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Immunotherapy for prevention of allergic reactions to insect stings 
has a long history checkered by the use of whole body extracts for 
over 50 years,24 the eventual development (25 years ago) of the first 
standardized extracts with specific Hymenoptera. venom protein aller- 
g e n ~ , ~ ~  and the refinement of arguably the most effective form of treat- 
ment available to allergists and their patientsY8 The appropriate clinical 
application of this remarkable treatment requires an understanding of 
the clinical patterns of reaction, the natural history of the disease, and 
the human immune response to insect venoms. The simple fact that 
whole body extracts were certified as being effective, even though they 
are no more effective than placebo, illustrates the importance of recog- 
nizing the distinction between natural history and therapeutic effect. 
Although the research of the past 20 years has revealed many of the 
markers and patterns of reactions that enable the statistical prediction of 
risk, there remains a fundamental deficiency in understanding that limits 
the ability to predict with precision which individuals will have a severe 
reaction to a sting. The current standard of practice in North America 
rests primarily on statistical observations that provide the framework 
for patient selection and for the methods of administration of venom 
immunotherap y. 

The risk of anaphylaxis occurs primarily with stinging insects of the 
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order Hymenoptera. Insect bites by numerous species can cause local 
inflammation, swelling (including IgE-mediated reactions), and toxic 
systemic reactions to envenomation, but the occurrence of anaphylaxis 
from biting insects is rare. There are three families of Hymenoptera with 
clinical importance: bees (e.g., honeybees, bumblebees), vespids (e.g., 
yellow jackets, hornets, wasps), and fire ants (e.g., genus Soienopsis). 
Exposure to these insects is affected by environmental and ecological 
changes. The predominant species of fire ants was imported inadver- 
tently through Mobile, Alabama in the early part of the twentieth cen- 
tury and has rapidly become an increasing public health hazard in the 
southeast and southern United States? The Africanized honeybee ("killer 
bee") is an aggressive hybrid resulting from an ill-advised experiment 
to enhance honey production. The danger from the Africanized honey- 
bee stems from the numbers of stings because of swarm-and-attack 
behavior rather than any greater allergenicity or toxicity of their venom, 
which is in fact similar to that of other honeybees. The allergens in 
honeybee venom are immunochemically distinct from those of the ves- 
pid venoms (see article by Weber elsewhere in this issue).4l The vespid 
venoms cross-react and contain essentially the same allergens.% The 
yellow jacket and hornet venoms are related so closely that 95% of 
vespid-allergic patients have positive skin tests to all three of the com- 
mon vespid skin test preparations: yellow jacket, yellow hornet, and 
white-faced hornet. Polistes wasps are more distantly related to the other 
vespids, and only 50% of yellow-jacket-allergic patients have cross- 
reactive positive tests to wasp venom. Fire ant venoms are unique in 
that they contain minimal protein in a suspension of alkaloid toxins. 
The alkaloid component is the cause of the painful, sterile, and pustule 
characteristic of fire ant stings but does not-cause allergic reactions. The 
allergenic proteins of fire ants are unique except for one that cross-reacts 
slightly with a vespid allergen.37 

PATIENT SELECTION FOR VENOM IMMUNOTHERAPY 

History 

The fundamental question in evaluating patients for venom immu- 
notherapy is: "What is the chance of a future sting causing a systemic 
reaction and how severe will it be?" Such risk analysis requires a careful 
history, sensitive and specific diagnostic tests, and a knowledge of the 
natural history of the condition. As in all allergic conditions, the history 
is paramount in diagnosis and must be elicited with insight and atten- 
tion to detail. The history should be reviewed with respect to the circum- 
stances and chronology of stings in the past, the time course of the 
reaction, and all associated symptoms and treatments. Symptoms are 
sometimes exaggerated by fear, panic, exercise, heat, alcohol, or underly- 
ing cardiorespiratory disease. The identity of the stinging insect is a 
notoriously unreliable part of the history but the location and timing of 
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the sting or the location of the nest may suggest the type of insect. 
Honeybee stings are much more common in children and others who 
are barefoot outside. Honeybees or wasps may predominate in some 
areas of the country, but in most of the United States the majority of 
stings in adults are caused by yellow jackets. Insect stings can elicit local 
allergic reactions, systemic symptoms, or no unusual reaction at all, even 
in sensitized patients. Conversely, even subjects with a normal historic 
reaction may have become sensitized to insect venom allergens by previ- 
ous stings. Such asymptomatic (and possibly preclinical or latent) sensi- 
tivity is discussed below. Many patients give a history of predictable 
large local reactions to stings, while others have had local swelling on 
some occasions and systemic reactions at other times. Even within a 
family, individuals with similar levels of venom-specific IgE antibodies 
will experience variable reactions ranging from large local reactions to 
systemic anaphylaxis. 

