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INTRODUCTION

Atopic diseases, such as allergic rhinitis and asthma, affect up 
to 30% of the population in Western countries.1 Allergen-specif-
ic immunotherapy (SIT) is the only treatment available that has 
the potential to ameliorate symptoms and to reduce or abro-
gate allergic diseases.2,3 The success rates vary substantially de-
pending on the allergen, the route of administration, and the 
dosing regimen.4-6 To date, SIT has encompassed different dos-
ing regimens and administration routes. Conventional SIT in-
volves up-dosing, followed by monthly injections over 3 years, 
resulting in up to 50 injections. To make immunotherapy more 
acceptable, short and ultra-short course pre-seasonal regimens 
have been developed. The development of allergoids has al-
lowed for a higher dose of allergen with every injection. Pre-
seasonal regimens containing allergoids have previously been 
shown to be effective for pollen allergies.7,8 These new regimens 
have not yet been tested in prospective, randomized head-to-
head studies with conventional preparations. Moreover, little is 
known about the required doses and duration of therapy to 

achieve a rapid and sustained treatment effect. The design of 
objective studies is difficult because changes in laboratory 
markers, such as IgE and IgG4, and deviations in T-cell prolifer-
ation9-11 are not directly correlated with clinical changes. There-
fore, efficacy has mainly been assessed using symptom and 
medication scores, quality of life questionnaires, and evalua-
tions by physicians before and after treatment.9 Unfortunately, 
all of these scores have failed to reliably demonstrate significant 
improvement after 1 year of treatment, due to the changing pol-
len counts from season to season.2 Allergen-specific provoca-
tion tests, such as conjunctival, nasal, and bronchial challeng-
es, are now being used more frequently to measure treatment 
success objectively. Importantly, these tests are only minimally 
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influenced by placebo effects. In a Cochrane review by 
Abramson,12 bronchial allergen provocation (BAP) was particu-
larly recommended for determining the success of SIT. Using 
BAP, changes in bronchial sensitivity to a certain allergen can 
be accurately assessed.13,14 This method was assessed in adults 
and in children, and we were able to demonstrate the safety 
and feasibility even in young children.

One of the pre-seasonal allergen preparations is an ultra-short 
course allergy vaccine that requires only 4 injections per year. It 
contains glutaraldehyde-modified allergoids linked to L-tyro-
sine and to the TH1-inducing adjuvant monophosphoryl-lipid-
A (MPL).14 Clinical experience with pollen allergoids adjuvant-
ed with MPL has been extensive, with more than 5,000 subjects 
treated in clinical and post-marketing studies and approxi-
mately 220,000 patients receiving the drug until now.10,15,16 How-
ever, little is known about the drug’s onset of action after 1 
course of treatment, which is administered before the start of 
the pollen season. 

In this study, we compared treatment success after 1 course of 
MPL-SCIT against grass by BAP before and after treatment to 
that of an untreated control group. 

MATERIALS AND METHODS

Subjects
Sixty-nine patients (51 males, 18 females, range 5 to 17 years, 

mean age 11.1 years) were enrolled in the study (Table). The 
patients were selected from the Outpatient Department of Pe-
diatric Allergy, Pneumology, and Cystic Fibrosis in the Chil-
dren’s Hospital of Goethe-University in Frankfurt/Main, Ger-
many. All patients had a history of at least 1 year of allergic 
symptoms during the birch- and grass-pollen season and no 

previous immunotherapy. The patients predominantly had al-
lergic rhinitis or rhinoconjunctivitis and coughing during the 
pollen season. In none of the patients, moderate or persistent 
asthma was previously diagnosed. They showed only minimal 
asthma symptoms (cough, wheeze) that were reflected by the 
absence of controller therapy in this cohort. Inclusion criteria 
were as follows: signed informed consent; participants at >5 
and ≤18 years of age who had a clinical history of seasonal al-
lergic rhinoconjunctivitis (SAR) and/or allergic asthma grade I, 
according to the GINA guidelines, during the birch and grass 
pollen seasons; elevated serum allergen-specific IgE (RAST ≥ 
II or ≥0.7 kU/L) to birch and grass pollens, and no significantly 
abnormal findings on physical examination. In addition, a pos-
itive response to the bronchial allergen challenge with grass 
pollen (FEV1 fall of ≥20%) was arbitrarily defined as allergic 
asthma. 

