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Objective: To provide a focused understanding of the uniqueness and special considerations of honeybee allergy.
Data Sources: A PubMed search using the keywords honeybee, allergy, and hypersensitivity yielded the initial relevant

articles. Additional significant sources cited in the reference lists of the initial articles were also used.
Study Selection: More than 130 articles were reviewed, and the most relevant references were selected for inclusion in this

article.
Results: The honeybee differs from other flying Hymenoptera from both an entomologic and allergic standpoint. The

entomology literature is not often consulted by the allergist when addressing avoidance of honeybees. Beekeepers are a particular
population at risk for honeybee exposure and allergy. Venom composition, sting mechanism, diagnostic evaluation, and
immunotherapy efficacy and safety all have unique considerations specific to the honeybee.

Conclusions: Honeybee is a significant cause of venom hypersensitivity. By understanding unique behaviors of
honeybees, proper avoidance measures may be addressed with patients. Honeybee venom is complex, and the delivery
mechanism provides for a large but often variable amount of injected venom. Diagnosis of honeybee allergy by imperfect
skin and serologic testing further complicated by cross-reactivity is often difficult. Generally, honeybee immunotherapy
is less safe and less effective than for other flying Hymenoptera. Efforts to improve testing and immunotherapy are under
way.
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INTRODUCTION
Apis mellifera, commonly known as the honeybee, has played a
major agricultural role throughout history. Not native to the
United States, they are thought to have been brought from
Europe during colonization in the 1600s. In 1925, honeybees
were responsible for the first observations, testing, and immu-
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omodulatory vaccination of Hymenoptera allergy.1 Since then,
trides have been made in understanding this particular Hyme-
optera with elucidation of various properties of insect behavior,
enom specifics, and methods for diagnosis and immunotherapy
hat make it unique among its order.

This review aims to provide a focused understanding of the
niqueness and special considerations of honeybee allergy. A
ubMed search using the keywords honeybee, allergy, and
ypersensitivity yielded the initial relevant articles. Addi-
ional significant sources cited in the reference lists of the
nitial articles were also used. More than 130 articles were
eviewed, and the most relevant references were selected for
nclusion in this article. Practical summary points for each

ection of this review are provided in Table 1.
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Table 1. Practical Take-Home Points by Section

Entomology
• Most honeybee stings occur in the warmer months from agitating a single bee engaged in foraging.
• Some volatile substances in common foods, polishes, and cosmetic products may mimic alarm pheromones, thus

eliciting defensive behavior.
• Abrupt movement and dark clothes heighten defensive awareness in bees.
• Africanized honeybees, as opposed to the more common European honeybees, are usually responsible for mass

envenomations.
Epidemiology
• Risk of a honeybee sting at some point in one’s life may be as high as 25% to 30%.
• Fatalities and systemic reactions may be more often associated with honeybee stings than with stings from other flying

Hymenoptera.
• Children tend to have lower systemic reaction rates than adults.
• Interestingly, sensitivity to honeybee venom may be lower than other flying Hymenoptera in adults but appears to be

higher in children.
Beekeepers
• Beekeepers are at higher risk for sting-elicited systemic reactions due to increased number of stinging events; however,

more than 200 stings per year correlates with protection from systemic reactions.
• Beekeepers are not seen by the allergist often and, possibly as a result, seem to be less informed about sting risk and

epinephrine use, thus representing a high-risk population.
Venom Allergens and Composition
• Api m 1 (phospholipase A

2
) is the most potent allergen in honeybee venom and appears to complement the anaphylactic

process by increasing leukotriene production.
• Api m 2 (hyaluronidase) is the second most potent honeybee venom allergen and shares substantial sequence identity

with hyaluronidase of other flying Hymenoptera.
• Api m 4 (melittin) is not a potent allergen but is mainly responsible for pain and hemolysis.
• Many other enzymes and toxins make up much of the honeybee venom and are also responsible for toxicity reactions,

especially in mass envenomations.
Sting Mechanism and Venom Delivery
• Honeybee sting apparatus has multibarbed lancets that lead to autotomy or separation from the abdomen.
• The amount of venom in the sac ranges from 59 to 141 �g/mL on average with wide intracolony and intercolony

variation.
• After a stinging event, quickly removing the stinger may minimize a reaction because most venom is delivered within the

first 5 to 10 seconds; however, if the stinger is left in the skin for more than 30 seconds, all of the venom can be
assumed to be injected.

