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in the classic SIT group. These data were confirmed by block-
ing CD63 expression as well as release of cysteinyl leukotri-
enes after in vitro basophil stimulation. No differences in 
transcription factor expression were found in the two groups. 
 Conclusion:  Cluster SIT is safe in children. Additionally, our 
data demonstrated an even more rapid induction of specific 
immune tolerance. Cluster SIT is an attractive alternative to 
conventional up-dosing schedules with fewer consultations 
for the patients.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 To date, specific immunotherapy (SIT) is the only 
treatment modality for allergic disease, which has the po-
tential to alter the natural course of the disease by the 
induction of immunotolerance  [1, 2] . Clinical efficacy 
and safety of subcutaneous administration of standard-
ized allergen extracts for the treatment of IgE-mediated 
allergic disorders have been well examined, as demon-
strated in several randomized, double-blind controlled 
clinical trials  [3–5] . Effectiveness of the treatment de-
pends on the specific allergen the individual patient is 
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 Abstract 

  Background:  Cluster specific immunotherapy (SIT) is a mod-
ern form of allergen immunotherapy allowing safe adminis-
tration of high allergen doses in a short time interval com-
pared to classic SIT. In the current study, we investigated the 
safety profile and immunological effect of cluster SIT in chil-
dren with allergic asthma due to house dust mite allergy. 
 Methods:  A total of 34 children (6–18 years) with allergic 
asthma were assigned to cluster (n = 22) or classic SIT (n = 12). 
To achieve a maintenance dose of allergen extract, cluster 
patients received 14 injections of house dust mite allergen 
within 6 weeks, whereas the classic SIT group received 14 
injections within 14 weeks. Safety was monitored by record-
ing adverse events. Immunogenicity was measured by spe-
cific IgG Mite  and IgG4 Mite , by antibody-blocking properties 
on basophil activation, and by the T cell subset transcrip-
tion factors Foxp3, T-bet, and GATA-3.  Results:  There were 
no significant differences in local and systemic side effects 
between the two groups. In the cluster group, serum levels 
of specific IgG Mite  (p  !  0.001) and specific IgG4 Mite  (p  !  0.001) 
significantly increased after 8 weeks, while it took 12 weeks 
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sensitive to the quality and total amount of allergen ap-
plied, and the SIT schedule  [6, 7] .

  However, the disadvantage of classic schedules is the 
time needed to reach the maintenance dose, accompa-
nied by higher costs. To overcome these problems, sev-
eral studies have been done in search of ideal schedules 
allowing the dose considered effective to be reached in 
the shortest possible time with the fewest adverse effects 
 [8, 9] . Most of them demonstrated induction of tolerance 
without increase of systemic reactions in cluster sched-
ules compared to the classic group  [10–12] .

  In addition, recent studies found efficacy and changes 
in immunological parameters even more rapid in the 
cluster than in classic groups  [8] . In this regard, a variety 
of immunological modifications have been reported after 
SIT, including changes in serum levels of specific IgE, 
IgG, and IgG4 antibodies  [13, 14] , blocking properties of 
specific antibodies to prevent mast cell/basophil activa-
tion/degranulation  [15, 16] , TH1 and TH2 cytokine se-
cretion  [17]  and most recently the induction of allergen-
specific regulatory T (Treg) cells  [18, 19] .

  However, almost all studies enrolled predominately 
adults and data on clinical and immunological effects of 
cluster SIT in children are scarce. Thus, we evaluated the 
safety and immunogenicity   of a cluster immunotherapy 
in children with house dust mite.