Large local sting reactions cause delayed and prolonged local in- 
flammation. These reactions resemble “late phase reactions” that are IgE 
dependent. Fifty percent to 80% of patients wii$ large local reactions 
have detectable venomapecific IgE?3, 34 Systemic (generalized) allergic 
sting reactions result in cutaneous, vascular, or respiratory symptoms 
and signs, either singularly or in any combination, in addition to 
involvement of the less common target tissues such as the intestines, 
heart, and uterus. The Insect Allergy Committee of the American Acad- 
emy of Allergy described the frequency of the various symptoms of 
allergic sting reactions in a registry of sting-allergic  individual^.^ Of 2602 
registrants, 16% reported only cutaneous symptoms and 24% had life- 
threatening reactions, including 15% yith loss of consciousness. Forty- 
four percent had ”moderate” systemic reactions. Johns Hopkins Asthma 
and Allergy Center’s experience in a survey of over 300 adult and 
pediatric patients closely resembles the findings of the Insect Allergy 
Committee, but demonstrates the different spectrum of reaction in chil- 
dren (Table l). Cutaneous symptoms are most common (affecting 80%); 
they are the sole manifestation in 15% of adults and in more than 60% 
of affected children.52 Almost 50% of children and adults had respiratory 

Table 1. SYMPTOMS AND SIGNS OF INSECT STING ANAPHYLAXIS IN ADULTS AND 
CHILDREN 

Frequency (%) 
~ ~~~ 

Symptom or Sign Adults Children 

Cutaneous only 15 60 
Urticaria/ angioedema 80 95 
Dizziness / hypotension 60 10 

Throat tightness/ hoarseness 40 40 
Dyspnea/ wheezing 50 40 

Loss of consciousness 30 5 

From Golden DBK, Lichtenstein LM Insect sting allergy. In Kaplan AP (ed): Allergy. New York, 
Churchill Livingstone, 1985; with permission. 
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complaints. Symptoms and signs of hypotension were uncommon in 
children but occurred in over 60% of adults, with half experiencing loss 
of consciousness. 

The presentation may be less certain. The history may be remote, 
even decades earlier, such that medical records are unavailable and the 
recall of the reaction inaccurate. If intervening stings have occurred 
without systemic reaction there could be less risk of subsequent severe 
reaction, but the possibility of anaphylaxis cannot be entirely excluded 
with a positive history and positive skin test. Many patients describe 
subjective symptoms that suggest anaphylaxis but without objective 
signs (i.e., documented hypotension, reduced air flow, observed urti- 
caria). Throat or chest discomfort, dyspnea, lightheadedness, nausea, 
and other constitutional symptoms may be caused by anxiety or panic 
disorder or simple fear. Many such patients have been described in 
insect sting challenge studies as having symptoms without signs. There 
also are patients who request venom testing because of fears related to 
the severe reactions of family members or friends or cases in the news. 
Testing is not advised in such cases because of the frequent occurrence 
of positive venom tests in individuals who have been previously stung 
without abnormal reaction. , 