Diagnostic Tools
• Honeybee extract for skin testing and immunotherapy is standardized to Api m 1 (phospholipase A2).
• Because of its high sensitivity (94%-100%), intradermal skin testing (to a concentration of 1 �g/mL of honeybee extract)

is the standard diagnostic tool in combination with a history that suggests a systemic reaction to a sting.
• Serologic CAP honeybee specific IgE is useful for diagnostic purposes, with sensitivities higher than 90%.
• Cross-reacting carbohydrate determinants, hyaluronidase, and other components may account for significant false

double-positivity among flying Hymenoptera, often clouding the diagnostic picture.
• Other testing modalities are less established and controversial.
Immunotherapy
• Honeybee immunotherapy provides approximately 75% to 85% protection from future stings, which is lower than the

approximately 85% to 93% protection seen with yellow jacket immunotherapy.
• Risk for systemic reaction to an injection with extract during the full course of honeybee immunotherapy ranges from

24% to 41% vs 5% to 25% for other flying Hymenoptera.
• A maintenance dose of 50 �g may be as efficacious as the standard 100-�g dose; however, prospective studies are

needed for confirmation.
• Some patients may require doses up to 400 �g to prevent systemic reactions to field stings.
• As with other flying Hymenoptera, spacing the maintenance dose intervals to 3 months appears to be safe and effective.
On the Horizon
• Component-resolved diagnostics may help clarify difficult double-positive patients in the future to better tailor

immunotherapy.
• Removal of cross-reacting carbohydrate determinants from recombinant Api m 2 for diagnosis may also clarify the
double-positive patients.
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ENTOMOLOGY
Honeybees thrive in colonies that number in the tens of thou-
sands, with one queen in each colony that produces eggs. The
queen may live up to 2 years; however, workers have an ap-
proximately 6-week lifespan. Honeybees are divided into hive
workers, nurses, guards, soldiers, and foragers. The larger (up to
9-fold) and older bees are usually the guards, soldiers, and
foragers and are typically responsible for encounters with hu-
mans.2 Honeybees communicate and organize the workforce via
chemical (ie, pheromones), tactile, vibratory, visual, and/or au-
ditory signals. Foragers can stray far from the hive for pollen or
nectar, often up to several miles. It is this activity in which the
bee is most often engaged when encountered by a human and a
sting occurs. Interestingly, foraging (as with other bee tasks) is
usually accomplished as a stereotypic and circadian activity,
meaning the foraging honeybee will often appear at the same
group of flowers at about the same time of day. Generally,
foraging occurs in the spring and summer, when there are
flowers in bloom and when temperatures are higher than 60°F.
Honeybee activity, therefore, is typically minimal in the winter
months.2

Understanding the entomology of honeybee foraging and
defensive behavior is important for allergists when attempting to
realistically address sting avoidance.3 Unfortunately, the ento-
mologic literature is not frequently consulted by allergists when
addressing avoidance.4 Allergists often advise patients to not
“look or smell like a flower” in their counseling in an effort to
prevent honeybee attraction, despite lack of evidence supporting
this recommendation. A honeybee forager’s flower recognition
comes with learning to associate and integrate a series of com-
plex cues that involve color, shape, scent, and location and
usually includes a food reward.4,5 Flower recognition also in-
volves light in the UV spectrum not perceived from or produced
by everyday human activity or clothing.4 Although no study to
date has quantitatively evaluated common human use of various
foods, polishes, varnishes, and cosmetic products as a risk for
honeybee sting, some evidence exists supporting a link between
certain volatile substances found in these products and venom
alarm pheromones (ie, pheromones causing defensive behavior,
such as isopentyl acetate and other volatile hydrocarbons re-
leased from the glands from both the honeybee and the sting
apparatus after separation).6,7