Reasons for exclusion included the following: FEV1 less than 
70% of the predicted value prior to enrollment, concomitant 
therapy with inhaled corticosteroids (ICS) for at least 3 months 
in duration, the use of systemic steroids, and the regular use of 
antihistamines. Additional patients with serious underlying 
conditions were also excluded from the study. 

All the parents and all patients at ≥14 years of age provided 
written informed consent.

Study design
This study is a non-randomized open trial that encompassed 

2 study visits. At visit 1, a complete medical history, including 
concomitant diseases and medications, a physical examina-
tion, measurement of exhaled nitric oxide (FeNO), and spirom-
etry were performed. In patients meeting the inclusion criteria, 
blood samples were obtained (see parameters below). All the 
patients included in this study underwent a single-step BAP 
with 30 AU of grass pollen. A decrease in FEV1 of ≥20% was de-
fined as “positive” as described before.13 The patients were as-
signed to the SAR group (decrease in FEV1 <20%) or the SAR 
and Asthma group (decrease in FEV1 ≥20%) according to the 
results of BAP. Additionally, the patients received a symptom 
diary to be completed over 2 weeks during the grass pollen sea-
son (see questionnaire below). In the SAR group, visit 2 was 
performed after the grass pollen season approximately 1 year 
after the first BAP. In the SAR and Asthma group, visit 2 was per-
formed 4 to 6 weeks after the end of MPL-SCIT against grass 
pollen. The second BAP was done in different time intervals in 
both groups due to ethical reasons. Our ethics committee did 
not give permission to repeat a negative BAP earlier.

Research ethics approval was granted by the local ethics com-
mittee of Goethe University in Frankfurt/M, Germany (approv-
al No. 237/07).

Allergen-specific immunotherapy
All the patients received specific subcutaneous immunother-

Table. Patient characteristics

Patients
SAR group SAR and Asthma group

P
(n=47) (n=22)

Age 11.0±2.6 11.3±2.7 n.s.
Weight 40.5±11.7 42.4±14.7 n.s.
Height 146.5±13.8  148.7±15.9 n.s.
Gender (M/F) 32/15 19/3
FVC (%-pred.) 89.2±11.1 88.7±8.9 n.s.
FEV1 (%-pred.) 100.0±13.0 95.6±11.0 n.s.
Tiffeneau-Index 87.4±6.2 83.9±8.9 n.s.
eNO (ppb) 21.7±23.1 30.6±23.0 <0.05
Total IgE (IU/L) 611.5±585.9 703.5±472.2 n.s.
Spec IgE grass (IU/L) 39.6±37.7 73.4±33.9 <0.001
Spec IgE birch (IU/L) 65.2±40.1 77.0±35.6 n.s.

FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; eNO, ex-
haled nitric oxide; spec IgE grass, specific IgE for grass pollen; spec IgE birch, 
specific IgE for birch pollen.
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apy (SCIT) with a preparation containing an L-tyrosine-ad-
sorbed birch allergoid with MPL (Pollinex® quattro, Bencard, 
Munich, Germany, subsidiary of Allergy therapeutics, Worth-
ing, West Sussex, UK).15 At weekly intervals, the patients re-
ceived 300, 800, 2,000, and 2,000 units subcutaneously. The 
SAR and Asthma group was additionally treated with a prepa-
ration containing an L-tyrosine-adsorbed Phleum pratense al-
lergoid (Pollinex® quattro, Bencard, Munich, Germany). 

