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Background: Large local reactions to insect stings cause
significant morbidity and impair quality of life. Venom
immunotherapy is not recommended because of a low risk for
future systemic reaction and unproven efficacy in preventing
large local reactions.

Objective: To determine the feasibility of performing a
controlled trial to examine the efficacy of venom
immunotherapy in reducing the size and duration of large local
reactions.

Methods: Sting challenge in 41 patients with previous large local
reactions and positive venom skin tests caused large local
reactions 16 cm or larger in 34 patients, and 29 consented to
treatment. Venom immunotherapy was initiated in 19, and 10
were untreated controls. Sting challenge was repeated after 7 to
11 weeks (control patients then began venom immunotherapy),
and annually for as long as 4 years.

Results: After 7 to 11 weeks of treatment, the size and duration
of large local reactions decreased 42% and 53 %, respectively, in
treated patients and 18% in controls (P <.01 for both). The
response was similar after 1 year, and improved after 2 to 4
years to 60% and 70%, respectively.

Conclusions: Venom immunotherapy significantly reduced the
size and duration of the large local reactions, and the efficacy
improved over a period of 2 to 4 years of treatment. Further
studies are needed to establish the safety and efficacy of venom
immunotherapy for large local reactions, the optimal duration
of treatment, and the mechanism for the differences in degree
and rate of clinical response compared with venom
immunotherapy in systemic reactors. (J Allergy Clin Immunol
2009;123:1386-90.)
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Large local reactions (LLRs) to Hymenoptera stings are IgE-
dependent and are estimated to occur in 10% of adults.' They
follow the pattern of late-phase inflammatory responses, with
swelling delayed 6 to 12 hours in onset, peaking by 24 to 48
hours and resolving in 3 to 10 days. There is no established def-
inition of the size of a LLR, but they are commonly 4 to 6 inches
(10-15 cm) in diameter. They can result in massive swelling of
an entire extremity, can cause significant morbidity and impair-
ment in quality of life, and often require a course of oral
corticosteroids. ™

Venom immunotherapy (VIT) is currently indicated only to
prevent anaphylactic reactions to stings in patients with a history
of previous systemic reactions and positive venom skin tests or
serum venom-specific IgE serology. VIT is not considered cost-
effective for patients with only LLR, because their risk of future
sting anaphylaxis is relatively low. However, patients who have
frequent and disabling LLR, particularly those with occupational
exposure, have requested VIT. Although they desire treatment in
the hope it would minimize a future LLR, the efficacy of such
treatment is unproven. There is reason to hope that venom immu-
notherapy would mimic the natural reduction of severe LLRs that
has been reported in patients who have multiple and frequent
honeybee stings or mosquito bites.>”’

This pilot study was designed to evaluate the feasibility of a
clinical trial of the efficacy of VIT in reducing the size and
duration of LLR to Hymenoptera stings. Our specific aims were to
determine the interest of affected patients in VIT, to compare the
duration and peak size of the sting reaction after 7 to 11 weeks of
either VIT or no treatment, to describe the change in duration and
peak size of the sting reaction after 1 to 4 years of VIT, to observe
adverse reactions to VIT in large local reactors, and to observe
changes in venom skin tests and IgE antivenom levels in serum
during the study period.

METHODS

We recruited subjects from groups of previous study volunteers as well as
from the community by advertising. Individuals were included with a
convincing history of a large local sting reaction and positive venom skin
test results. Exclusions included the use of 3-blocker medication, pregnancy
or insufficient measures to avoid pregnancy, previous sting anaphylaxis or
venom immunotherapy, and uncontrolled asthma or other medical conditions
that might affect the risk or outcome of anaphylaxis. Subjects were enrolled
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FIG 1. Mean reduction = SD (%) in the peak size and duration of large local reactions to stings after 9 weeks
(range, 7-11) of either initial VIT (19 subjects) or no treatment (10 subjects). There was a significantly greater

improvement in the treated subjects.

over a 3-year period, with informed consent about the benefits, risks, and
alternatives, including medical treatment. The study protocol and consent
form were approved by the Johns Hopkins Investigation Review Board.

