
Insect sting allergy and venom immunotherapy
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Objective: To review specific aspects of venom immunotherapy (VIT) in the context of allergen immunotherapy (AIT) in
general.

Data Sources: Immunotherapy Collegium II presented at the 2005 Annual Meeting of the American College of Allergy,
Asthma and Immunology.

Study Selection: Discussions of VIT during Immunotherapy Collegium II.
Results: The decision to recommend VIT is based on a detailed history and confirmatory diagnostic tests, as well as a

knowledge of the natural history of the disease and its impact on quality of life. Skin tests and radioallergosorbent tests are
complementary in that neither can detect all cases of insect sting allergy. Unlike inhalant AIT, rush regimens are as safe as slower
regimens for initial VIT, and 4- to 8-week maintenance intervals are typical for VIT. In contrast to inhalant AIT, large local
reactions are common and expected with VIT and should not limit the maintenance dose. VIT induces full immune tolerance in
85% of patients after 5 years, whereas this occurs in 30% to 50% of patients with inhalant AIT. VIT is often discontinued after
5 years even though skin test results are usually still positive, but a 10% to 15% chance of reaction persists for many years and
is greater in patients who had near-fatal reactions before treatment, those who had systemic reactions during VIT, those with
honeybee allergy, and those treated for less than 5 years. Children who receive 3 to 5 years of VIT have a lasting immune
tolerance for 10 to 20 years afterward.

Conclusion: The appropriate use of VIT for prevention of insect sting allergy requires knowledge of the natural history of the
disease and would benefit from a better understanding of the mechanisms of successful immunotherapy for the induction of
immune tolerance.
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INTRODUCTION
In keeping with the theme of Immunotherapy Collegium II,
presented at the 2005 Annual Meeting of the American Col-
lege of Allergy, Asthma and Immunology, this article will
focus on specific aspects of venom immunotherapy (VIT) in
the context of allergen immunotherapy (AIT) in general. One
of the most important aspects of AIT is appropriate patient
selection, and one of the basic considerations when initiating
VIT is the history. An insect sting can cause a normal local
reaction, a large local reaction (a late-phase IgE-dependent
reaction causing severe and prolonged swelling), a cutaneous
systemic reaction (hives, angioedema, flush, but no other
manifestations), or anaphylaxis (with hypotension, dizziness,
dyspnea, or throat symptoms). The details of the history are
of great importance, and they are an integral part of our
decision making in beginning VIT, during immunotherapy,
and when considering discontinuing immunotherapy.

The indications for VIT require a detailed history, confir-
mation by venom skin test or radioallergosorbent test
(RAST), and a knowledge of the natural history. Without
knowing what is going to happen without treatment, we do
not really know whether (or why) to proceed with treatment.
Another consideration is quality of life, because patients who

may not technically require VIT might still benefit from it in
measurable ways. Published reports on quality of life in
insect allergy showed the benefit of VIT, whereas patients
who were given only epinephrine had deterioration in quality
of life.1

Our diagnostic tests, venom skin tests, and RASTs have
good sensitivity and specificity, but we must remember that
neither is perfect.2 The skin test is preferred because of its
greater sensitivity. Among patients with positive venom skin
test results, 15% to 20% have negative RAST results; there-
fore, these cases would have been missed by RASTs alone. If
the RAST result is negative and there is a convincing history,
skin tests are required. We tend to forget that the converse is
also true: in patients with negative skin test results, 10% to
15% have a positive RAST result. Therefore, in the face of a
convincing history and a negative skin test result, we must
check the RAST result, which can be considerably elevated
even though the skin test result is negative.

Does the RAST or skin test predict the severity of the
reaction? Not reliably. There is a linear correlation between
skin test sensitivity and severity of the sting reaction, but too
many outliers exist at both ends of the spectrum.3 There are
people who have strong positive skin test results, such as
large local reactors, who infrequently have systemic reactions
to stings. Conversely, there are patients who have a weak or
negative skin test result and yet have a severe systemic
reaction to a subsequent sting. We need to realize that neither
test is perfect, and we should therefore use them in a com-
plementary fashion.
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The risk of reaction in untreated patients varies widely.4–8

When the outcome of subsequent stings is analyzed in many
published studies of patients with a history of systemic reac-
tion and positive venom skin test results, the mean reaction
rate is 46%. However, a tremendous range exists among the
studies, from 65% to 30%. Some of the reasons for this range
are related to the natural history of the disease and the
patients included in different studies (Table 1). Some of those
studies actually included patients with large local reactions
who have a low risk of systemic reaction.9,10 Some included
children who had cutaneous systemic reactions and were also
known to have a relatively low risk of systemic reaction.11,12