Diagnosis 

A positive skin test to insect venom is confirmatory evidence of the 
allergic sting reaction and helps to define the allergenic specificity of the 
reaction. The standard method uses the intradermal skin-test technique 
with the five available Hymenoptera venom-protein vaccines. In the case 
of fire ant sensitivity, whole body vaccines do contain sufficient protein 
allergen for testing and treatment. For Hymenoptera venom testing, 
prick tests at 0.001 pg/mL may be used initially for patients with a 
history of very severe reactions. Intradermal tests are performed with 
venom concentrations beginning with 0.001 pg/mL and increasing to 
1.0 pg/mL to find the minimum concentration giving a positive (2+ 
grade; 5 / 20 mm wheal/ erythema) result. Honeybee venom is somewhat 
more irritating and can exhibit weak positive (1+ grade, 5/10 mm 
result) in some nonallergic individuals. Yellow-jacket venom causes only 
rare false-positive reactions at 1.0 pg/mL concentration, and testing at 
3.0 pg/mL concentration may be useful. False-positive reactions occur 
in some patients at 10 pg/rnL.7, 39, 53 Even when there has only been a 
single reaction to a sting, sensitization may have occurred to multiple 
venoms. Skin testing should be performed with a complete set of Hyme- 
noptera venoms, and the usual negative diluent (human serum albumin 
[HSAI-saline) control and a positive histamine control. When fire-ant 
stings are suspected by identification of the typical sterile pustule and 
characteristic exposure, testing with fire-ant whole body vaccine is per- 
formed. 

Most patients with a convincing history have positive venom tests 
but many are skin-test negative.l’ Negative skin tests can be caused by 
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loss of sensitivity after many years and can occur during the refractory 
period for several weeks after a sting reaction? Skin tests usually become 
positive within weeks or months after a systemic sting reaction. In the 
case of a negative skin test with a history of severe anaphylaxis, reason- 
able precautions should be continued and repeat tests for venom IgE (in 
vitro tests and skin tests) should be done on several occasions. Some 
cases of apparent sting anaphylaxis are thought to be non-IgE mediated. 
Possible mechanisms include subclinical mastocytosis and mast cell 
hyper-releasability with nonimmune (toxic) release of mast cell 
mediators." 46 

There are many different patterns of venom skin-test sensitivity. 
Most importantly, the degree of skin-test sensitivity does not correlate 
reliably with the degree of clinical sting reaction. The strongest skin tests 
often occur in patients who have had only large local reactions and have 
a low risk of anaphylaxis, whereas some patients who have had abrupt 
and near-fatal anaphylactic shock only show weak skin test or serologic 
sensitivity. In fact, almost 25% of patients presenting for evaluation of 
systemic allergic reactions to stings are skin-test positive only at the 1.0 
pg/mL concentration, demonstrating the importance of testing with the 
full diagnostic range of concentrations. These points emphasize the 
importance of the history in making the diagnosis. 

The detection of allergen-specific IgE antibodies in serum by radioal- 
lergosorbent test (RAST) or similar serologic tests is potentially useful 
but the results are variable. A high level of venom-specific IgE is diag- 
nostic. A decrease in venom-specific IgE has been used as a marker for 
the effectiveness of therapy in dimin$hing sensitivity. The venom skin 
test and RAST, however, correlate imperfectly. The RAST is negative in 
approximately 20% of skin-test positive subjects, and the converse is 
true in approximately 10% of RAST positive subjects.39, 57 The clinical 
significance of a positive RAST result with a negative skin test is un- 
known. Skin testing is the preferred method for diagnosing insect sting 
hypersensitivity. 

Epidemiology/Natural History 

Surveys of children and adults have shown that insect sting allergy 
is more common than generally recognized. In published surveys, sys- 
temic allergic reactions were reported by approximately 3% of adults, 
while less than 1% of children had severe sting rea~tions.2~~ The fre- 
quency of large local reactions is uncertain but is estimated at 10% in 
adults. There are at least 50 fatal sting reactions each year in the United 
States and many other sting fatalities are probably unrecognized.', 54 

The presence of IgE antibodies to Hymenoptera venom is not unusual, 
however. Recent surveys suggest that allergic sensitization is common: 
over 30% of adults stung in the previous 3 months showed venom- 
specific IgE by skin test or RAST, and over 20% of all adults tested 
p0sitive.2~ Other reports have confirmed that venom skin tests and RAST 
may be positive in 20% of normal adults.40* 49, 58, 62 In these normal 
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adults with asymptomatic sensitization, sensitivity is often transient, 
disappearing more rapidly than in patients with a history of anaphylaxis. 
Although the venom-specific IgE became undetectable in 50% of subjects 
after 3 to 5 years in one study, those who remained positive had a 15% 
to 20% risk of a systemic reaction to a Nevertheless, there is no 
valid screening test to identify the risk before any severe reaction occurs 
because of the large number of normal adults with positive skin tests 
who will never experience a severe reaction. Of equal importance in the 
author’s epidemiologic studies was the observation that most affected 
individuals never seek medical attention. A review of medical records 
yields an underestimated prevalence of insect hypersensitivity and 
points to the need for better public education and to the value of a 
complete medical history. 