  Material and Methods 

 Patients 
 Thirty-four 6- to 18-year-old patients were enrolled in the 

study ( table 1 ). Inclusion criteria were mild to moderate asthma 
according to GINA guidelines  [1] , a positive skin prick test (Al-
lergopharma Joachim Ganzer, Reinbek, Germany), and/or a spe-
cific immunoglobulin E to  Dermatophagoides pteronyssinus  (Der 
p 1), and a positive bronchial challenge to house dust mite with a 
consecutive decrease in forced expiratory volume in 1 s (FEV 1 ) of 

at least 20%. Exclusion criteria were an FEV 1  of  ! 70% of predict-
ed value recorded on two or more occasions during the 2 weeks 
prior to randomization, a need for inhaled corticosteroids ( 1 500 
 � g budesonide or beclomethasone/day or 250  � g fluticasone/day) 
for at least 3 months, and the use of systemic steroids or previous 
SIT with mite allergens. All parents and/or guardians provided 
written informed consent. The study was approved by the local 
institutional ethics committee and performed in accordance with 
the declarations of Helsinki (1964) and Edinburgh (2000).

  Study Design 
 In an open randomized study we compared the tolerability 

and immunogenicity of a rapid regimen (cluster/group A) with 
the classic regimen (control/group B) in patients suffering from 
mite-allergic asthma ( table 2 ).

  Both groups were treated with a standardized aluminium hy-
droxide-absorbed house dust mite extract (Novo-Helisen �  Depot 
Milbe, Der f 1 50%/Der p 1 50%; Allergopharma, Hamburg, Ger-
many) and followed up for 16 weeks. The subjects were randomly 
allocated to a cluster (two thirds of the total group) or classic (one 
third) setting. In the classic setting, treatment was initiated at a 
dose of 5 therapeutic units (TU), increasing weekly until a dose 
of 5,000 TU was reached after 14 weeks. The initial cluster proto-
col started with three injections on the first treatment day, and 
was repeated in the 3 consecutive weeks ( table 2 ). Since we ob-
served an increase of systemic side effects (mainly coughing) in 5 
patients in the cluster group after receiving a total dose of 1.2 ml 
(6,000 TU) at week 4, we changed the cluster regimen due to safe-
ty concerns as follows. At week 4, only two injections (a total of 
0.6 ml = 3,000 TU) were given not exceeding the maintenance 
dose of 1 ml (5,000 TU) before week 6. Acute (within 30 min) and 
delayed reactions were graded according to the guidelines pub-
lished by the European Academy of Allergology and Clinical Im-
munology  [2] , and the dose was adjusted accordingly. Exhaled 
NO (eNO) as well as blood samples for eosinophilic cationic pro-
tein (ECP), specific antibodies and blocking antibodies were tak-
en at week 1, 8 and 16.

  Clinical Procedures 
 The skin prick test was performed according to recommenda-

tions by using a panel of biological standardized allergens includ-
ing Der p 1, Der f 1, cat and dog, mould mix, grass, and tree pollen 
mix (Allergopharma). The pulmonary function test was per-

Table 1. Patient baseline criteria

Cluster (n = 20) Classic (n = 10)

Age, years 10.0 8.5
FEV1, % of predicted 104.6 (88.8–114.1) 108.9 (90.1–139.3)
eNO, ppb 44.7 (5.3–115.3) 32.2 (8.7–216.0)
Total IgE, kU/l 276.5 450.5
Specific IgE Dermatophagoides pteronyssinus, kU/l 105.5 (12.0–593.0) 95.8 (10.0–1,325)
Specific IgE Dermatophagoides farinae, kU/l 106.0 (6.8–331.0) 100.0 (6.5–616.0)
PD20 (cumulative dose), mg 150 (30–630) 150 (10–630)
Monosensitized (to mite), n 6 4
Polysensitized, n 12 6
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formed with the MasterScreen �  body plethysmograph (VIASYS 
Healthcare, Höchberg, Germany).

