
Background: Up to 20% of patients allergic to Hymenoptera
venom are not protected by conventional venom immunothera-
py (VIT) with 100 µg of any single venom.
Objective: We sought to evaluate the efficacy of an increased
venom dose in patients allergic to Hymenoptera venom still
reacting systemically to a sting challenge despite immunother-
apy with 100 µg of venom every 4 weeks.
Methods: In this retrospective study patients were included
who still had reacted systemically to a sting challenge with a
living bee or wasp despite VIT with a maintenance dose of 100
µg every 4 weeks. The maintenance dose was increased to 150
or 200 µg every 4 weeks, and a second sting challenge was per-
formed. If a patient reacted again, the dose was further
increased. Baseline mast-cell tryptase levels were assessed by
using a fluoroenzyme immunoassay in stored patient sera.
Results: While receiving a maintenance dose of 100 µg of
venom every 4 weeks for 7 to 38 months, 18 patients reacted
systemically to a bee sting and 22 reacted to a wasp sting.
After an increase of the maintenance dose to 150 µg, 2 of 4
patients allergic to bee venom (BV) and 6 of 6 patients allergic
to yellow jacket venom (YJV) no longer reacted systemically to
the sting challenge. The respective rates of full protection were
13 of 14 and 15 of 16 in patients with an increase of the main-
tenance dose to 200 µg from the start. Of those 4 individuals
not protected by the first dose increase, one patient allergic to
BV (prior dose of 150 µg) and one patient allergic to YJV
(prior dose of 200 µg) did not react systemically to a further
sting challenge while receiving 200 µg of BV or 250 µg of YJV,
respectively. One patient allergic to BV who had a systemic
reaction to the sting challenge while receiving 150 µg was not
protected after a dose increase to 200 µg; she later received a
dose of 400 µg of BV, and no further sting challenge was per-
formed. The patient allergic to BV who still reacted systemical-
ly after a first dose increase to 200 µg was a female patient
with urticaria pigmentosa. She had repeated systemic adverse

reactions to further BV immunotherapy, necessitating discon-
tinuation of the treatment; however, she tolerated well VIT
with 200 µg of YJV. In all other patients, no unusual adverse
reactions to the increased venom doses were observed. Base-
line serum tryptase levels were elevated above 13.5 µg/L (95th
percentile in normal subjects) in 9 (28.1%) of 32 patients.
Conclusions: The majority of patients allergic to Hymenoptera
venom who still reacted systemically to a sting challenge
despite VIT with a dose of 100 µg every 4 weeks can be fully
protected by an increased maintenance dose. This dose
increase is well tolerated by most patients. The rather high
proportion of patients with elevated baseline serum tryptase
levels necessitates further investigation of a possible associa-
tion between mastocytosis and treatment failure of convention-
ally dosed VIT. (J Allergy Clin Immunol 2001;108:1027-32.)
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In central Europe nearly exclusively stings of honey
bees (Apis mellifera) or yellow jackets (Vespula german-
ica and Vespula vulgaris) lead to systemic anaphylactic
sting reactions. Venom immunotherapy (VIT) is highly
effective in preventing further systemic anaphylactic
sting reactions in patients with Hymenoptera venom
allergy. However, protection is not achieved in all
patients by using the usual regimen. The percentage of
patients not protected at re-stings varies significantly
between different studies. Some authors found all
patients were protected at sting challenge.1,2 However, in
the majority of studies reporting larger numbers of
patients, 2.4%3 to 20.4%4 of those allergic to bee venom
(BV) or yellow jacket venom (YJV) were not protected
by VIT and still reacted systemically to a sting chal-
lenge.3-7 The differences between these studies with
respect to the treatment efficacy seem to be mainly relat-
ed to patient selection (eg, the percentage of patients
treated with BV or YJV, age, severity of previous sting
reactions, and different indications for treatment).

The further treatment of patients found to be not pro-
tected by VIT at a re-sting is of major importance. In one
such patient it has been shown that an increase of the
maintenance dose can provide full protection.8 Also, in
patients with test parameters suspected to predict reduced
treatment efficacy7,8 or routinely from the start of VIT,7,9

increased venom doses were used with success.

