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Preseasonal local allergoid immunotherapy to grass pollen in

children: a double-blind, placebo-controlled, randomized trial

Background: We assessed the ef®cacy of preseasonal local allergoid
immunotherapy in a group of children with asthma and/or rhinitis and/or
rhinoconjunctivitis due to grass pollen.
Methods: We randomly assigned 24 children allergic to grass pollen to receive
local allergoid immunotherapy for 3 months before the pollen season and 24 such
patients to receive identically appearing placebo. The immunotherapy consisted
of tablets of monomeric allergoid grass pollen allergens held in the mouth until
they dissolved and then swallowed. The study was double-blind. Symptoms and
medications were scored on diary cards during the pollen season. Nasal
eosinophil cationic protein levels were measured by the monoclonal antibodies
EG1 and EG2 outside the pollen season and at low and at high pollen
concentration during the pollen season.
Results: The active-treatment group had a statistically signi®cant reduction of
total symptoms (P<0.05), especially bronchial symptoms (P<0.05), in
comparison with the placebo group. Immunotherapy was well tolerated and
compliance was good. Nasal levels of EG2 and EG1 increased signi®cantly
during the pollen season, but there was no difference between groups. EG2/EG1
increased signi®cantly only in the placebo group during natural allergen
exposure (P<0.01).
Conclusions: Our results suggest that this immunotherapy is effective for the
treatment of asthma due to grass pollen in children.
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Subcutaneous speci®c immunotherapy is considered to
be effective for allergic diseases (1). However, injection
immunotherapy may be inconvenient and, in rare cases,
causes severe systemic reactions (1). With a view to
improving the safety and acceptability of treatment,
renewed interest is being shown in noninjected aller-
genic extracts, such as the oral and sublingual routes.
Both the WHO (2) and the EAACI-ESPACI Working
Group on Local Immunotherapy (3) have stated that
there is evidence of the clinical ef®cacy of sublingual--
swallow immunotherapy (SLIT) (4±13), but not of oral
or sublingual-split immunotherapy. SLIT and injective
immunotherapy were equally effective in adults with
grass pollen allergy (14). The EAACI-ESPACI position
paper (3) did not recommend SLIT for normal clinical
use in children, since only a few controlled clinical trials
had evaluated the ef®cacy and the safety of SLIT in
children. However, a post-marketing surveillance study
has recently found that SLIT is safe in children (15).

Children can hardly keep the extracts under the
tongue. There is a lack of data showing that the
sublingual mucosa can absorb allergenic molecules
better than other mucosal sites (dorsal surface of the
tongue, labia, cheeks, and soft palate). In the present

study, the immunotherapy dosage consisted of tablets
of monomeric allergoid grass pollen allergens to be held
in the mouth until they dissolved, after which the
residue was swallowed (oromucosal-swallow immuno-
therapy [OSI]) (16).

A reduction in both the cellular in®ltration and the
expression of intercellular adhesion molecule (ICAM-1)
in the conjunctiva after allergen challenge was found
after 1 year of SLIT (9). Furthermore, a reduction of
neutrophils, eosinophils, and ICAM-1 expression after
speci®c nasal challenge was detected after preseasonal
SLIT with Parietaria (17).

Activation of eosinophils occurs during the pollen
season. Nasal levels of eosinophil cationic protein
(ECP) have been found to increase signi®cantly during
natural allergen exposure in patients allergic to pollen
(18, 19). Moqbel et al. found that the anti-ECP
monoclonal antibody EG2 recognized activated eosi-
nophils and a minority of resting eosinophils while the
anti-ECP monoclonal antibody EG1 recognized both
activated and resting eosinophils (20). Therefore, the
EG2/EG1 ratio is considered to be more reliable in
identifying activated eosinophils.

We are not aware of studies on immunotherapy with
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grass pollen administered orally in children. Therefore,
we performed a randomized, placebo-controlled study
in children allergic to grass pollen to evaluate the
clinical ef®cacy and the safety of local allergoid
immunotherapy. We also determined nasal levels of
ECP by monoclonal antibodies (EG1 and EG2) outside
the pollen season and during the season in order to
assess allergic in¯ammation.

