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To the Editor

The only therapy that is able to modulate the cause of IgE-

mediated allergy and to attain a long-term effect is allergen-specific

immunotherapy (AIT). In conventional subcutaneous AIT, the vaccine

consists of an extract from an allergen source that contains major

and minor allergens as well as non-allergenic proteins. To reduce IgE-

mediated side-effects caused by the injection of intact allergens,

chemically modified extracts with less IgE-binding activity, named

allergoids, have been used for AIT since the 1980s. Most allergoids

are obtained by treating allergen extracts with form- or glutaralde-

hyde, which react with free amino groups and form covalent inter-

and intramolecular bonds, resulting in the formation of high-molecu-

lar-weight aggregates. Allergoids were intended to increase the effi-

cacy of AIT and to reduce the frequency of injections, as the reduced

IgE-reactivity makes it possible to apply higher vaccine doses. Clinical

efficacy of allergoids has been shown and reviewed in the past1,2 and

presently, they are routinely used for AIT.

In spite of their reduced IgE-binding and allergenicity, allergoids

have been shown to be immunogenic and to induce allergen-specific

IgG, especially IgG1 and IgG4.2 Such antibodies in sera from patients

receiving subcutaneous AIT with unmodified allergens have been

reported to block IgE-activity.3,4 It has been discussed that IgG anti-

bodies induced by allergoids also have blocking capacity5,6; however,

their functional blocking capacity has not been demonstrated yet.

We employed sera from patients allergic to grass pollen (GP) who

were undergoing preseasonal AIT with an allergoid vaccine to inves-

tigate their IgE-blocking capacity. The inhibition of IgE-activity in

patients’ sera was investigated using two different biological in vitro

tests: i) inhibition of facilitated antigen binding (FAB) to the low-

affinity receptor for IgE (FceRII, CD23) and ii) inhibition of IgE cross-

linking and activation of allogeneic basophils.

Sera and whole blood samples of ten GP-allergic patients (3

women, 7 men; mean age: 30 years; range 19-43 years) undergoing

subcutaneous AIT with a vaccine containing a formaldehyde-modified

GP-extract (Allergovit�, Allergopharma, Reinbeck, Germany; for char-

acteristics see2 and Data S1) were investigated. The included patients

displayed typical clinical symptoms during the GP season, positive

skin-prick tests to GP-extract (ALK, Hørsholm, Denmark) and elevated

levels of total IgE (median: 151 kU/L) and GP-specific IgE (median:

11.5 kU/L) as shown in Table S1. The treatment comprised an initial

updosing phase (7 weekly injections) and 3 injections of the mainte-

nance dose before the grass pollen season (Figure 1A). Peripheral

blood was taken before, after 4 months and after 12 months of AIT,

respectively. From 5 of these patients, blood was also collected after

15 months of AIT. Basophil sensitivity to GP-allergens was determined

in whole blood ex vivo as described in the Data S1. After stimulation

with different concentrations of GP-extract, basophil activation was

assessed by detection of the granular protein CD63 on the cell surface

using flow cytometry which indicates basophil degranulation. 8 ng/mL

and 40 ng/mL GP-extract proved to be optimal for most individuals

and induced similar basophil activation levels (Figure 1B). After

4 months of AIT, a significant decrease in basophil activation was

observed which was even more distinct after 1 year of AIT resulting in

a median of less than 5% of CD63+ basophils, even though the vacci-

nations were interrupted after the 3rd maintenance dose before the

grass pollen season according to the treatment schedule.