Even adults with cutaneous systemic reactions have a rela-
tively low risk of future systemic reaction. At highest risk are
individuals, including children, who had a more severe sys-
temic reaction. In the study we recently published showing
the 10- to 20-year follow-up of children, those with moderate
or severe reactions did not necessarily outgrow the allergy.
They had a 30% reaction rate, which is similar to the reaction
rate in untreated adults after 10 to 20 years. We now realize
that children with more severe reactions remain at risk in the
long run.12

VIT is probably the most effective form of immunotherapy
available to our profession. There were only 2 controlled
clinical trials on VIT: one was performed at Johns Hopkins
by Hunt et al5 and the other was performed by Muller et al in
Switzerland.13 Both showed essentially the same results. The
Johns Hopkins study was controlled both by placebo and by
the previously standard treatment for 50 years: whole-body
extract. Among the patients treated with venom, only 1 of 55
reacted to a sting, demonstrating the 98% efficacy of VIT. It
was interesting that the reaction rate among patients treated
with placebo or whole-body extract was not 100%. The fact
that only 60% reacted spurred studies, still ongoing, to try to
understand what makes a sensitized individual react, or not
react, to a given sting. There is no proven predictor of
reactivity in each individual. All we can say is that there is a

statistically elevated risk in certain patients, but we cannot
exactly predict who is going to react or not.

VIT is not usually recommended to patients with large
local reactions because of the low risk of a subsequent sys-
temic reaction to a sting. Some would benefit from improved
quality of life because of their fear of developing a systemic
reaction. Others who have frequent exposure would like to be
able to prevent the severe swelling and the need for pred-
nisone multiple times each year. The group at Wilford Hall
has reported that fire ant extract immunotherapy prevents
large local reactions, and in our pilot study we found that
VIT-treated patients had a greater than 50% reduction in size
and duration of swelling, compared with minimal change in
untreated patients.14,15 I hope to be able expand on this study
in the next few years with a multicenter clinical trial of VIT
for large local reactions.

VIT can present many complexities, but I will focus on a
few specifics. As with all types of immunotherapy, we must
consider who should receive the treatment, how to begin the
treatment regimen, optimal maintenance dose and interval,
and, of course, the duration. VIT is in many ways a model for
AIT, and yet there are some differences (Table 2). For ex-
ample, the initiation regimen can be a relatively slow tradi-
tional regimen that might build up during 4 to 6 months or a
relatively rapid regimen that reaches maintenance dose after
6 to 8 weekly injections. We have shown that with venom
they are equally safe.16 In fact, Bernstein et al and others17–20

have reported that a 2- to 3-day rush immunotherapy regimen
with venom is as safe as any other. With inhalants, on the
other hand, many studies have shown that rush regimens are
not necessarily as safe and can cause more systemic reac-
tions. Another consideration is the maintenance dose, which
is uniform for VIT. Every patient is expected to reach the full
dose of 100 �g of each venom, because lower doses may not
be fully effective. In contrast, in inhalant immunotherapy the
maintenance dose is adjusted “as tolerated,” depending on
local (or systemic) reactions. Local reactions, sometimes
quite large, are expected with venom and may slow the
treatment schedule but should not prevent us from reaching
full dose. On the other hand, despite proven target doses, we
generally try to avoid large swellings with inhalant AIT,
which tends to limit the dose in some patients.

Maintenance intervals also vary in immunotherapy. With
inhalants the treatment interval is usually in the range of 1 to

Table 1. Risk of Systemic Reaction in Untreated Individuals With
Positive Skin Test Results Related to History and Age*

Original sting
reaction severity

Age at
reaction

Risk of systemic
reaction, %

1–9 y 10–20 y

No reaction Adult 17
Large local All 10 5

Systemic
Cutaneous Child 10 5

Adult 20 10
Anaphylaxis Child 40 30

Adult 60 40

*Reproduced with permission from Golden DBK. Insect sting allergy.
In: Adkinson NF, Yunginger JW, Busse WW, Bochner BS, Holgate ST,
Simons FER, eds. Middleton’s Allergy: Principles and Practice. 6th ed.
St Louis, MO: Mosby; 2003:1475–1486.