Material and methods

Patients

Forty-eight consecutive children (21 boys and 27 girls)
aged 4±14 years (mean 8.4 years), outpatients at the
pediatric departments of Parma, Perugia, and Brescia
(Italy), were enrolled. The children had rhinitis and/or
conjunctivitis and/or bronchial asthma in the grass
pollen season, serum grass-speci®c IgE antibodies, and
a positive skin prick test with grass pollens, including
pollens contained in extracts for immunotherapy.
Forty-three children had asthma, 34 rhinitis, and 27
conjunctivitis (Table 1). Sensitizations to allergens
other than grass pollens (mites, pellitory, cat and dog
dander, birch, mugwort, Alternaria, and Aspergillus)
were excluded on the basis of clinical symptoms and
negative skin prick test reactions.

Patients with perennial asthma and/or rhinitis who
had received speci®c immunotherapy in the 3 years
before the beginning of the present study and patients
under treatment with systemic steroids were excluded
from the study. Other exclusion criteria were the
contraindications for immunotherapy of the European
Academy of Allergy and Clinical Immunology
(EAACI) (1).

Children were randomly assigned by a computer-
generated list to receive either grass-pollen allergoid
oral soluble tablets or placebo. Neither the investiga-
tors nor the patients were aware of the treatment
assignments.

All parents gave written informed consent.

Skin prick tests and grass-speci®c IgE

Skin prick tests were performed with commercial
extracts (Lofarma S.p.A, Milan, Italy). The extract
for skin prick testing was not from the same allergen
batch employed for immunotherapy. The diluent was
used as negative control. Histamine 10 mg/ml was used
as positive control. The reaction was considered
positive if the wheal size was at least 3 mm after
subtracting the diameter of the negative control wheal.
Circulating grass-speci®c IgE was determined by the
CAP System (Pharmacia, Uppsala, Sweden) and
considered positive if at least class 2.

Immunotherapy

Immunotherapy consisted of a mixture of monomeric
allergoid grass-pollen allergens (33% Holcus lanatus,
33% Phleum pratense, and 33% Poa pratensis) incor-
porated in commercially available tablets (LAIS,
Lofarma S.p.A, Milan, Italy). The procedure for
chemical modi®cation and the immunologic features
of the ®nal product have been described by Mistrello
et al. (21). Brie¯y, the allergen is reacted with potassium
cyanate (KCNO) at basic pH to obtain partial
substitution of the amino groups and a substantial
loss of its capacity to react with IgE antibodies, as
measured by RAST inhibition (22). SDS±PAGE showed
that the molecular size of carbamylated allergens
corresponded to the native allergens. The LAIS prep-
aration was titrated in allergenic units (AU) and
standardized by RAST inhibition in comparison with
an in-house reference preparation (IHR). The AU is a
biologic unit originally established to titrate products
for intranasal immunotherapy and is de®ned as 1/40 of
the mean provocative dose by speci®c nasal challenge in
a signi®cant number of allergic volunteers (23). The
tablets were prepared in doses of 25, 100, 300, and 1000
AU. KCNO-modi®ed allergens have low allergenic
potency but fully preserved immunogenic properties
(21). They also maintain the native monomeric size,
making them particularly suitable for use by the
transmucosal route. The large molecular size of poly-
merized allergoids (e.g., by glutaraldehyde) presumably
makes them unable to cross biologic membranes.

The placebo consisted of tablets that were indistin-
guishable from active treatment.

Immunotherapy was administered according to a
preseasonal schedule from January until 15 April. The
children took tablets containing either active treatment
or placebo in the morning, on an empty stomach, and
kept them in the mouth until they dissolved (1±2 min).
In the buildup phase, children treated with active
extracts had increasing doses of allergens: 25, 50, 100,
200, 300, 600, and 1000 AU. The tablets were given
every other day (three times a week) until the maximum
dosage was reached (1000 AU). This dosage was

Table 1. Data of patients at entry

Characteristic

Group

P value

Immunotherapy

n=24

Placebo

n=20

Sex (M/F) 12/12 13/7 NS

Age (years)* 8.7 (3.3) 8.1 (2.7) NS

Asthma 7 3 NS

Rhinitis 1 ± NS

Asthma and rhinitis 3 3 NS

Asthma, rhinitis, and conjunctivitis 13 14 NS

* Mean (SD).
NS: not signi®cant.
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repeated three times a week until the beginning of the
pollen season, when immunotherapy was stopped. The
cumulative dosage was 37 250 AU.