Food and drug reactions and anaphylaxis

Patients still reacting to a sting
challenge while receiving conventional
Hymenoptera venom immunotherapy are
protected by increased venom doses

Franziska Ruëff, MD, Andrea Wenderoth, MD, and Bernhard Przybilla, MD

Munich, Germany

1027

From the Clinic and Policlinic for Dermatology and Allergology, University
of Munich, Munich.

Received for publication March 30, 2001; revised July 30, 2001; accepted for
publication July 31, 2001.

Reprint requests: Franziska Ruëff, MD, Klinik und Poliklinik für Dermatolo-
gie und Allergologie, Ludwig-Maximilians-Universitat, Frauenlobstraße
9-11, 80337 Munich, Germany.

Copyright © 2001 by Mosby, Inc.
0091-6749/2001 $35.00 + 0 1/87/119154
doi:10.1067/mai.2001.119154



1028 Ruëff, Wenderoth, and Przybilla J ALLERGY CLIN IMMUNOL

DECEMBER 2001

It is part of our clinical routine to perform a sting chal-
lenge test in patients receiving VIT because this is the only
method to recognize treatment failures.10 If a patient is
found not to be fully protected by the usual treatment with
100 µg of venom every 4 weeks, the maintenance dose is
increased. Here we report on the outcome in such patients,
which was assessed with further sting challenges.

METHODS

Patients with Hymenoptera venom allergy

Patients included had a history of a systemic anaphylactic reac-
tion after a bee or yellow jacket sting. Severity was graded as fol-
lows11: mild, only generalized skin reactions (severity grade 1);
moderate, respiratory, cardiovascular, and/or gastrointestinal symp-
toms without signs of shock (severity grade 2); severe, full shock
(severity grade 3). Threshold skin prick testing was done with BV
(Apis mellifera) and YJV (Vespula species: V vulgaris, V germani-
ca, V pensylvanica, V maculifrons, V flavopilosa, and V squamosa;
Reless; ALK Scherax, Hamburg, Germany) at incremental concen-
trations of 0.1, 1.0, 10.0, and 100 µg/mL; if prick tests yielded no
reaction, intradermal testing with 1.0 µg/mL venom was performed.
Specific IgE antibodies in the serum to BV and YJV were initially
determined by using Phadebas-RAST and then by using CAP-FEIA
(Pharmacia & Upjohn, Freiburg, Germany).

Venom immunotherapy

Patients were treated with a lyophilized BV (A mellifera) or
Vespula species (V vulgaris, V germanica, V pensylvanica, V mac-
ulifrons, V flavopilosa, and V squamosa) preparation (Reless, ALK
Scherax). Dose increase was performed according to a rush proto-
col.12 In brief, starting with a 100-fold lower concentration than that
determined as eliciting the skin threshold test reaction, up to 5 injec-
tions of incremental venom doses were given daily on an in-patient
basis. Usually, after 5 to 7 days of treatment, the maintenance venom
dose of 100 µg was reached, and the patients were treated further
with gradually increasing injection intervals until 100 µg of venom
was injected every 4 weeks. After a nontolerated sting challenge, a
dose increase was carried out after all symptoms had completely
resolved and not earlier than 2 days after the reaction. Details of the
dose increase to 150 or 200 µg are given in Table I. If a higher dose
was necessary, the increase was carried out similarly in an individual
way. Final maintenance doses were administered every 4 weeks.

Sting challenge tests

Sting challenge tests were performed with a living bee or yellow
jacket, as described previously.10 In brief, the patients were hospi-
talized, and after exclusion of contraindications, they received the
sting of a living bee or yellow jacket while being closely monitored
under emergency department conditions. Reactions were docu-
mented and treated if necessary. In those who received treatment,
the natural course of symptoms might have been more severe.

Selection of patients

From their files, all patients were selected who fulfilled the fol-
lowing criteria: patients allergic to BV, YJV, or both receiving a
sting challenge test between May 1990 and September 1996 while

receiving a venom maintenance dose of 100 µg every 4 weeks; sys-
temic anaphylactic reaction to the sting challenge; subsequent
increase of the treatment dose; and second sting challenge while
being treated with an elevated maintenance dose.

