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Benefits of immunotherapy with a standardized Dermatophagoides

pteronyssinus extract in asthmatic children: a three-year prospective

study

Although widely practiced for over 80 years, the role of
specific immunotherapy (SIT) in the treatment of pediatric
bronchial asthma is still controversial. In fact, recommen-
dations have ranged from cautious acceptance to outright
dismissal (1, 2). The European Academy of Allergology
and Clinical Immunology and the British Society for
Allergy and Clinical Immunology advised against its
utilization in patients less than 5 years of age, and raised
some doubts in particular for the treatment of pediatric
asthma (3, 4). Moreover, the NHLBI/WHO Working
Group stressed that SIT should be considered only in cases
where exposure to allergens cannot be avoided, or when a
suitable pharmacological therapy has proved unable to
control the disease (5). Abramson et al. (6) performed a
meta-analysis of all randomized controlled trials using SIT
in allergic asthma, and they found only two studies in
pediatrics (7, 8). These two studies concluded that SIT in
the pediatric population reduces significantly symptoms,
drug intake and bronchial hyperreactivity.
Among the anti-asthma treatments available, SIT is

still the only one that may modify the natural course of
allergic asthma, because it interferes with the underlying

immunological mechanism (9). Therefore, asthmatic
children represent the age group most likely to benefit
from SIT. In theory an intervention in early life may
modify the development of the immune response to
allergens, decreasing chronic inflammation and decline in
lung function.
The current availability of a more standardized house

dust mite (HDM) extract than those utilized in the studies
analyzed by Abramson and co-workers (6) prompted us
to undertake a prospective real-life study to verify the
benefits of SIT in asthmatic children during a 3-year
treatment period.

Material and methods

Study design

A randomized clinical trial aiming to evaluate the outcome of SIT
with HDM standardized extract was performed. Twenty-nine
asthmatic patients (16 boys and 13 girls), aged 6–14 years
(mean ± SD: 10.61 ± 2.75), were enrolled in the trial.
Inclusion criteria were: the presence of at least five episodes of

doctor-diagnosed asthma in the last 12 months, monosensitization
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to HDM as evaluated by skin prick test, no previously treatment
with SIT. Before the enrollment all children were monitored over a
1-year period (run-in) with a diary card to daily record respiratory
symptoms and drug intake.
At the end of the run-in period, a skin prick test, lung function

assessment and evaluation of non-specific bronchial hyper-respon-
siveness (BHR) by methacholine challenge (MC) were carried out.
Fifteen children, seven of whom were also suffering from perennial
allergic rhinitis, as defined by the EAACI position statement (10),
were randomly assigned to the treatment group. Fourteen children
(six of whom also had perennial allergic rhinitis) served as controls.
Treatment and control groups were matched for age, asthma
severity, respiratory function, and BHR.
The patients’ characteristics at enrollment are reported in

Table 1. During the study period, asthma exacerbations (defined as
episodes of symptomatic asthma not responding to b2 agonists and
high dose Fluticasone – 500 lg/die – and requiring systemic cor-
ticosteriods) and anti-asthma therapy were evaluated. Flow volume
curves were evaluated before and 30 min after SIT administration in
the treatment group (11) and every 2 months in the control group.
Two weeks after the end of the study, a skin prick test and an MC

were repeated. The tests were carried out at the same time of the
year as the first ones, in order to have the same environmental
exposure conditions.
The Local Hospital Ethical Committee approved the study and

informed written consent was obtained by children’s parents.

Specific immunotherapy

The SIT administration started in November 1996 using a purified,
standardized allergenic extract of Dermatophagoides pteronyssinus
(D pt) dialyzed and chemically conjugated to sodium alginate as a
carrier (Dome/Hollister-Stier (DHS), Allergen Division, Bridgend,
UK, Conjuvac, by Bayer Spa, Milan, Italy). The standardization
performed by DHS consisted of clinical quantitation of the in-house
reference (IHR) extract by skin prick test based on the Nordic
Guidelines (12) and subsequent comparison of its biological potency

with production batches by ELISA inhibition vs. the IHR. Biolo-
gical activity of the IHR extract, expressed as a SARAH value (Skin
Activity Reference Allergen vs. Histamine) (12), was defined as 200
Activity Units (AU). The biological activity of Conjuvac was 2500
AU/ml, which corresponds to 1000 label units.

Extract administration was conducted in accordance with the

EAACI indication(11).

Extract doses were gradually increased (Table 2) up to the
maximum tolerated dose and modulated during the treatment per-
iod according to clinical conditions and lung function results as
suggested by the position paper (11). The SIT was continued for a
period of 3 years. Side-effects were recorded.