  Bronchial provocation test was performed according to the 
method of Cockcroft et al.  [20]  with slight modifications as de-
scribed  [21] . Briefly, standardized native unmodified allergen ex-
tract (Allergopharma) was prepared according to the instruction 
of the manufacturer (containing sodium, phenol and water) re-
sulting in aliquots of 5,000 mg/ml. The solution was delivered via 
a medic aid nebulizer and the aerosol provocation system APS �  
powered by compressed air (by VIASYS Healthcare). This system 
calculates the administered dose by breath from a constant flow 
and the inspiration time of any breath cycle, thus calculating the 
exact dose to be administered automatically. The dose of inhaled 
allergen was increased every 10 min according to the following 
pattern from step 1 to 7: 0, 10, 20, 40, 80, 160, 320 mg. Thus, the 
entire protocol delivers cumulative doses of 0, 10, 30, 70, 150, 310, 
630 mg/ml. The challenge test was positive when the FEV 1  de-
crease was at least 20% from individual baseline or a cumulative 
dose of 630 mg had been achieved or significant clinical com-
plaints were reported by the subjects (e.g., chest pain).

  eNO was measured at a constant flow rate of 0.05 liter/s ( 8 0%) 
during the time of the NO plateau generation using the NIOX �  
by Aerocrine (Solna, Sweden) according to the criteria of the 
American Thoracic Society. This chemiluminescence gas analyz-
er is sensitive to measure eNO at concentrations from 1.5 to 200 
ppb with a deviation from mean value of  8 2.5 ppb  ! 50 ppb or 
 8 5% of the measured value  1 50 ppb.

  Eosinophilic Cationic Protein 
 ECP was measured in serum using a two-sided chemilumines-

cent test (Immulite DPC, Bad Nauheim, Germany).

  Specific Antibodies 
 Serum was collected at week 1, 8 and 16 and stored at –80   °   C 

until testing. Samples were analyzed for specific antibodies 
against Der p 1, IgE Mite  and IgG Mite , using a two-sided chemilu-
minescent assay (Immulite DPC). Specific IgG4 Mite  was detected 
by ELISA technique (DST, Schwerin, Germany). Analysis was 
performed according to the manufacturer’s instructions.

  Blocking Antibodies 
 Cellular antigen stimulation test (CAST; Bühlmann Laborato-

ries, Allschwil, Switzerland) was used to analyze inhibitory prop-
erties of serum antibodies. Therefore, leukocytes were isolated by 
dextran sedimentation from EDTA blood. Simultaneously, the 
patient’s serum was incubated with dust mite extract (2 ng/ml) for 
1 h at room temperature. A mixture of the patient’s serum and 
dust mite extract was used for cellular stimulation for 40 min, su-
pernatants were decanted and stored at –80   °   C. Ionomycin and 
anti-IgE antibody solutions were used as positive controls, pa-
tient’s serum without dust mite extract as negative control. Cys-
teinyl leukotrienes (cysLT) were determined by ELISA technique 
according to the manufacturer’s instructions.

  In addition, cells from the pellet were triple labeled with anti-
CD123-PE, anti-CD63-FITC, and anti-HLA-DR-Per-CP mono-
clonal antibodies (Becton Dickinson, San Jose, Calif., USA) and 
analyzed by flow cytometry (FACSCalibur, Becton Dickinson) 
equipped with an air-cooled 488-nm laser. On each sample, 300 
basophils were collected and data analysis was performed with 
Cell Quest software (Becton Dickinson).

  Purification of T Cells 
 Peripheral mononuclear blood lymphocytes from patients 

were obtained by centrifugation on Ficoll-Hypaque (Pharmacia, 
Uppsala, Sweden). T cells were then enriched by magnetic cell 
sorting using a Pan T Cell Isolation Kit (Miltenyi Biotec, Bergisch 
Gladbach, Germany). Purifications were performed according to 
the manufacturer’s instructions. Briefly, non-T cells (i.e., B cells, 
NK cells, dendritic cells, monocytes, granulocytes, and erythro-
cytes) were indirectly labeled magnetically by using a cocktail of 
biotin-conjugated antibodies against CD14, CD16, CD19, CD36, 
CD56, CD123, and glycophorin A, and anti-biotin microbeads. 
Isolation of highly pure T cells was achieved by depletion of mag-
netically labeled cells. Purity (85–90%) of the cells was tested by 
flow cytometry (Becton Dickinson).

