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Background: Ultra-short course pollen immunotherapy adjuvanted with monophosphoryl lipid A (MPL)
is attractive to conventional allergen-specific immunotherapy (AIT). Long term efficacy of MPL-AIT has
not been evaluated. Methods: 68 patients (age 16.75 ± 5.3 years) with allergic rhinitis to grass pollen
were investigated. Group 1: 21 controls; Group 2: 19 after complete AIT, and Group 3: 28 with AIT and
treatment cessation: 4 years range 3–6 years ago. Results: The clinical symptoms (running nose, sneezing,
conjunctivitis and the weekly overall score) were significantly reduced in patients group 2 and 3 compared
with controls without AIT p < 0.0001. T-regulatory cells and TH1/TH2 cytokine pattern did not differ
between patient groups. Conclusion: The patients in our trial with grass pollen allergy exhibited significant
and long-lasting improvements after MPL-AIT, however larger trials are needed to support this finding.

First draft submitted: 9 January 2018; Accepted for publication: 12 March 2018; Published online:
22 March 2018

Keywords: allergen immunotherapy • allergic rhinitis • grass pollen allergy • long-term effects • monophosphoryl-A
adjuvanted (MPL)

Introduction
IgE-mediated diseases, such as allergic rhinoconjunctivitis (AR) and asthma represent a serious health problem
throughout the world. The lifetime prevalence of AR is approximately 20%. It often has an impact on social life,
school performance and labor productivity of patients [1]. While pharmacological treatment such as antihistamines or
topical applied steroids are alleviating symptoms of AR, allergen immunotherapy (AIT) can modify the underlying
immunological mechanism of allergic diseases [2,3]. Development of tolerance induced by AIT can be described
by persistence of clinical improvement and altered allergen-specific T- and B-cell response [4,5]. The prevailing
immunological consensus is that T-regulatory (Treg) cells are induced by AIT [6]. The Treg-cell response is
characterized by an abolished allergen-induced specific T-cell proliferation and suppressed T helper (TH)1- and
TH2-type cytokine secretion; Treg cells potently suppress specific IgE production while simultaneously inducing
non-inflammatory IgG4 and IgA isotype antibodies [6,7]. Since the introduction of AIT in 1911, quality and
standardization of allergen extracts have improved substantially: preferably, standardized allergen extracts should
be used either unmodified or modified with well-defined biological activity [8,9]. Modified extracts (allergoids) are
available with less reactive B-cell epitopes that have a reduced IgE binding, while T-cell epitopes and immunogenicity
should be preserved [10]. In Europe, mainly semi-depot extracts are used in the application of AIT [11]. In this case,
the allergen or allergoid is physically bound to a carrier, such as aluminum hydroxide or tyrosine. Still conventional
AIT consists of more than 40 injections over three years. Alternatively, ultra-short course allergy vaccines have been
developed consisting of four injections of allergoids adsorbed to L-tyrosine and monophosphoryl lipid A (MPL)
adjuvant offering distinct clinical advantages over conventional AIT [12]. MPL is an adjuvant derived from the
lipopolysaccharide of Salmonella minnesota R 595. MPL is predominantly increasing the number of TH1-cells [12–

14]. Clinical experience with pollen allergoids adjuvanted with MPL has been extensive, with more than 5000
subjects treated in clinical and post-marketing studies and approximately 260,000 patients receiving the drug until
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now [15–18]. However, little is known about the long-term effect of ultra-short course allergy vaccination so far. This
is indeed the case for many different AIT extracts and regimes. Only few long-term studies are available, since the
famous study of Durham et al. [19] who reported a prolonged clinical remission and a disease-modifying effect of
AIT up to 4 years after cessation of treatment.

In this cross-sectional study, we compared treatment success after ultra-short allergy vaccination against grass in
three patients groups, one directly after 3 years treatment, one after cessation of treatment 3–6 years later, and that
of an untreated control group.