Lung function tests
Baseline spirometry (before inhalation of sterile saline 0.9% 

and before BAP) was performed using a MasterScreen® body 
plethysmograph manufactured by VIASYS Healthcare GmbH 
(Hoechberg, Germany). Before and 0-8 hours after BAP, the 
subjects measured FEV1 hourly using a SpiroPro® manufac-
tured by VIASYS Healthcare GmbH. These data were not evalu-
ated, but were only obtained for safety reasons. In case of a de-
crease in FEV1 of greater than 20%, the subjects were asked to 
use a short-acting beta-2-agonist (SABA). 

BAP
Solutions of grass allergen extract (Allergopharma, Reinbek, 

Germany) were prepared according to the instruction manual. 
The lyophilized grass allergen extract was resuspended in the 
solution provided by the manufacturer (containing sodium, 
phenol, and water), resulting in aliquots of 5,000 mg/mL; the 
aliquots were stored immediately after preparation at 4°C until 
applied. All the subjects were asked to inhale sterile saline 0.9%, 
followed 5 minutes later by a single-step inhalation of 30 AU of 
grass pollen. The solutions were delivered via a medical aid 
nebulizer and an aerosol provocation system (APS®) powered 
by compressed air (VIASYS Healthcare GmbH). The post-saline 
FEV1 was set as the baseline value, and a decrease in FEV1 after 
a single-step BAP (30 AU of grass pollen allergen) was ex-
pressed as a percentage change from baseline. 

To ensure safety, all the patients received a peak flowmeter for 
peak expiratory flow (PEF) measurement at home. PEF was 
measured for up to 10 hours following the challenge, and a late 
airway response was defined as a PEF decrease of ≥15%. The 
subjects received an action plan and rescue medication con-
sisting of salbutamol and prednisolone 50 mg. This procedure 
was developed for earlier studies13,16 and was found to be safe 
and able to detect potential side effects as early as possible. 

Measurement of FeNO
The measurements were made using the NIOX® (Aerocrine, 

Solna, Sweden), which measures FeNO in exhaled air accord-
ing to the ATS guidelines.17

Blood sampling and laboratory allergy
Blood samples were obtained each study visit. The total and 

specific IgE, responses to grass and birch were analyzed using a 

2-sided chemiluminescent assay (Immulite 2,000, Siemens AG 
Healthcare, Erlangen, Germany). Specific IgG4 levels were de-
termined using ELISA (Diagnostic Systems & Technologies 
GmbH, Schwerin, Germany). The analysis was performed ac-
cording to the manufacturer’s instructions.

Questionnaire
During the grass pollen season, the patients were asked to re-

cord their symptoms and medication use in their symptom di-
aries (recorded from the 16th until the 22nd of May and from 
the 13th until the 19th of June―at the beginning and during the 
peak of the grass pollen season). The documentation encom-
passed 5 nasal and conjunctival symptoms (runny nose, 
blocked nose, itchy nose, sneezing, and itchy eyes) and 4 asth-
ma symptoms (shortness of breath, wheezing, chest tightness, 
and coughing). Each item was rated from “no symptoms” (0) to 
“severe symptoms” (3). Furthermore, the use of the following 
medications was recorded and weighted as follows: disodium 
chromoglycate (1), antihistamines (1), beta agonists (1), leukot-
riene antagonists (4), topical steroids (3), and systemic steroids 
(6). The scores were totaled for the weekly overall score (WOS) 
with a range of 0-139. The WOSs of both weeks were summed. 
In total, the WOSs of both weeks therefore had a range of 0-278.

Endpoints and statistical analysis
The primary endpoint was improvement in a decrease in 

FEV1 after single-step allergen challenge with 30 AU of grass 
pollen. The level of statistical significance was set at a P value of 
less than 0.05.