Symptom score and symptomatic treatment

Parents were instructed to record symptoms and any
medications taken on a daily diary card during the
pollen season, from 15 April to 15 June. Every month, a
physical examination was done and the diary card was
checked.

The weekly symptom score (nasal symptoms: itching,
sneezing, nasal discharge, nasal obstruction; eye symp-
toms: itching, redness; bronchial symptoms: cough,
dif®culty in breathing, wheezing) was obtained by
rating symptoms reported daily by parents according
to the following scale: 0: no symptom; 1: mild; 2:
moderate; 3: severe symptoms.

Patients were allowed to use the following drugs
when necessary: local (both nasal sprays and eye-drops)
or systemic antihistamines, inhaled b2-agonists, inhaled
steroids, and theophylline.

The medication recorded by patients in their diary
cards was rated on the following scale: one point for
each application of local antihistamines; two points for
each dose of systemic antihistamines, inhaled b2-ago-
nists, inhaled steroids, or theophylline. Each patient's
weekly drug consumption was recorded by counting the
daily doses, scoring as above.

Safety and compliance

Each patient was evaluated for safety during the treat-
ment period. Parents were asked to call the department if
children experienced side-effects from treatment and to
report them on the diary card. Safety was evaluated in
terms of the number of side-effects experienced during
treatment after administration of the allergen. For each
patient the type of symptom, the interval from the dose,
the duration of the reaction, the dosage that provoked
the reaction, and the concomitant presence of any
disorder were reported. Compliance with treatment was
evaluated by counting leftover tablets at each visit.

ECP

Before the start of immunotherapy (January), at low
pollen concentrations (April), and at moderate pollen
concentrations (beginning of June), nasal levels of ECP
were measured with monoclonal antibodies against EG1
and EG2.

Nasal sampling was performed by the method of
in situ incubation (24). Brie¯y, a sponge covalently
bound with the monoclonal antibodies EG1 and EG2
(Pharmacia, Uppsala, Sweden) was employed as solid
phase. The sponge was cut in half and blotted on
Whatman paper, and the halves were inserted in the
nasal applicator, covered by a membrane. The appli-

cator was left at the level of the lower turbinate for
10 min. Then the sponge was put in a test-tube with 1 ml
0.9% (w/v) NaCl solution containing NaN3 0.02% (w/v)
as preservative. Samples were stored at x20uC until
incubation with conjugate anti-ECP monoclonal anti-
bodies (Pharmacia, Uppsala, Sweden).

Pollen counts

Grass pollen counts for the pollen season from 15 April
to 15 June were obtained from Agenzia Regionale
Prevenzione Ambientale.

Statistical analysis

Analysis of variance was used for continuous variables
and chi-square or Fisher's exact test for categorical
variables. Symptoms, drug intake, and EG1 and EG2
values were statistically analyzed by nonparametric
tests; the Wilcoxon test was used for intragroup analysis
and the Mann±Whitney U-test for intergroup analysis.
The EG2/EG1 ratio was obtained for each child. The
ratio was calculated as follows: EG2/EG1r100. Then,
the median value of the ratios of each group was
calculated.

Results

Forty-four out of 48 patients (91.6%), all 24 in the active
treatment group and 20 of 24 given placebo, completed
the study and reached the cumulative dosage of
37 250 AU. Four patients in the placebo group dropped
out, three because they moved away, and one because of
a mild side-effect (abdominal pain). Characteristics of
the immunotherapy and placebo groups are listed in
Table 1. There were no statistically signi®cant differ-
ences between the two groups at entry into the study.

Figure 1. Weekly mean (95% CI) of symptom and medication
scores in immunotherapy and placebo groups during pollen
season. Columns represent mean values. Differences between two
groups for weekly mean total symptom score and weekly mean
bronchial symptom score were signi®cant (P<0.05).
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Two 4-year-old children were included in the study. One
child took placebo, and the other received active
treatment.

Neither systemic nor local adverse reactions were
observed during treatment. Compliance with treatment
was very good for all patients.