To establish a suitable baseline before treatment, a qualifying sting
challenge was performed. Only subjects who developed local induration of
at least 16 cm were eligible to continue in the treatment phase of the study.
This threshold for inclusion was chosen to facilitate the detection of a
therapeutic effect, and because such patients are more motivated to undergo
VIT. Venom immunotherapy was administered according to all our usual
clinic protocols, using venoms donated by ALK-Abell6 Laboratories, Round
Rock, Tex, with a dose schedule adapted from the package insert to achieve the
maintenance dose in 7 weekly visits. Maintenance doses (100 g of each
venom; 300 pg for mixed vespid venom) were administered every 4 weeks
for 1 year, then every 6 weeks for 1 year, and then every 8 weeks for 2 years.
Patients were encouraged (but not required) to take an antihistamine dose the
morning of each treatment day (cetirizine or fexofenadine), but not for 1 week
before the sting challenge. Untreated patients in the control group did not take
either active antihistamine or placebo medication during the same period, but
neither group took antihistamines for 1 week before repeat sting challenge.

Sting challenges were performed as previously described,® with institu-
tional review board-approved informed consent at Johns Hopkins Bayview
Medical Center and at Penn State Hershey Medical Center. We received
invaluable assistance from the facility and staff of the National Institutes of
Health—funded General Clinical Research Centers at both locations. Before
the sting, venom skin tests were performed, an intravenous infusion was
established, and blood samples were drawn. Patients were closely monitored
for symptoms and objective signs of systemic reaction for at least 60 minutes
after the sting. No additional medications were permitted for the first 48 hours
after the sting to enable accurate measurement of the cross-sectional diame-
ters of the swelling. At the time of qualifying sting challenge, patients were
trained in the measurement and recording of the maximal cross-sectional
diameters of the area of local induration resulting from the sting. The size
of the local reaction (centimeters of induration) was recorded by the patient
at 1, 12, 24, and 48 hours after the sting. After the 48-hour period of obser-
vation, subjects were permitted to take antihistamines and/or a short burst
of prednisone.

Venom skin tests were performed by using a standard intradermal
technique involving venom concentrations from 0.001 to 1.0 pg/mL.
This titration was performed to determine the lowest concentration that would

produce a positive result (wheal >5 mm and erythema >10 mm). Venom-
specific IgE antibodies were measured in serum samples by using the
Pharmacia ImmunoCAP-250 system (Pharmacia, Uppsala, Sweden). Sting
challenge was performed by using a device and procedure we have previously
described.® The insect that was implicated by the patient’s history and venom
skin test results was used for sting challenge. The use of yellow jacket stings in
patients with multiple vespid venom sensitivity and treatment was based on
the patient’s history. The sting application devices and the insects were pro-
vided by our collaborating entomologists at the University of Maryland
(Nancy Breisch, PhD and Al Greene, PhD).

Comparison of outcomes between VIT and untreated groups was
performed by using the Student 7 test in SigmaStat 9.0 (Systat Software Inc,
Point Richmond, Calif).

RESULTS

Of the 200 who responded to advertisements, relatively few
were interested in proceeding with treatment. The patients’
interest in treatment was related not only to the severity of their
reaction but rather to the frequency of their reactions and their
frequent exposure to stinging insects. Although many subjects
chose medical management over the study treatment, the study
subjects expressed a motivation to avoid not only the frequent
sting reactions but also the need for repeated courses of steroids.

An initial (qualifying) sting challenge was performed in 41
subjects: 17 men and 14 women, mean age (*+SD) 46.5 (£11)
years (range, 21-63). During the initial sting challenge, 1 subject
(2.4%) had an anaphylactic reaction, which required epinephrine
and intravenous fluids for an extended period. There were no other
systemic reactions, but 6 subjects had local reactions that were not
large enough to qualify for the treatment phase of the study. Of the
34 patients who qualified, 5 declined treatment. A total of 29
patients were treated with venom immunotherapy: 7 with hon-
eybee venom, 2 with yellow jacket venom, 18 with mixed vespid
venom, and 2 with Polistes wasp venom. In these 29 subjects,
venom skin tests were positive at 0.01 pg/mL in 3 cases, at 0.1
pg/mL in 11, and at 1.0 pg/mL in 15 patients.
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FIG 2. Mean reduction (%) in the peak size and duration of large local
reactions to stings after initial VIT updosing (0.2 years; n = 19) and after
maintenance VIT for 1 year (n = 27), 2 years (n = 17), 3years (n = 11), and 4
years (n = 8). Improvement was greater after 2 to 4 years than after the first
year of treatment.

