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Abstract
Background: Despite the well-documented efficacy of Hy-
menoptera specific immunotherapy (SIT), there is no safe
method to reliably characterise the patient level of protec-
tion. Only poor correlations between protection and aller-
gen-specific serum immunoglobulins have been found, and
a sting challenge is the only means to evaluate the efficacy
of immunotherapy. Therefore, we aimed to develop a cuta-
neous test that measures in vivo neutralisation of the Hyme-
noptera venom. Materials and Methods: Twenty-four pa-
tients with wasp venom allergy were included in the study.
Wasp-specific serum IgE, IgG and 1gG4 were measured by
ImmunoCAP. Dilutions of the individual patient sera were in-
tradermally injected into the forearm. Then, wasp venom ex-
tract was injected into these sites to quantitatively assess the
formation of wheals and flares. Results: The results show
that during the course of SIT, patient sera gained the capac-
ity to neutralise skin reactions to wasp venom extracts in
vivo. The test correlated with the duration of SIT as well as
with the concentration of IgG and IgG4. Conclusion: The in
vivo neutralisation test may become a promising tool in al-
lergy diagnostics as well as in monitoring the success of SIT
in patients undergoing allergen SIT.

Copyright © 2006 S. Karger AG, Basel

Introduction

Specific IgE antibodies against Hymenoptera venom
can be determined in a large proportion of the general
population. The sting allergy typically manifests with lo-
cal reactions in 10-15% [1] and systemic anaphylactic
sting reactions in 0.3-7.5% [2, 3] of the same population,
whereby the prevalence is typically lower for children
than for adults. Among beekeepers, anaphylaxis can oc-
cur in as much as 14-43% of the patients [4]. The annual
mortality associated with Hymenoptera venom allergy is
estimated between 0.03 and 0.48 per million [2]. The ma-
jority of fatalities occur in the elderly with cardiovascular
diseases or those being treated with B-receptor blocking
agents [5]. Patients suffering from systemic reactions af-
ter Hymenoptera stings should be evaluated allergologi-
cally, including skin tests and determination of venom-
specific IgE in the serum.

Specific immunotherapy (SIT) represents a highly ef-
fective treatment of allergic diseases [6, 7]. SIT is the
method of first choice for treating patients with a wasp
venom allergy, as 95% of patients show ameliorated al-
lergic symptoms after 5 years of treatment [8]. The mech-
anism by which SIT alleviates these allergic symptoms is
currently unknown [6], but successful treatment is nor-
mally associated with a long-term reduction in the serum
concentration of specific IgE [9] and a concomitant rise
in the concentration of venom-specific IgG. Therefore,
one possible mechanism of SIT is that allergen-specific
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IgG, also called blocking antibodies [10], would inhibit
both the IgE-mediated release of inflammatory media-
tors from mast cells and basophils, as well as IgE-facili-
tated antigen uptake and presentation to T cells [10]. An-
other explanation may be that SIT produces tolerance to
the allergen that is mediated by T cells [11], particularly
regulatory CD4 T cells secreting immunosuppressive in-
terleukin-10 [12]. Finally, SIT has been shown to reduce
the numbers of mast cells, basophils and eosinophils. The
mechanism underlying these changes is not known [7].

Provocation tests are considered the only reliable
method to monitor the efficacy of SIT. However, in the
case of Hymenoptera venom allergy, the provocation test
is an actual sting challenge with a bee or wasp, with the
risk of inducing severe life-threatening systemic allergic
reactions including anaphylaxis. Intracutaneous tests or
skin prick tests, as well as the determination of specific
IgG or IgE in serum, have so far shown only limited value
in predicting whether or not a Hymenoptera sting will
still elicit an allergic reaction. Only the combination of a
negative skin test and the absence of venom-specific IgE
antibodies is associated with a diminished risk of an al-
lergic reaction [3]. However, this situation rarely exists in
the daily routine.

The goal of this study was to develop a functional skin
test that would allow measuring the capacity of the aller-
gic patients’ serum to neutralise allergens. In a pilot trial,
we investigated whether or not this test correlated with
the duration of SIT against wasp venom.

