
Three-year follow-up of clinical
and inflammation parameters in children
monosensitized to mites undergoing
sub-lingual immunotherapy

Sub-lingual immunotherapy (SLIT) is a safe and
effective alternative to injective immunotherapy
(1–10). SLIT is officially recognized by World
Health Organization (WHO) (11) as an effica-
cious treatment for seasonal allergies; moreover
the WHO ARIA statement acknowledges that
the usage of SLIT in children with respiratory
allergies is evidence-based (12).

SLIT modulates the immune response to aller-
gens through its activity at the oral mucosa, which
is considered an immunologically privileged site
(13). SLIT effect on the systemic immune response
has been in some cases documented in terms of
serum antibodies and peripheral blood T cell
responses (2, 4, 9, 14, 15). However, most studies
have failed to find any change in specific
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Parallel follow-up of clinical and inflammatory markers during
sub-lingual immunotherapy (SLIT) is highly beneficial. Twenty-four
children (age 4–16) monosensitized to house dust mite were random-
ized to receive either active or placebo SLIT for 1 yr in a double-blind
placebo controlled design (Marcucci et al., Allergy 2003: 58: 657–62).
Thereafter, for 2 yr they all received active treatment. Symptom scores
for rhinitis, asthma, and drug usage were daily recorded. Eosinophil
cationic proten (ECP) and tryptase in sputum and nasal secretions,
serum and nasal mite-specific immunoglobulin E (IgE) were recorded
before treatment and at 10–12 months intervals. Nasal ECP and nasal
tryptase after specific nasal provocation tests were significantly
reduced as compared to baseline values (p ¼ 0.0043 and 0.0195,
respectively) in the third year of active treatment. None of the other
inflammatory parameters was increased. In placebo treated patients all
these parameters tended to decrease only after switching to active
treatment. Clinical scores did not improve in treated vs. placebo
patients in the double-blind placebo-controlled phase of the study.
In both cohorts a clinical benefit was observed as intra-group score
reduction as compared to baseline. A significant difference was
reached in patients treated for 2 yr for rhinitis and asthma (p ¼
0.0009 and 0.0019, respectively) but not for drug usage and in patients
treated for 3 yr for rhinitis, asthma, and drug usage (p ¼ 0.0105,
0.0048, and 0.02, respectively). SLIT in children monosensitized to
mites reverted the spontaneous increase in nasal IgE and in local
parameters of allergic inflammation. These outcomes were followed by
a consolidated clinical improvement in the second and third year of
treatment.
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immunoglobulin E (IgE), immunoglobulin G
(IgG), or T cell cytokine balance (1, 2, 16–20).
This lack of evidence for measurable biological
effects may be referred to the fact that parameters
of systemic immunity are not fully reflecting the
influence of this form of immunotherapy at the
target organs of allergic inflammation. In fact,
SLIT was reported to decrease markers of aller-
gen-driven inflammation at mucosal level (21).
Along this line, in a previous companion paper,
we described the effects on several local inflam-
mation parameters by a 1-year course of SLIT in
children sensitized to mites (22). We found that
SLIT was able to avoid the spontaneous increase
of nasal IgE antibodies and of several markers of
local allergic inflammation. That study was per-
formed in a double blind placebo controlled
design. The same cohort was then followed for
the two subsequent years in an open scheme and
immunotherapy was administered to all subjects.
Here, we report the effect of SLIT in this cohort
on clinical parameters of respiratory allergy,
which were not considered in the previous paper.
Moreover, we show the results of the extended
analysis of the markers of local allergic inflam-
mation, which were monitored during the 3-year
follow-up of these patients.

Materials and methods
Study design

Twenty-four children aged 4–15 yr (average
8.5 yr) with respiratory symptoms due to mono-
sensitization to house dust mites (both Dermat-
ophagoides pteronyssinus and Dermatophagoides
farinae) were enrolled in the study. Children were
randomized to receive for 1 yr (January–Decem-
ber 2000) either SLIT or placebo according to a
computer-generated code (22). Subsequently,
codes were broken and placebo-treated subjects
turned to active treatment. SLIT was adminis-
tered for two further years to all subjects.
Therefore, children initially assigned to placebo
had SLIT for 2 yr whereas those initially
assigned to active had SLIT for 3 yr.