Honeybee stings occur from individual foraging workers or
whole colonies.4 In most cases, a single honeybee is encoun-
tered unintentionally by direct interaction, such as stepping
on the bee, disturbing an open beverage container, or agitat-
ing the bee during yard or garden work. Such proximal
disturbance clearly elicits a defensive response, which in-
creases the risk for sting, although compared with other
flying Hymenoptera, honeybees are relatively docile. Evi-
dence shows that meteorologic factors, such as elevated air
temperature, warm, dry seasons, and time of day (ie, early
morning and late evening), may also increase the risk for
sting.8 Furthermore, abrupt, proximal movement (usually

within a few feet), dark objects (ie, a human with dark clothes l

VOLUME xx, MONTH, 2011
r a bear), and mammalian breathing (to include humans)
eighten defensive awareness and increase the risk for
ting.4,6 Typically, these less well-known agitators are what
tirs a colony, which is alerted via alarm pheromones from
he guards and soldiers. After a sting, the stinger usually
emains in the person because of multiple small barbs, and
ncidentally, the honeybee continues to pursue and harass the
ntruder by flying around the face until the bee dies or the
ttack is over. After losing the stinger, the honeybee will
ypically die within hours or days but not immediately.6

The honeybee response to an attack depends on the severity of
he threat, the size of the colony, and the type of honeybee.
uropean honeybees (EHBs; ie, Apis mellifera mellifera or Apis
ellifera ligustica) and more recently Africanized honeybees

AHBs; ie, a hybrid of EHB and the African honeybee, Apis
ellifera scutellata) are common species found in the United
tates. Often EHBs require the threat to be within a few meters
f the colony before eliciting a response compared with being
ithin 100 m or more for AHBs. Typically, individuals sustain

ens to hundreds of stings for EHBs vs hundreds to thousands for
HBs, and once the individual has retreated 50 m from the

olony, the EHBs cease pursuit, whereas the AHBs may con-
inue chasing for up to several kilometers.4-6 The EHBs and
HBs are equally important for pollination and differ most
otably in aggression.9

PIDEMIOLOGY
pidemiologic data specifically addressing honeybee stings are

are. Although prevalence of stings from all flying Hymenoptera
ees ranges from 56.6% to 85.5% in an adult life,10-12 with one
ecent study showing the prevalence in children to be 37.5%
hrough 13 years of age,13 no study addresses honeybee alone.
hese adult studies, mainly in Europe, however, report that
pproximately one-third of the stings were due to honeybee
suggesting up to 25%-30% prevalence) compared with other
espids. The annual incidence of all stings was found to be
2.6% in one recent study from Turkey, with honeybees ac-
ounting for 38.8% of the last reported sting.10 No study exists
olely looking at the annual incidence of honeybee stings. How-
ver, research showing the decrease in honeybee stings may be
f interest in light of colony collapse, a mysterious phenomenon
f near or complete disappearance of entire honeybee colonies.14

atalities from stings due solely to honeybee have not been
tudied. One recent report, however, from Costa Rica recorded
2 deaths during a 22-year period or 0.74 deaths per year per 1
illion inhabitants due “mainly to bee stings,”15 which is sig-

ificantly greater than 0.14 deaths per year per 1 million reported
reviously in the United States for all stings by flying Hyme-
optera.16 Interestingly, this same US study showed that approx-
mately half of fatalities resulted from honeybee stings. The
ifetime prevalence of a systemic reaction (SR) to Hymenoptera
anges from 0.9% to 3.3% in adults, with one study noting that
5.5% of their 1.54% SR rate was due to honeybee.11,17,18 In only
studies, children appear to have a lower SR prevalence of 0.2%

o 1.3%, with no study delineating honeybee.13,19 Prevalence of

arge local reactions in both adults and children vary widely
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(3.1%-26.4%),18-21 but no data exist separating honeybees from
other Hymenoptera.

Honeybee sensitivity as measured by the presence of serum
specific IgE or by positive skin test result has been observed in
several studies. Overall prevalence of sensitivity to flying Hy-
menoptera in all adults as measured by either one or both testing
methods showed rates of 9.3% to 26.5%.18,20-22 Honeybee spe-
cific IgE was found in 3.7% to 10% of all adults;18,21,22 whereas
a sample from Australia showed 16% honeybee sensitivity in an
adult population of 3429 patients.20 One study addressed chil-
dren and showed that overall 3.66% of children tested positive to
any flying Hymenoptera by skin testing, of which 81% of the
positive test results were due to honeybee.19 This finding sug-
gests that compared with adults children are substantially more
often sensitized by honeybee, which is possibly explained by
activity differences between the age groups.