Total symptom scores during the pollen season (as
weekly mean) were lower in the treated group than with
placebo, the difference being statistically signi®cant
(mean [SD] 9.5 [7.2] vs 14.5 [8.3]; P<0.05) (Fig. 1). The
scores related to each nasal, ocular, and bronchial
symptom were lower in the treated group, but the

difference was statistically signi®cant only for bronchial
symptoms (2.4 [2.7] vs 4.6 [3.5]; P<0.05) (Fig. 1). Drug
consumption scores (weekly mean) did not differ
appreciably between the two groups (Fig. 1).

The symptom-medication score in the immunother-
apy group was lower than in the placebo group during
the pollen season in all weeks. This difference was
statistically signi®cant at week 3 (P<0.05), week 7
(P<0.05), and week 8 (P<0.03) (Fig. 2). Mean weekly
grass-pollen counts for the period of exposure to grass
pollen from the centers participating in the study are
shown in Fig. 2. Because of the weekly pollen concen-
tration, ®ve of the weeks were considered to have a very
high pollen concentration (average weekly pollen count
more than 80 pollen grains per cubic meter), and four to
have a high pollen concentration. The symptom-
medication score for weeks with elevated pollen con-
centration was signi®cantly lower in the immunotherapy
group than in the placebo group (10.1 [3.3] vs 16.84 [4.3];
P<0.03). There was no signi®cant difference between
actively treated and placebo patients for the symptom-
medication score under moderate pollen exposure (8.75
[4.6] vs 11.5 [6.2]; P>0.05).

In the immunotherapy group, we found a signi®cant
increase during the pollen season for nasal levels of EG1
and EG2 (Table 2). We observed a similar increase in
the placebo group. Comparison of EG1 and EG2 levels
showed no difference between the placebo and immuno-
therapy groups (Table 2).

The EG2/EG1 ratio showed a signi®cant increase at
low pollen concentrations in comparison with baseline
(T0) in the placebo group (Table 2). In the immunother-
apy group, the EG2/EG1 ratio did not change in the
pollen season (Table 2); the between-groups compar-
ison showed no difference.

Table 2. Median (range) and mean (standard deviation [SD]) values of nasal levels of EG1,

EG2, and EG2/EG1 ratio in immunotherapy and placebo groups, at baseline, before starting

immunotherapy treatment (January) (T0), at low pollen concentrations (T1) and at moderate

pollen concentrations (T2)

Median (range)

Mean (SD)

T0 T1 T2

Immunotherapy group

EG1 (mg/l) 6.6 (0.5±7.5) 19.2 (2.1±105)** 17.5 (0.1-200)*

10.3 (9.7) 28.9 (29.6) 53.6 (74.7)

EG2 (mg/l) 0.1 (0.1±12.8) 3.6 (0.1±41)* 2.1 (0.1±97.2)*

1.9 (3.4) 8.7 (11.5) 12 (24.5)

EG2/EG1 (%) 14.7 (0.4±100) 20.8 (1.4±85.4) 22.7 (0.2±100)

19.0 (25) 28.0 (27) 31.6 (35)

Placebo group

EG1 (mg/l) 6.9 (0.1±31) 11.6 (0.1±135)* 8.3 (0.1±200)

10.3 (9.8) 30 (39) 36.6 (59.5)

EG2 (mg/l) 0.1 (0.1±3.8) 2.3 (0.1-38.3)* 0.1 (0.1±200)*

0.8 (1.3) 5.7 (10.3) 16.0 (48)

EG2/EG1 (%) 4.0 (0.5±100) 10.0 (1.2±100)** 13.5 (0.3±100)

14.9 (29) 18.0 (23) 38.0 (41)

* T0 vs T1 and T0 vs T2: P<0.05.
** T0 vs T1: P<0.01.

Figure 2. Mean (95% CI) symptom-medication scores and
pollen counts in grass-pollen season. Signi®cance of differences
between immunotherapy and placebo groups: *P<0.05;
**P<0.03.
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Discussion

Our results show that OSI for grass pollen is effective
in reducing respiratory symptoms, particularly
asthma, after 3K months' preseasonal treatment in
children. However, the improvement in nasal and
ocular symptoms did not reach statistical signi®cance.
The symptom-medication score was reduced in the
immunotherapy group compared with the placebo
group during the pollen season in all weeks. However,
a signi®cant reduction was reached only when
patients were exposed to high levels of pollen. The
latter observations may limit the clinical relevance of
a short preseasonal course of OSI.