The controlled phase of the study was the first 12 weeks after
the first (ie, qualifying) sting challenge, in which the patients were
assigned in a 2:1 ratio to VIT (n = 19) or no treatment (n = 10).
Sting challenge was repeated after 7 to 11 weeks. The untreated
patients were then offered VIT, and 9 accepted. Sting challenge
was repeated annually for 1 to 4 years. VIT was well tolerated by
all study subjects. There were no systemic reactions to injections.
LLRs to injections were no more common than normally
observed in treatment of patients with previous systemic sting
reactions. There were 8 subjects who complained of a large area
of swelling after an injection: 1 took prednisone for 2 days on
1 occasion, 5 took only antihistamine, and 2 took no additional
medication. Adverse effects did not lead to any delays in the
treatment schedule or withdrawals from the study.

The mean reduction, from the first (qualifying) sting to the
second sting, in the peak size and duration of the LLR in
untreated and VIT patients is depicted in Fig 1. Untreated pa-
tients showed a mean (*£SD) decrease of 18% in both their
peak size (=21%) and duration of reaction (£26%). Patients
who received VIT had a mean (£SD) reduction of 42%
(£30%) in the peak size, and 53% (*31%) in the duration
of the reaction. This was a significantly greater improvement
than in untreated patients for both the size (P = .008) and du-
ration (P = .01) of the post-sting reaction. The reduction (from
the qualifying sting) in size and duration of the LLR to sting
challenge after 1 to 4 years of VIT is shown in Fig 2. The im-
provement after 1 year was not different from that observed
after the first 7 to 11 weeks. The results improved after 2 years
of treatment and were maintained through 4 years of VIT, with
about a 60% reduction of the size, and a 70% reduction in
duration of the swelling.

A clinical response to VIT was defined as at least a 50%
improvement in size or duration of the sting reaction. Fig 3 dis-
plays the response rates over the course of the study. After 7 to
11 weeks, the response rates were 37% and 53% for size and du-
ration, respectively, compared with 10% for untreated controls.
The response rate increased to 48% and 63%, respectively, after
1 year of VIT, 76% and 94% after 2 years, 73% and 82% after
3 years, and 87% for both after 4 years. Patients expressed satis-
faction with treatment when there was at least 50% reduction in
either the size or duration of their reaction. Patient satisfaction
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FIG 3. Clinical response rate (percentage of patients with at least 50%
improvement in size or duration of the sting reaction) is shown after initial
VIT updosing (0.2 years; n = 19), and after maintenance VIT for 1 year (n =
27), 2 years (n = 17), 3 years (n = 11), and 4 years (n = 8), as well as in
untreated controls.

was 53% after 7 to 11 weeks of VIT, 63% after 1 year, 100% after
2 years, 91% after 3 years, and 100% after 4 years.

The changes observed in the subjects’ venom skin tests over the
4-year period of the study are presented in Table 1. After the first
year of treatment, there was little overall change in skin test re-
sults, with 15 patients showing the same endpoint titer as before
treatment, 8 showing increased skin sensitivity, and 5 showing
reduced sensitivity. Over time, an increasing number of patients
showed reduced skin reactivity: 18% of the subjects after
1 year, 41% after 2 years, 64% after 3 years, and 75% after 4 years
of VIT. Skin test results became negative in 18% of patients after
1 year, 24% after 2 years, 43% after 3 years, and 38% after 4 years
of VIT. Venom-specific IgE antibody levels (data not shown) in-
creased during the initial treatment phase (after qualifying sting
challenge), particularly in the treated subjects. IgE antivenom
levels in serum were still elevated at 1 year, and then returned
to baseline levels in years 2 to 4. The venom-specific IgE antibody
level did not convert to negative (<0.35 kU/L) in any patient over
the course of the study.

DISCUSSION

Venom immunotherapy has proven to be effective for the
prevention of sting anaphylaxis.” ! However, there have been few
reports in the literature on the prevention of morbidity associated
with LLRs using immunotherapy. An abstract by Walker et al'?
showed that rush immunotherapy prevented LLRs to fire ant
stings. Schuberth et al"? reported that significantly fewer LLRs oc-
curred in venom-treated (compared with untreated) children who
had a history of previous mild systemic reactions to stings. Most
recently, the initial response to 6 months of sublingual immuno-
therapy with honeybee venom was reported to be associated
with reduced LLRs to stings and increased venom-specific IgG an-
tibody levels.'* We reported a single case of a patient who had
marked reduction of LLRs with VIT."” Immunotherapy has been
shown to attenuate the late-phase cutaneous inflammatory reac-
tion to venom and inhalant allergens.m'18 Our data convincingly
demonstrate the clinical efficacy of VIT in attenuating the late in-
flammatory allergic response to a sting. This finding is expected on
the basis of similar observations in patients with LLRs to honey-
bee stings or mosquito bites who showed diminished reactions
after a large number of natural stings or bites over time.” 19
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TABLE I. Changes in skin test sensitivity during venom immunotherapy: numbers of patients showing stronger, weaker, or unchanged

skin test responses

Change in skin test after first sting, n (%)