BEEKEEPERS
Beekeepers represent a unique population of those affected by
honeybee allergy. Because of their frequent exposure and higher
sting rate, they are thought to be at higher risk for honeybee
allergy. Epidemiologic data suggest this may be true when
compared with the general population because beekeepers show
higher SR rates of 4.4% to 38% and local reaction rates of 12%
to 76%.23-25 On average, a beekeeper has a reported 57 stings per
year.25 Of note, protection correlates with receiving more than
200 stings per year; however, 50 stings per year may also
provide benefit. Beekeepers receiving fewer than 25 stings per
year had a high SR rate of 45%.23 When compared with the
general population, beekeepers were found to have lower levels
of venom specific IgE, lower skin sensitivity, and higher levels
of venom specific IgG but no difference in the severity of
SRs.23,26,27 Müller28 analyzed much of the literature and con-
cluded that elevated risk for a SR was found in beekeepers with
initial stings within the first years of beekeeping (particularly in
the spring), fewer than 10 annual bee stings, history of atopic
disease, and symptoms of upper respiratory tract infection dur-
ing work with beehives. Interestingly, a recent survey of British
beekeepers suggests that female sex, positive family history for
honeybee allergy, more than 2 years of beekeeping before the
first SR, and use of antihistamine premedication before hive

Table 2. Defined Honeybee Venom Allergensa

Allergen name Biochemical name Size,

Api m 1 Phospholipase A2 1
Api m 2 Hyaluronidase 3
Api m 3 Acid phosphatase 4
Api m 4 Melittin
Api m 5 Dipeptidylpeptidase IV 10
Api m 6 Cysteine-rich trypsin inhibitor
Api m 7 CUB serine protease 3
Api m 8 Carboxylesterase 7
Api m 9 Serine carboxylesterase 6
Api m 10 Icarapin 50-5
a Data are from www.allergen.org. Question mark indicates unknown.

4

ttendance predisposed individuals to SRs.24 In this study, of
hose individuals who reported being stung and having a reac-
ion, only 16.6% were seen by an allergy specialist and 18%
arried an epinephrine autoinjector. Although much of these data
uggest that beekeepers who have been in the profession for
any years and who are frequently stung might have some

rotection from serious reaction, it seems more evident that
eekeepers might be a less informed, underserved, high-risk
opulation that should continue to warrant special attention.

ENOM ALLERGENS AND COMPOSITION
or nearly 40 years honeybee venom components have been
xtensively studied. Known and defined allergens are sum-
arized in Table 2. The most potent allergen is phospholipase
2 (PLA2) (also known as Api m 1).29 In addition to the IgE

esponse it elicits, its actions on the human immune system may
nhance the immediate immune response. PLA2 is a glycopro-
ein enzyme composed of 134 residues that causes hydrolysis of
hospholipids and leads to a potentially significant increase in
rachidonic acid. An elevation in arachidonic acid level leads to
ncreased leukotriene production (leukotrienes C4, D4, and E4)
y the 5-lipooxygenase pathway.30 Release of these mediators is
nown to cause increased mucous production, bronchoconstric-
ion, and vascular permeability, thus complementing the ana-
hylactic mediators. Honeybee PLA2 has significant sequence
dentity with bumble bee (ie. Bombus terrestris) PLA2 but no
imilarity with the major vespid allergen PLA1.31

Hyaluronidase (Api m 2) acts to break up the connective-
issue matrix, allowing other venom components to spread into
he tissue,32 and is the second most potent allergen. Hyaluroni-
ase is found in most Hymenoptera venoms and has 55%
equence identity with its vespid counterpart, which may ac-
ount for most of its known venom cross-reactivity.31 Melittin
Api m 4) is unusually small compared with all other Hyme-
optera allergens, makes up most honeybee venom by weight, is
he main molecule responsible for pain and inflammation of the
ting, and can cause red blood cell lysis at high concentrations,
s experienced in patients with multiple stings.33

Some honeybee venom components have functions, as de-
cribed above, that act directly on the tissue, whereas others
ctivate these proteins. Other content found within the venom in

Venom, % IgE positive, % Allergen potency

7-15 97 Very high
0.5-1.5 ? Moderate

1 37 ?
35-50 28-50 Low

0.5 ? ?
1-2 42 ?
? 80 ?
kDa

6
9
3
3
0
8
9
0
0
5
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small quantities that may account for both local and systemic
effects include various neurotoxins (apamin, tertiapin), neu-
rotransmitters (noradrenaline), vasoactive compounds (hista-
mine and dopamine), and mast cell degranulators (mast cell
degranulating protein and tertiapin). Other carbohydrates, free
amino acids, and small organics, such as pheromones, also exist
in the venom sac.33 In mass stinging incidents large amounts of
these enzymes and toxins may cause hemolysis, rhabdomyoly-
sis, thrombocytopenia, acute renal failure, hepatitis, mental sta-
tus changes, and cardiac arrest. Mass envenomations are more
common with the honeybee and typically involve stings in the
hundreds to thousands, owing to the larger colony sizes than
those of other Hymenoptera.32

