

tenstein LM. A controlled trial of immunotherapy in insect hyper-
sensitivity. N Engl J Med 1978;299:157-61.

38. Müller U, Thurnheer U, Patrizzi R, Spiess J, Hoigné R. Immunother-
apy in bee sting hypersensitivity. Bee venom versus wholebody ex-
tract. Allergy 1979;34:369-78.

39. Lockey RF, Turkeltaub PC, Olive ES, Hubbard JM, Baird-Warren IA, 
Bukantz SC. The Hymenoptera venom study. III: Safety of venom 
immunotherapy. J Allergy Clin Immunol 1990;86:775-80.

40. Lerch E, Müller UR. Long-term protection after stopping venom 
immunotherapy: results of re-stings in 200 patients. J Allergy Clin 
Immunol 1998;101:606-12.

41. Golden DB, Addison BI, Gadde J, Kagey-Sobotka A, Valentine MD, 
Lichtenstein LM. Prospective observations on stopping prolonged 
venom immunotherapy. J Allergy Clin Immunol 1989;84:162-7.

42. Keating MU, Kagey-Sobotka A, Hamilton RG, Yunginger JW. Clini-
cal and immunologic follow-up of patients who stop venom im-
munotherapy. J Allergy Clin Immunol 1991;88:339-48.

43. Golden DB, Kwiterovich KA, Kagey-Sobotka A, Valentine MD, Li-
chtenstein LM. Discontinuing venom immunotherapy: outcome 
after five years. J Allergy Clin Immunol 1996;97:579-87.

44. Golden DB, Kwiterovich KA, Kagey-Sobotka A, Lichtenstein LM. 
Discontinuing venom immunotherapy: extended observations. J 
Allergy Clin Immunol 1998;101:298-305.

45. Nordvall SL, Johansson SG, Ledford DK, Lockey RF. Allergens of 
the imported fire ant. J Allergy Clin Immunol 1988;82:567-76.

46. Freeman TM, Hylander R, Ortiz A, Martin ME. Imported fire ant 
immunotherapy: effectiveness of whole body extracts. J Allergy 
Clin Immunol 1992;90:210-5.

47. Quinn JM, Tajiri KS, Motta P, Freeman TM. Long-term efficacy af-
ter discontinuation of imported fire ant (Solenopsis invicta) immu-
notherapy. J Allergy Clin Immunol 1994;93:S223.

48. Golden DB, Kagey-Sobotka A, Norman PS, Hamilton RG, Lichten-
stein LM. Outcomes of allergy to insect stings in children, with and 
without venom immunotherapy. N Engl J Med 2004;351:668-74.

49. Golden DB. Insect allergy in children. Curr Opin Allergy Clin Im-
munol 2006;6:289-93.

50. Valentine MD, Schuberth KC, Kagey-Sobotka A, Graft DF, Kwiter-
ovich KA, Szklo M, Lichtenstein LM. The value of immunotherapy 
with venom in children with allergy to insect stings. N Engl J Med 
1990;323:1601-3.

51. Schuberth KC, Kwiterovich KA, Kagey-Sobotka A, Lichtenstein 
LM, Valentine MD. Starting and stopping venom immunotherapy 
(VIT) in children with insect allergy. J Allergy Clin Immunol 1988; 
81:200.

52. Freeman TM. Clinical practice. Hypersensitivity to Hymenoptera 
stings. N Engl J Med 2004;351:1978-84.

53. Schwartz HJ, Golden DB, Lockey RF. Venom immunotherapy in 
the Hymenoptera-allergic pregnant patient. J Allergy Clin Immu-
nol 1990;85:709-12.

54. Golden DB, Kelly D, Hamilton RG, Craig TJ. Venom immunothera-
py reduces large local reactions to insect stings. J Allergy Clin Im-
munol 2009;123:1371-5.

55. Oude Elberink JN, van der Heide S, Guyatt GH, Dubois AE. Immu-
notherapy improves health-related quality of life of adult patients 
with dermal reactions following yellow jacket stings. Clin Exp Al-
lergy 2009;39:883-9.

56. Bonadonna P, Perbellini O, Passalacqua G, Caruso B, Colarossi S, 
Dal Fior D, Castellani L, Bonetto C, Frattini F, Dama A, Martinelli G, 
Chilosi M, Senna G, Pizzolo G, Zanotti R. Clonal mast cell disorders 

in patients with systemic reactions to Hymenoptera stings and in-
creased serum tryptase levels. J Allergy Clin Immunol 2009;123: 
680-6.

57. González de Olano D, Alvarez-Twose I, Esteban-López MI, Sán-
chez-Muñoz L, de Durana MD, Vega A, García-Montero A, 
González-Mancebo E, Belver T, Herrero-Gil MD, Fernández-Rivas 
M, Orfao A, de la Hoz B, Castells MC, Escribano L. Safety and effec-
tiveness of immunotherapy in patients with indolent systemic 
mastocytosis presenting with Hymenoptera venom anaphylaxis. J 
Allergy Clin Immunol 2008;121:519-26.

58. Niedoszytko M, de Monchy J, van Doormaal JJ, Jassem E, Oude El-
berink JN. Mastocytosis and insect venom allergy: diagnosis, safety 
and efficacy of venom immunotherapy. Allergy 2009;64:1237-45.

59. Bonadonna P, Zanotti R, Caruso B, Castellani L, Perbellini O, Co-
larossi S, Chilosi M, Dama A, Schiappoli M, Pizzolo G, Senna G, 
Passalacqua G. Allergen specific immunotherapy is safe and effec-
tive in patients with systemic mastocytosis and Hymenoptera al-
lergy. J Allergy Clin Immunol 2008;121:256-7.