Patients

Recruitment criteria included a clinical history of
at least 2 yr of rhinitis with/without asthma-
related symptoms to house dust mites and never
treated with specific immunotherapy previously.
Demographic data of these cohorts, as well as
details on skin prick testing and in vitro serolog-
ical assays aimed to verify monosensitization to
mites have been previously published (22). The

experimental protocol was approved by the
hospital ethics committee and all patients� par-
ents were asked to sign an informed consent
before enrolment.

Assessment of symptoms and drug scores

The clinical endpoints were evaluated as a whole-
year long daily observation. Patients� diary cards
recording symptoms and medication scores were
used during the study for three consecutive years.
The symptoms scores for rhinitis (rhinorrea,
conjunctivitis, and nasal discharge) and asthma
(cough and breathlessness) were separately recor-
ded by each patient’s parent and rated according
to the following scale: 0 ¼ no symptoms; 1 ¼
mild symptoms; 2 ¼ moderate symptoms; 3 ¼
serious symptoms. For each patient, the total of
medications taken daily (systemic antihistamines,
nasal chromoglycate, ocular cromoglycate, beta-
2-agonist) was recorded in daily diary cards
according to the following scale: 1 point for each
application of nasal and/or ocular chromoglycate
drops in both nostrils or eyes; 2 points for every
inhalation of beta-2-agonist; 3 points for every
antihistamine taken. Symptoms and medication
scores were considered in each patient either as
monthly or yearly cumulative values obtained by
summing-up the scores recorded daily.

Provocation tests

The specific nasal provocation test (sNPT) was
performed immediately before the beginning of
the treatment, the patient being free of symptoms
and not taking any drug possibly able to interfere
with the treatment. The details of this challenge
test have been described in the previous paper
based on these same cohorts (22). The symptoms
were registered for 20 min after the administra-
tion of each of the three tested allergen doses
according to a previously described arbitrary
score-system ranging from 1 to 3 (22).

Assessment of tryptase and eosinophil cationic proten (ECP) in
nasal mucosa and sputum

Tryptase and ECP in sputum and nasal secretion
was determined using ELISA (UniCAP Tryptase
System FEIA and UniCAP ECP System FEIA,
Pharmacia, Uppsala, Sweden), adapted for
mucosal sampling, as previously reported (23).
ECP and nasal tryptase were first determined in
basal conditions both in sputum and in nasal
secretions, whereas thyptase was again deter-
mined in nasal secretion 30 min after the sNPT,
and ECP 24 h after sNPT.
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Assessment of serum and nasal mite-specific IgE

Mite specific IgE in sera were determined by the
UniCAP IgE FEIA method (Pharmacia), accord-
ing to the manufacturer’s instructions. Nasal
mite specific IgE were measured as previously
described (24, 25).

SLIT and concomitant treatments

The SLIT was prepared from standardized aller-
gens (1 ml of the top-dose vial ¼ 1000 STU/ml,
corresponding to 4 lg of the major allergen
Group 1 and 2 lg of the major mite allergen
Group 2 and administered in the morning, before
breakfast, as drops of aqueous solution (ALK
Abellò, Milano, Italy). The placebo treatment
had the same composition and presentation but
contained no allergen. Patients and their relatives
were instructed to keep the allergen drops in the
mouth for at least 2 min and then to swallow it
(sublingual-swallow technique). The build-up
phase was completed in thirty days as described
(22). The maintenance dose (five drops of the
top-dose vial) corresponded to 0.8 and 0.4 lg of
mite allergen Groups 1 and 2, respectively and
were administered daily for 3 yr. On a yearly
basis, the cumulative dose of allergen was 110
and 55 lg of mite allergen Groups 1 and 2,
respectively. All patients received an appropriate
on-demand therapy to control their allergic
symptoms, which included oral antihistamines,
nasal corticosteroids, inhaled corticosteroids,
cromolyn, and salbutamol.