Measurement of mast-cell tryptase

If available, sera that had been kept frozen at –20°C after prepa-
ration from blood samples drawn apart from sting reactions were
used to measure baseline mast-cell tryptase concentrations with a
fluoroenzyme immunoassay (Unicap Tryptase; Pharmacia &
Upjohn, Freiburg, Germany). Duplicate measurements were per-
formed if the tryptase concentration was greater than 10 µg/L; in
this case the mean value was considered. The assay detects both α-
and β-tryptase. Tryptase levels of greater than 13.5 µg/L (95th per-
centile in normal control subjects) were considered to be elevated.

RESULTS

Forty patients (20 men and 20 women; 19-72 years old
at the start of VIT) were included. The most severe sting
reaction before VIT had been mild in 8 (20.0%), moder-
ate in 8 (20.0), and severe in 24 (60.0%) patients. Sensi-
tization to the eliciting venom could be shown by means
of skin tests, assessment of venom-specific IgE antibod-
ies, or both in all patients (Table II). According to histo-
ry and test results, 13 patients were treated with BV, 18
with YJV, and 9 with both BV and YJV. A systemic reac-
tion to the first sting challenge while receiving a mainte-
nance dose of 100 µg of venom every 4 weeks for 7 to 38
months occurred in 18 patients to a bee sting and in 22
patients to a wasp sting. Fifteen (83.3%) of 18 reactions
to BV had been mild, 2 (11.1%) of 18 had been moder-
ate, and 1 (5.6%) of 18 had been severe. Reactions to
YJV had been mild in 12 (54.5%) of 22, moderate in 8
(36.4%) of 22, and severe in 2 (9.1%) of 22 patients.

Repeated bee-sting challenges

Data on repeated bee-sting challenges are shown in
Fig 1. In 4 patients with systemic reactions to the first
bee-sting challenge, VIT was continued with a dose of
150 µg of BV. After 13 to 42 months, the sting challenge
was repeated, again causing systemic symptoms in 2 of 4
patients. In 14 patients reacting systemically to the first
bee-sting challenge, the dose was increased to 200 µg of
BV. When the sting challenge was repeated after 10 to 28
months, 13 of 14 patients were found to be protected, and
one still reacted systemically.

Both patients not protected by 150 µg of BV began
receiving a maintenance dose of 200 µg. When chal-
lenged again after 13 months, one was found to be pro-
tected, whereas the other again had a severe systemic
reaction. In this patient the maintenance dose was
increased to 400 µg because she had experienced severe
reactions and had urticaria pigmentosa. VIT with 400 µg
of BV was well tolerated and has been continued since
then. A further sting challenge was not done.

In the patient not protected while receiving 200 µg of
BV, a further increase of the dose was intended, but she
started to have repeated, partially severe systemic reac-
tions. This patient had histologically confirmed urticaria
pigmentosa and also had a slight increase of mast cells in

Abbreviations used
BV: Bee venom

VIT: Venom immunotherapy
YJV: Yellow jacket venom
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the bone marrow. Premedication with antihistamines or
corticosteroids did not improve the tolerance of treat-
ment, and BV immunotherapy had to be stopped because
she eventually had systemic reactions to gradually dimin-
ished BV doses as low as 50 µg. This patient also was
allergic to YJV and had reacted systemically to a yellow
jacket–sting challenge while receiving VIT with 100 µg
of YJV; YJV immunotherapy with an increased dose of
200 µg was well tolerated, but she did not agree to a sec-
ond yellow jacket–sting challenge.

With the exception of the above patients, the BV dose
increase was well tolerated. There was only one other
patient who experienced a single mild systemic reaction,
and 2 patients had single occurrences of subjective sys-
temic symptoms, such as palmoplantar itching or shivering.

Repeated yellow jacket–sting challenges

Data on repeated yellow jacket–sting challenges are
shown in Fig 2. The YJV dose was increased to 150 µg
in 6 patients and to 200 µg in the remaining 16 patients.
At the second yellow jacket–sting challenge performed
after 12 to 24 months, only one of the patients, who was
receiving a YJV maintenance dose of 200 µg, again expe-
rienced a systemic reaction. In this patient the YJV dose
was raised to 250 µg, and no systemic sting reaction
occurred when she was challenged again after a further
12 months of immunotherapy with 250 µg of YJV.