The ef®cacy of oral immunotherapy in double-
blind, placebo-controlled studies has been recently
reviewed (2). In 2/6 studies, there was evidence of
clinical ef®cacy. Controlled trials with SLIT have
shown its effectiveness in adults allergic to grass
pollen with rhinitis (5, 7, 8) and asthma (8, 13). SLIT
was associated with a clinically signi®cant improve-
ment in children with asthma due to mites (9) or olive
pollen (12). Our trial differs from previous investi-
gations because: 1) we studied children with grass-
pollen hypersensitivity; 2) the allergenic product was
an original formulation; 3) the allergenic product was
applied to the oral cavity and then swallowed.

The oral-soluble tablets have advantages over
conventional drops of aqueous extracts in that it is
easier to de®ne the dosage and harder to make
mistakes, as in counting the drops.

The mechanisms through which sublingual or oral
immunotherapy acts are unclear (25). Kinetic studies
of radiolabeled allergens showed that allergens that
are kept under the tongue and then swallowed stay in
the oral mucosa for a long time, up to 18±20 h after
swallowing (26). The ingested portion of the allergen
is quickly absorbed in the gastrointestinal tract. This
suggests that both mucosa-associated lymphoid tissue
and gut absorption capacity are involved (27).

Animal studies showed that high sublingual aller-
gen doses suppressed IgE production (28). Fanta et al.
(29) showed a signi®cant decrease of the proliferative
response of peripheral blood lymphocytes to grass
pollen after sublingual-split immunotherapy. More-
over, a signi®cant increase in the levels of serum
speci®c IgG, IgG4, and IgE was observed (29).
However, some studies found that SLIT did not
affect serum speci®c IgE, IgG, and IgG4 or skin test
reactions to grass pollen (13, 14). Oral immuno-
therapy has been found to reduce speci®c IgE levels
and enhance levels of IgG4 and IgG1 in children (30).

We determined nasal levels of ECP outside the
pollen season and during natural pollen exposure in
order to evaluate whether immunotherapy could

modify eosinophil activity, which is a relevant part
of allergic in¯ammation. Our results showed that
nasal ECP signi®cantly increased both in the placebo
group and in actively treated patients during the
pollen season. These ®ndings agree with the results of
an open study that showed a signi®cant enhancement
of ECP in nasal secretions during the pollen season in
both drug-treated patients and in patients treated
with injective immunotherapy (18).

The percentage of activated ECP is more reliably
evaluated by the EG2/EG1 ratio, since the mono-
clonal antibodies EG1 and EG2 have been shown to
detect, respectively, total and activated ECP (19). We
found that the EG2/EG1 ratio signi®cantly increased
only in the placebo group during the pollen season.
The augmentation of the EG2/EG1 ratio was greater
in the placebo group than in the immunotherapy
group under natural pollen exposure, even if this was
not statistically signi®cant. Taken together, these
results may indicate a possible role of immunotherapy
in decreasing eosinophil activation. This may be
consistent with studies reporting a decrease of the
cellular in®ltrate of neutrophils and eosinophils and
of ICAM-1 expression on epithelia after SLIT (10,
17). We found, however, that nasal levels of EG1 and
EG2 were not associated with immunotherapy,
suggesting that former observations may represent
chance ®ndings. Further studies comparing ECP with
symptoms and pollen data throughout the grass-
pollen season are warranted to clarify the interpreta-
tion of these parameters. These studies must also take
into account the fact that different methods of sample
preparation may in¯uence the reactivity of EG1 and
EG2 (31).

Systemic reactions to oral (2) and sublingual
immunotherapy (5±9, 15), principally gastrointestinal
symptoms, urticaria, rhinitis, and asthma, appear to
be rare. Anaphylaxis never occurred. In this study,
only one mild reaction was observed as a consequence
of OSI.

The present study concludes that a preseasonal
course of OSI with grass pollen allergens is more
effective than placebo in the treatment of asthmatic
symptoms in allergic children. However, our ®ndings
require further con®rmation by investigating a greater
number of children.
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