The secondary endpoints were changes in quality of life and 
the use of allergen-specific medication. The data were statisti-
cally analyzed and graphed with GraphPad Prism software, ver-
sion 5.01 (GraphPad Software Inc., La Jolla, CA, USA). The max-
imum decrease in FEV1 after each BAP and the FeNO value af-
ter a single-step challenge are expressed as median and range. 
For the comparison of before/after values, the paired t test (Wil-
coxon’s matched t test) was used. For the analysis of the current 
medication and clinical complaints, a 4 -field table test (Fisher’s 
exact test) was used. The logarithmic graphs are shown in log10. 

Data from a previous study showed that the early asthmatic 
response (EAR) had a standard deviation of approximately 11% 
(root mean square error from ANOVA with baseline correc-
tion). With 14 evaluable subjects in each treatment group, ei-
ther of the 2 t tests described above had approximately 90% 
power to detect a difference in EAR of 14% between active treat-
ment and placebo.18

RESULTS

Patient characteristics
We were able to enroll 69 SAR patients double sensitized to 

birch and grass. All the patients received MPL-SCIT against 
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birch. The patients were classified into 2 groups: the SAR group-
untreated control group (n=47, decrease in FEV1 <20%); and 
the SAR and Asthma group―treatment group (n=22, decrease 
in FEV1 ≥20%) according to the BAP results (see below). The 
patients were well matched for age, height, weight, and total 
IgE, as summarized in Table. As expected in patients with SAR 
and asthma, the median FeNO and specific IgE grass values 
were significantly higher (Table). Thirty-eight patients in the 
SAR group and 19 patients of the SAR and Asthma group com-
pleted the study according to the protocol (Fig. 1). 

Baseline lung function
Baseline lung function (vital capacity, forced expiratory vol-

ume in 1 second, Tiffeneau-Index) was within the normal range 
(>70% pred) and showed no significant differences between 
both groups at visits 1 or 2 (Table).

BAP 
In the SAR group receiving only MPL-SCIT against birch, the 

specific bronchial reactivity to grass remained unchanged be-
tween visits 1 and 2. The median decrease in FEV1 after the first 
BAP (4.3%, range 18.4%-15.1%) remained unchanged com-
pared to the second BAP (5.9%, range, 39.1%-2.1%). Interest-
ingly, 3 patients in the SAR group had a significant decrease of 
FEV1 >20% at the second BAP, indicating that there was a small 
subgroup of SAR patients (8.1%) that was deteriorating rapidly 
and more prone to develop allergic asthma.

In the SAR and Asthma group (n=22), we were able to dem-
onstrate statistically significant improvement 4 to 6 weeks after 
active treatment. The median decrease in FEV1 after BAP with 
30 AU of grass was 28.8% (57.0%-20.2%) before treatment and 
12.5% (57.0% to -6.6%) after MPL-SCIT (Fig. 2, P<0.01). The 
overall response after 1 cycle of MPL-SCIT was 63.2 % (number 
of patients without a significant decrease in FEV1). However, 

the results were not homogeneous: of 19 patients with com-
plete data in this treatment group, 14 improved (decrease in 
FEV1), while 1 remained unchanged and 4 deteriorated.

Fraction of FeNO
In the SAR group, the FeNO levels were 21.6 ppb (±23.1 ppb, 

n=47) at baseline and 37.4 ppb (±46.2 ppb, n=39) 1 year later. 
In the SAR and Asthma group, the FeNO levels were 30.6 ppb 
(± 30.6, n=22) at baseline and 29.3 ppB (±22.8 ppb, n=19) af-
ter the SCIT. The differences did not reach statistical signifi-
cance. 

Total IgE and specific IgE to grass
The levels of total and specific IgE were similar in both groups 

and remained unchanged. In the SAR group, the mean total IgE 
was 611±586 kU/L, and the mean specific IgE for grass were 
39.6±37.7 kU/L at baseline and 747±924 kU/L and 43.1±39.0 
kU/L, respectively, after 1 year. These results were similar in the 
SAR and Asthma group: total/specific IgE was 703±472 and the 
mean specific IgE for grass was 73.4±33.9 kU/L at baseline, and 
687±525 and 67.8±36.1 kU/L, respectively, after SCIT. These 
changes did not attain statistical significance (Fig. 3). 