STING MECHANISM AND VENOM DELIVERY
The honeybee stinger apparatus, a modified ovipositor, is com-
posed of 1 guide stylet and 2 multibarbed, hollow lancets that
slide along the guide stylet, all attached to functional muscles
and a venom sac. A channel, created between the intersection of
these 3 components, guides venom flow. Reciprocating, rhyth-
mic movement of the lancets along the stylet, anchored by the
lancets’ barbs, buries the stinger deeper into the tissue. This
rhythmic, motor-like action begins automatically with stinger
apparatus denervation caused by separation from the abdomen
or autotomy. Movement of the lancets pushes the venom distally
by means of umbrella-like valves attached to the channel side of
the lancets. As the stinger drives farther in, venom is excreted
into the ever-deepening tissue layers; the entire process is com-
pleted within approximately 30 seconds.34

Timing and quantity of venom released during stings have
been studied. Schumacher et al35 found that there are signif-
icant intracolony and intercolony differences in the amount
and type of venom components in the EHB and AHB venom
sacs. On average, 134.1 �g of EHB venom and 98.2 �g of
AHB venom by dry weight were found in their respective
venom sacs. These numbers coincided with a follow-on study
by Schumacher et al,34 which observed extrusion of 141.9 �g
of EHB venom, on average, after sting. Both studies showed
greater venom amounts than the 59 �g average previously
reported36 and generally accepted. However, both studies also
noted wide variation (SD, �53-89 �g) in volumes among
individual EHBs. Interestingly, PLA2 accounted for a greater
concentration in AHBs vs EHBs with the converse apparent
for melittin. The second study showed that within approxi-
mately 5 to 10 seconds a substantial amount of venom was
delivered, and all or nearly all the venom sac contents were
emptied and approximately two-thirds of the stinger embed-
ded within the tissue after 30 seconds. These results suggest
that if the stinger is removed as quickly as possible, espe-
cially from a sensitized individual, a reaction may be mini-
mized based on a lesser venom volume being injected.34,35

This observation was supported by a later study showing
smaller wheals correlating with shorter times that the stinger
was left in the skin. Interestingly, this study did not show a
statistical difference in wheal size with regard to method of

stinger removal (scraping vs pinching), somewhat contradict- c
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ng the common perception that care must be taken with
tinger removal so as to not compress the sac.37

IAGNOSTIC TOOLS
n evaluation for honeybee sensitivity should be pursued after
istorical evidence of a SR. In North America, skin testing and
erologic IgE measurements are the 2 most commonly used
ools when assessing sensitivity to any Hymenoptera. Because
atient history has poor reliability when distinguishing which
ymenoptera venom to test, it is recommended to test for all 5

tandardized venoms.38 Unlike vespid and wasp, which are stan-
ardized to hyaluronidase concentrations, honeybee venom ex-
ract used for diagnostic purposes and immunotherapy is stan-
ardized to the major allergen Api m 1 (PLA2).39 Intradermal
kin testing is considered the standard to confirm diagnosis,
lthough venom extract package inserts recommend starting
ith epicutaneous skin testing. Intradermal starting concentra-

ions are usually 0.001 �g/mL and progress to either 0.1 �g/mL
r 1 �g/mL, depending on the desired sensitivity. Honeybee
enom is generally considered to be more irritating to the skin
han other Hymenoptera venoms at similar concentrations, al-
hough no study has been designed to specifically compare
oneybee to other Hymenoptera. In an early study by Patrizzi et
l40 looking specifically at honeybee venom skin testing com-
ared with clinical history, sensitivity and specificity using a
utoff of 0.1 �g/mL were 94% and 97%, respectively, and
hanged to 100% and 71%, respectively, when the cutoff was
ncreased to 1 �g/mL. A later, larger study of more than 220
atients with honeybee allergy demonstrated similar results with
urported marked increase in specificity from 1 to 0.1 �g/mL
ith little change in sensitivity.41 Most believe, however, that