Material and Methods

Patients

Twenty-four patients (11 males and 13 females) with a grade
IIT or I'V allergy to wasp venom [13] already undergoing SIT with
wasp venom or considered medically eligible for initiation of SIT
were recruited for this open, non-randomised pilot study that was
conducted at the Allergy Unit of the Department of Dermatology,
University Hospital of Zurich, Switzerland. The patients, with a
mean age of 44 years (range 21-69), were divided into 4 groups of
6 patients according to their immunotherapy status. Group 1 had
not yet begun SIT at the time of the baseline visit, group 2 had
started SIT 1 month earlier, group 3 included patients 3 years
through their SIT, and group 4 patients were 5 years through their
SIT. The study protocol was reviewed and approved by the local
ethics committee and notified by Swiss regulatory authorities
(Swissmedic). Written informed consent was obtained from all
patients prior to any study-related activities. The study conduct
was performed according to the Guidelines of the International
Conference on Harmonisation/Good Clinical Practice and the
Declaration of Helsinki. The exclusion criteria were those advo-
cated by the World Health Organisation [14].
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Antibody Determination

Serum from each patient was prepared during the course of
SIT and analysed for total IgE, as well as venom-specific IgE, IgG
and IgG4 with the CAP (i3) system as described by the provider
(Pharmacia) [15].

Wasp Venom Threshold Determination

The dose at which the wasp venom produced a positive skin
reaction (threshold dose) was defined in an intracutaneous test.
Serial dilutions of the wasp venom extract also containing 0.5%
phenol (ALK 802; ALK-Abell6, Hoersholm, Denmark) were in-
tradermally employed 2 cm apart to the left forearm of each pa-
tient. A positive skin reaction was defined by a swelling that pro-
duced wheals larger than 5 mm or at least 25% of the wheal in-
duced by simultaneous histamine dihydrochloride (1 mg/ml)
pricking and erythemas larger than 10 mm [16]. The threshold
doses as well as the group medians are illustrated in figure 1. Note
that 5% of the non-sensitised population reacts to wasp venom
with a threshold dose at 0.1 p.g.

Venom Neutralisation Test

The patients were given six intradermal injections into the
right forearm with 100 pl of their own serum, serially diluted in
0.9% NaCl (1:2, 1:4, 1:8, 1:16, 1:32 and 1:64). After 10 min, the
previously determined wasp venom threshold dose was injected
(6 X 50 pl) into the sites of the serum injections. Areas of wheal
and erythema were assessed after 15 min. To obtain a permanent
record, the sizes of the wheal and erythema were outlined on the
skin with a pen, then blotted onto a cellophane strip and stored
on paper. Both the areas of the wheal and the erythema were as-
sessed by planimetry [17]. The reactions were scanned and the
surface areas are measured using commercial software.

Assessment of Wheal and Flare Reactions

The response of the intracutaneous test was measured by the
size of the wheal and the surrounding flare or erythema. This test
allowed classifying patients as inhibitors (negative) or responders
(positive) with respect to wasp venom. The test was considered
negative when wheal formation was inhibited (<5 mm in diam-
eter).

Statistical Analyses

Normally distributed (parametric) data were presented as
mean * 95% confidence limits and compared using a Student t
test or ANOVA, unless otherwise indicated. Non-parametric cor-
relations were analysed by Spearman’s p test for the correlation
coefficient, while parametric data were analysed using Pearson’s
correlation. The significance level was set at 5%.

Results

When giving patients intracutaneous injections of
their own serum in serial dilutions and challenging these
sites with the threshold dose of wasp venom, cutaneous
wheal and erythema formations were strongly dependent
on the SIT status. As summarised in table 1, serum sam-
ples taken from patients before initiation of the SIT
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Fig. 1. Wasp venom threshold determination. The dose at which
the wasp venom produced a positive skin reaction was defined by
intracutaneous administration of serial dilutions of the venom to
the left forearm of each patient (n = 6). A positive skin reaction
was defined by a swelling that produced wheals larger than 5 mm
and erythemas larger than 10 mm [16]. The box blots illustrate the
25th and the 75th percentile with the median line, while the whis-
kers show the minimum and maximum outliers.

Table 1. Wasp venom threshold determination

Serum dilution =~ Number of patients with neutralising serum

group 1 group 2 group 3 group 4
1:64 0 0 0 0
1:32 0 0 0 2
1:16 0 0 0 2
1:8 0 0 0 2
1:4 0 0 0 2
1:2 0 2 3 6

Skin reaction in patients (6 patients per group) as a function
of SIT status and serum dilution. A positive skin reaction was de-
fined by cutaneous swelling of more than 5 mm for the wheals and
more than 10 mm for the erythemas.