GP-specific IgE, IgG, IgG1 and IgG4 antibodies induced by AIT

were monitored by ELISA as described in the Data S1. While the

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2018 The Authors. Clinical & Experimental Allergy Published by John Wiley & Sons Ltd

DOI: 10.1111/cea.13120

Clin Exp Allergy. 2018;48:741–744. wileyonlinelibrary.com/journal/cea | 741

http://orcid.org/0000-0002-7979-6667
http://orcid.org/0000-0002-7979-6667
http://orcid.org/0000-0002-7979-6667
http://creativecommons.org/licenses/by/4.0/
http://www.wileyonlinelibrary.com/journal/CEA
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcea.13120&domain=pdf&date_stamp=2018-03-23


levels of IgE against GP did not change significantly during the

course of AIT (Figure 2A), allergen-specific IgG and IgG1 levels sig-

nificantly increased after 4 months of AIT in all patients. After

12 months, IgG- and IgG1-levels markedly dropped down. However,

after the next two preseasonal injections in the second year of AIT,

the 5 patients who could be followed up for 3 more months of the

vaccination, showed again increased levels of GP-specific IgG and

IgG1, which were similar to those observed after 4 months of AIT.

GP-specific IgG4 increased significantly with time. In 4 individuals,

IgG4 had not yet increased after 4 months of AIT although for two

of these patients, the highest concentrations of GP-specific IgG and

IgG1 were recorded at that time-point. Unlike allergen-specific IgG1,

the levels of GP-specific IgG4 further increased within the last

3 months in the 5 patients who were analysed after 15 months of

AIT. We also determined the levels of antibodies specific for 2 rep-

resentative major allergens, Phl p 1 and Phl p 5 (Figure 2B) to

demonstrate that the IgG-responses were not only directed against

non-allergenic proteins present in the allergen-extract. These impor-

tant grass pollen allergens are recognized by adult grass pollen aller-

gic subjects with a prevalence of 90%-100% and 60%-80%,

respectively. IgE slightly decreased during the treatment. The levels

of Phl p 1- and Phl p 5-specific IgG and IgG1 showed a similar

course as the antibodies reacting with the whole GP-extract, except

that the initial increase and the decrease during the discontinuation

period did not reach statistical significance. Similar to GP-specific

antibodies, the levels of IgG4 antibodies to individual allergens also

included differential kinetics within the patients (Figure 2B,C).

AIT-induced IgE-blocking capacity in the patients’ sera was first

assessed by FAB inhibition as described in the Data S1. This assay

provides information on the ability to inhibit the formation of IgE/al-

lergen-complexes using an allogeneic indicator serum and subse-

quent binding to CD23 on B cells. As shown in Figure 2D, FAB was

significantly inhibited by sera taken after 4, 12 and 15 months of

AIT (means of inhibition: 36%, 26% 47%), respectively. In addition,

the capacity of the sera to inhibit allogeneic basophil activation by

preventing the binding of allergen to surface-bound IgE and cross-

linking of FceRI on the basophils was tested as described in the Data

S1. After 4 months, a significant inhibition with a mean value of

48% was observed, which slightly increased to 54% after 1 year.

Interestingly, no further increase in BAT-inhibition (56%) was

observed after 15 months (Figure 2E).

To verify that our tests to assess blocking capacity were working

optimally, we compared it to the blocking capacity of sera from 8

patients who had been vaccinated with unmodified, alum-adju-

vanted, subcutaneous AIT with GP-allergen (characterization see Ref.

1, 4, 5 in Data S1). The treatment protocol for the latter had com-

prised a phase of dose increase during the first 4 months, followed

by applications of maintenance doses at monthly intervals. The levels

of GP-specific IgE, IgG, IgG1 and IgG4 in the control sera were

assessed in parallel with the sera of the patients treated with aller-

goid within the same ELISA experiment (Figure S1A). No significant

changes in GP-specific IgE-levels were observed. GP-specific IgG,

IgG1 and IgG4 subclass antibodies were increased after 4 months,

and further increased after 13 months of AIT and reached similar

levels as the allergoid-treated patients.

The FAB inhibition with sera from patients who had undergone

AIT with unmodified allergens reached a mean of 40% after

4 months and increased significantly to 86% after 13 months of AIT

(Figure S1B). Moreover, inhibition of basophil activation reached a

mean of 59% at 4 months and increased to 93% after 13 months of

AIT (Figure S1C). Thus, both assays showed similar results within

each patient group. However, the IgE-blocking capacity assessed

under the same experimental conditions was significantly higher in

sera from patients treated with unmodified allergens after

13 months of AIT compared to patients treated with allergoid after

15 months of AIT (unpaired Student’s t test; FAB: P < .0001, BAT:

P = .0173).