Skin prick test

Skin prick tests were performed with a panel of standardized
allergen extracts (Alphatests, concentration 400 AU/ml, DHS,
Bridgend, UK) including Dermatophagoides pteronyssinus, Cynodon
dactylon, Lolium perenne, Parietaria officinalis, Olea europea, Plat-
anus acerifolia, Pinus silvestris, cat’s dander, dog’s dander, Alter-
naria alternata, histamine chlorhydrate (10 mg/ml) as positive
control, and 50% glycerol solution as negative control.
After 15 min, the perimeter of the resulting wheal was drawn with

a ballpoint pen, a procedure that allowed both the maximum
diameter and the perpendicular to be measured. The mean diameter
was then calculated. Results were evaluated according to the criteria
recommended by EAACI (13).

Lung function test

Lung function tests were performed with a Multispiro-PC pneu-
motachograph (Burke & Burke, Wuerzburg, Germany). Subjects
performed at least three forced expiratory maneuvers starting in the
maximum inspiratory position, or at least until two comparable
flow-volume curves (i.e., with FEV1 and FVC values differing by no
more than 5%) were obtained (14, 15).
Flow volume curves were performed monthly before SIT

administration in all children, thereafter every 2 months in the
control group and before injection in the treated group.

Table 1. Characteristics of SIT vs. control group at the beginning of the study.
Symptoms and medications are expressed as the mean number of days during the
run-in period. Lung function parameters are expressed as absolute values and
percentage of theoretical values

Parameters
SIT group
(n ¼ 15)

Control group
(n ¼ 10) P

Age (years) 10.7 € 2.9 10.3 € 2.5 NS
Symptoms:
Asthma (exacerbations/year) 8.1 € 1.8 8.5 € 1.7 NS

Medications:
Salbutamol (days/year) 40.7 € 17.4 50.9 € 19.9 NS
Systemic steroids (days/year) 22.4 € 4.8 24.9 € 3.7 NS

Lung function parameters:
FVC (L) 2.7 € 1.0 2.3 € 0.7 NS
FVC (% pred) 100 € 14.2 99.7 € 12.3
FEV1 (L) 2.2 € 0.8 2.0 € 0.6 NS
FEV1 (% pred) 93.5 € 15 89.5 € 13.6
FEF25-75% (L/S) 2.0 € 0.8 2.3 € 1.0 NS
FEF25-75% (% pred) 72.5 € 24% 84 € 27.1

Bronchial reactivity:
Metacholine
PD20 FEV1 (lg) 93.5 € 56.3 374.3 € 505.5 NS

(n ¼ 11) (n ¼ 7)
Skin prick test:
D far wheal (mm) 5.5 € 3.7 6.0 € 3.9 NS
D pt wheal (mm) 8.0 € 5.7 7.4 € 3.1 NS
Histamine wheal (mm) 4.6 € 1.1 5.2 € 2.0 NS

Table 2. SIT dosage schedule

Injection no. Concentration Dose Volume Interval

Initial therapy
Green 1 10 U/ml 1 U 0.1 1 week

2 10 U/ml 2 U 0.2 1 week
3 10 U/ml 4 U 0.4 1 week
4 10 U/ml 8 U 0.8 1 week

Yellow 5 100 U/ml 10 U 0.1 1 week
6 100 U/ml 20 U 0.2 1 week
7 100 U/ml 40 U 0.4 1 week
8 100 U/ml 80 U 0.8 1 week

Blue 9 500 U/ml 100 U 0.2 1 week
10 500 U/ml 200 U 0.4 1 week
11 500 U/ml 400 U 0.8 1 week

Red 12 1000 U/ml 800 U 0.8 1 week

Maintenance therapy
Red 13 1000 U/ml 800 U 0.8 2 weeks

14 1000 U/ml 800 U 0.8 3 weeks
15 1000 U/ml 800 U 0.8 4 weeks
16 1000 U/ml 800 U 0.8 4–6 weeks
n 1000 U/ml 800 U 0.8 4–6 weeks
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Methacholine challenge

Methacholine challenge was performed using the ME.FAR MB3
dosimeter (Markos, Monza, Italy) connected to a mouthpiece and
activated by the patient’s inspiratory maneuvers. After baseline
lung function test, the children inhaled diluent control solution
(phosphate-buffered saline). Lung function was repeated 1 min
later. If there was no significant airflow limitation, the pharmaco-
logical challenge was performed (16). Twofold increasing doses of
methacholine were given from 6.25 to 3.200 lg as cumulative doses
by means of three increasingly concentrated solutions (0.125%,
1%, and 4%, respectively) (17, 18). Each inhalation was followed
by lung function evaluation. The cumulative dose of methacholine
that determines a 20% reduction in FEV1 from the post-diluent
value was then calculated (PD20 FEV1).