Statistical analysis

Statistical analysis was performed by means of
non-parametric tests (Wilcoxon test for intra-
group comparison and Mann–Whitney U-test for
inter-group comparison), since none of examined
data could be considered for normal distribution
either directly or following common mathemat-
ical transformations.
Statistical analysis was performed with the

GraphPad software (San Diego, CA, USA).
p values of 0.05 or less were considered as
statistically significant.

Results
Inflammatory parameters

The reduction of nasal ECP, which was observed
in the active group in the double-blind placebo-
controlled (DBPC) phase of the study, was
maintained in this group in the following 2 yr

of SLIT. Similarly, reduction of nasal ECP was
observed in the placebo groups both after 1 and
2 yr of treatment. Among these favorable trends,
the reduction of nasal ECP in the active group as
compared to the baseline value became signifi-
cant (p ¼ 0.0043) in the third year of SLIT
(Fig. 1, top panel).
ECP in sputum was increased in the placebo

but not in the active group in the DBPC phase of
the study (Fig. 1, bottom panel). In the following
years, this parameter did not change in the active
group who continued SLIT, whereas it was
lowered in the placebo group both after 1 and
after 1 yr of SLIT (Fig. 1, bottom panel).
Tryptase in sputum, which was significantly

lowered (p ¼ 0.0078) in actively treated patients
in the first year of treatment, basically maintained
this reduced value (p ¼ 0.021) in the following
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Fig. 1. Mean values of nasal eosinophil cationic proten
(ECP) (top panel) and of ECP in sputum (bottom panel) in
children originally assigned to the active or placebo group,
as indicated in the legend. Time 0 (T0) indicate the sampling
performed before study start, whereas time 1, 2, and 3 (T1,
T2, and T3, respectively) correspond to 1, 2, and 3 yr from
study start. Therefore, in the case of the formerly placebo
group, T1, T2, and T3 correspond to no treatment, 1 yr of
treatment and 2 yr of treatment, respectively. In the case of
the formerly active group, T1, T2 and T3 correspond to 1, 2
and 3 yr of treatment, respectively. Amounts of ECP are
expressed on the y-axis as microgram per liter. Results of
intra-group comparisons are indicated, when significant, in
the proximity of the considered value and reported as �p�
values.
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2 yr (Fig. 2, top panel). In the placebo group, this
parameter did not significantly change in the
DBPC phase of the study, whereas it sharply
decreased in the following 2 yr, when patients
switched to active treatment (Fig. 2, top panel).

Nasal tryptase (before sNPT) was significantly
increased (p ¼ 0.0156) in patients who received
placebo in the DBPC phase of the study but not
in actively treated patients. In the following 2 yr
this parameter maintained similar values in the
active group whereas it tended to decrease in the
formerly placebo group (Fig. 2, middle panel).
Nasal tryptase (30¢ after sNPT), which tended

to decrease in the active group in the DBPC
phase of the study, subsequently kept this trend
towards reduction, which was significant as
compared to baseline value after 3 yr of SLIT
(p ¼ 0.01953) (Fig. 2, bottom panel). In con-
trast, placebo patients had a significant increase
in the values of this parameter in the DBPC
phase of the study (p ¼ 0.0218), which turned to
a trend towards decrease in the 2 yr following
SLIT (ibidem).
Serum mite specific IgE did not significantly

change either during the DBPC phase or in the
open phase of the study (Fig. 3, top panel).
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Fig. 2. Mean values of tryptase in sputum, of nasal tryptase
[before specific nasal provocation test (sNPT)] and of nasal
tryptase (30¢ after sNPT) (in the three panels from top to
bottom, respectively) in children originally assigned to the
active or placebo group, as indicated in the legend. Time of
sampling is indicated on the x-axis and corresponds to the
definition reported in the legend to Fig. 1. Amounts of
tryptase are expressed on the y-axis as microgram per
milliliter. Results of intra-group comparisons are indicated,
when significant, in the proximity of the considered value
and reported as �p� values.
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tom panel, respectively) in children originally assigned to
the active or placebo group, as indicated in the legend. Time
of sampling is indicated on the x-axis and corresponds to
the definition reported in the legend to Fig. 1. Amounts of
IgE are expressed on the y-axis as kilo units per liter. Results
of intra-group comparisons are indicated, when significant,
in the proximity of the considered value and reported as �p�
values.
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In contrast, nasal mite specific IgE were
significantly increased in placebo patients in the
DBPC phase of the study (p ¼ 0.0313), whereas
they did not change in actively treated patients.
In the open phase of the study, actively treated
patients maintained similar values of nasal IgE,
whereas formerly placebo treated patients tended
to have lower levels of nasal IgE (Fig. 3, bottom
panel).
Inter-group comparisons of these biological