(group 1) showed no neutralisation of wasp venom. Posi-
tive skin reactions (wheal >5 mm, erythema >10 mm)
were observed at all serum concentrations. One month
after starting the SIT (group 2), serum exerted neutrali-
sation capacity at its lowest dilution of 1:2. The neutralis-
ing capacity further increased in patients having under-
gone 3 years of SIT (group 3). Five years of SIT (group 4)
produced strongly neutralising sera that blocked skin re-

A Novel Cutaneous Allergen
Neutralisation Test

120 Untreated B 1 month

100 b

(mm?2)

80 B

60 B

40 i

Wheal surface

20 B

T T T T T T T T T T T T T T T

120 3 years B 5 years
100 1
80 - 1
60 1

40 4 i

Wheal surface (mm?2)

20 B

T T T

1 10 100 1 10 100

Serum dilution (1/x)

T T T

Serum dilution (1/x)

Fig. 2. The average size (mnm? * SE) of the skin wheals as a func-
tion of the stage of SIT (prior to, as well as 1 month and 3 and 5
years after started SIT). Patients were challenged with wasp ven-
om intracutaneously 10 min after an injection of the patient’s own
serum at different dilutions (1:2 to 1:64) to the same injection site.
Wheals were recorded 15 min after the challenge (n = 6).

actions to wasp venom even at 1:32 dilutions, with all pa-
tients showing neutralisation capacity.

Serum neutralisation of wasp venom is also illustrated
in figure 2 (wheal) and figure 3 (erythema), which show
the absolute swelling of the skin at the different dilutions
for the different investigational groups. Again, no dose-
dependent neutralisation was observed in the untreated
group. For patients treated 1 month, a minor neutralisa-
tion was observed at the lowest dilution, whereas after 3
and especially 5 years of SIT, a strong and dose-depen-
dent inhibition of wheal and erythema was measured.

To test if the development of the neutralising capacity
of the sera was accompanied by a particular pattern of
serum immunoglobulins, wasp venom-specific IgE, IgG,
IgG4 as well as total IgE were measured in all patient sera
using ImmunoCAP (fig. 4). SIT had no statistically sig-
nificant effect on total IgE and venom-specific IgE. How-
ever, an increase in wasp venom-specific IgG was ob-
served after 3 or 5 years of SIT. Total venom-specific IgG
increased from an average of 5.54 mg/l at time zero to
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Fig. 3. The average size (mm? * SE) of the skin erythema as a
function of the stage of SIT (prior to, as well as 1 month and 3 and
5yearsafter started SIT). Patients were challenged with wasp ven-
om intracutaneously 10 min after an injection of the patient’s own
serum at different dilutions (1:2 to 1:64) to the same injection site.
Erythema was recorded 15 min after the challenge (n = 6).
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Fig. 5. Ratio of wasp venom-specific IgE to IgG or IgG4 in groups
of patients (n = 6) before starting SIT and after 1 month, 3 years
and 5 years. The antibodies were analysed using the Immuno-
CAP, and ratios (= SE) are extracted from the data in figure 4.
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Fig. 4. Serum concentration of total IgE and wasp venom-specific
IgE, as well as venom-specific IgG and IgG4 in groups of patients
(n = 6) before starting SIT and after 1 month, 3 years and 5 years
(IgE, kU/ml; IgG and IgG4, mg/l). The antibodies were analysed
using an ImmunoCAP, and the box blots illustrate the 25th and
the 75th percentile with the median line, while the whiskers show
the minimum and maximum outliers.

26.53 mg/l after 3 years (p < 0.01) and to 36.08 mg/l after
5 years (p < 0.01). A similar increase was observed for
venom-specific IgG4 with serum concentrations rising
from an average of 0.31 mg/I at time zero to 15.16 mg/l
after 3 years (p < 0.01) and to 17.65 mg/l after 5 years
(p <0.01). The increase in IgG and IgG4 also correlated
positively at a 99% significance level (p < 0.01). As a con-
sequence, figure 5 illustrates that the ratio of venom-spe-
cific IgE to IgG or IgG4 overall decreased as a function of
SIT time (p < 0.1), suggesting polarisation of the T-cell
response from Th2 towards Thl. While the IgE-to-IgG
ratio reached its minimum after 3 years of SIT, the ratio
of IgE-to-1gG4 further decreased between 3 and 5 years.

Finally, the increase in venom-specific IgG and IgG4
inter-correlated, and their increase also correlated nega-
tively with wheal and erythema produced in the skin test
at the 1:2 dilutions as illustrated in figure 6 (p < 0.01 us-
ing non-parametric Spearman’s p tests for correlation co-
efficients); the neutralisation of the skin reaction was cal-
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culated as the quotient of the wheal or erythema using the
highest (1:64) and the lowest (1:2) serum dilutions for all
patients as one population (n = 24).