Diary card records

Occurrence and duration of the symptoms related to asthma,
cough and rhinitis, and the drugs used for symptom control were
reported in a daily clinical diary. Parents and children were asked
to record symptoms defined as ‘‘shortness of breath with wheez-
ing’’, ‘‘cough apart from common colds’’ and ‘‘rhinitis with itch’’,
as well as to keep an accurate track of drug therapy. All the
children were regularly receiving sodium cromoglycate (20 mg tid).
Salbutamol (600 mg/day) and Fluticasone propionate (500 lg/day)
were advised in case of symptoms. If no improvement was
observed within 12 h the patients received prednisone (1 mg/kg/
day) and the event was considered as an exacerbation.

Blinding of the study

The physicians (G.B and G.M) involved in the evaluation of skin
prick tests, lung function and methacholine challenge were blinded
of the child treatment.

Statistical analysis

Distribution of children’s characteristics at enrollment was ana-
lyzed by the Kolmogorov–Smirnov Two-Sample test and the
hypothesis of normal distribution of the two groups at the
beginning by the Kolmogorov–Smirnov One-Sample test. Con-
tinuous (lung function and PD20 values, skin prick test wheals
diameter) and discrete (age, days with symptoms and days on
pharmacological treatment) numerical variables were analyzed by
the unpaired Student’s t-test. Furthermore, for each comparison,
the homogeneity of the variance test on the two samples according
to Levene was performed. In the case of a positive result the
pooled variance t-test, and in the case of a negative result the
separate variance t-test was applied. Results were expressed as
the difference between the means of the two groups. A significance
level of 0.05 was used. Categorical variables, such as severe,
moderate, or mild BHR as expressed by PD20 FEV1 £ 50,
51–400, or 401–1600 c, respectively, were analyzed by the chi-
squared test (Pearson, Likelihood Ratio, and Mantel–Haenszel
procedures). Relative risk of the occurrence of an event in SIT
cases was compared with controls, with the significance level
established at the 95% confidence interval.
The difference in lung function parameters, number of days with

symptoms, and days on pharmacological treatment between run-in
and the end of the trial was measured by comparing the difference
between the first recorded value and the mean of the last two values
(19,20).
Although lung growth determines an increase in the absolute

values of lung function parameters, such increases occur in the
whole pediatric population, and were thus unlikely to affect the

comparisons between the two groups. Nonetheless, these data were
verified by removing the growth effect, subtracting from the values
recorded in the patients the normal values calculated on the basis of
age and height (15). The occurrence of new sensitizations was
compared by means of the chi-squared test.

Results

Four subjects in the control group failed to present at the
scheduled visits and did not complete the study. All SIT
subjects reached the suggested dose for the maintenance
phase. However, the use of a flexible dosage schedule
determined a cumulative mean extract dose of
24 758.33 U ± 1720.24 (range from 23 265 to 30 465;
median: 24 465 U).
Lung function data are depicted in Fig. 1. Although

SIT subjects showed a trend towards better performances
throughout the whole 3-year period of study, the final
comparison between final and initial values among SIT
vs. controls did not yield significant differences. Such
result was confirmed even after removing the growth
effect (data not shown).
The number of asthma exacerbations significantly

decreased among SIT patients compared to controls;
the difference was observed after the first year (P < 0.01)
and remained significant at the end of the 3-year period
(P < 0.01) (Fig. 2).
Although drug use, expressed as number of days with

treatment, diminished both in the treated and control
groups, a significant reduction in Salbutamol and sys-
temic steroids intake was observed between the SIT group
compared to controls (P < 0.01) (Fig. 3).
At the end of the trial, PD20 methacholine values were

997.7 ± 974.0 lg in the SIT children, and 388.5 ±
516.4 lg in the control group.
Classification of bronchial reactivity severity was per-

formed in all children at the beginning and at the end of
the study. This allowed identifying the subjects moving
from one severity class to another (21). The hypothesis of
the independence of these values before and at the end of
the study was verified by the chi-squared test. Unlike
those of the control group (Pearson: 0.03; Likelihood
Ratio: 0.02; Mantel–Haenszel: 0.02), the data of the SIT
children did not allow this hypothesis to be rejected with
the established level of significance, suggesting that an
exogenous factor, very likely SIT, modified the theoretical
distribution of bronchial reactivity.
The ratio of the incidence of ‘‘non-improvement’’ of