Duration of VIT No. Same Stronger Weaker/negative
ly 28 15 (54) 8 (29) 5 (18)/5 (18)
2y 17 8 (47) 2 (12) 7 (41)/4 (24)
3y 14 4 (29) 1(7) 9 (64)/6 (43)
4y 8 2 (25) 0 (0) 6 (75)/3 (38)

The patients were advised of the alternatives for medical
treatment instead of VIT, particularly a short course of oral
corticosteroids. Although most experts believe this treatment to
be quite effective, it is best initiated as soon as possible after the
sting.* There is no published evidence to support this contention,
and no controlled trial has been published. It is therefore very dif-
ficult to compare the benefits of VIT and medical management.
However, VIT would appear to be a steroid-sparing treatment op-
tion in these patients who are motivated to avoid not only the fre-
quent sting reactions but also the need for repeated courses of
steroids.

The time course and pattern of the clinical response to VIT
observed in the current study of large local reactors were
somewhat different than has been observed in systemic reactors.
As with systemic reactions, there was evidence of efficacy for
LLRs even in the early stage of maintenance therapy. However,
optimal clinical benefit for LLRs did not occur in the first season
of treatment, as has been noted in systemic reactors. Rather, it was
observed in the third sting season, after 2 full years of treatment.
The frequency and degree of the clinical response to VIT also
appeared different between the large local and the systemic
reactors. VIT in systemic reactors completely prevents the
systemic manifestations, but in large local reactors, the improve-
ment appears to be less than complete. The frequency of clinical
response (no systemic reaction to a sting) to VIT in systemic
reactors is 85% to 98%, but the current study shows that the
response rate (as well as the mean reduction in LLR) was only
50% to 60% in the first 2 seasons of treatment. The initial response
rate was similarly low in the reported study of sublingual VIT for
LLRs, in which the treatment was studied for only 6 months.'* In
published comments on that study, the response rate was judged to
be inferior to that of VIT for systemic reactions, and it was noted
that in studies of systemic reactors, even the placebo response rate
approached 50%.°° In the current study, only 10% of the untreated
patients had at least a 50% improvement, and the mean reduction
was 18%. The initial response rate in treated subjects in our study
was indeed only about 50%, but it was significantly better than in
the untreated group. More importantly, we demonstrated an im-
proved response rate of more than 80% (with 60% to 70% reduc-
tion in size and duration of reaction) after 2 to 4 years of VIT. In
the current study, there was another potential difference between
the treated and control patients: only treated patients used an an-
tihistamine weekly for the first 7 weeks. Neither group used an an-
tihistamine for 1 week before challenge sting, but we cannot
assess any potential effect of the antihistamine treatment on the
clinical outcome. There have been recent reports suggesting pos-
sible mechanisms for immunomodulatory effects of antihista-
mines during VIT

The improved response after 2 to 4 years of VIT in the current
study is reported in a smaller number of subjects than the results

after 1 year. This was not a result of the nonresponders dropping
out of the study. There were 10 patients (5 controls and 5 VIT) who
joined the study in its penultimate year, and so they had results
available for only 1 year. These patients had results comparable to
those of the other 19 subjects who joined the study during its first 2
years. All but 1 of the subjects who showed a poor response in the
first year showed an improved response in years 2 to 4.

Although the observed difference between the treated and
control groups was statistically significant after the initial venom
treatment, there were shortcomings in the design of this pilot
study. The control group received no treatment rather than a
placebo treatment. Such unblinded, non—placebo-controlled com-
parisons are potentially susceptible to bias, although the out-
comes were strictly objective. Furthermore, the control group was
crossed over to VIT treatment after the first 3 months to increase
the number of treated patients who could be evaluated in this pilot
design. Therefore, there was no control group for comparison
during the extended maintenance period of as long as 4 years. It is
not possible to know whether reduced reaction to stings could
have occurred spontaneously over the period of 2 to 4 years. There
have been few studies of the natural history of LLRs, but
published reports describe continued severe reactions in many
cases.”** This is also reflected in the observation that of the 41
subjects with previous LLRs who underwent an initial sting chal-
lenge in this study, all developed LLRs, and 34 of 41 (83%) were
16 cm in diameter or larger. Our results support the need for a
more rigorous study involving a larger number of patients to con-
firm the observed efficacy and to determine the most appropriate
timing and duration for maintenance treatment.