Methods
Patients
68 patients (45 male, 23 female, 7 to 28 years old, mean age 16.75 ± 5.3 years) with AR to grass pollen were
enrolled in the study. The patients were selected from the outpatient Department of Pediatric Allergy, Pneumology
and Cystic Fibrosis in the children’s hospital of the Goethe-University in Frankfurt/Main, Germany.

The criteria for inclusion were as follows: signed informed consent; participants >6 and ≤28 years of age
who had a clinical history of AR and/or allergic asthma grade 1, according to GINA guidelines, during the grass
pollen season; elevated serum allergen-specific IgE (RAST ≥2/≥0.71 kU/ml) to grass pollen; and no significantly
abnormal findings on physical examination.

Reasons for exclusion included the following: forced expiratory volume in 1 s (FEV1) less than 65% of the
predicted value prior to enrollment, concomitant therapy with inhaled corticosteroids (ICS) of at least 3 months in
duration; the use of systemic steroids; and the regular use of antihistamines. Further patients with serious underlying
conditions were excluded from the study.

Human guidelines of good clinical practice, the German Drug Act and the declaration of Helsinki (1964) and
Edinburgh (2000) were followed in the conduct of the trial. The local ethics committee approved the study. All
parents and all patients older than 14 years of age provided written informed consent. The trial was registered at
ClinicalTrials.gov Identifier: NCT01830673.

Study design
This trial was a non-randomized prospective cross-sectional case–control study that encompassed two study visits
and a diary phase during the peak pollen season. At visit one, a complete medical history, including concomitant
diseases and medications, a physical examination, measurement of exhaled nitric oxide (eNO) and spirometry were
performed. Then blood samples were obtained (see parameters below). Visit 2 occurred 4 weeks after the end of
the grass the pollen season to collect the diary data.

Allergen specific immunotherapy
All patients except the controls had received four injections consisting of tyrosine-adsorbed Phleum pratense allergoid
and enhanced with the adjuvant monophosphoryl lipid A (MPL) (Pollinex R© quattro, Bencard, Munich, Germany,
subsidiary of Allergy therapeutics, Worthing, UK). One cycle of AIT comprised four injections with increasing
allergen units 300, 800, 2000 and 2000, respectively.

Symptom diary
During the grass pollen season, the patients form the area of Frankfurt/M, Germany, were asked to record their
symptoms and medication use during the peak pollen season (for 1 week in May and 1 week in June 2012). The
following five nasal and conjunctival symptoms (runny nose, blocked nose, itchy nose, sneezing and itchy eyes)
and four asthma symptoms (shortness of breath, wheezing, chest tightness and coughing) were recorded in a diary.
Intensity of every item was rated from ‘no symptoms’ [0] to ‘severe symptoms’ [3]. Further, the use of the following
medications was recorded and weighted as follows: disodium cromoglicate [1], antihistamines [1], beta agonists [1],
leukotriene antagonists [4], topical steroids [3], and systemic steroids [6] as recently described [38]. Scores of each
symptom were summed up for one week and the mean value was determined for a weekly overall score (WOS).
The WOS of both weeks were summed.

Lung function tests
Spirometry was performed with the MasterScreen R© body plethysmograph by VIASYS Healthcare GmbH (Hoech-
berg, Germany).
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Measurement of exhaled nitric oxide
The exhaled NO (eNO) measurements were performed using the NIOX R© (Aerocrine, Solna, Sweden), according
to the ATS guidelines.

Blood sampling & laboratory allergy
The total IgE, specific IgE, and specific IgG/IgG4 responses to P. pratense were analyzed using a two-sided
chemiluminescent assay (Immulite 2,000, Siemens AG Healthcare, Erlangen, Germany); 18 ml of serum drawn
with a Sarstadt Monovette R©). The analysis was performed according to the manufacturer’s instructions.