The natural history of Hymenoptera venom sensitivity is crucial to 
clinical decision making but only in the last 20 years has data become 
available. The lack of natural history information resulted in the previous 
erroneous conclusion that whole body extract therapy was effective in 
the prevention of anaphylaxis. The apparent efficacy. of whole body 
extracts was overestimated bemuse many low-risk patients were studied 
along with patients who had recent sting anaphylaxis. The risk of sys- 
temic reaction for high-risk patients is 40% to 70% with sting challenges, 
even though the nonreactors may react to subsequent stings.” 5, 13, 24, 38, 47, 

55, 6o Lower-risk patient groups include most children (because most 
have had strictly cutaneous sting reactions)51, 52* 59 and patients with large 
local rea~tions.3~, 34, 44 

Most patients exhibit a characteristic and individual pattern of ana- 
phylaxis that varies only slightly in severity from one sting to another. 
This predictability of the pattern of reaction also is found in food and 
drug reactions. It is of special interest that the frequency of recurrent 
systemic sting reactions is much lower in children. Children who have 
had strictly cutaneous systemic reactions have only a 10% incidence of 
subsequent systemic reactions and only 0.4% incidence of more severe 
reactions with respiratory or circulatory  symptom^.^', 59 

The recurrence rate of large local sting reactions is not known but 
is probably high. A history of large local reactions, however, clearly does 
not predict progression to systemic reactions, as the risk of eventual 
anaphylaxis in large local reactors is only 5% to 10%.lo, 19, 33, 44 Most of 
these individuals consistently have large local reactions on repeated 
stings, and some have family members who have had systemic reactions. 
Factors favoring a systemic reaction include multiple stings or single, 
sequential stings in close temporal proximity (only weeks apart). There 
are no known clinical or laboratory characteristics that differentiate those 
who will progress to systemic reactions, just as there are no characteris- 
tics that distinguish systemic reactors from those who have only large 
local sting reactions. Both groups have venom-specific IgE antibodies 
with venom skin tests or RAST often showing a higher level of sensitiv- 
ity in large local reactors than in systemic reactors. 
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Individuals with asymptomatic sensitization (positive venom skin 
test or RAST with no history of allergic sting reaction) serve as the 
obvious reservoir of candidates for a first-time systemic reaction to a 
future sting, but such individuals would normally be unaware of their 
sensitization since venom allergy testing is not indicated in persons with 
no prior history of a systemic reaction to a sting. This recommendation 
is based on the observation that one out of four normal adults has 
detectable venom-specific IgE antibodies, so the predictive value of the 
skin test in the absence of a positive history is low. Long-term observa- 
tion of such individuals was possible in the author’s epidemiologic 
studies of the natural history of venom sensitivity and insect sting 
allergy. In that study the previously asymptomatic subjects with persis- 
tently positive venom skin tests had a 17% incidence of systemic reac- 
tions to subsequent stings, regardless of whether they were stung after 
1 to 4 years or after 5 to 9 In the same study, the venom skin 
tests become negative in 30% after 2 years and in an estimated 50% after 
3 years. Because most people are stung only infrequently these data 
indicate that the majority of sensitized individuals will lose their sensi- 
tivity without ever knowing they had it or will have persistent sensitivity 
that remains asymptpmatic owing to a lack of an intervening sting. Even 
among those who are stung, more than 50% will have no systemic 
reaction. It is, therefore, not surprising to find an historic prevalence of 
systemic reactions of 3.3%, despite a prevalence of immunologic sensitiv- 
ity of 26%. 