bronchial reactivity in the SIT to the control group
(Relative Risk: 0.3, and 95% CI between 0.11 and 0.87)
indicated that the likelihood of non-improvement of the
former was 1/3 of that of the latter (Fig. 4).
The comparisons between the differences in skin

reactivity for D pt and for the positive control recorded
at the end and at the beginning of the study were
)3.9643 mm for D pt and 0.1333 mm for histamine.
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Although an evident reduction in the specific response
was observed in the SIT group, this result just failed to
reach statistical significance. The occurrence of new
sensitizations was significantly lower in SIT treated
children than in controls (P ¼ 0.01). In the control group
three children developed new sensitivities to pollen
(Lolium perenne), and one patient became sensitive to
cat and one to dog dander. None of the SIT group
showed new sensitizations.
Finally, SIT was well tolerated and no major local or

systemic side-effects were reported during the treatment
period.

Discussion

Our results confirm that SIT is effective in the treatment
of asthmatic children monosensitized to HDM (7). Our

SIT group showed a more significant decrease in
asthmatic symptoms and a more marked reduction in
drug intake than those observed in the control group
(Figs 2 and 3). In agreement with recent data, a
significant reduction in non-specific BHR was observed
in the SIT group (22,23). This was not caused by the
corticosteroids treatment, since our patients were not
receiving inhaled corticosteroids regularly. Furthermore,
the use of corticosteroids was more frequent in the
controls. Previous reports observed inconsistent reduc-
tions of BHR (23–27), while documenting the positive
effect of SIT on allergen-specific provocation
(7,25,27,29–32).
Our lung function results are in agreement with

Abramson et al. (6). Significant improvement in respir-
atory function at the end of the trial in the SIT group was
not observed, independently of the lung growth effect
(Fig. 1). Although a trend towards better performance
was observed in the SIT group, it did not reach statistical
significance. Furthermore, although all participants un-
derwent an identical 1-year run-in period, subjects
belonging to the SIT group performed a larger number
of lung function tests than the control group. Therefore,
it cannot be ruled out that the SIT group may have
benefited by an enhanced training effect, which may have
contributed to its better performance.
In contrast, Adkinson et al. (33) report no detectable

benefit of immunotherapy in children with perennial
asthma in addition to correct medical treatment. This
study, however, used therapeutic extracts containing
mixtures of up to seven perennial and seasonal allergen
sources, including pollen, molds and dust mites. The
results therefore underline that to ensure efficacy, the use
of allergen mixtures should be avoided. Dilution of
multiple allergens may result in suboptimal doses of
individual allergens, and the potency of individual aller-
gens may be reduced more rapidly when diluted or mixed
with other extracts (34).

Figure 1. Lung function measurements (predicted values mean
percent) in SIT subjects vs. controls.
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Figure 2. Numbers of asthma exacerbations over the year in
SIT subjects vs. controls.
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There are now sufficient data to establish that SIT is
effective as a curative treatment for perennial allergens
as well as for pollen (35). The positive results with a
perennial allergen such as D pt are particularly
interesting since sensitization to indoor allergens has
been demonstrated to induce chronic asthma and
prolonged airways inflammation (36). These patients
have been shown to undergo a remodeling of the
airway (37) and eventually permanent abnormalities of
the bronchial wall (38). These factors are thus likely to
have a considerable role in lung function decline
(39,40), and effectively bronchial obstruction has been
demonstrated to be scarcely reversible with SIT,

particularly when it is administered some decades after
disease onset (41).
SIT ‘‘extinguishes’’ the allergic reaction by interrupting

the chain of events which characterize the allergic disease.
It induces a switch in the preferential differentiation of
effector cells from Th2 to Th1, and thus modifies the
cytokine response in an anti- inflammatory sense (42). A
decreased release of the mediators of inflammation could
thus underlie both the reductions in non-specific BHR
and preventing of activity against the development of new
sensitization in monosensitized subjects (43–45), as ob-
served in our study. Furthermore, it has been suggested
that an early administration of SIT may be able to reduce
the inflammation process, modifying the natural course of
the disease (46).
In conclusion, our data further support that SIT is

effective. We confirm that an early adoption of SIT in
asthmatic children monosensitized to HDM prevents
sensitization to new allergens (43–45). This is particularly
important since sensitivity to multiple allergens is usually
associated with a more severe disease (47). Furthermore
in our country children are subjected to a specific
surveillance by family pediatricians. This assures a close
monitoring of side-effects which may be reduced to an
acceptable level by a flexible dosage schedule (48) and by
full knowledge of its potential adverse effects (6).
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