Thus, preseasonal AIT with formaldehyde-modified GP-allergens

induced IgG1- and IgG4-antibodies specific for GP-extract as well as

for defined major grass allergens in our patient group, indicating—in

F IGURE 1 Preseasonal GP-AIT with
allergoid. The schedule of treatment and
blood sampling is shown (A). Ex vivo
basophil reactivity of 10 patients to GP-
extract before, after 4 and 12 months of
treatment is shown (B). Grey bars
represent means (Kruskal-Wallis plus
Dunn’s post hoc test; *P ≤ .05; **P ≤ .01)
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line with previous studies1,2,5,6—that this allergoid retains immuno-

genicity and at least part of the original, native Ig epitopes. Interest-

ingly, the production of allergen-specific IgG4 antibodies started

later than the production of IgG1 in several patients and the drop at

12 months was less prominent. This observation may possibly relate

to a preferred sequential switching from IgG1 to IgG4 in B cells after

repeated vaccination.

Most of the data reported on blocking antibodies induced by AIT

derive from studies using vaccines with unmodified allergens. We

employed two different biological assays to evaluate the IgE-blocking

activity in sera of allergoid-treated patients: one involved the inhibi-

tion of complex formation between IgE and allergen (FAB) and the

other the capacity to inhibit IgE cross-linking (BAT) (Figure 2D,E).

Both assays revealed functional blocking activity in patients’ sera. As

the extent of blocking in these inhibition assays depends on the

experimental set-up, we analysed in parallel the blocking activity in

sera from patients who had previously been treated with unmodified

allergens. Containing similar levels of AIT-induced allergen-specific

IgG, IgG1 and IgG4 (Figure S1A) and under the very same experi-

mental conditions, the sera of this control group showed significantly

higher inhibition, in both assays (Figure S1B,C).

Neither the individual concentration of allergen-specific IgG anti-

bodies nor the decrease in serum levels during the interruption of

vaccination correlated with the individual blocking capacity. For

instance, in spite of the general reduction in GP-specific IgG, IgG1

and IgG4 after 12 months, the IgE-blocking activity had further

increased, suggesting that not total IgG levels are relevant, but rather

other properties, such as epitope specificity or affinity of the IgG

antibodies. In line, it has been shown for AIT with unmodified aller-

gens that the IgE-blocking activity of post-AIT sera does not

F IGURE 2 Allergen-specific Ig-response and IgE-blocking capacity in patients undergoing AIT with allergoid. IgE, IgG, IgG1 and IgG4 levels
were assessed by ELISA using GP-extract (A), recombinant Phl p 1 (B) or recombinant Phl p 5 (C) for coating. Blocking capacity of sera was
determined by blocking IgE-allergen complex formation (FAB assay) (D) or by blocking the activation of basophils with GP-extract from an
allogeneic GP-allergic individual (BAT assay) (E). Per cent inhibition as compared to pretreatment levels is shown. Grey bars represent means
(Kruskal-Wallis plus Dunn’s post hoc test; *P ≤ .05; **P ≤ .01; ***P ≤ .001)
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correlate with the levels allergen-specific IgG4 but rather with IgE-

blocking capacity.3,7 Interestingly, Aasbjerg et al8 have demonstrated

that IgE-blocking was already maximally induced after the first

3 months of AIT with unmodified allergens. In our study, in both,

AIT with allergoid or with unmodified allergens, IgE-blocking capacity

was also already present after 4 months, but had not yet reached its

maximum level.