Because of the strong indications for immunotherapy in patients 
with a history of previous systemic reactions, there have been few 
long-term studies of the natural history of venom sensitivity in such 
individuals. In untreated patients who had only large local sting reac- 
tions, and in patients who stopped venom therapy against medical 
advice after only 12 to 24 months, venom sensitivity (5 years after the 
original evaluation) decreased in 60% of patients, and became negative 
in about 15%.10,17 Skin-test results were similar in patients who com- 
pleted 5 to 9 years of therapy (mean, 6 years), were negative in 20%, 
and showed a 10-fold decline in sensitivity in 95% of patients. After 
stopping venom injections these patients continued to show decreasing 
sensitivity with negative skin tests (at 1.0 Fg/mL) and IgE (RAST) of 1 
ng/mL or less in 45% to 60% after 2 additional years off treatment 
(mean 8 years after original evaluation).” In other studies of untreated 
children and young adults, skin tests or RAST became negative in 25% 
to 50% after an average of 10 years.@# 50 

There are many variables that may affect the frequency and rate of 
decline of venom sensitivity. The passage of time is an important factor 
because venom allergy is self-limited in many cases. Venom-specific IgE 
antibodies identified by skin tests and RAST show a similar decline in 
treated and untreated patients observed for up to 10 years.” In treated 
patients who had at least 5 years of therapy, the risk of systemic reactions 
to inadvertent stings is 2% to 10% after 8 to 10 years. Interim stings 
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cause a transient increase of venom-specific IgE but do not prevent the 
continued decline of sensitivity.= Another long-term study indicates a 
risk of 10% per sting 10 to 15 years after discontinuing treatment, even 
in patients whose last known skin test was negative.I2 In untreated 
”high-risk” patients, however, the risk of reaction declines from 50% 
initially to 35% after 3 to 5 years to 20% after 10 to 20 years.15, 23r 47 It is 
important to note that there are individuals in whom the risk of anaphy- 
laxis persists for decades even without intervening stings. 

The possibility that children routinely ”outgrow” sting reactivity 
was suggested 20 years ago by Dr. Lichtenstein based on the observation 
that virtually none of the hundreds of affected adults he had seen gave 
a history of sting reactions in childhood (personal communication). Some 
surveys indicate up to 50% loss of sensitivity over a 10-year period in 
children and young a d ~ l t s . ~ ~ , ~ ~  In a follow-up of the hundreds of children 
evaluated in the program 15 to 20 years ago, the author reported a 
survey of treated and untreated children with mild and severe reac- 
tion~.’~ The frequency of syemic reaction to subsequent stings was 
higher in untreated (15%) than treated (4%) subjects. Among the un- 
treated patients, the reaction rate was higher in those with a history of 
moderate-to-severe reactions (36%) than in patients with milder reactions 
(11%). These are the first results suggesting a long-term benefit of venom 
immunotherapy in childhood with lower reaction rates persisting into 
adulthood. 

ADMINISTRATION OF VENOM MMUNOTHERAPY 

Indications 

Venom immunotherapy is the preventative treatment of choice for 
insect sting hypersensitivity. Successful venom immunotherapy requires 
the careful selection of patients, a period of initial treatment to induce a 
protective immune state, regular monitoring during maintenance ther- 
apy and long-term decisions about discontinuation. Current indications 
for venom immunotherapy (summarized in Table 2) require a history of 

Table 2. CLINICAL RECOMMENDATIONS BASED ON HISTORY OF STING 
REACTIONS AND RESULTS OF VENOM SKIN TEST OR RAST 

Reaction to Pyvious Skin Test Risk of Systemic 
Sting or RAST Reaction Clinical Advice 

~ ~~~ 

No reaction Positive 15% Avoidance 
Large local Positive 10% Avoidance 
Cutaneous systemic Positive - Child 1%-10% No VIT 

Positive -Adult 20% VIT 

Negative Unknown Repeat skin test and RAST 
Anaphylaxis Positive 60% VIT 

VIT = venom immunotherapy 
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previous systemic allergic reaction to a sting and evidence of a positive 
venom skin test. Patients with a negative skin test are not eligible 
regardless of history: they may have lost sensitivity or, less commonly, 
have non-IgE-mediated reactions. Some patients with positive skin tests 
do not need venom immunotherapy because they are judged to be at 
low risk for life-threatening anaphylaxis. Epidemiologic studies have 
helped to estimate the risk of reaction. The highest risk, in those with a 