  T Cell Subset Transcription Factors 
 RNA was first purified using RNeasy Mini kit (Qiagen, Valen-

cia, Calif., USA) and oligo-dT18-primed first-strand cDNAs were 
synthesized using OmniScript Reverse Transcriptase (Invitrogen, 
Carlsbad, Calif., USA). They were then used as a template for real-
time polymerase chain reaction (PCR). PCRs were performed us-
ing specific primers for human forkhead box P3 (Foxp3): sense 
5 � -TCCCAAATCCCAGTGCACCCAG-3 � , antisense 5 � -TTCT-
CACATCCGGGCCACTTGC-3 � ; GATA-3: sense 5 � -GGCATC-
CAGACCAGAAACCG-3 � , antisense 5 � -AAG GGC GAG ATG 
TGG CTC AG-3 � ; T-bet: sense 5 � -GCTGTCACCACTGGAAG-
GAT-3 � , antisense 5 � -TTGGTGTGGACTGAGATTGC-3 � , and the 

Table 2. Up-dosing schedules of cluster and classic SIT

Schedule
weeks

Cluster SIT
dose, ml

Classic SIT
dose, ml

1 0.1a, 0.2a, 0.4a 0.1a

2 0.8a, 0.1b, 0.2b 0.2a

3 0.4b, 0.8b, 0.1c 0.4a

4 0.2c, 0.4c, (0.6c)d 0.8a

5 0.8c 0.1b

6 1.0c 0.2b

7 – 0.4b

8 1.0c 0.8b

9 – 0.1c

10 – 0.2c

11 – 0.4c

12 0.5c 0.6c

13 1.0c 0.8c

14 – 1.0c

15 – –
16 1.0c 1.0c

Cumulative
dose

9.6 ml/33,825 TU
9.0 mld/30,825 TU

7.1 ml/21,325 TU

a Dose 50 TU. b Dose 500 TU. c Dose 5,000 TU. d Postamend-
ment reduction of dose increasing in week 4 because of accumula-
tion of side effects.
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house-keeping gene GAPDH: sense 5 � -CGTCTTCACCACCAT-
GGAGA-3 � , antisense 5 � -CGGCCATCACGCCACAGTTT-3 � .

  Quantitative LightCycler PCR was performed by use of the 
QuantiTect �  SYBR �  Green PCR kit (Qiagen, Hilden, Germany). 
12.5  � l QuantiTect SYBR Green Master Mix, 0.5  � l of each prim-
er at a concentration of 50 pmol/ � l and 10.5  � l water were added 
to 1  � l of cDNA, standard, or water (negative control). 20  � l of 
each mix were transferred into LightCycler capillaries (Roche, 
Mannheim, Germany) that were subjected to the following tem-
perature profile within the LightCycler equipment (Roche): ini-
tial 15 min at 95   °   C to activate the enzyme, and 55 cycles of 95   °   C 
(15 s), 60   °   C (30 s), and 72   °   C (15 s). Finally, product homogeneity 
was verified by melting curve analysis. Calculation of crossing 
points was performed using the second derivative maximum meth-
od (included in LightCycler software) for the unknown samples 
and for DNA standards of known concentrations generated from 
purified PCR products of the respective gene. Unknown sample 
concentrations were then calculated from the standard curve. Dif-
ferent samples from each individual patient were adjusted to com-
parable GAPDH expression values and expression of the transcrip-
tion factor genes was calculated relative to a respective standard.

  Statistical Analysis 
 Data were analyzed using the statistical software SPSS 11.0 

(SPSS, Chicago, Ill., USA) and presented as median and range. 
Within-group comparison was performed using a two-sided Wil-
coxon matched-pair test, and differences between baseline and 
other time points were assessed by the Friedmann nonparametric 
repeated-measure test. Comparisons between groups were per-
formed by using a Mann-Whitney U test. Values of p  !  0.05 were 
considered statistically significant.