Discussion

SIT is now practised for nearly a century [18, 19] and
has proved very successful in treating patients with al-
lergy to certain inhalant allergens such as grass pollen
[20] and house dust mite [21]. For allergy to Hymenop-
tera venom, the success rate after 5 years of treatment is
as high as 95% [22-26]. Nonetheless, the mechanism
whereby SIT alleviates these allergic symptoms is not well
understood, although SIT induces a series of immuno-
logical changes, whereby some may be responsible for
symptom relief, but others may be only epiphenomena
(10, 27].

One obvious hypothesis regarding the immunological
mechanism of SIT is that the allergen-specific IgE de-
creases. However, the current consensus is that SIT ini-
tially increases IgE concentration in the patient’s serum.
Subsequently, IgE decreases with time, but long-term
treatment is required to return it to pre-treatment level or
lower. Also, in the present study, IgE was not found to de-
crease over the time period of SIT. IgE specific to wasp
venom increased during the first month of therapy and
then slowly returned to pre-treatment levels after 5 years.

A Novel Cutaneous Allergen
Neutralisation Test
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Alternatively, venom SIT might work through allergen
neutralisation and especially that produced by IgG anti-
bodies, which may block the allergen before it encounters
IgE and triggers an allergic reaction. Indeed, while aller-
gic patients have high levels of venom-specific IgE anti-
bodies, sera of beekeepers that are ‘naturally desensitised’
by frequent stings usually contain high levels of venom-
specific IgG [28-30], mainly of the IgG4 subclass 31, 32];
beekeepers that are repeatedly stung are virtually at no
risk for developing systemic reactions to honey bees [4].
These observations, in combination with the protective
results of passive immunotherapy trials with beekeeper
v-globulin [33, 34], indicate a protective role of IgG in
venom allergy. Similarly, we observed that IgG specific to
wasp venom increased over 5 years by nearly 10-fold. Fur-
thermore, this preferential interaction of the allergen
with IgG and not IgE is supported stoichiometrically by
the fact that normal serum contains several orders of
magnitude more IgG (12 mg/ml) than IgE (50 ng/ml).
Hence, intruding allergens most probably bind to an an-
tibody of an IgG isotype before encountering IgE and
thereby inducing a systemic allergic reaction. Especially
IgG4 has received recent attention as an important IgG
subclass with respect to blocking, and thereby prevent-
ing, an allergic reaction [10, 35].

If IgG and its subclasses were crucial in the protection
against wasp and other insect venom allergies, it should
be possible for the serum to neutralise the allergen and
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thereby inhibit an allergic reaction. To test this, we devel-
oped the in vivo neutralisation method presented here.
To better reflect a real challenge, dilutions of the sera
were administered prior to the venom instead of admin-
istering the mixture of serum and venom. Strong skin
reactions in terms of wheals and erythemas were ob-
served in untreated patients and in patients having re-
ceived 1 month of SIT. In contrast, patients with 5 years
of SIT produced sera that fully inhibited the skin reac-
tions, indicating that the in vivo neutralisation skin test
may well correlate with the protection against wasp ven-
om allergy. Obviously, a sting challenge would have been
the best method to test whether the in vivo neutralisation
test correlated with sting protection. However, both ethi-
cal and personal (study subjects and clinicians) restrains
in performing such a sting challenge — especially on the
untreated subjects in this study - disabled the possibility
of direct correlation. Nonetheless, wasp venom was cho-
sen as a model allergen due to its well-documented SIT
protection efficiency [22, 24, 26]. This allowed us to as-
sume protection in at least 5 out of 6 patients with 5 years
of SIT. Therefore, the sting provocation should not be
necessary, and the data strongly suggest that the neutral-
isation test is descriptive of both the SIT and protective
status.

We observed a particularly strong increase in IgG4
during SIT. Although other potential allergen-neutralis-
ing subclasses of IgG were not analysed, it is possible that
the increase in IgG4 may produce the observed neutrali-
sation, which is in line with previous studies [10, 35].
However, this is contradicted by studies failing to find a
correlation between the concentration of IgG4 and the
neutralising activity associated with SIT [35]. Here, it is
argued that the antibody response to immunotherapy is
initially characterised mainly by IgGl formation, while
IgG4 becomes more prominent only after 1-2 years and
only as long as the therapy is maintained [32]. However,
this contraction regarding the role of IgG4 may partly be
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