. fecent history of anaphylaxis and a positive skin test, is 40% to 70% 
since only about half of these individuals react to a challenge sting. A 
low risk of anaphylaxis ( 4 0 % )  has been found in some clinical sub- 
groups such as children and adults with a history of large local reactions, 
or children with reactions limited to cutaneous signs and symptoms (i.e., 
no respiratory, cardiovascular, abdominal, or neurologic manifestations). 
In these cases, venom immunotherapy is not required, but some patients 
will still re uest treatment because of their fear of reaction and the 

anaphylaxis in adults with strictly cutaneous reactions, especially since 
this presentation is unusual in adults but predominates in children. 
Adults with cutaneous systemic reactions are still advised to undergo 
venom immunotherapy because of case reports of progression in adults 
from cutaneous reactions to life-threatening anaphylaxis on subsequent 
stings. Unfortunately, for large local and cutaneous systemic reactors, 
there is no test that predicts which patients will progress to more severe 
reactions. The decision regarding immunotherapy is complicated by 
factors that, in some cases, may reduce the risk of anaphylaxis. When 
the sting reaction was more than 10 years ago, especially when interven- 
ing stings have caused little or no reaction, even a positive skin test is 
not always convincing enough to require venom immunotherapy. Some 
patients report reactions only with multiple or sequential stings but not 
from isolated single stings.I3 

impact on a t eir lifestyle. There are insufficient data on the risk of 

Initiating Treatment 

Initial venom immunotherapy follows a schedule that may vary 
according to the recommendations of the source laboratory that has 
prepared the allergen extract and with the training and background of 
the treating physician. The common "modified rush regimen is more 
rapid than traditional regimens, achieving maintenance dose in 8 weekly 
injections instead of the 4- to 6-month regimens that are more commonly 
used for inhalant allergen immunotherapy. Adverse reactions are not 
more common with the more rapid regimen than with traditional regi- 
mens of allergen immunotherapy. The mean venom-specific IgE anti- 
body response is greater and more rapidly achieved with the more 
rapid regimen, although both regimens are equally effective in long- 
term  comparison^.^^ The recommended maintenance dose is 100 pg of 
each venom that elicited a positive skin test. Lower doses are immuno- 
logically ineffective in 15% to 20% of patients whereas standard therapy 
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with mixed vespid venom is at least 98% effective in completely pre- 
venting the systemic allergic reaction.*o Single venom therapy (e.g., hon- 
eybee or wasp) has been reported to give full protection in 85% of cases, 
and some individuals have needed a higher The recommended 
dose for children age 3 and over is the same as the adult dose. There 
are few reports of half-dose therapy in children, although their IgE 
immune response to venom immunotherapy is double that of adults 
(Fig. l).la 

The selection of venom vaccines to be used for immunotherapy is 
dependent on the venom skin test reaction to those venoms. Therapy 
should include all that are positive, because assurance of not reacting to 
the next sting is not possible without therapy if the skin test is positive. 
For this reason, the most common therapy when vespids are involved 
is with the mixed vespid venoms preparation (equal parts yellow jacket, 
yellow hornet, and white-faced hornet venoms). Although therapy with 
yellow-jacket venom alone protects against hornet stings because of the 
cross-reactivity of the Vespula venoms, there are reports that therapy 
with any single venom gives 15% to 20% less immune response and 
less reliable clinical protection t h p  mixed-vespid venoms.3O The three 
component venoms in mixed-vespid venom provide twice the amount 
of yellow-jacket allergen than single venom administration. The skin test 

1 J  , I I I 

0 4  12 24 

Time (mo) 

Flgure 1. Yellow-jacket venom-specific IgG antibody concentration ()v$mL, mean & stan- 
dard error of mean [SEMI) during venom immunotherapy in children (dashed line) and 
adults (solid /he). Sample size (n) for each point shown in parentheses. (From Golden 
DBK, Valentine MD: Allergen-specific IgG antibody measurements in the management of 
immediate hypersensitivity to Hymenoptera venoms. J Clin lmmunoassay 6:172, 1983; 
reprinted from reference 28a, p 172, by courtesy of Marcel Dekker, Inc.) 
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also is positive to Polistes wasp venoms in at least 50% of vespid-allergic 
patients; when positive it is usually included in therapy as a separate 
injection. Therapy with yellow-jacket or mixed-vespid venoms can pro- 
tect against wasp stings, but this has only been established for patients 
whose wasp-IgE showed complete cross-reactivity with yellow-jacket 
venom as assessed by RAST 

Fire-ant immunotherapy is less well characterized because the natu- 
ral history of fire-ant allergy is still unclear3 There is, however, an increas- 
ing need for effective immunotherapy. Trials suggest that fire-ant whole 
body extract immunotherapy is reasonably safe and effective and should 
be employed in cases of significant systemic reaction. Fire-ant whole body 
vaccines, in contrast to other Hymenoptera whole body vaccines, contain 
the venom allergens in sufficient concentration. More reliable clinical 
protection with improved safety is the goal of current studies to develop 
the fire-ant venoms for clinical diagnostic and therapeutic use. 