In contrast to the treatment with allergoids, the individual data

of the BAT-inhibition assay were more coherent in patients treated

with unmodified allergens. We conclude that in a vaccine containing

native allergens, most IgE-epitopes are present and accessible, so

that a greater variety of antibodies can be induced which may lead

to a more uniform total IgG response and high total blocking capac-

ity. Inversely, the lower blocking capacity observed in sera of

patients with allergoid-treatment is most probably due to the modifi-

cation of the tertiary structure of the allergens. Studying immune

responses to AIT with unmodified birch pollen, we previously found

that the majority of IgG4 antibodies recognize similar epitopes on

the major birch pollen allergen (Bet v 1) as IgE antibodies of the

same patient.9 As allergens in allergoids possess modified surface

structures, the epitope specificity of the antibodies induced during

AIT may be at least partially different from the epitopes of antibod-

ies that have been induced by natural allergens. As some of the IgE-

epitopes on allergens are not accessible in allergoid formulations,

blocking IgG antibodies against these epitopes presumably cannot be

induced by AIT.

In summary, this study demonstrates for the first time that anti-

bodies induced by AIT with allergoids possess functional IgE-blocking

capacity in vitro. As the ex vivo data on basophil activation induced

by GP-extract revealed a marked reduction during vaccination in

these patients (Figure 1B) and the basophil reactivity with anti-IgE

had not changed during the treatment (data not shown), we suggest

that the reduction in basophil reactivity is most probably due to the

presence of functional blocking antibodies in vivo. It would have

been of special interest whether the IgE-blocking antibodies that can

be induced by allergoids suffice to induce tolerance in the patients.

However, no data regarding the clinical efficacy of the vaccination

with allergoid in our patient group are available and we cannot cor-

relate IgG levels or IgE-blocking data to the clinical improvement of

the patients. For definite statements on the role of blocking antibod-

ies in AIT with allergoids, DBPC studies with higher patient numbers

and appropriate clinical evaluation definitely are required.
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Patients28

Inclusion criteria for the study were: an age of 18 - 60; a diagnosis of allergy to grass pollen29

on the basis of typical seasonal symptoms, positive skin prick test and specific IgE. The30

study was approved by the local ethics committees (No. EK-05/14 and No. 1593/2016) and31

all patients gave written informed consent.32

33

Table S1: Characteristics of the study population34

35

36

* gp, grass pollen; bi, birch pollen; hdm, house dust mite;37

**RC, rhinoconjunctivitis, Aab, allergic asthma bronchiale38

Patients 1, 3 and 6 got SIT with Allergovit against grass pollen and birch pollen in parallel;39

Total serum IgE and GP-specific IgE was determined by ImmunoCAP (Thermo Fischer40

Scientific, Phadia AB, Uppsala, Sweden41

42

The patients were treated with Allergovit® (Allergopharma, Joachim Ganzer AG,43

Deutschland) in a pre-seasonal regimen (Fig. 1). This allergoid vaccine contains pollen44

extracts of 6 grass species with about 25µg of Phl p 5 or homologous allergens in the peak45

dose [reviewed in ref. 2]. As a positive control for our assays, sera from 8 GP-allergic46

patients (3 female, 5 male; mean age 26.5) from a prior study were analyzed who had47

specific IgE
(kIU/L)

Patient Age Sex Sensitization* Manifestation** total IgE (kU/L) Phl p Bet v Der p
1 19 M gp, bi RC 827,0 >100 54,7
2 30 M gp RC 46,7 13,2
3 43 M gp, bi RC 151,0 2,2 12,8
4 32 M gp RC 62,0 3,5
5 21 F gp, bi RC 446,0 26,2 4,6
6 27 M gp, bi RC , Aab 209,0 22,5 57,0
7 36 M gp, bi, hdm RC 64,7 8,2 4,3 2,9
8 33 F gp,hdm RC 52,6 5,47 5,4
9 33 F gp RC 169 11,5
10 28 M gp RC 561,0 63,7



undergone AIT with a vaccine containing native GP extract (Alutard SQ 200; ALK)48

[supplement ref. 1]. Both vaccines have been tested by immunization of mice or rabbits for49

their immunogenicity. It was shown that the allergoid vaccine Allergovit™ has less50