llergic patients may be missed because of lower sensitivity, so
�g/mL is generally considered a more appropriate maximal

ntradermal concentration,38,42 in line with other Hymenoptera
enoms. Of note, it has been shown that some patients with a
onvincing clinical history of an anaphylactic reaction to Hy-
enoptera do not demonstrate positive in vitro or in vivo test

esults.43 Skillful clinical judgment in these particular patients
ill be required when deciding therapeutic options.
Generally, serologic honeybee venom specific IgE levels

gree with skin test results. However, these levels are usually
ess sensitive. In the study of honeybee testing by Patrizzi et al,40

ased on clinical history, a radioallergosorbent test serum anti-
en specific IgE level of 0.35 kU/L or higher produced a
ensitivity of 73% with a specificity of 94%.40 More recent and
elevant serologic techniques using CAP for detection of sero-
ogic honeybee specific IgE, compared with skin testing, were
ound to have a sensitivity as high as 98% with any positive
evel (�0.35 kU/L) but a specificity of only 58%.44 Another
arger study, based on clinical history, showed CAP specific IgE
ensitivity and specificity to honeybee to be 92.5% and 83.7%,
espectively.45 Of note, although CAP honeybee specific IgE
ends to have a similar sensitivity to that of vespids, the speci-
icity tends to be markedly lower.44,45

As mentioned previously, hyaluronidase and other mole-

ules have potentially significant cross-reactivity between the
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honeybee and other flying Hymenoptera.46,47 This cross-reac-
tivity may cloud an otherwise simple clinical scenario when,
for example, a patient has clearly been stung once, yet shows
positivity to 2 flying Hymenoptera (ie, double-positivity).
Cross-reacting carbohydrate determinants (CCDs) are recur-
ring epitopes found on glycoproteins within pollens, foods,
and venoms to which the body has been shown to make
specific IgE. CCDs may also account for venom double-
positivity, which seems to be especially true for honeybee
allergic patients, who, compared with yellow jacket and wasp
allergic patients, were more often falsely double-positive due
to CCDs.48,49

Other areas of evaluation are being explored. One study
compared standard honeybee venom to recombinant PLA2 in
both skin testing and serologic testing and found greater
sensitivity in the natural bee venom but improved specificity
in the recombinant PLA2.50 A live sting challenge has been
proposed as a viable diagnostic tool for honeybee in select
patients choosing not to initiate immunotherapy to determine
loss of sensitivity over time51; however, this proposal remains
controversial.52 Other in vitro tests, such as histamine release,
basophil activation as measured by flow cytometry for CD63
expression, and leukotriene release evaluated by enzyme-
linked immunosorbent assay, continue to be revisited and
improved on as diagnostic tools,45,53 and although some show
promise, particularly in separating double-positivity, they
continue to be difficult to perform and to standardize.

IMMUNOTHERAPY
Ultimately, the goal of immunotherapy is to provide protection
from future stings. Since honeybee venom replaced whole-body
extract as the primary material for honeybee immunotherapy,
successful protection has improved significantly. However, hon-
eybee immunotherapy appears to be less effective at providing
future protection when compared with other flying Hymenop-
tera. Using 100-�g maintenance doses of honeybee venom
extract for at least 3 years, then either conducting a sting chal-
lenge or evaluating field stings 0 to 10 years after cessation of
the immunotherapy, SR rates ranged from 15.8% to 23%.54-56

Comparatively, SR rates after sting challenge and/or field stings
1 to 7 years after at least a 3-year yellow jacket immunotherapy
course using 100-�g doses ranged from 7.5% to 13.5%.55-57

Interestingly, in a landmark study inclusive of all flying Hyme-
noptera, Golden et al58 showed that an average of 18 years after
completion of a 3.5-year venom immunotherapy course in chil-
dren, moderate to severe SRs occurred in 5% compared with
32% of those not receiving immunotherapy.58 Although this
study did not distinguish honeybee from other flying Hymenop-
tera, it provided a basis with which to compare the effectiveness
of venom immunotherapy over time.