The incidence of adverse reactions to venom is similar to that 
reported for inhalant allergen immunotherapy (see article by Kemp 
elsewhere in this Systemic symptoms occur in 5% to 15% of 
patients during the first weeks of treatment, regardless of the regimen 
used. Most reactions are F ld ,  and fewer than 5% require epinephrine. 
In the unusual case of recurrent systemic reactions to injections, therapy 
may be streamlined to a single venom and given in divided doses, 30 
minutes apart. Rarely, therapy is suspended for 6 to 12 months to 
facilitate advancement toward protective maintenance doses. Large local 
reactions occur in up to 50% of patients, especially in the dose range of 
20 to 50 pg. Attaining the uniform target dose of venom immunotherapy 
may result in local reactions larger (8-10 cm) than generally accepted 
during inhalant immunotherapy. 

35 

Maintenance Treatment 

Maintenance therapy is administered every 4 weeks for at least a 
year and, in most cases, may then be given at intervals of 6 to 8 weeks 
over several years.*, 21 The ideal test for confirming immune protection 
has not been developed. Assays for venom-specific IgG correlate with 
clinical protection but cannot accurately predict the outcome of every 
sting in every individual. The test is used to confirm protective levels 
after initiating therapy and then to verify that the venom-IgG level is 
adequately maintained at the longer intervals used for maintenance 
treatment. In one study, the IgG level was considered protective with 
more than 3 b,g/mL serum levels during the first 4 years of maintenance 
therapy, but protection was independent of the IgG after 4 years of 
treatment when other mechanisms of action become more imp0rtant.2~ 
Ideally, the IgG should achieve levels more than 5 pg/mL when the 
monthly maintenance dose is first reached at 4 to 6 months. During 
long-term maintenance therapy, repeat skin tests or RASTs may be 
performed every 2 to 3 years to monitor for a significant decline in 
venom-IgE. Skin tests generally remain unchanged in the first 2 to 3 
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years but show a significant decline after 4 to 6 years. Less than 20% of 
patients are skin test negative after 5 years, but 50% to 60% become 
negative after 7 to 10 years.= The venom-specific IgE and IgG antibody 
concentrations during venom immunotherapy are shown in Figure 2. 
Venom-specific IgE antibody averages 10 ng/mL in adults and 20 ng/ 
mL in children before immunotherapy. The venom-specific IgE usually 
increases in the first months of therapy, returns to baseline after 12 
months, and then declines steadily during maintenance treatment. This 
decline continues even after therapy is stopped or after a sting.'*, 
The venom-IgG level is well-maintained during maintenance treatment, 
declining only slowly during 5 years of therapy. 

Discontinuing Treatment 

The ideal duration of venom immunotherapy still is not defined. 
The question is no longer whether venom immunotherapy may be 
discontinued, but when and with what risk The original recom- 
mendations, approved for the Rroduct insert in the United States, were 
that therapy should be continued indefinitely. Although treatment could 
be stopped if sensitivity disappears on RAST or skin test, this occurs in 
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Figure 2. Yellow-jacket venom-specific IgE (dashed line) and IgG (solid line) antibody 
responses during 5 years of venom immunotherapy with mixed vespid venoms. (From 
Golden DBK, Lichtenstein LM: Insect sting allergy. In Kaplan AP (ed): Allergy. New York, 
Churchill Livingstone, 1985; with permission.) 
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only 20% of those treated for 5 years, SO% at 8 years, and up to 66% of 
those observed for 10 years.'" zz ~ 3 ,  31, 3** 47 The risk of systemic sting 
reaction in untreated, venom-allergic patients declines with time but 
remains in the range of 25% to 40% after 5 to 8 years and 20% to 30% 
after 7 to 12 years. If stopping venom immunotherapy allows the risk to 
return to this level, it may be preferable, in some cases, to continue 
maintenance therapy. Skin-test positive patients who prematurely dis- 
continue therapy after 1 to 2 years still have a substantial risk of systemic 
reaction to a sting.17, 48 A study of over 100 adults and children shows 
that, despite the persistent presence of venom-specific IgE, venom immu- 
notherapy may be stopped after 5 years with a 5% to 10% risk of 
systemic symptoms after a sting and only a 2% risk of a reaction 
requiring epinephrine treatment." It is reassuring that, after stopping 
venom immunotherapy the venom-IgE and skin tests decline steadily 
with time and show no persistent increase after challenge stings (Fig. 3). 
Venom-IgG levels fall to subtherapeutic levels, less than 3 pg/mL, within 
months of discontinuing long-term therapy but clinical protection from 
reaction to a sting persists by some mechanism other than IgG. Current 
immunologic evidence supports the hypothesis that a cellular suppres- 
sion is induced by 4 or 5 years of high-dose immunotherapy. Patients 