Specific IgG4 to grass
As a surrogate marker for successful SCIT, the IgG4 levels in-

creased from a median of 0.3 kU/L (0.3 to 33.2) to 11.4 kU/L (0.3 
to 101.0) after SCIT in the SAR and Asthma group (Fig. 4). 

Symptom diary and medication score
The diary return rates in the SAR group was 87.2% (41/47) in 

May and 76.6% (36/47) in June, which was comparable to those 
in the SAR and Asthma group, with 77.3% (17/22) and 81.8% 
(18/22) in May and June, respectively. The mean WOSs in the 
SAR group were 34.6±30.3 and 29.5±31.1 in May and June, re-

Fig. 1. Randomization and follow-up. Of the 69 patients included, 57 completed 
the study. The dropout occurred because the patients or their legal representa-
tives refused to undergo a second BAP or were lost to follow-up. 

Fig. 2. Decreases in FEV1 after the first and second BAPs. Decreases in FEV1 
after BAP with grass pollen at baseline (first and third columns) and after the 
second BAP (second and fourth columns) in the SAR group and the MPL-SCIT 
treated SAR and Asthma group, respectively. 

FE
V1

 lo
ss

 (%
)

SAR group SAR and Asthma group

Baseline
Baseline 

After SCIT1 year
0

-20

-40

-60
n.s. P<0.01

69 were enrolled and
underwent BAP to grass

9 subjects
withdrew
from study

3 subjects
withdrew
from study

SAR group
47 had a negative BAP to grass

birch SCIT only

SAR and Asthma group
22 had a positive BAP to grass

grass and birch SCIT

SAR group
38 underwent a second BAP

SAR and Asthma group
19 underwent a second BAP



Specific Bronchial Tolerance After SCIT

Allergy Asthma Immunol Res. 2016 May;8(3):257-263.  http://dx.doi.org/10.4168/aair.2016.8.3.257

AAIR

http://e-aair.org    261

spectively, which were similar to those in the SAR and Asthma 
group (34.0±24.0 and 32.3±26.2, respectively). 

The utilization of symptomatic medication in May and June 
was higher in the SAR group, with scores of 7.5±12.3 and 7.3±

11.9, respectively, compared to 5.4±9.7 and 4.8±10.1 in the 
SAR and Asthma group. 

DISCUSSION

We were able to show that MPL-SCIT against grass induced 
bronchial tolerance in patients with grass pollen allergies after 
1 course with only 4 injections. The bronchial hyperactivity 
measured by BAP with 30 AU of grass pollen was almost halved 
(mean decrease in FEV1: 28.8% [57.0% to 20.2%] before treat-
ment to 12.5% [57.0% to -6.6%] after MPL-SCIT, P<0.01). Inter-
estingly, in 12 patients BHR to the allergen was completely 
abolished, while 2 patients improved slightly and 5 deteriorat-
ed, emphasizing a great variation in individual response to 

SCIT. The overall response of 63.2% after the first year was an 
excellent and quite surprising result. Many conventional SCIT 
extracts and dosage regimens have failed to show significant 
improvement after the first year of treatment.19,20 The rapid on-
set of 1 course of MPL-SCIT against grass is fascinating and in 
keeping with a recent study of allergic rhinitis.21 The authors of 
that study evaluated the clinical efficacy and safety of ragweed 
MPL compared to a placebo using controlled ragweed pollen 
exposure. After only 1 course of MPL-SCIT against ragweed, the 
mean improvement in total symptom scores was significantly 
greater in the ragweed group than in the placebo group. 