  Results 

 Safety Profile 
 Thirty patients completed the study. Two girls and 2 

boys dropped out (1 withdrawal of informed consent, 1 
antibiotic treatment due to upper respiratory infection, 1 

asthma exacerbation during grass pollen season, 1 non-
compliance with treatment). The two groups were well 
matched for demography and clinical characteristics ( ta-
ble 1 ).

  During the study, we performed 492 injections. The 
cluster group (n = 20) received 341 injections in compar-
ison to the classic group (n = 10), who received 151 injec-
tions. Each subject in the cluster group received a dosage 
of 33,825 TU before and 30,825 TU after regimen modi-
fication in contrast to 21,325 TU in the classic group ( ta-
ble 2 ).

  There were no significant differences in local and sys-
temic side effects between the two groups ( table 3 ). In the 
two groups, the most common local side effects were red-
ness and swelling ( ! 5 cm diameter). We observed local 
erythema in 28.4% of the cluster injections compared to 
26.5% in the classic group. Swelling of more than 5 cm in 
diameter occurred in 6.5% of the injections in the cluster 
group in contrast to 11.3% in the classic group. Overall, 
we noticed 185 (54.2%) local side effects in the cluster 
group in comparison to 80 (53.0%) in the classic group 
( table 3 ). In general, these were mild and did not require 
treatment.

  Systemic side effects were reported by less than 5% of 
subjects in each group ( table 3 ). According to the grading 
scheme of the European Academy of Allergology and 
Clinical Immunology (EAACI) SIT guidelines, most sys-
temic side effects were nonspecific or mild (grade 1–2). In 
0.6% of cluster injections and in 0.7% of the classic group, 
we documented non-life-threatening grade 3 reactions 
(bronchial asthma). These subjects were allowed to con-
tinue the study at the discretion of the investigator if they 
wished to do so. No grade 4 (anaphylactic) reaction oc-
curred. Overall, the cluster SIT caused systemic side ef-
fects in 12 (3.5%) in comparison to 7 (4.6%) in the classic 
SIT group.

  Exhaled NO 
 There was a decrease of eNO in the cluster group, 

which failed to reach significance compared to the classic 
group (cluster week 1: 44.7 ppb, range: 5.30–115; week 2: 
26.5 ppb, 7.60–90.4; week 3: 27.5 ppb, 8.90–95.1; classic 
week 1: 32.3 ppb, 8.70–216; week 2: 37.0 ppb, 6.60–190; 
week 3: 20.2 ppb, 7.70–95.0).

  Eosinophilic Cationic Protein 
 There were no statistically significant differences in 

ECP between groups at baseline. During SIT we recorded 
a more rapid decline of ECP in the cluster group (week 1: 
41.8  � g/l, 6.5–156; week 2: 22.5  � g/l, 10.5–92.6, p  !  0.05; 

Table 3. Clinical effects of cluster immunotherapy

Cluster (n = 20)
total/%

Classic (n = 10)
total/%

Total local side effects 185/54.2 80/53.0
Redness 97/28.4 40/26.5
Swelling <5 cm 57/16.7 20/13.2
Swelling >5 cm 22/6.5 17/11.3
Painful swelling >3 h 8/2.3 3/2.0

Total systemic reactions 12/3.5 7/4.6
Cough 10/2.9 6/4.0
Dyspnea 2/0.6 1/0.7

Injections, n 341 151
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week 3: 38.3  � g/l, 6.2–119). In the classic group a signifi-
cant decline was found after 16 weeks (week 1: 43.6  � g/l, 
8.5–201; week 2: 57.2  � g/l, 10.5–173; week 3: 33.4  � g/l, 
11.1–71.5, p  !  0.05). Comparison between the two groups 
showed a significant difference after 8 weeks (V2, p  !  
0.01).