parameters, which showed a significant increase
in oral tryptase and nasal tryptase (30¢ after
sNPT) in favor of the active group in the
DBPC phase of the study (22), turned to non-
significantly different after a single year of active
treatment of the formerly placebo group.

Clinical scores

Cumulative yearly scores for rhinitis, asthma and
drug usage were not different in the DBPC phase
of the study between the placebo and the active
group (Table 1). However, when the monthly
distribution of cumulative values was considered,
in the first trimester monthly scores tended to be
higher in active patients for rhinitis and asthma
symptoms as well as for medication scores
whereas the pattern turned in favor of the treated

group in the last trimester of the year (Fig. 4). In
fact, rhinitis and medication scores were signifi-
cantly lower in the active vs. the placebo group in
October, November, and December (p values are
reported in Fig. 4).
Intra-group comparison of cumulative yearly

clinical scores in actively treated patients yielded
a trend towards reduction in rhinitis, asthma and
drug scores in the second as compared to the first
year of treatment (Table 1). This reduction
continued in the third year of treatment and
became significant for the three considered
parameters (Table 1).
Similarly, placebo patients had a reduction in

symptom scores in the second year of the study,
when they had received a single year of SLIT, as
compared to the first year; when they did not
receive any immunotherapy. This reduction con-
tinued in the third year of the study (second year
of SLIT for placebo patients) when rhinitis and

Table 1. Clinical scores

Rhinitis Asthma Drugs

Patients who received placebo vs. active treatment in the DBPC phase of the
study
Group
Placebo (n ¼ 11) 304 (143–644) 35 (2.5–93.5) 35 (10.5–77)
Active (n ¼ 13) 265 (198–684) 44 (10–103) 14 (0–23)
p 0.9078 0.8093 0.8093
Three-year follow-up of patients originally assigned to the actively treated
group (n ¼ 13)
Year
First 265 (198–684) 44 (10–103) 14 (0–23)
Second 211 (90–526) * 28 (0–184) * 11(0–63) *
Third 122 (0–301) � 8 (0–29) � 0 (0–18) �
p 0.1909 * 0.4238 * 0.8311 *

0.0105 � 0.0048 � 0.024 �
Three-year follow-up of patients originally assigned to the placebo group
(n ¼ 11)
Year
First 304 (143–644) 35 (2.5–93.5) 35 (10.5–77)
Second 126 (50–433) * 11 (0–35) * 16 (8–37) *
Third 80 (26–255) � 8 (3–32) � 4 (0–34) �
p 0.1475 * 0.1484 * 0.3233 *

0.00097 � 0.019 � 0.1228 �

DBPC, double-blind placebo-controlled.
*,� Median values of yearly cumulative scores are indicated. Numbers in
parenthesis are the lower and upper quartile of the distribution. Results of
inter-and intra-group comparisons are indicated as �p� values and are showed
in bold when significant. Intra-group comparisons refer to the baseline values
(�first year�) observed at study enter.
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Fig. 4. Median values of the monthly symptom scores for
rhinitis symptoms (top panel), asthma symptoms (middle
panel), and drug usage (bottom panel) in the double blind
placebo controlled phase of the study (first year). Results
obtained in placebo and actively treated patients are rep-
resented (see legend). Results of inter-group comparisons of
monthly scores are indicated, when significant, in the
proximity of the considered values and reported as �p�
values.
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asthma symptoms scores were significantly lower
as compared to baseline (Table 1).