The YJV dose increase caused single mild or moderate
reactions in each patient, and another patient reported a
single occurrence of subjective systemic symptoms.

Baseline serum tryptase levels

Sera from 32 patients were available. Baseline serum
tryptase levels of greater than 13.5 µg/L were found in 9
(28.1%) patients, ranging from 14.0 to 47.8 µg/L (Table
II). In the patients allergic to BV with urticaria pigmen-
tosa, the tryptase concentrations were 26.6 or 22.3 µg/L,
respectively.

DISCUSSION

In this retrospective study nearly all patients who had
still reacted systemically to a sting challenge while
receiving VIT with a maintenance dose of 100 µg of
venom every 4 weeks were found to be protected after an
increase of the treatment dose.

FIG 1. Severity grade of sting reaction of patients allergic to BV: pretreatment reaction and results of sting
challenges during VIT.

TABLE I. Treatment protocol for dose increase

Dose (µg) Day Hour

100 1 0
20 0.5

120 2
30 2.5

150 2 0
20 0.5

170 2
30 2.5

200 3 0*

*If no systemic reaction occurred, the patient was discharged 3 hours later.
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Most patients tolerated this regimen without notable
adverse reactions. Only one patient, who had reacted sys-
temically to the sting challenge while receiving 200 µg of
BV, had repeated, partially severe reactions to further VIT
with BV. Eventually, BV immunotherapy had to be
stopped because despite premedication with antihista-

mines or corticosteroids, she continued to react systemi-
cally also to gradually diminished BV doses as low as 50
µg. However, she tolerated well YJV immunotherapy with
a maintenance dose of 200 µg. This patient also had
urticaria pigmentosa and an elevated baseline serum
tryptase level, and the increased number of mast cells in

FIG 2. Severity grade of sting reaction of patients allergic to YJV: pretreatment reaction and results of sting
challenges during VIT.

TABLE II. Characteristics of patients with systemic anaphylactic sting reactions (n = 40)

BV allergy YJV allergy

n 18 22
Age range (y) 19-67 25-72
M/F ratio 11:7 9:13
Additional VIT with “other” venom 5 4
Most severe symptoms of previous sting reactions

Mild 3 (16.7%) 5 (22.7%)
Moderate 5 (27.8%) 3 (13.6%)
Severe 10 (55.5%) 14 (63.7%)

Pretreatment skin test reaction to Hymenoptera venom used for VIT
id: 0.1 µg/mL 2 0
Prick: 100 µg/mL 3 7
10 µg/mL 8 10
1 µg/mL 4 1
0.1 µg/mL 1 3
Not available 1

Pretreatment specific serum IgE antibodies to venom used for VIT
Class 0 1 3
Class 1-2 8 8
Class 3-4 7 9
Class 5-6 2
Not available 2

Baseline serum tryptase levels
<13.5 µg/L 7 16
≥13.5 µg/L 6 (14.0, 16.1, 16.3, 16.4, 22.3, 26.6) 3 (15.1, 21.3, 42.5)
Not available 5 3
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mastocytosis may be held responsible for her intolerance
of BV immunotherapy. If in patients with mastocytosis
systemic reactions occur during VIT, they may be particu-
larly severe and relapsing.13,14 However, in a series of 10
patients with mastocytosis who were allergic to
Hymenoptera venom, VIT did not cause unusual adverse
effects.15 In our study, apart from the patient not tolerating
BV immunotherapy, there were 8 further individuals with
elevated baseline serum tryptase levels who tolerated the
venom dose increase without unusual side effects. As
reported recently, increased baseline serum tryptase levels
in patients with Hymenoptera venom allergy are mostly
indicative of mastocytosis.16 In this retrospective study it
was not possible to assess the patients with raised baseline
serum tryptase levels for the presence of mastocytosis.