Staining of lymphocytes
Whole blood samples (9 ml EDTA EDTA Monovette) were stained for differentiation for TH1 and TH2 cells
by flow cytometry. For TH1 cells, the chemokine receptor CXCR3 was stained by a CD183 APC antibody, to
differentiate TH2 cells, the chemokine receptor CCR4, was stained by a CD194 antibody [19].

For staining of Treg cells (CD4 + CD25 + FoxP3 positive cells) an intracellular staining procedure was used.
Isolated peripheral blood mononuclear cells were surface-stained with anti-CD4-fluorescin isothiocyanate and
anti-CD25-phycoerythrin monoclonal antibodies. After fixation and permeabilization, intracellular staining was
accomplished applying anti-human FoxP3 allophycocyanin (APC) antibody (Natutec, Frankfurt am Main, Ger-
many). A flow cytometer (Becton Dickinson, CA, USA) analyzed 10,000 events (on each sample). Data analysis
was performed with CellQuest software (Becton Dickinson). All laboratory tests began within 2 h after the blood
samples were drawn.

Stimulation of peripheral blood lymphocytes
Peripheral blood lymphocytes were separated by Ficoll centrifugation. Then 1 × 106 cells per well were simulated
for 24 h either with culture medium (negative control), grass pollen antigen or a combination of CD3/CD28
antibodies for maximum cytokine production as described [20].

Cytometric bead array
The concentrations of six cytokines were determined in cell supernatants after stimulation of whole blood for 24 h
using the BD™ cytometric bead array (CBA) Flex Set System (BD Bioscience-PharMingen, CA, USA) to measure
the IL-2, IL-12/23, IL-5, IL-10, TNF-α and IFN-γ levels as described previously [21]. The lower detection limits of
the cytokines were IL-2, 1.0 pg/ml; IL-12/23, 1.6 pg/ml; IL-5, 1.1 pg/ml; IL-10 1.6 pg/ml TNF-α, 0.7 pg/ml,
and IFN-γ, 1.8 pg/ml.

End points & statistical analysis
In this non-randomized prospective cross-sectional case–control study, no hypothesis was formulated, and the data
were analyzed descriptively. Due to the exploratory design of the trial, there was no formal estimation of sample
size accounting for type I error rate, power, standard deviation, and effect size. The sample size of 20 patients
per treatment group was considered sufficient to guarantee a probability of 95%, that changes in immunological
parameters like specific IgG and IgG4 between groups could be detected as it was possible in a previous trial [22].

Primary outcome measures: induction of Treg cells by flow cytometry.
Secondary outcome Measures: determination of Th1 and Th2 cells by flow cytometry, inflammatory cytokine

production of lymphocytes and reduction of symptom scores (reduction in nasal, conjunctival and bronchial
symptoms and the weekly overall score).

The data were statistically analyzed and graphed with GraphPad Prism software, version 5.01 (GraphPad Software
Inc., CA, USA, Bias for Windows version 10.08 epsilon-Verlag, Darmstadt, Germany). The parameters were tested
for normal and log-normal distributions using the Kolmogorov-Smirnov test. For comparison between groups, the
one-way analysis of variance (ANOVA) was used. A probability of p < 0.05 was considered statistically significant.

Results
Patient characteristics
We were able to enroll 68 patients with AR sensitized to grass pollen. Patients were divided into three groups
according to their AIT history:

• Group 1: Controls without previous AIT.
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Table 1. Patient characteristics at baseline.
Group 1 Controls without AIT Group 2 Post AIT Group 3 Cessation of AIT 3–6 years

Number (n) 21 19 28

Age (years) 22.7 (12–28) 12.1 (7–24) 16.6 (10–22)

Males 8 17 20

FVC (L/%) 94.0 (80.6–134.6) 95.2 (72.5–115) 101.4 (86.7–154.1)

FEV1 (L/%) 105.6 (77.2–142.1) 102.3 (81.1–133.8) 108.8 (81.3–169.6)

FEV1/FVC (%) 87.0 (77.9–98,5) 88.7 (76.1–98.3) 83.3 (76.5–100)

eNO (ppB) 33.1 (5.5–75.4) 18.1 (2.8–33.7) 11.6 (1.8–73.2)

sIgE grass (KU/L) 82.0 (5–100) 86.1 (28.8–100) 18.3 (0.1–100)

sIgE rye (KU/L) 63.2 (0.9–100) 63.8 (15.1–100) 7.6 (0.1–76)

Median and range are shown.