Discussion

SLIT of allergic diseases in subjects sensitized to
seasonal allergens has been indicated as a valid
alternative to subcutaneous immunotherapy (11,
26). However, there is still no official position
about the efficacy of SLIT for perennial allergens
in children. Moreover, most published studies
have considered clinical parameters, whereas
only in few cases immunological and inflamma-
tion parameters have been determined. Here we
show the result of a study which was initiated as
a DBPC course of SLIT in children monosensi-
tized to mite, who were checked both for clinical
and for immunological and inflammation param-
eters at the nasal levels. The results of the
evaluation of inflammatory parameters in the
first year of study have been reported previously
(22). The study was then continued in an open
setting for two more years, and SLIT was
extended to all children. The main results of the
present study show that several parameters of
local allergic inflammation were down modulated
since the first year of SLIT, and this effect was
consolidated in the following 2 yr. In parallel,
clinical improvement was observed from the end
of the first year of SLIT for symptoms and for
drug usage, and it was remarkably strengthened
in the second and third year of SLIT.
In particular, ECP was reduced both in nasal

secretions and in sputum in the placebo group
following treatment, whereas an increase had
been observed in the DBPC phase on the study.
In parallel, actively treated patients had lower
nasal ECP values, which were significantly
reduced in the third year of treatment, whereas
oral ECP was maintained consistently at levels
similar to those observed at study entry. Simi-
larly, tryptase in sputum and in the nose after
sNPT was reduced in patients originally assigned
to placebo after 1 and 2 yr of SLIT, thus
confirming the observations made in the active
group in the DBPC phase of the study. Further-
more, nasal tryptase before sNPT was reduced in
the formerly placebo treated children following 1
and 2 yr of treatment, whereas it was not
increased in patients treated with SLIT since
the first study year. Finally, in the placebo group
a rise was observed in nasal IgE in the first year
of the study, which turned to a reduction in the
first and second year of SLIT, whereas patients
actively treated did not show any relevant change
in nasal IgE levels since the first study year.
Notably, mite specific serum IgE was not

significantly modified by SLIT in neither experi-
mental group. Taken together, these results
suggest that a measurable immunomodulation
is indeed taking place in SLIT treated patients.
These data also indicate that local, but not
systemic parameters are suitable to monitor
biological effects of SLIT. On the basis of these
results, we propose that basal nasal ECP can be
used to monitor modifications in allergic inflam-
mation during SLIT, as previously observed
during nasal corticosteroid therapy (23). Further
studies on larger cohorts are needed to identify if
the other local inflammatory marker can be used
in clinical practice. Notably, nasal tryptase
30 min after sNPT and serum and nasal IgE
had values higher in placebo vs. treated children
at baseline (time 0). This problem appeared when
assignment codes were broken at the end of the
DBPC phase of the study and would have been
likely avoided with a larger cohort of patients.
However, we believe that we can keep our
conclusions, considering the homogeneous time-
dependent, intra-group modulation of biological
parameters. The privileged immune system of the
oral cavity is likely involved in the immunologi-
cal modulation we observed. Indeed, it has been
long known that in animal models the outcome
of the exposure to antigen via the gastroenteric
route is different if ingestion rather than sublin-
gual exposure is used (13, 27). This process may
include dendrite-like cells (Langheran cells) in the
oral mucosa (28) and the intervention of CD4 T
lymphocytes (29) that then re-circulate to target
organ of allergic inflammation.
When clinical parameters were measured, we

found that in the first year of SLIT neither
symptom nor drug scores were overall reduced in
actively treated vs. placebo patients. However,
when scores were considered on a monthly basis,
rhinitis and asthma symptoms as well as drug
usage scores were significantly lower in treated
vs. placebo patients in the last trimester of the
year, which incidentally is one of the most
symptomatic periods of the year for mite allergic
patients. Asthma symptoms in the last trimester
tended to be lower in the active patients as
compared to placebo, but not significantly, likely
due to the small subset of asthmatic patients
included in the studied cohorts. In the open
phase of the study, formerly active patients
reduced symptoms and drug score in the second
year of treatment vs. the first one, and this
reduction became significant in the third year of
SLIT. Placebo treated patients had a favorable
trend in terms of symptoms in the first year of
SLIT (second year of the study), and this
reduction became significant in the following
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year. This difference could be possibly explained
considering that the placebo group, differently
from the active group, has used enclosed mat-
tresses and pillows and the prescribed drugs for a
year before SLIT. The influence on inflammation
parameters of these measures could explain why
the placebo group showed a significant reduction
of symptoms before the active group, although it
did not show a significant decrease in drug
scores.
Taken together these results clearly indicate