Table 2. Allergen Immunotherapy: Venom vs Inhalant

Venom Inhalant

Rapid vs slow regimen As safe More risky
Maintenance dose Uniform As tolerated
Local reactions Expected Avoided
Maintenance interval, wk 4–8 1–4
Duration, y 3–10 3–10
Long-term tolerance, % 85 30
Exposure Infrequent Daily/seasonal
Diagnostic priority Sensitivity Specificity
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4 weeks, whereas with venoms it is more typically 4 to 8
weeks. The duration of immunotherapy has not been fully
studied, but there is not necessarily a difference between
venom and inhalants. On the other hand, the tolerance in-
duced by long-term immunotherapy appears to be different
with venom than with inhalants. Durham et al and others21–27

have reviewed some of the long-term benefits of immuno-
therapy. A true long-lasting elimination, not just reduction, of
their symptoms occurs in perhaps 30% to 50% of the patients
who stop inhalant immunotherapy, but 85% of patients who
discontinue VIT after 5 years will never react to another
sting.28 The ability to achieve such immune tolerance may
depend on the pattern of allergen exposure. Inhalant allergens
are associated with frequent exposure, whether it is daily or
seasonal, whereas stings are infrequent and may occur years
apart. Another interesting difference between VIT and inhal-
ant AIT has to do with the selection of patients for treatment.
The priority for insect allergy favors sensitivity of diagnostic
tests. We feel more inclined not to miss a case with venom
because of the potentially disastrous consequences. With
inhalant allergy we favor optimum specificity of the test and
generally avoid intradermal skin tests, because their sensitiv-
ity is relatively lower than that of puncture skin tests. In doing
so, we accept that we may miss a few cases, but the conse-
quences will not be fatal. We are more inclined to risk the
so-called unnecessary treatment with venom in some patients,
because we do not want to miss a case that will lead to a
severe sting reaction.

When we begin VIT, several decisions must be made. The
build-up regimen can range from 6 hour ultra-rush to a 2- to
3-day rush regimen (which is the norm in Europe), a 6- to
8-week modified rush regimen, or a traditional regimen of 3
to 6 months of weekly injections. The maintenance interval is
described in the product package insert as being 4 weeks
indefinitely. Almost no published literature exists on the 6- to
8-week regimen that is now accepted in the practice param-
eters.29 Some recent publications report the safety of a
12-week maintenance interval, especially for prolonged ther-
apy.30 During immunotherapy, premedication with antihista-
mines on the day of each injection significantly reduced the
occurrence of both local reactions and even some systemic
reactions.31,32 In the study by Muller et al,32 it even seemed to
have a therapeutic benefit, because challenge sting caused
fewer systemic reactions in patients who had received anti-
histamine before each shot. This is not yet understood and has
not yet been confirmed in other studies.

The standard maintenance dose is 100 �g of each venom.
Although some claim 50 �g to be equally effective, there is
evidence to the contrary, showing that 200 �g is clearly more
effective and is indicated in some patients.33 Although mixed
vespid venom treatment has shown 98% efficacy, single
venom therapy is 85% to 90% effective, and honeybee treat-
ment is only 75% to 85% effective.34 I should clarify that we
have always defined efficacy as the total elimination of
systemic reaction, not just reduced reaction. In a study of VIT
treatment failures, Rueff et al33 showed that when the dose

was increased to 200 �g the patients were fully protected
against systemic reactions to stings. Although this is not
necessary in every patient, the problem is that it is hard to
identify a patient in whom treatment will fail before failure
occurs. We have reported that we could identify most patients
in whom treatment will fail by measuring the venom-specific
IgG antibody level.35 In our study, patients with an IgG level
greater than 3 �g/mL had a 1.6% reaction rate to sting
challenge, whereas those who had a lower IgG level had a
27% reaction rate to sting challenge. However, some patients
who had a low IgG level did not react to a sting. This is
understandable, since even untreated patients at highest risk
do not always react to a sting. Although we could increase the
dose in patients who have a low IgG level, this would lead to
overtreatment of some patients.

Our studies of the IgG antibody response gave us some
early insight regarding potential discontinuation of VIT. The
venom IgG level was predictive of clinical protection only in
the patients who had 4 years or less of treatment. In patients
who had more than 4 years of VIT, even those with low IgG
levels had a relatively low frequency of systemic reaction,
which suggested that after 4 years some other protective
mechanism was coming into play. Although we now know
more about mechanisms of immunotherapy, most of the pub-
lished data pertain to the protection achieved during early
immunotherapy.36,37 We still have limited evidence of what is
happening after more than 4 years of immunotherapy that
leads to true immune tolerance.38