-6 0 h .  4 . .  6 
Time (y) 

Figure 3. Mean venom 2 + skin test sensitivity (solid line) and venom-specific IgE antibody 
level (dashed line) shown before venom immunotherapy ( -  6 years), after a mean of 6 
years of treatment (0 years), and 2, 4, and 5 years after stopping therapy. (From Golden 
DBK, Kwiterovich KA, Kagey-Sobotka A, et at: Discontinuing venom immunotherapy: Out- 
come after 5 years. J Allergy Clin lmmunol 97579, 1996; with permission.) 
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who lose protection after stopping venom immunotherapy were often 
those who experienced a systemic reaction to a sting, or to an immuno- 
therapy injection, during treatment. Patients who have a systemic reac- 
tion to a sting after discontinuation also show less decrease in skin-test 
reactivity or RAST during treatment and a greater increase of venom- 
IgE after a stin 14, =, & These observations all indicate that the patients 
most likely to 8' ave adverse reactions during or after therapy are those 
whose allergic response is not as well suppressed by immunotherapy. 

Long-term observations demonstrate a 10% sting reaction rate 10 to 
15 years after discontinuation of immunotherapy. A few patients experi- 
ence systemic reactions despite a negative venom skin test when immu- 
notherapy is discontinued.lz# 22 Some patients have no reaction to one 
sting after discontinuing therapy but experience systemic reactions to 
subsequent stings, which leads to an increase with time of the total 
number of patients who have had a sting reaction after discontinuation. 
This is the reason that the cumulative reaction rate is now reported to 
be up to 16.7% after 10 to 15 years off treatment. Figure 4 depicts the 
risk of systemic reaction to a sting over 10 to 15 years for untreated and 

Time (y) 

Figure 4. Natural history of insect sting allergy showing the risk of systemic reaction to a 
sting in untreated patients (solid line), and during and after treatment in patients who 
received venom immunotherapy for a duration of either 1 to 2 years (dotted line) or for a 
mean of 6 years (dashed line). (From Golden DBK, Kagey-Sobotka A, Lichtenstein LM: 
Survey of patients after discontinuing venom immunotherapy. J Allergy Clin lmmunol 
105385490, 2000; with permission.) 
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treated patients. Without treatment, the risk declines gradually during 
that time to approximately 25%, whereas the risk remains only 2% 
during maintenance venom immunotherapy. Although the cumulative 
risk after stopping treatment approaches the rate observed in patients 
who were never treated, this lack of long-term benefit is contrasted with 
the reduction of reaction rate to only 2% during the years of highest risk 
when untreated patients had a 30% to 60% reaction rate. The only way to 
maintain the minimal reaction rate of 2% is to continue immunotherapy 
indefinitely, an option appealing to some patients and consistent with 
the current product package insert. 

SUMMARY 

Elucidation of the natural history of insect sting allergy is critical to 
the development of guidelines and practice parameters for the evalua- 
tion and prevention of insect sting anaphylaxis. There remains a need 
for long-term observations and correlations that may yet provide the 
indicator of clinical and immunologic factors that accurately predict the 
individual patient’s risk of anaphylaxis to future stings. One goal to 
consider is the identification of subjects at risk for insect sting anaphy- 
laxis even before the first event. 
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