that SLIT for mite allergic patient is a form of
immunotherapy whose efficacy can be documen-
ted with biological markers measuring local
allergic inflammation as well as with clinical
parameters. Our study also suggests that a longer
treatment is needed in subjects sensitized to
perennial allergen to achieve clinically relevant
results, as compared to seasonal allergens. This
observation is in agreement with the fact that
negative or poor results were reported with
specific immunotherapy for perennial allergens
in short-term studies (17, 30), whereas much
more favorable outcomes were obtained in stud-
ies lasting more than 18 months (1, 7, 9, 16). It is
tempting to speculate that the minimal level of
persistent allergic inflammation that was repor-
ted in seasonal allergies (31, 32) is even higher in
the case of continuous exposure to natural
allergens, as it occurs in individuals sensitized
to perennial allergens. The apparent discrepancy
between the changes of inflammation markers
observed after a single year of treatment vs. the
reduction of clinical scores, which took longer to
be reached, reflects the natural evolution of
allergic disease, in which immunological modifi-
cations precede any variation in clinical symp-
toms (33).
In conclusion, our results show that SLIT is

able to decrease or to contrast the increase of
local inflammatory parameters in individuals
with respiratory allergies who are monosensitized
to mites. The potential of SLIT to prevent new
sensitizations in mite-allergic children is suppor-
ted by previous literature (34, 35). Although the
present work did not directly address this issue,
the SLIT-induced down-modulation of objective
inflammatory markers at target organs of allergic
inflammation that we describe here contributes
to explain the mechanistic basis of those obser-
vations. Our results encourage the use of the
easy-to-handle, high-compliance SLIT to etio-
logically treat hay fever patients and possibly
prevent bronchial asthma (36). This aspect
should be particularly considered since most
monosensitized (house dust mite allergic)
patients proceed to multiple sensitizations as

part of the �allergy march� (37, 38). The laborat-
ory assessments we describe are technically
simple and could be proposed for widespread
clinical use in the follow-up of patients undergo-
ing immunotherapy for allergic diseases.

References

1. Tari MG, Mancino M, Monti G. Efficacy of sublin-
gual immunotherapy in patients with rhinitis and
asthma due to house dust mite. A double-blind study.
Allergol Immunopathol (Madr) 1990: 18: 277–84.

2. Troise C, Voltolini S, Canessa A, Pecora S, Negrini

AC. Sublingual immunotherapy in Parietaria pollen-
induced rhinitis: a double-blind study. J Investig Aller-
gol Clin Immunol 1995: 5: 25–30.

3. Sabbah A, Hassoun S, Le Sellin J, Andre C, Sicard
H. A double-blind, placebo-controlled trial by the
sublingual route of immunotherapy with a standardized
grass pollen extract. Allergy 1994: 49: 309–13.

4. Clavel R, Bousquet J, Andre C. Clinical efficacy of
sublingual-swallow immunotherapy: a double-blind,
placebo-controlled trial of a standardized five-grass-
pollen extract in rhinitis. Allergy 1998: 53: 493–8.

5. Feliziani V, Lattuada G, Parmiani S, Dall’Aglio

PP. Safety and efficacy of sublingual rush immuno-
therapy with grass allergen extracts. A double blind
study. Allergol Immunopathol (Madr) 1995: 23: 224–30.

6. Quirino T, Iemoli E, Siciliani E, Parmiani S,
Milazzo F. Sublingual versus injective immunotherapy
in grass pollen allergic patients: a double blind (double
dummy) study. Clin Exp Allergy 1996: 26: 1253–61.

7. Passalacqua G, Albano M, Fregonese L, et al.
Randomised controlled trial of local allergoid immu-
notherapy on allergic inflammation in mite-induced
rhinoconjunctivitis. Lancet 1998: 351: 629–32.

8. Vourdas D, Syrigou E, Potamianou P, et al. Double-
blind, placebo-controlled evaluation of sublingual
immunotherapy with standardized olive pollen extract
in pediatric patients with allergic rhinoconjunctivitis
and mild asthma due to olive pollen sensitization.
Allergy 1998: 53: 662–72.