  Specific Antibody Response 
 Immunogenicity of the different treatment regimes 

was determined by specific antibodies against Der p 1 ,  
IgE Mite , IgG Mite , and IgG4 Mite  in patient serum during the 
treatment period (week 1, 8 and 16). Specific IgE Mite  con-

centrations increased significantly at week 8 in the cluster 
group (week 1: 106 kU/ml, 12.0–593; week 8: 184 kU/ml, 
13.3–612; week 16: 198 kU/ml, 11.0–536, p  !  0.05), but not 
in the classic treatment regime (week 1: 95.8 kU/ml, 10.0–
1,325; week 8: 92 kU/ml, 9.2–1,307; week 16: 135 kU/ml, 
11.7–1,678).

  Specific IgG Mite  (week 1: 14.3 kU/ml, 8.4–30.8; week 8: 
30.7 kU/l, 20.0–83.9, p  !  0.001; week 16: 36.6 kU/ml, 23.9–
83.6) and specific IgG4 Mite  (week 1: 0.35 kU/ml, 0.35–14.8; 
week 8: 7.9 kU/l, 0.3–84.0, p  !  0.001; week 16: 17.1 kU/ml, 
5.8–75.8, p  !  0.05) increased significantly after 8 weeks 
in the cluster group. In contrast, both parameters (spe-
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  Fig. 1.  Serum concentrations of specific 
IgG Mite (Der p 1)  ( a ) and specific IgG4 Mite (Der p 1)  
( b ) were measured before, after 8 weeks and 
after 16 weeks of a classic SIT treatment ( U ) 
or a cluster SIT ( $ ). Data are presented as sin-
gle values and median. 
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cific IgG Mite  week 1: 11.3 kU/ml, 8.7–20.2; week 8: 14.0 
kU/l, 10.1–41.1; week 16: 32.5 kU/ml, 23.6–84.8, p  !  0.05; 
specific IgG4 Mite  week 1: 0.35 kU/ml, 0.35–4.1; week 8: 
0.35 kU/l, 0.35–1.9; week 16: 10.6 kU/ml, 0.35–89.1, p  !  
0.05) reached significance not before 16 weeks of treat-
ment in the classic SIT group ( fig. 1 ). Comparison be-
tween the two groups showed significant differences of 
specific IgG Mite  (p  !  0.001) as well as specific IgG4 Mite 
(p  !  0.001) concentrations after 8 weeks of treatment. 
Similar results were found for antibody titers against Der 
f 1 (data not shown).

  Blocking Antibodies 
 We tested the inhibitory properties of serum antibod-

ies by the activation of basophils in order to inhibit cysLT 
secretion and CD63 expression.

  In vitro stimulation with house dust mite extract 
showed a striking cysLT release in both groups at baseline 
that became significantly lower in the cluster group (week 
1: 1,377 pg/ml, 319–1,796; week 8: 1,021 pg/ml, 461–1,712; 
week 16: 786 pg/ml, 590–1,888, p  !  0.001) after 8 weeks 
compared to the classic group, which reached a signifi-
cant decrease of cysLT not before week 16 (week 1: 1,518 
pg/ml, 1,025–1,929; week 8: 1,280 pg/ml, 753–1,800; week 
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  Fig. 2.  Blocking antibodies derived from 
patients treated with classic SIT treatment 
( U ) or a cluster SIT ( $ ) were measured be-
fore, after 8 weeks and after 16 weeks of the 
study. The inhibitory properties of the an-
tibodies were detected by cysLT release ( a ) 
and CD63 expression ( b ) of in vitro mite-
stimulated basophils. Data are presented 
as single values and median. 
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16: 845 pg/ml, 557–1,887, p  !  0.005) ( fig. 2 a). Between-
group comparison showed a significantly lower cysLT re-
lease in the cluster regime after 8 weeks (p  !  0.001).

