
Close Encounters With the Environment

Bee stings are common in the United States. In 
part 1 of this series, we reviewed the characteris-
tics of bumblebees, honeybees, and Africanized 
honeybees; the types and pathophysiology of 
sting reactions; and the medical management and 
prevention of bee stings. In this article, we review 
the concepts and practice of venom immunother-
apy. We further discuss the diagnosis of systemic 
mastocytosis, initially presenting as anaphylaxis, 
and the efficacy of immunotherapy in patients 
with mastocytosis.
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Asystemic bee sting reaction can affect indi-
viduals of any age, and it is difficult to pre-
dict who might be most at risk. Large local 

reactions occur in 10% to 15% of adults, whereas 
systemic reactions possibly leading to anaphylaxis 
occur in only 0.5% to 3.0% of adults and 0.4% to 
0.8% of children.1-3 After an individual has been 
stung and the reaction has been evaluated, the risk 
for a future systemic response can be better predicted. 
Age of occurrence and extent of the first reaction are 
the best predictors of how a future sting reaction will 
manifest, though variations in severity do occur.4-6 
Although adults with large local reactions might 
demonstrate venom-specific immunoglobulin E (IgE) 

antibodies, there is little likelihood (5%–10%)3,7-9 of 
progression to an anaphylactic reaction in subsequent 
stings. The risk for future systemic reactions is 10% to 
20% for individuals who have experienced mild sys-
temic reactions9 and for most children,10 whereas the 
risk can be as high as 60% for individuals who have 
had severe anaphylactic reactions.9,11 Indeed, repeat 
episodes of anaphylaxis are more common in adults 
than children.3 

The amount of time between stings can be a 
mitigating factor. The risk for hypersensitivity to bee 
stings decreases as the time between stings increases, 
resulting in spontaneous resolution.1,6,12 The risk for 
a hypersensitivity reaction decreases from more than 
50% to 35% three to 5 years after an initial sting. 
The risk is further reduced to 25% after 10 years.6,8,12 
For some, however, the risk remains high, even 
without a recent sting.12

Predicting who might be at risk for anaphylaxis 
from bee stings, other than someone who had already 
experienced a severe systemic reaction, is difficult.13 
Even a history of atopy appears to convey minimal 
increased risk,7 except perhaps in beekeepers, who 
have frequent exposure to bees.14 Thus, systemic 
allergic reactions warrant referral to an allergist and 
consideration of immunotherapy after the immedi-
ate sting has been controlled. 

Immunotherapy
The purpose of immunotherapy is to increase a 
sensitive patient’s tolerance to venom exposure in 
a subsequent sting. Theoretically, it stimulates an 
increase in venom-specific immunoglobulin G titers 
while decreasing venom-specific IgE antibodies.13,15 
The relationship between the levels of antibodies and 
the efficacy of immunotherapy, however, is variable. 
It has been shown that immunotherapy prompts a 
shift in type 2 helper T cells (TH2) to type 1 helper  
T cells (TH1) in cytokines, in particular interleukin 10, 
though this is an incomplete explanation of the 
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mechanism of protection.16,17 At the very least, immu-
notherapy reduces the release of mediators and sup-
presses the late-phase inflammatory response.16 

Figure 1 provides an algorithm for patient selec-
tion for venom immunotherapy. The primary goal 
of immunotherapy is preventing life-threatening 
reactions.2 Based on the natural history of insect 
sting allergies and the relatively low (≤20%) risk for 
a future anaphylactic reaction,4 not everyone who 
reacts to bee stings will require immunotherapy. 
In the absence of a generalized reaction, immuno-
therapy is not recommended or required18 because a 
positive skin test without a systemic reaction occurs 
in 15% to 25% of the general population.1,4,6 Immu-
notherapy is not indicated when a patient dem-
onstrates venom-specific IgE antibodies but does 
not have a sting history consistent with an allergic 
reaction.12,18 Immunotherapy also has not proved 
necessary for children who have had only cutane-
ous symptoms without cardiovascular or respiratory 
complaints because their risk for progressing to a 
more severe systemic reaction is low (5%–10%).10 In 
general, immunotherapy only is indicated for adults 
or children who have experienced an anaphylactic 
reaction, or adults with generalized cutaneous reac-
tions who have demonstrated venom-specific IgE 
antibodies with a positive skin test or radioallergo-
sorbent test (RAST).2,3,18,19 Adults and children who 

have exhibited systemic reactions, especially reac-
tions that developed quickly and/or involved cardio-
vascular or respiratory symptoms, have a very high 
risk of future anaphylaxis and are prime candidates 
for immunotherapy. In some cases, a person with a 
past systemic reaction will have a negative skin test 
or RAST. Although it is not clear why a negative 
skin test or RAST occurs, these individuals should 
not receive immunotherapy.2,15 It has been proposed, 
however, that because immunotherapy has provided 
some protection for individuals who have only suf-
fered large local reactions, it also might be consid-
ered in individuals, such as beekeepers, who are at 
continued risk for being stung.5,20