[supplement ref. 2, 3] or similar [supplement ref.  4] immunogenic properties than Alutard™,51

which contains native allergens.52

53

Methods54

Basophil activation test (BAT)55

Basophil activation [supplement ref. 5] was assessed in fresh, heparinized blood from56

allergoid-treated patients. 100µl blood was incubated for 15 min at 37°C with 20 µl of GP57

extract at final concentrations of 1000, 200, 40, 8, 1.6 ng/ml in HEPES calcium buffer (HCB:58

20 mM HEPES, 133 mM NaCl, 5 mM KCl, 7 mM, CaCl2, 3,5 mM MgCl2, 1 g/l BSA; pH 7.4)59

supplemented with 2 ng/ml human IL-3 (PeproTech, Rocky Hill, NJ). HCB plus IL-3 served60

as negative, 1 µg/ml anti-human IgE (Nordic Immunological Laboratories, Maidenhead, UK)61

or 2 µM fMLP (Sigma-Aldrich) as positive control. After adding 20 µl 20 mM EDTA in PBS,62

cells were stained with CD63-PE, CD123-FITC and CCR3-APC (all from Biolegend, San63

Diego, CA), or the respective isotype controls (all from BD Biosciences, San Jose, CA). After64

lysis of erythrocytes, the percentage of degranulating CD63+ cells within the CD123+CCR3+65

basophil population was assessed by flow cytometry.66

67

Ig ELISA68

The levels of GP-specific IgE, IgG, IgG1, and IgG4 in patients’ sera were determined by69

ELISA in duplicates. Microtiter plates (Maxisorp, Nunc, Denmark) were coated with 50 μg/ml70

PBS-extract from GP (Thermo Fischer Scientific, Allergon, Ängelholm, Sweden) or 5µg/ml of71

the recombinant GP major allergens Phl p 1 or Phl p 5 (Biomay, Vienna, Austria),72

respectively, in carbonate buffer (pH 9.6) overnight at 4°C. After washing and saturation of73

unspecific binding, the sera were added at a dilution of 1:5 for IgE, 1:100 for IgG and 1:10 for74

IgG1 and IgG4 overnight at 4°C. Alkaline phosphatase-conjugated anti-human IgE (BD75



Biosciences, San Jose, CA) and the substrate p-nitrophenyl phosphate (PNPP; Sigma-76

Aldrich, St. Louis, USA) and mouse anti-human IgG, IgG1 or IgG4 (BD Biosciences) together77

with horseradish peroxidase–conjugated sheep anti-mouse IgG (GE Healthcare, Bucking-78

hamshire, UK) and the substrate 2,2'-azinobis [3-ethylbenzot,hiazoline-6-sulfonic acid]-diam-79

monium salt (ABTS; Sigma-Aldrich, St. Louis, MO) respectively, were used for detection.80

81

Facilitated allergen binding (FAB)82

To assess inhibitory activity regarding IgE-allergen complex formation in sera of patients,83

inhibition of FAB to CD23 was determined.The same indicator serum containing more than84

100 kU/l of GP-specific IgE was used for all tests. It contained IgE against Phl p 1, Phl p 5,85

Phl p 4, Phl p 6, Phl p 7, and Phl p 12 as tested by ImmunoCAP ISAC array (Thermo Fischer86

Scientific). 20 µl indicator serum and 15 µl test serum or an equal volume of medium were87

pre-incubated with 5 µl of 0.1 µg/ml GP extract for 1 h at 37°C. Then, 1 x 105 cells of a B cell88

line expressing CD23 in 5 µl medium were added and incubated for 1 h at 4°C. After washing89

and saturation with 20% human AB serum for 20 min at 4°C, cells were stained with FITC-90

labeled anti-human IgE (1:10) (KPL, Gaithersburg, MD). After washing, IgE-positive B cells91

were detected by flow cytometry using a BD FACS Canto II and Diva software (BD92

Biosciences). 5000 viable cells per sample were acquired. The percentage of IgE-positive93

cells obtained with pre-AIT sera was normalized to 100%. The percentages of inhibition of94