  In contrast, mite dust extract-induced CD63 expres-
sion significantly decreased in the cluster group (week 1: 
19.65%, 10.84–40.37; week 8: 10.58%, 5.33–36.27; week 
16: 10.48%, 3.92–25.97, p  !  0.05) as well as in the classic 

group (week 1: 28.48%, 5.88–39.87; week 8: 20.17%, 3.92–
43.21; week 16: 13.07%, 2.01–41.63, p  !  0.05) after 8 weeks 
compared to baseline ( fig. 2 b). However, whilst the clus-
ter group reached its plateau at week 8, CD63 expression 
went further down at week 16 in the classic group (p  !  
0.05).
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  Fig. 3.  Foxp3 (     a ), GATA-3 ( b ) and T-bet ( c ) 
mRNA expression from separated T cells 
were analyzed by a specific real-time PCR 
strategy. Transcription factors were mea-
sured before, after 8 weeks and after 16 
weeks in patients treated with a classic SIT 
( U ) or a cluster SIT ( $ ) and expressed as 
relative values compared to a respective 
standard. Data are presented as single val-
ues and median. 
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   T Cell Subset Transcription Factors 
  The capacity of the different treatment regimes on the 

expression of T cell subset transcription factors was ana-
lyzed by using real-time PCR strategy. Neither within the 
groups nor between the treatment regimes were any dif-
ferences in Foxp3, T-bet, or GATA-3 expression found 
( fig. 3 ).

  Discussion 

 In the present study, we demonstrated that a cluster 
schedule for the induction phase of immunotherapy is as 
safe as the classic regime in children, allowing adminis-
tration of high allergen doses in a short time interval 
compared to conventional SIT. In addition to this, we 
studied different immune parameters including T cell 
transcription factors to get further insights into early im-
munological changes.

  Looking at the safety data, there were no significant 
differences in local and systemic reactions comparing the 
two schedules. We administered 492 doses of allergen to 
30 patients, with 0.6% of non-life-threatening grade 3 
systemic reactions per dose in the cluster group and 0.7% 
in the classic group. A very important point especially in 
our pediatric study was the absence of severe systemic 
reactions. However, we started our study with a cluster 
schedule adapted from a cluster SIT in adults who suf-
fered from seasonal allergic rhinitis  [22] . This cluster re-
gime is now licensed for adults with allergic rhinitis and 
asthma in Germany and this was one of the reasons why 
our ethics committee gave approval for the study. Sur-
prisingly, we recorded an increase of systemic side effects 
(mainly coughing) in 5 patients in the cluster group after 
receiving a total dose of 1.2 ml (6,000 TU) at week 4. 
Therefore, we modified the cluster regimen due to safety 
concerns as follows: at week 4, only two injections (a total 
of 0.6 ml = 3,000 TU) were given not exceeding the main-
tenance dose of 1 ml (5,000 TU). Changing the cluster 
protocol at week 4 resulted in a clear decrease of system-
ic side effects. This clear-cut difference compared to the 
study which used the same protocol in adults is difficult 
to explain. The main reason may be that we studied a 
highly selected group of children who all suffered from 
bronchial asthma allergic to mites proven by bronchial 
allergen challenge. Moreover, it is well known that side 
effects in allergic asthma are higher compared to allergic 
rhinitis  [23] .

  To our knowledge, allergic inflammation has not been 
previously used as an outcome measure in a cluster im-

munotherapy study. Allergic inflammation was assessed 
by using eNO and measurement of ECP. Both parame-
ters, eNo and ECP, are a useful markers to monitor aller-
gen exposure, degree of allergic inflammation and effects 
of anti-inflammatory therapy  [24–27] .

  Interestingly, we found a more rapid decrease of both 
markers in the cluster group compared to the classic up-
dosing schedule. However, we have to admit that the de-
crease of eNO failed to reach significance, most likely be-
cause eNO levels were already suppressed by inhaled cor-
ticosteroids in some of the patients.