During our observation of VIT for 5 years or more, we also
noted that the mean venom IgE level declines steadily with
time, reaching relatively low levels after 4 years. These
findings led us to consider the possibility of discontinuing
treatment after 5 years. For this study we recruited 74 patients
who had at least 5 years of venom immunotherapy (mean, 6
years). When therapy was stopped, there had been a 1-log
(10-fold) decline in both the skin tests and RASTs, but 75%
of the patients still had positive venom skin test results.39 Our
first concern was whether the venom IgE level would re-
bound or whether resensitization would occur after a sting.
Fortunately, these problems did not occur. After stopping
treatment, the skin test result and venom-IgE level continued
to decline in a linear fashion, even though we administered
challenge stings to these patients every 1 or 2 years. We
ultimately observed both challenge stings and field stings in
113 patients who had not been receiving treatment for up to
13 years.28 In the first 4 years after stopping treatment, 10%
of the patients had a systemic reaction to a sting. We believed
the reaction rate would get lower and lower with time, but
this has not occurred. After 5 to 13 years of not receiving
treatment (mean, 9.6 years), the frequency of systemic reac-
tions to stings was still 10%. These results showed that each
sting had a 10% chance of causing a reaction even more than
10 years after discontinuing therapy. However, when a pa-
tient gets stung several times during a period of years, the
chance that one of those stings will cause a systemic reaction
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increases such that the cumulative relapse rate during our
extended observations was almost 17%.

One of the risk factors for relapse after stopping treatment
is the occurrence of a systemic reaction during immunother-
apy, whether to an injection or a sting. We found such
patients had a 46% relapse rate, whereas the patients who had
no systemic reaction during immunotherapy had a relapse
rate of 8%.40 Our results confirmed the observation made by
Muller et al.

When relapse occurs, the reactions are generally much less
severe than before immunotherapy, even though there are
occasionally severe reactions. The history of the pretreatment
sting reaction is helpful in evaluating the risk of relapse. Both
Reisman6 and Keating et al41 showed that the patients with the
more severe history had a higher risk of relapse. We did not
find a higher frequency, but we are more concerned with the
likelihood that if a patient with a severe history were to
relapse, the reaction would be more likely to be severe.
Therefore, people who have near-fatal or unconscious reac-
tions should continue with immunotherapy for life. When we
review the details on some of the patients who have relapsed,
several specific points emerge. We have described patients
who had negative skin test results the last time we tested them
and yet they had a systemic reaction when they got stung. All
had detectable venom IgE on RASTs. Therefore, negative
skin test results during or after VIT are not a guarantee of
safety when treatment is discontinued. We have also ob-
served great variability, with some patients having a reaction
to one sting but not to the subsequent or preceding sting. This
variability is similar to what we see before treatment as well.

Many investigators have studied the duration of VIT. Some
investigators have suggested that 3 years is sufficient, espe-
cially in children, but many studies had inclusion criteria,
such as marked decline of venom RAST results and negative
sting challenge results, during treatment.42–45 Other investi-
gators have concluded that 5 years of VIT is better than 3
years. Keating et al,41 with Yunginger’s group at the Mayo
Clinic, showed that the IgE reduction is more pronounced
after 5 years than after 2 to 4 years. That same study showed
a much lower reaction rate to stings when they had 5 years or
more of VIT compared with 2 to 4 years. After years of study,
the more recent data of Lerch and Muller46 showed a signif-
icantly lower reaction rate with treatment of more than 50
months than with treatment of less than 50 months. Muller et
al34 have shown that honeybee allergy is different than yellow
jacket or wasp allergy in a number of ways. Honeybee
allergic patients have more reactions to venom injections,
more treatment failures during treatment, and more relapses
after treatment. It is not yet clear whether the reaction rate
decreases with time after stopping VIT. We have not found
such a decline after 10 years, whereas there was an early trend
to decreasing frequency of reaction in the study by Lerch and
Muller. In summary, the patients in whom treatment should
not so readily be stopped are the ones with the extreme or
near-fatal history, the ones who had a systemic reaction
during immunotherapy, the honeybee allergic patients, and

those with less than 5 years of treatment. Obviously, age,
underlying medical conditions, and frequency of exposure
should also be taken into account.

We have recently reported our observations on the long-
term outcomes in children with insect sting allergy with and
without VIT.12 Without treatment, the children with cutane-
ous systemic reactions had a 13% systemic reaction rate,
similar to that observed by Valentine and Schuberth.11 After
3 to 5 years of VIT, the reaction rate in children with a history
of cutaneous systemic reactions was 0, even 10 to 20 years
after stopping treatment. Children with moderate or severe
systemic reactions to stings should certainly receive 3 to 5
years of VIT, because without it they had a 32% chance of
systemic reaction as adults, whereas with VIT they had only
a 5% reaction rate, even 10 to 20 years after treatment.

I have presented some of the major issues related to VIT in
the context of AIT in general. There are interesting parallels
and differences between VIT and inhalant AIT, which under-
score the range of immunologic and environmental factors
that influence the application and outcome of our treatments
for allergic disease. The appropriate use of VIT for preven-
tion of insect sting allergy requires knowledge of the natural
history of the disease and would benefit from a better under-
standing of the mechanisms of successful immunotherapy for
the induction of immune tolerance.
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