Table 2. Grass and Rye specific IgG and IgG4 levels in all groups.
Group 1 Controls without AIT Group 2 Post AIT Group 3 Cessation of AIT 3–6 years

IgG grass (μ/l) 6925 (200–137000) 42100 (7580–109000) 11600 (4070–39100)

IgG4 grass (μg/l) 230 (200–1189) 5267 (408–22802) 508 (200–39665)

IgG rye (μ/l) 5725 (2000–126000) 20800 (10500–72300) 7510 (3340–115000)

IgG4 rye (μg/l) 200 (200–702) 2548 (200–15159) 325 (200–14141)

Median and range are shown; group 2 levels were significantly elevated about group 1 and 3, p � 0.001. Group 3 had significantly higher levels than group 1, p � 0.01.

• Group 2: Patients directly after AIT (after completion the 2nd or 3rd year of treatment).
• Group 3: patients with cessation of AIT for at least 3 years.

The patient groups were not well balanced for age, eNO, and specific IgE, as summarized in Table 1. This was
in part due to the selection criteria since controls had to be adolescents or young adults according to the ethic vote.
As expected untreated patients had higher eNO levels than patients treated with AIT.
Specific IgE levels of group 3, patients after cessation of AIT 3–6 years, had significantly lower specific IgE levels
than group 1 and 2. This led to an investigation of historical IgE levels in patients group 3 before AIT was initiated.

In 11 of 28 patients of group 3 historical levels were recorded. Interestingly, the specific IgE levels to grass and
rye were significantly higher before AIT than during follow up: sIgE grass (KU/L) before 100 (0.7–100) vs 18.3 vs
(0.1–100); p < 0.05 and for sIgE rye (KU/L) 100 (0.3–100) vs 7.6 (0.1–76); p < 0.01.

Baseline lung function (forced vital capacity [FVC], forced expiratory volume in one second [FEV1], FEV1/FVC)
was within the normal range (>70% pred.) and showed no significant differences between the groups. There were
in total 16 polysensitized patients, six in group 1, three in group 2 and seven in group 3.

Symptom diary
The diary return rate in of patients in both observation periods May and June were 63.2% (43/68). Nasal and eye
symptoms were significantly reduced in group 2 and group 3 (Figure 1A and Figure 1B). In addition, the WOS in
group 1 was 10.46 ± 7.79 and significantly reduced in group 2 5.61 ± 4.67, and group 3 5.68 ± 3.73; p < 0.001
(Figure 1C).

Specific IgG & IgG4 to grass & rye
As a surrogate marker for a recent AIT, IgG and IgG4 levels were found to be significantly increased in group 2 vs
group 1 and group 3; p < 0.001 (Table 2). In addition, levels of group 3 were significantly higher than in controls
p < 0.01.

Evaluation of TH1/TH2 cells & T-regulatory cells
The TH1/TH2 cells comparison median (range) of the groups showed no significant differences (TH 1 Group
1:16.7% [9.3–28], group 2: 10.6% [4.4–18.6] and group 3: 16.7% [6.4–32.4]; n.s) and (TH 2 Group 1:15.5%
[63–41.8], group 2: 13.4% [4.4–28.7] and group 3: 13.8 [7.2–26.7]; n.s).

532 Immunotherapy (2018) 10(7) future science group



Long-term effect of MPL-AIT Research Article

Controls without AIT Post AIT Cessation of AIT
 3–6 years

n.s.

0

10

20

S
u

m
 s

co
re

30

40

p < 0.001

p < 0.001

Controls without AIT Post AIT Cessation of AIT
 3–6 years

n.s.

n.s.