Honeybee immunotherapy also has a higher SR rate when
compared with other flying Hymenoptera. Again, using 100
�g as a maintenance target, the SR rate for all patients during
immunotherapy (regardless of buildup schedule) ranged from
24.1% to 41% for honeybee and 5.2% to 25% for other flying

Hymenoptera.55,59,60 One of these studies reported the SR rate t

6

er injection to be 4.6% for honeybee vs 2.3% for the com-
on wasp.59 Comparing these studies may have some limi-

ations because SR definitions may vary and immunotherapy
rotocols differ. Differences between SR rates for accelerated
s conventional buildup schedules are well known and are
onsistent for all flying Hymenoptera.38

Although 100-�g maintenance dosing is generally ac-
epted as optimal,38 some debate still continues regarding
ppropriate dosing for honeybee immunotherapy. Two retro-
pective studies regarding SR rates over the long term using
oneybee venom immunotherapy suggest a 50-�g mainte-
ance dose may be adequate for protection from future hon-
ybee stings. Reisman and Livingston61 used 50-�g dosing
nd reported a 2.7% SR rate (3/108 patients) to field stings
ccurring from 1 month to 8 years after initiation of immu-
otherapy.61 Although only 20% of these patients had hon-
ybee allergy, 2 of the 3 SRs occurred in these honeybee
llergic patients, suggesting the SR rate for honeybee is
igher than the reported overall SR rate. The second study
ecently published by Houliston et al62 showed a SR rate
f 13.6% 1 to 18 years after completion of 2 to 7 years of
mmunotherapy using a 50-�g maintenance dose.62 Both of
hese studies are comparable with current 100-�g mainte-
ance dosing protection for the honeybee described earlier. In
he other direction, one retrospective review found that those
ontinuing to react to sting challenge during honeybee im-
unotherapy benefitted from increasing the maintenance

ose stepwise up to 400 �g by showing either resolution of or
ilder SRs.63

It is generally recommended that maintenance injections
or all Hymenoptera should be given every 4 to 6 weeks.38

owever, initial studies mainly using the honeybee and con-
irmed later with all flying Hymenoptera showed that spacing
o a 12-week interval may be safe and effective.64,65 Two
ther studies looked to extend the honeybee immunotherapy
aintenance dose to 6-month intervals. One failed to extend

he interval after showing a SR in 3 of 8 monosensitized
atients (38%) on sting challenge.66 In contrast, the other
tudy showed spacing may be reasonable with a SR in 5 of 20
oneybee-only allergic patients (25%), with 4 of 5 being
ueller grade 0 to 1 reactions.67 The current recommendation

f honeybee immunotherapy remains 3 to 5 years, which is
imilar to all other Hymenoptera, with some requiring life-
ong therapy for severe reactions.38

Although conventional subcutaneous immunotherapy re-
ains the mainstay for its proven efficacy, other methods and

djuncts have been and are being explored. Sublingual im-
unotherapy using honeybee venom was shown recently to

educe large local reactions,68 although significant doubt ex-
sts as to its clinical relevance at preventing future SRs.69

assive immunotherapy using beekeeper �-globulin, particu-
arly in patients prone to frequent SRs with conventional
oneybee immunotherapy, has been shown to be safe and
ffective in this select group.70 Its use should be limited
ecause it may be costly and only provide temporary protec-

ion.71 Another option that has been reported for honeybee
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allergic patients who are difficult to treat is the adjunctive use
of omalizumab as pretreatment, although reports of both
success and failure have been made.72,73

ON THE HORIZON
Component-resolved diagnostics has allowed further elucidation
of various venom components of the honeybee and other Hy-
menoptera.74 Although testing has not been approved by the
Food and Drug Administration in the United States, component-
resolved diagnostics shows great promise, particularly in diffi-
cult diagnostic conundrums and decision points for starting
immunotherapy in the setting of double-positive patients. Also,
recent advances in recombinant technology have shown that by
removing CCDs from the Api m 2 allergen, cross-reactivity is
significantly decreased and options for diagnosis and therapy
become more clear.75 Detection of specific IgE to these CCDs
may also help eliminate confusion in double-positive honeybee
allergic patients in the future.49

CONCLUSION
The honeybee remains important for our society from both an
agricultural and allergic perspective. By understanding the
honeybee’s attractants, offenders, and colony defensive be-
haviors, we may better guide patients’ future avoidance mea-
sures. The honeybee also is unique in its venom composition,
and because of this, some diagnostic and immunotherapeutic
challenges exist. As the difficulties in honeybee hypersensi-
tivity are elucidated, our understanding of the honeybee will
continue to be shaped, and our knowledge will be furthered in
the study of venom allergy.
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