In this study we found a surprisingly high proportion
of patients with elevated baseline serum tryptase levels.
In a few patients with mastocytosis who were allergic to
Hymenoptera venom,15,17 VIT was proved to be effec-
tive. However, our findings suggest a causal relationship
between mast-cell disease and treatment failures of VIT.
In a yet unpublished evaluation of 182 consecutive unse-
lected patients receiving BV or YJV treatment and under-
going a sting challenge, we found elevated baseline
serum tryptase levels in only 7.1% of the cases. The pos-
sible association between elevated baseline tryptase lev-
els and failure of VIT needs further clarification in a
prospective study. Elevated levels of baseline serum
tryptase may indicate patients allergic to Hymenoptera
venom who are at particular risk of severe reactions.16,18

Therefore we recommend measurement of baseline
serum tryptase levels and exclusion of cutaneous masto-
cytosis in all patients with a history of systemic sting
reactions.

In 4 patients allergic to BV and 6 patients allergic to
YJV, the first dose increase was to 150 µg. With this
maintenance dose, all patients with YJV allergy, but only
half of the patients with BV allergy, were found to be
protected when a second sting challenge was performed.
In most patients the increase of the maintenance dose
was to 200 µg from the start, which fully protected 13 of
14 patients with BV allergy and 15 of 16 patients with
YJV allergy. At a third sting challenge, further increases
of the maintenance dose to 200 µg of BV or 250 µg of
YJV, respectively, were found to be effective in 2
patients. In all 22 patients with YJV allergy and in 16 of
18 patients with BV allergy, final protection proved by a
sting challenge was achieved. These findings suggest that
an increase of the maintenance dose is more successful in
YJV than in BV allergy. A dose of 150 µg might be suf-
ficient in most patients with failure of conventional YJV
immunotherapy, whereas in BV allergy the first step of a
dose increase should be 200 µg. However, because this
was a retrospective study, further systematic investiga-
tions are necessary with regard to this issue.

There are 2 studies comparing the efficacy of VIT with
different maintenance doses. Golden et al6 showed that
21.1% of 19 patients treated with 50 µg of Hymenoptera
venom, but only 2.7% of 147 patients treated with 100

µg, again reacted systemically to a sting challenge.
Müller et al,7 treating 119 patients allergic to BV with a
maintenance dose of 100 µg and another 29 with an
increased dose of 200 µg, found treatment failure rates of
26.1% or 10.3%, respectively, when sting challenges
were performed. Irrespective of the absolute rate of pro-
tection, it is evident that higher maintenance doses are
more efficient.

In the United States patients with allergy to various
members of the Vespidae family are often treated with
mixed vespid venoms. This mixed vespid venom
includes equal amounts of 100 µg of YJV and each of 2
Dolichovespula venoms, resulting in a total dose of 300
µg. Because cross-reactivity to different vespid venoms
is frequent,19-22 this increased dose may enhance effica-
cy, and this could explain to a certain degree the differ-
ences of protection achieved by VIT in various studies.
However, even a dose of 50 µg of any single venom was
shown to be effective.6,23

To our knowledge, up to now, only one patient was
reported in whom the VIT dose was increased to achieve
protection after failure of a lower dose.8 This increased
maintenance dose of 200 µg of BV every 2 weeks was
well tolerated and protected this patient from a further
systemic reaction to a sting challenge. Also, in patients
who had experienced repeated systemic adverse reac-
tions to VIT, increase of the venom doses to 200 µg
resulted in good tolerance of the treatment.8

Evidently, in some patients the response-modifying
effect of VIT cannot be achieved with the routine 100-µg
dose, and they need higher doses. Up to about 20% of
patients with venom allergy treated with the convention-
al 100-µg dose have been found to be not protected at
sting challenge.3-7 The use of increased maintenance
doses from the start should be considered in certain
patients who are at a particular risk of further stings
because of intense exposures (eg, beekeepers, gardeners,
and fruit sellers) or because of very severe anaphylactic
reactions caused by older age,24,25 cardiovascular dis-
ease,26,27 or mastocytosis.14,16,18,28 Because VIT seems
to be less effective in BV than in YJV allergy,7 a higher
routine maintenance dose has to be considered, especial-
ly for patients with BV allergy.

In conclusion, the vast majority of patients allergic to
Hymenoptera venom who still react to a sting while
receiving conventional VIT at a dose of 100 µg every 4
weeks can be fully protected by an increased mainte-
nance dose. This therapeutic regimen is well tolerated by
most patients. VIT with an increased maintenance dose
from the start should be considered in patients at partic-
ular risk of further Hymenoptera stings or of very severe
sting reactions.
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