0

5

10

15

S
u

m
 s

co
re

20

25
p < 0.001

Controls without AIT Post AIT Cessation of AIT
 3–6 years

n.s.

0

10

20

S
u

m
 s

co
re

30

40

p < 0.001

p < 0.001

Figure 1. (A) Nasal symptom score during the grass pollen season. (B) Eye symptoms during the grass pollen season. (C) Weekly overall
score (WOS) during the grass pollen season.

In addition, the distribution of Treg cells was similar between the groups (Group 1: 3.2 ± 1.12%, group 2:
1.6 ± 0.59% and group 3: 2.95 ± 0.72%, n.s).

Stimulation of peripheral blood lymphocytes
As shown in Table 3A and B cytokine stimulation for 24 h either with grass pollen antigen or a combination of
CD3/CD28 antibodies for maximum cytokine production showed no difference for the groups.

Discussion
The MPL adjuvanted ultra-short allergy vaccination is an established therapy for patients with allergic rhinitis
and allergic asthma [15,16]. MPL is a well-characterized adjuvant for AIT, by inducing a strong TH1 response
with relatively little associated toxicity [12,23]. Over the past 15 years, more than 750,000 injections have been
performed. MPL-AIT leads to a significant clinical improvement of the symptoms and medication consumption
in allergic rhinitis and allergic bronchial asthma [15–18]. Using MPL-AIT is safe and requires only four pre-seasonal
injections in three consecutive years compared to conventional AIT. Thus, one of the major advantages is improved
compliance in children, adolescents and even adults.

Nevertheless, many clinicians favor conventional AIT because of its traditional use and the availability of long-
term data [19,24,25]. In addition, there is evidence that the cumulative amount of injected allergen is correlated with
sustained treatment success. If this holds true for all types of AIT is still debatable. Only a few trials have shown
clear evidence, that a greater amount of total allergen was favorable [26,27]. Other studies, comparing 3 to 5 years
AIT, showed no benefits of longer treatment [28,29].
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Table 3. Cytokine production after stimulation with grass antigen and CD3/28.
Cytokine production after stimulation
with grass antigen

Group 1 Controls without AIT Group 2 Post AIT Group 3 Cessation of AIT 3–6 years

Tregs (%/CD4 cells) 3.2 (1.7–5.7) 1.6 (0.6–3.1) 2.9 (1.3–4.5)

IL-2 (pg/ml) 0 (0–24) 11 (0–66) 0 (0–21)

IL-12/23 (pg/ml) 25 (0–146) 33 (0–69) 37 (0–146)

IFN-y (pg/ml) 0 (0–36) 0 (0–27) 0 (0–25)

IL-5 (pg/ml) 0 (0–31) 4 (0–193) 0 (0–31)

IL-10 (pg/ml) 7 (0–114) 16 (2–73) 29 (0–114)

TNF-� (pg/ml) 0 (0–108) 9 (0–93) 8 (0–108)

Cytokine production after stimulation
with CD3/28

Group 1 Controls without AIT Group 2 Post AIT Group 3 Cessation of AIT 3–6 years

Tregs (%/CD4 cells) 3.2 (1.7–5.7) 1.6 (0.6–3.1) 2.9 (1.3–4.5)

IL-2 (pg/ml) 18 (0–24) 56 (0–2022) 17 (0–3700)

IL-12/23 (pg/ml) 138 (0–492) 91 (15–321) 138 (17–492)

IFN-y (pg/ml) 1016 (0–2816) 967 (4–2566) 762 (0–2683)

IL-5 (pg/ml) 189 (0–966) 273 (0–928) 163 (0–660)

IL-10 (pg/ml) 112 (7–968) 93 (5–364) 112 (10–609)

TNF-� (pg/ml) 1293 (0–8975) 634 (2–4423) 576 (0–8975)

Median and range, Tregs were measured by cytometry, whole blood was stimulated and supernatant were measured 24 h later as described. No differences were found between groups.