IgE/allergen-binding are shown as mean of duplicates.95

96

Statistics97

Statistical analyses were performed with Student’s t test or Kruskal-Wallis and Dunn’s post98

hoc test (GraphPad Software Inc., LaJolla, USA). Differences were considered significant if p99

was ≤0.05.100

101

102
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Legend to Figure 1S: GP-specific Ig-responses and IgE-blocking capacity in patients125

undergoing AIT with unmodified allergen. IgE, IgG, IgG1 and IgG4 levels were assessed by126

ELISA. Blocking capacity of sera was determined by blocking the formation of IgE/allergen127

complexes (FAB assay) (C) or by blocking activation of basophils with GP-extract from an128

allogeneic GP-allergic individual (BAT assay) (D). Percent inhibition as compared to pre-129

treatment levels is shown. Kruskal-Wallis and Dunn’s post hoc test; ***p≤0.001). Sera were130

tested in parallel to sera from allergoid treated patients shown in Figure 2.131
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Patients28

Inclusion criteria for the study were: an age of 18 - 60; a diagnosis of allergy to grass pollen29

on the basis of typical seasonal symptoms, positive skin prick test and specific IgE. The30

study was approved by the local ethics committees (No. EK-05/14 and No. 1593/2016) and31

all patients gave written informed consent.32

33

Table S1: Characteristics of the study population34

35

36

* gp, grass pollen; bi, birch pollen; hdm, house dust mite;37

**RC, rhinoconjunctivitis, Aab, allergic asthma bronchiale38

Patients 1, 3 and 6 got SIT with Allergovit against grass pollen and birch pollen in parallel;39

Total serum IgE and GP-specific IgE was determined by ImmunoCAP (Thermo Fischer40

Scientific, Phadia AB, Uppsala, Sweden41

42

The patients were treated with Allergovit® (Allergopharma, Joachim Ganzer AG,43

Deutschland) in a pre-seasonal regimen (Fig. 1). This allergoid vaccine contains pollen44

extracts of 6 grass species with about 25µg of Phl p 5 or homologous allergens in the peak45

dose [reviewed in ref. 2]. As a positive control for our assays, sera from 8 GP-allergic46

patients (3 female, 5 male; mean age 26.5) from a prior study were analyzed who had47

specific IgE
(kIU/L)

Patient Age Sex Sensitization* Manifestation** total IgE (kU/L) Phl p Bet v Der p
1 19 M gp, bi RC 827,0 >100 54,7
2 30 M gp RC 46,7 13,2
3 43 M gp, bi RC 151,0 2,2 12,8
4 32 M gp RC 62,0 3,5
5 21 F gp, bi RC 446,0 26,2 4,6
6 27 M gp, bi RC , Aab 209,0 22,5 57,0
7 36 M gp, bi, hdm RC 64,7 8,2 4,3 2,9
8 33 F gp,hdm RC 52,6 5,47 5,4
9 33 F gp RC 169 11,5
10 28 M gp RC 561,0 63,7



undergone AIT with a vaccine containing native GP extract (Alutard SQ 200; ALK)48

[supplement ref. 1]. Both vaccines have been tested by immunization of mice or rabbits for49

their immunogenicity. It was shown that the allergoid vaccine Allergovit™ has less50

[supplement ref. 2, 3] or similar [supplement ref.  4] immunogenic properties than Alutard™,51

which contains native allergens.52

53

Methods54

Basophil activation test (BAT)55

Basophil activation [supplement ref. 5] was assessed in fresh, heparinized blood from56

allergoid-treated patients. 100µl blood was incubated for 15 min at 37°C with 20 µl of GP57

extract at final concentrations of 1000, 200, 40, 8, 1.6 ng/ml in HEPES calcium buffer (HCB:58

20 mM HEPES, 133 mM NaCl, 5 mM KCl, 7 mM, CaCl2, 3,5 mM MgCl2, 1 g/l BSA; pH 7.4)59

supplemented with 2 ng/ml human IL-3 (PeproTech, Rocky Hill, NJ). HCB plus IL-3 served60

as negative, 1 µg/ml anti-human IgE (Nordic Immunological Laboratories, Maidenhead, UK)61

or 2 µM fMLP (Sigma-Aldrich) as positive control. After adding 20 µl 20 mM EDTA in PBS,62

cells were stained with CD63-PE, CD123-FITC and CCR3-APC (all from Biolegend, San63