This study was not designed to make detailed immunologic
observations; however, changes were observed in venom skin test
endpoint titer and IgE antivenom levels in serum during the study
period. Venom skin tests showed unexplained variability in indi-
vidual patients, but they showed progressively declining sensitivity
during the 4-year treatment period. The variability of venom skin
tests has been previously reported.23 The lack of a control group
during maintenance VIT makes it uncertain how much of the de-
cline in sensitivity was a result of treatment and how much was sim-
ply the result of the passage of time. As observed in previous
studies of VIT, venom-specific IgE increased with initial VIT and
then declined toward baseline levels after 1 to 2 years of treat-
ment.>* Also as previously reported for VIT in systemic reactors,
serum venom-specific IgE antibodies remained detectable in pa-
tients whose venom skin test results became negative during VIT.
We believe this to be related to the limited sensitivity of venom
skin tests”>?° rather than potential differences in the commercial
venom products used for skin tests and serologic methods.

The mechanism by which VIT induces a reduction in the LLR
may be more complex than in prevention of anaphylaxis. The
limited response in the first year suggests that there may be both
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IgE-mediated mechanisms that do respond to early treatment and
mechanisms that are non-IgE mediated (or are not responsive to
VIT). The improved response after 2 to 4 years suggests the
possibility of a suppressive mechanism that becomes active only
after prolonged treatment, like the long-lasting protection (toler-
ance) that results from 4 to 5 years of VIT in systemic reactors
(which is independent of IgG antibodies). Venom-specific 1gG
antibodies have been implicated in the diminishing LLRs that occur
with very frequent exposure in beekeepers and individuals with
mosquito allergy.”” Further study of VIT for LLRs may be a useful
model to elucidate the mechanisms of both LLRs and of VIT, espe-
cially by comparison with the responses in systemic reactors.

Our clinical observations support the safety of VIT in patients
with a history of LLRs. There were no significant adverse events
during treatment. Surprisingly, LLRs to venom injections oc-
curred no more often than during VIT in systemic reactors. One
interesting observation was the outcome of the pretreatment
qualifying sting challenge. Almost all the subjects had reactions
reproducing their previous reactions. This suggests that these
patients were likely to continue to have similar LLRs to future
stings. As predicted, there was a systemic reaction to the initial
sting challenge in less than 5% of the subjects. Of interest is the
anecdotal observation that when the initial systemic reaction
occurs, it can be of any severity, including life-threatening, as was
the case in this study.

One aim of this pilot study was to evaluate the feasibility of
recruiting patients for a large study. Only a small number of patients
with LLRs were interested in treatment, particularly those who had
episodes almost every summer in which they experienced signif-
icant morbidity and often required medical attention and oral or
injected corticosteroid treatment. The majority of patients with
LLRs to stings have infrequent reactions and may be counseled to
begin a brief course of prednisone as soon as possible after the sting.
To enroll sufficient patients, a well designed large-scale study
would therefore have to be performed in multiple study centers.

The results of the current study provide preliminary data to
support several conclusions. VIT significantly reduces the size
and duration of LLRs to stings. The clinical improvement in LLRs
observed with VIT improves further during 2 to 4 years of
treatment. Patient satisfaction with VIT was over 90%. Additional
studies are needed to confirm the efficacy of VIT for prevention of
LLRs and to determine the optimal duration of treatment. These
studies will also present a unique opportunity to investigate the
pathophysiology of large local allergic reactions and the mech-
anism by which immunotherapy inhibits this response.

We thank Tina Grace for her devoted care of the patients during screening,
sting challenge, and follow-up visits and for her general assistance in the daily
conduct of the study. This study benefited immeasurably from the resources,
expertise, and collaboration of the nurses, directors, and consultants in our
institutional National Institutes of Health—supported General Clinic Research
Centers in Baltimore and Hershey. For assistance with statistical analysis, we
thank Nae-Yuh Wang, PhD, statistical consultant to our GCRC in Baltimore.
We were fortunate to have Rachael Spiegel to provide expert assistance with
processing of graphics.

Clinical implications: Venom immunotherapy prevents severe
large local reactions to Hymenoptera stings and may be consid-

ered in patients who experience frequent and severe sting
reactions.
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