  Looking at the specific immunological effects, we ob-
served a rapid and highly significant increase in mite-
specific IgE, IgG, and IgG4 in the cluster group compared 
to the classic regime. These differences were equalized at 
week 16 and may not be relevant with respect to the clin-
ical effects. Immunotherapy with inhalant allergens is as-
sociated with increases in serum allergen-specific IgG 
and IgG4 levels  [28] . IgG antibodies have been proposed 
to act as blocking antibodies by competing with IgE for 
allergen binding to mast cells, basophils, and other IgE 
receptor-expressing cells  [29] . IgG4 induced by means of 
immunotherapy blocks allergen-induced IgE-dependent 
histamine release by basophils and suppresses allergen-
specific T cell responses in vitro by inhibiting binding of 
IgE allergen complexes to antigen-presenting cells  [30] . 
This is in keeping with our functional findings on aller-
gen-induced mediator release. Clearly, the release of 
cysLT in whole blood was downregulated and CD63 ex-
pression on basophils was inhibited to some extent dur-
ing the SIT in both treatment regimes.

  There are contradictory reports on the role of IgG in 
the efficacy of the immunotherapy  [31, 32] . The issue of 
whether there is a cause-and-effect relationship between 
the increase in IgG levels and the symptomatic improve-
ment conferred by immunotherapy or whether this is just 
a surrogate marker of exposure to the SIT remains unre-
solved. However, higher IgG concentrations are indepen-
dently associated with symptomatic improvement in 
many studies, implying a close linkage between immu-
nological and clinical changes  [8, 16] .

  Another attractive hypothesis for the immunological 
basis of SIT is its effects on Treg cells  [33] . Treg cells are 
able to inhibit the development of allergic TH2 responses 
and play a major role in allergen SIT  [34, 35] .

  Therefore, we also attempted to study the effect of 
both treatment regimes on the balance of the T cell subset 
transcription factors for Treg cells (Foxp3), TH1 cells
(T-bet), and TH2 cells (GATA-3) in children. Our study 
shows no significant changes in the distribution of all the 
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transcription factors. Our findings seem to contradict 
the results of some previous studies investigating the ef-
fect of immunotherapy on the induction of Treg cells. Ju-
tel et al.  [19]  showed that T cell suppression observed in 
the course of venom immunotherapy is induced by Treg 
cells with high IL-10 and TGF- �  induction. It was sug-
gested that inhibition of IgE and enhancement IgG4 pro-
duction induced by Treg cells may actually be one of the 
main mechanisms underlying the clinical effects of im-
munotherapy.

  It is possible that age is one of the factors underlying 
the discrepant results and accounting for the different 
results of our study in children. Alternatively, the differ-
ences in the type of allergen (venom vs. mite) and the type 
of immunotherapy (rush vs. cluster/classic) might be im-
portant in the determination of Treg cells and their func-
tion. However, precise factors underlying the discrepant 
results among these studies remain to be elucidated.

  Our study has some important limitations including 
the change of protocol after 5 patients, the lack of a pla-
cebo group, and the open trial design. The injection of a 
placebo is generally unacceptable in pediatric popula-
tions and was considered to be unethical. In addition, 
because patients with a positive bronchial allergen provo-
cation test were considered to be ideal candidates for SIT, 
we felt that it would be inappropriate to withhold SIT 
from these patients.

  The consistency of laboratory findings and the clear-
cut differences observed between the cluster and classic 
immunotherapy during the induction phase seems to be 
of value for further convenient concepts of SIT for par-
ents and children.

  Interestingly, despite the clear beneficial effect of im-
munotherapy in allergic rhinitis and asthma, only a few 
allergic patients subscribe to this treatment  [36] . Incon-
venience is likely the reason for not choosing this treat-
ment and one of the most frequent reasons for discon-
tinuing it  [37, 38] . This inconvenience is primarily due to 
the time involved, because it is recommended that spe-
cific allergen immunotherapy be administered in a med-
ical facility. As shown, even in children accelerated im-
munotherapy induction schedules may provide a rapid 
alternative to conventional up-dosing schedules without 
a significant increase in risk but an increased compliance 
with a reasonable therapy strategy.

  In conclusion, these data demonstrate that (1) a cluster 
SIT is safe and well-tolerated in children suffering from 
house dust mite asthma, (2) serum allergen-specific IgG 
and IgG4 titers are induced more rapidly, and (3) it is less 
time-consuming for patients as compared with the clas-
sic SIT.
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