The primary risk of venom immunotherapy is 
an allergic response after injection—from mild 
site reactions to full anaphylaxis—occurring in 
3% to 12% of patients.2,11 Therefore, injections 
should be given in a setting where anaphylaxis 
can be recognized and promptly treated.2,15 Indi-
viduals who experience systemic reactions during 
immunotherapy might take longer to reach the 
maintenance dose and, therefore, are less likely to 
achieve venom protection.21 Premedication with 
antihistamines has been shown to reduce a delay 
in protection without reducing the efficacy of 
the therapy.22 The relative contraindications for 
immunotherapy include conditions that would 
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Figure 1. Patient selection for venom immunotherapy. CV indicates cardiovascular; RAST, radioallergosorbent test.
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prevent or hinder the effects of epinephrine in 
treating anaphylaxis, such as taking beta-blockers, 
angiotensin-converting enzyme inhibitors, tricyclic 
antidepressants, or monoamine oxidase inhibitors, 
or having severely uncontrolled asthma or cardio-
vascular conditions.2,18 

The intradermal skin test is the most sensitive 
test for venom-specific IgE antibodies.2,4 This test 
usually is performed no earlier than 3 or 4 weeks 
after the inciting sting to lessen the possibility 
of a false-negative test resulting from an anergic 
refractory period.3,20,23 After initially gathering a 
history of sting reactions, the allergist will conduct 
an intradermal skin test with very dilute quanti-
ties of venom, gradually increasing to 1.0 mg/mL. 
A positive reaction, indicating circulating IgE 
specific to the venom, results in the development 
of a wheal and flare within 15 minutes that is  
5 mm larger than the wheal of a negative control.15 
When skin testing is impractical (eg, extensive 
skin disease) or the skin test is negative in the face 
of a past systemic reaction, then an in vitro test 
(RAST), although not as sensitive, is acceptable  
for diagnosis.11,23,24 

When a positive skin test or RAST has been 
obtained and the results correlate with the sting 
history, then an immunotherapy schedule is 
selected. Initially, dosages of very dilute (1000- or  
10,000-fold dilution of maintenance dose) venom 
are injected, with gradual increases in dosage twice 
weekly for 14 weeks or once weekly for 28 weeks.18 
When the maintenance dose (100 mg, twice the 
amount of venom in a single honeybee sting)2,4,15 is 
reached, the interval between injections gradually 
increases to once every 4 to 8 weeks.2 

Maintenance therapy generally is continued for 
at least 3 to 5 years, but the duration should be indi-
vidualized for each patient.18,23 At present, neither 
loss of skin test reactivity nor RAST sensitivity are 
used as criteria for discontinuing immunotherapy.2,7 
After completing the treatment regimen, approxi-
mately 2% to 4% of patients will experience an 
anaphylactic reaction.11,25 There is an overall 4% 
to 15% risk for future reaction26 and a 17% cumula-
tive frequency 10 years after treatment is ended27; 
however, most systemic reactions following immu-
notherapy are milder than those without immu-
notherapy.3,4 Individuals who initially suffered a 
severe anaphylactic reaction are at greatest risk for 
subsequent reactions and may choose to continue 
allergen immunotherapy indefinitely.20 Thus, it is 
still necessary for an allergic individual to carry an 
epinephrine auto-injector and be instructed on its 
use because immunotherapy does not always pro-
vide persistent immunity.5

Systemic Mastocytosis and Anaphylaxis
Of all the conditions that are included in the differ-
ential diagnosis for anaphylaxis,19 perhaps the condi-
tion of greatest interest to dermatologists is systemic 
mastocytosis. In some patients without cutaneous 
signs of mastocytosis, anaphylaxis (which may or 
may not be IgE mediated)28 might be the first clinical 
indication of this condition.29 Hymenoptera stings, 
in particular, cause mast cell degranulation, which in 
turn causes histamine release. This process occurs in 
patients with mastocytosis at an overwhelming rate 
and results in an anaphylactoid reaction. 