60. Oude Elberink JN, de Monchy JG, Kors JW, van Doormaal JJ, Du-
bois AE. Fatal anaphylaxis after a yellow jacket sting, despite ven-
om immunotherapy, in two patients with mastocytosis. J Allergy 
Clin Immunol 1997;99:153-4.

61. Reisman RE, Müller UR, Wypych JI, Lazell MI. Studies of coexisting 
honeybee and vespid-venom sensitivity. J Allergy Clin Immunol 
1984;73:246-52.

62. Reisman RE, Livingston A. Venom immunotherapy: 10 years of ex-
perience with administration of single venoms and 50 micrograms 
maintenance doses. J Allergy Clin Immunol 1992;89:1189-95.

63. Valentine MD. Insect venom allergy: diagnosis and treatment. J Al-
lergy Clin Immunol 1984;73:299-304.

64. Ruëff F, Wenderoth A, Przybilla B. Patients still reacting to a sting 
challenge while receiving conventional Hymenoptera venom im-
munotherapy are protected by increased venom doses. J Allergy 
Clin Immunol 2001;108:1027-32.

65. Bousquet J, Ménardo JL, Velasquez G, Michel FB. Systemic reac-
tions during maintenance immunotherapy with honey bee ven-
om. Ann Allergy 1988;61:63-8.

66. Golden DB, Kagey-Sobotka A, Valentine MD, Lichtenstein LM. 
Prolonged maintenance interval in Hymenoptera venom immu-
notherapy. J Allergy Clin Immunol 1981;67:482-4.

67. Goldberg A, Confino-Cohen R. Maintenance venom immunother-
apy administered at 3-month intervals is both safe and efficacious. 
J Allergy Clin Immunol 2001;107:902-6.

68. Moffitt JE, Golden DB, Reisman RE, Lee R, Nicklas R, Freeman T, 
deshazo R, Tracy J, Bernstein IL, Blessing-Moore J, Khan DA, Lang 
DM, Portnoy JM, Schuller DE, Spector SL, Tilles SA. Stinging insect 
hypersensitivity: a practice parameter update. J Allergy Clin Immu-
nol 2004;114:869-86.

69. Bernstein JA, Kagen SL, Bernstein DI, Bernstein IL. Rapid venom 
immunotherapy is safe for routine use in the treatment of patients 
with Hymenoptera anaphylaxis. Ann Allergy 1994;73:423-8.

70. Birnbaum J, Charpin D, Vervloet D. Rapid Hymenoptera venom 
immunotherapy: comparative safety of three protocols. Clin Exp 
Allergy 1993;23:226-30.

71. Golden DB, Valentine MD, Kagey-Sobotka A, Lichtenstein LM. 
Regimens of Hymenoptera venom immunotherapy. Ann Intern 
Med 1980;92:620-4.

72. Schiavino D, Nucera E, Pollastrini E, De Pasquale T, Buonomo A, 
Bartolozzi F, Lombardo C, Roncallo C, Patriarca G. Specific ultra-



Management of Insect Sting Hypersensitivity

Allergy Asthma Immunol Res. 2013 May;5(3):129-137. http://dx.doi.org/10.4168/aair.2013.5.3.129

AAIR 

137http://e-aair.org

rush desensitization in Hymenoptera venom-allergic patients. Ann 
Allergy Asthma Immunol 2004;92:409-13.

73. Roll A, Hofbauer G, Ballmer-Weber BK, Schmid-Grendelmeier P. 
Safety of specific immunotherapy using a four-hour ultra-rush in-
duction scheme in bee and wasp allergy. J Investig Allergol Clin 
Immunol 2006;16:79-85.

74. Steiss JO, Jödicke B, Lindemann H. A modified ultrarush insect 
venom immunotherapy protocol for children. Allergy Asthma Proc 
2006;27:148-50.

75. Tankersley MS, Walker RL, Butler WK, Hagan LL, Napoli DC, Free-
man TM. Safety and efficacy of an imported fire ant rush immuno-
therapy protocol with and without prophylactic treatment. J Aller-
gy Clin Immunol 2002;109:556-62.

76. Golden DB, Moffitt J, Nicklas RA, Freeman T, Graft DF, Reisman 
RE, Tracy JM, Bernstein D, Blessing-Moore J, Cox L, Khan DA, 
Lang DM, Oppenheimer J, Portnoy JM, Randolph C, Schuller DE, 

Spector SL, Tilles SA, Wallace D; Joint Task Force on Practice Pa-
rameters; American Academy of Allergy, Asthma & Immunology 
(AAAAI); American College of Allergy, Asthma & Immunology 
(ACAAI); Joint Council of Allergy, Asthma and Immunology. Sting-
ing insect hypersensitivity: a practice parameter update 2011. J Al-
lergy Clin Immunol 2011;127:852-4.

77. Light WC. Insect sting fatality 9 years after venom treatment (venom 
allergy, fatality). J Allergy Clin Immunol 2001;107:925.

78. Reisman RE. Duration of venom immunotherapy: relationship to 
the severity of symptoms of initial insect sting anaphylaxis. J Aller-
gy Clin Immunol 1993;92:831-6.

79. Golden DB. Discontinuing venom immunotherapy. Curr Opin Al-
lergy Clin Immunol 2001;1:353-6.

80. Golden DB, Kagey-Sobotka A, Lichtenstein LM. Survey of patients 
after discontinuing venom immunotherapy. J Allergy Clin Immu-
nol 2000;105:385-90.