Diego, CA), or the respective isotype controls (all from BD Biosciences, San Jose, CA). After64

lysis of erythrocytes, the percentage of degranulating CD63+ cells within the CD123+CCR3+65

basophil population was assessed by flow cytometry.66

67

Ig ELISA68

The levels of GP-specific IgE, IgG, IgG1, and IgG4 in patients’ sera were determined by69

ELISA in duplicates. Microtiter plates (Maxisorp, Nunc, Denmark) were coated with 50 μg/ml70

PBS-extract from GP (Thermo Fischer Scientific, Allergon, Ängelholm, Sweden) or 5µg/ml of71

the recombinant GP major allergens Phl p 1 or Phl p 5 (Biomay, Vienna, Austria),72

respectively, in carbonate buffer (pH 9.6) overnight at 4°C. After washing and saturation of73

unspecific binding, the sera were added at a dilution of 1:5 for IgE, 1:100 for IgG and 1:10 for74

IgG1 and IgG4 overnight at 4°C. Alkaline phosphatase-conjugated anti-human IgE (BD75



Biosciences, San Jose, CA) and the substrate p-nitrophenyl phosphate (PNPP; Sigma-76

Aldrich, St. Louis, USA) and mouse anti-human IgG, IgG1 or IgG4 (BD Biosciences) together77

with horseradish peroxidase–conjugated sheep anti-mouse IgG (GE Healthcare, Bucking-78

hamshire, UK) and the substrate 2,2'-azinobis [3-ethylbenzot,hiazoline-6-sulfonic acid]-diam-79

monium salt (ABTS; Sigma-Aldrich, St. Louis, MO) respectively, were used for detection.80

81

Facilitated allergen binding (FAB)82

To assess inhibitory activity regarding IgE-allergen complex formation in sera of patients,83

inhibition of FAB to CD23 was determined.The same indicator serum containing more than84

100 kU/l of GP-specific IgE was used for all tests. It contained IgE against Phl p 1, Phl p 5,85

Phl p 4, Phl p 6, Phl p 7, and Phl p 12 as tested by ImmunoCAP ISAC array (Thermo Fischer86

Scientific). 20 µl indicator serum and 15 µl test serum or an equal volume of medium were87

pre-incubated with 5 µl of 0.1 µg/ml GP extract for 1 h at 37°C. Then, 1 x 105 cells of a B cell88

line expressing CD23 in 5 µl medium were added and incubated for 1 h at 4°C. After washing89

and saturation with 20% human AB serum for 20 min at 4°C, cells were stained with FITC-90

labeled anti-human IgE (1:10) (KPL, Gaithersburg, MD). After washing, IgE-positive B cells91

were detected by flow cytometry using a BD FACS Canto II and Diva software (BD92

Biosciences). 5000 viable cells per sample were acquired. The percentage of IgE-positive93

cells obtained with pre-AIT sera was normalized to 100%. The percentages of inhibition of94

IgE/allergen-binding are shown as mean of duplicates.95

96

Statistics97

Statistical analyses were performed with Student’s t test or Kruskal-Wallis and Dunn’s post98

hoc test (GraphPad Software Inc., LaJolla, USA). Differences were considered significant if p99

was ≤0.05.100

101

102
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Legend to Figure 1S: GP-specific Ig-responses and IgE-blocking capacity in patients125

undergoing AIT with unmodified allergen. IgE, IgG, IgG1 and IgG4 levels were assessed by126

ELISA. Blocking capacity of sera was determined by blocking the formation of IgE/allergen127

complexes (FAB assay) (C) or by blocking activation of basophils with GP-extract from an128

allogeneic GP-allergic individual (BAT assay) (D). Percent inhibition as compared to pre-129

treatment levels is shown. Kruskal-Wallis and Dunn’s post hoc test; ***p≤0.001). Sera were130

tested in parallel to sera from allergoid treated patients shown in Figure 2.131
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