To differentiate individuals with systemic mas-
tocytosis from individuals with strictly systemic 
anaphylaxis, it is diagnostically useful to determine 
serum levels of alpha-tryptase (secreted consti-
tutively) and beta-tryptase (secreted during mast 
cell degranulation), with a B12 monoclonal anti-
body capture assay (measures alpha-tryptase and 
beta-tryptase) and a G5 monoclonal antibody cap-
ture assay (measures only beta-tryptase)30 in the 
immediate management phase. In the absence of 
anaphylaxis, a patient with mastocytosis secretes a 
high basal rate of alpha-tryptase,30 whereas levels 
of secreted beta-tryptase correlate well with the 
clinical severity of anaphylaxis in victims with or 
without mastocytosis.29,31,32 In an acute setting, a 
ratio of alpha-tryptase and beta-tryptase to beta-
tryptase of 20 or more is indicative of mastocytosis, 
whereas a ratio of 10 or less indicates a primary 
anaphylactic event (a normal ratio is approximately 
13.5).30,32 These measurements ideally should be 
drawn between 1 and 1.5 hours after the onset of 
anaphylaxis, when serum tryptase levels peak. Levels 
generally remain elevated for up to 6 hours postreac-
tion.31,33 In the event of death, elevated serum tryp- 
tase levels are not specific to anaphylaxis and should 
not be considered the primary cause of death.34 

A patient with a confirmed diagnosis of masto-
cytosis is especially susceptible to severe systemic 
sting reactions. Therefore, after the immediate 
life-threatening event concludes, any patient 
with an elevated tryptase ratio consistent with 
mastocytosis should undergo a thorough workup.  
Initially, the patient should be inspected for cuta-
neous signs of mastocytosis because approximately 
80% of patients will have skin findings.35 The 
most common findings are urticaria pigmentosa  
(Figure 2), though telangiectasia macularis eruptiva 
perstans or mastocytomas may be present. These 
lesions may be few and subtle or even absent. Faint 
macules or nodules will have a positive Darier sign 
(urticaria with surrounding erythema induced by 
rubbing).36 A biopsy should be performed on any 
suspicious lesion for histologic confirmation of  
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mastocytosis.37 Under the microscope, the biopsy 
may demonstrate large mononuclear cells (15 or 
more) with basophilic cytoplasm densely aggre-
gated in the papillary dermis, confirmed preferably 
with tryptase immunohistochemistry or stained with 
Giemsa or toluidine blue.35 A lack of skin lesions, 
however, does not exclude mastocytosis.36 The gold 
standard for diagnosis is a bone marrow biopsy 
demonstrating confirmed mast cell infiltrates.35,38 
Without skin findings or a positive bone marrow 
histology, 3 of the following minor diagnostic indi-
cators are necessary: atypical mast cell morphology 
(eg, spindle cells); elevated serum basal tryptase 
levels (.20 ng/mL); bone marrow with CD2, CD25, 
and CD35 expression; and a positive codon 816 c-kit 
mutation in an extracutaneous location (eg, periph-
eral blood, visceral organ, bone marrow).35

Systemic mastocytosis and/or an elevated basal 
tryptase level is a significant risk factor for a 
severe or fatal anaphylactic reaction to a bee sting 
because patients are more prone to immediate 
systemic reactions.29,32,37,39 Patients with confirmed 
mastocytosis and a history of a systemic sting reac-
tion might have a negative skin test and RAST.28 
Nonetheless, venom immunotherapy should be 
strongly considered in patients with mastocyto-
sis because immunotherapy has been shown to 
reduce the severity of reactions on subsequent 
stings, albeit with less efficacy than in an indi-
vidual without mastocytosis.32,38,40 Because effi-
cacy might require maintenance doses of venom 
immunotherapy, several investigators recommend 
that immunotherapy be continued indefinitely.29,32 
The patient also should be thoroughly counseled 
on the necessity of carrying an epinephrine auto- 
injector38 and on other preventive measures.

Comment
In summary, long-term venom immunotherapy 
should be strongly considered for individuals who 
have suffered life-threatening reactions to bee stings. 

Other candidates are those with known systemic 
mastocytosis and those who come into frequent 
contact with bees and have suffered large local reac-
tions. Systemic mastocytosis itself may initially pre- 
sent as anaphylaxis, so this should always be included 
in the differential diagnosis in patients with severe 
reactions to bee stings.
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