The present study was designed solely to evaluate the effects 
of grass MPL on allergic asthmatic patients using BAP. Recent 
technical advances have facilitated the measurement of BAP, 
making it reliable, reproducible, easy to perform, and safe.13,16 
The non-randomized design, i.e., with all patients with BAP of 
>20% receiving treatment, and the small sample size studied 
were not expected to result in significant differences between 
the symptom scores of treated and untreated patients. More-
over, it is well known that symptom scores are profoundly influ-
enced by placebo effects.22 In addition, all the patients received 
SCIT with MPL birch, which might explain why the symptom 
scores were almost identical in the 2 groups. This study sup-
ported the use of allergen provocation models to objectify treat-
ment success in SIT because these models, in contrast to symp-
tom and medication scores, have objectively demonstrated 
treatment success in small cohorts by comparing individual re-
actions before and after SIT at the affected organs.12,14,23 Further-
more, this study compared established markers of treatment 
success, including specific IgE and IgG4, to the results of stan-
dardized BAP in children. As expected, IgG4 significantly in-
creased, whereas IgE was not changed. There is an ongoing dis-
cussion between clinicians regarding treatment regimens that 
both are feasible for patients and can best induce tolerance. 
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The major disadvantages of conventional SCIT are the frequen-
cy of injections and the risk of systemic adverse events. Never-
theless, many clinicians favor conventional over short-term or 
pre-seasonal SCIT because of its traditional use and the avail-
ability of long-term data.24-26 In addition, there is a strong belief 
that the total amount of allergen delivered is correlated with 
sustained treatment success. However, only a few trials have 
shown clear evidence that a greater amount of allergen for pre-
seasonal vs conventional treatment was favorable.27,28 In con-
trast, 2 recent studies, comparing 3-year treatment to 5-year 
treatment, showed no benefits with longer treatment, challeng-
ing the concept that longer therapy is superior to short-term 
treatment.29,30

Due to rapid advances in the field of immunotherapy, there 
has been an increasing need to objectively assess treatment suc-
cesses with different allergen extracts and treatment regimens. 
In particular, MPL represents a promising adjuvant for SCIT, by 
inducing a strong TH1 response with relatively little associated 
toxicity. Numerous clinical trials and treatment reports have 
found that MPL-containing extracts was well-tolerated and re-
sulted in significant reductions in symptom scores, poor provo-
cation test results, and antigen-specific IgE value, as well as in-
creased antigen-specific IgG/IgG4, after only 1 or 2 courses.11

The rapid onset of action was an important finding for affect-
ed patients because there are only a few studies available so far 
that have addressed the onset of protection against asthma 
symptoms after SIT.31 In the PAT study, the onset was measured 
after 3 years. Even stronger protection against asthma, with a 
faster onset of action, has been described in recent SLIT stud-
ies.31,32 In addition to the protection it affords against allergic 
symptoms, SIT is believed to facilitate long-lasting carry-over 
effects after the discontinuation of treatment.33-35 However, 1 cy-
cle of short-course immunotherapy might not be able to induce 
long-term effects, because bronchial tolerance, the induction of 
T reg cells, and specific IgG4 values require repeated training 
(allergy review) and also because a weakness of our study was 
that the results were not confirmed in follow-ups at the second 
and third years.

To our knowledge, this is the first study in which patients with 
allergies to birch and grass were either treated against both al-
lergies or received SIT against birch only. Recently, the ques-
tion was raised whether SIT has unspecific protective effects. 
Epidemiological studies and experimental models have sug-
gested an unspecific protection against allergies by strong Th-1 
activators such as MPL.36,37 However, we were not able to dem-
onstrate any cross-reactivity in the untreated controls; in fact, 
bronchial tolerance to grass pollen decreased significantly in 
the group only being treated with a birch preparation. 

CONCLUSION

After 1 cycle of short term SCIT with grass MPL, specific bron-

chial tolerance was significantly induced, whereas in patients 
without SCIT, bronchial hyperactivity remained unchanged. 
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