The aim of our cross-sectional study was to evaluate the long-term efficacy of MPL-AIT in patients with grass
pollen allergy. For the first time, our results demonstrated that MPL-AIT may deliver long-term protection in
patients with grass pollen allergy. Each of the symptoms; running nose, sneezing, conjunctivitis and the weekly
overall score were significantly reduced in group 3, compared to controls without treatment and similar to patients
group 2.

It is important to note, that the present study was designed to investigate potential immunological effects of
AIT and does not supply sufficient data for clinical treatment effects. The non-randomized design of the trail and
the small sample size studied, were not expected to result in meaningful differences between the symptom scores
of treated and untreated patients. In addition, it is well known, that symptom scores are profoundly influenced
by placebo effects [30]. In particular, patients without treatment like group 1 tend to be less satisfied and may
overestimate their symptoms [30]. This disadvantage may hold true for the comparison of patient’s in group 1
versus group 2, but is less likely to affect patients of group 3, who stopped treatment more than 3 years ago. Thus,
significant improvements in clinical symptoms of group 3 demonstrated the long-lasting effect of ultra-short allergy
vaccination. In line with this finding, we found a decrease in sIgE levels in patients of group 3, which is a well
known phenomenon after successful AIT [31,32], although this observation was retrospectively done in 11 patients
only.

For conventional AIT and sublingual immunotherapy (SLIT) it is well established that AIT facilitate long-lasting
treatment effects after discontinuation of treatment [19,24,25,33–36]. Jacobsen et al. [24] showed a protective effect
of AIT on the development of allergic asthma in a 10-year follow-up study in children with grass pollen allergy.
Similar to our trial, Dominicus et al. [34] demonstrated the long-term effects of AIT in adults after cessation of
therapy. They showed persistent improvement of clinical symptoms 3 years after cessation of AIT.

Due to rapid developments in the field of AIT, there is an unmet need to objectively assess the treatment
successes by biomarkers. Recently the EAACI taskforce reviewed all candidate biomarkers used in clinical trials
of AIT [37]. Biomarkers were grouped into seven domains: (1) IgE (total IgE, specific IgE and sIgE/Total IgE
ratio), (2) IgG-subclasses (sIgG1, sIgG4 including sIgE/IgG4 ratio), (3) serum inhibitory activity for IgE, (4)
basophil activation, (5) cytokines and chemokines, (6) cellular markers (regulatory cells) and (7) in vivo biomarkers
(including provocation tests).

As mentioned above, the present study was designed to investigate immune responses after AIT vs non-treated
controls. Well known immunological parameters like IgE, IgG and IgG4 responses, number of TH2 to TH1
cells, possible increase of Treg cells, and normalizing the TH2 dominated cytokine response towards tolerance
were analyzed. The results of our investigations were rather disappointing. Only, IgG and IgG4 levels significantly
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increased during and after AIT, whereas all other immune parameters were not changed compared to the non-
treatment group. This is difficult to explain but may be partially explained by the immunological measurements
used in our trial. In keeping with recent findings of the EAACI task force, neither numbers of TH1/TH2 and Treg
cells nor cytokine measurement of lymphocytes are appropriate to estimate treatment effects of clinical trials [37].
These sophisticated immunological techniques can be used to get insight into the mechanisms of AIT in mouse
models and insect allergy, but are less valuable in trials of AIT in AR.

In contrast to immunological parameters, symptom and medication scores have objectively demonstrated treat-
ment success even in small cohorts [28,34,35]. Numerous clinical trials and treatment reports have found that
MPL-AIT were well-tolerated and resulted in significant reductions in symptom scores, improved provocation test
results and antigen-specific IgE value, as well as increased antigen-specific IgG/IgG4 [16,18,23,38]. According to our
results, this effect is long lasting and demonstrable after 3–6 years after end of MPL-AIT.
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