9. Bousquet J, Scheinmann P, Guinnepain MT, et al.
Sublingual-swallow immunotherapy (SLIT) in patients
with asthma due to house-dust mites: a double-blind,
placebo-controlled study. Allergy 1999: 54: 249–60.

10. Canonica GW, Passalacqua G. Noninjection routes
for immunotherapy. J Allergy Clin Immunol 2003: 111:
437–48 (quiz 449).

11. Bousquet J, Lockey R, Malling HJ. Allergen immu-
notherapy: therapeutic vaccines for allergic diseases. A
WHO position paper. J Allergy Clin Immunol 1998:
102: 558–62.

12. Bousquet J, Van Cauwenberge P, Khaltaev N.
Allergic rhinitis and its impact on asthma. J Allergy Clin
Immunol 2001: 108: S147–334.

13. Holt PG, Vines J, Britten D. Sublingual allergen
administration. I. Selective suppression of IgE produc-
tion in rats by high allergen doses. Clin Allergy 1988: 18:
229–34.

14. La RosaM, Ranno C, Andre C, Carat F, ToscaMA,
Canonica GW. Double-blind placebo-controlled eval-
uation of sublingual-swallow immunotherapy with
standardized Parietaria judaica extract in children with
allergic rhinoconjunctivitis. J Allergy Clin Immunol
1999: 104: 425–32.

Immunomodulation and clinical efficacy by SLIT

525



15. Pradalier A, Basset D, Claudel A, et al. Sublingual-
swallow immunotherapy (SLIT) with a standardized
five-grass-pollen extract (drops and sublingual tablets)
versus placebo in seasonal rhinitis. Allergy 1999: 54:
819–28.

16. Pajno GB, Morabito L, Barberio G, Parmiani S.
Clinical and immunologic effects of long-term sublin-
gual immunotherapy in asthmatic children sensitized to
mites: a double-blind, placebo-controlled study. Allergy
2000: 55: 842–9.

17. Nelson HS, Oppenheimer J, Vatsia GA, Buchmeier
A. A double-blind, placebo-controlled evaluation of
sublingual immunotherapy with standardized cat
extract. J Allergy Clin Immunol 1993: 92: 229–36.

18. Casanovas M, Guerra F, Moreno C, Miguel R,
Maranon F, Daza JC. Double-blind, placebo-
controlled clinical trial of preseasonal treatment with
allergenic extracts of Olea europaea pollen administered
sublingually. J Investig Allergol Clin Immunol 1994: 4:
305–14.

19. Fanta C, Bohle B, Hirt W, et al. Systemic immuno-
logical changes induced by administration of grass
pollen allergens via the oral mucosa during sublingual
immunotherapy. Int Arch Allergy Immunol 1999: 120:
218–24.

20. Frew AJ, Smith HE. Sublingual immunotherapy.
J Allergy Clin Immunol 2001: 107: 441–4.

21. Marcucci F, Sensi L, Frati F, et al. Sublingual tryp-
tase and ECP in children treated with grass pollen
sublingual immunotherapy (SLIT): safety and immu-
nologic implications. Allergy 2001: 56: 1091–5.

22. Marcucci F, Sensi L, Frati F, et al. Effects on
inflammation parameters of a double-blind, placebo
controlled one-year course of SLIT in children mono-
sensitized to mites. Allergy 2003: 58: 657–62.

23. Sensi LG, Seri A, Siracusa A, Pertici L,Marcucci F.
Allergic rhinitis in children: effects of flunisolide and
disodium cromoglycate on nasal eosinophil cationic
protein. Clin Exp Allergy 1997: 27: 270–6.

24. Marcucci F, Sensi L. A new method for IgE detection
in nasal mucosa. Clin Exp Allergy 1989: 19: 157–62.

25. Marcucci F, Sensi LG, Migali E, Coniglio G. Eosi-
nophil cationic protein and specific IgE in serum and
nasal mucosa of patients with grass-pollen-allergic rhi-
nitis and asthma. Allergy 2001: 56: 231–6.

26. Malling HJ, Abreu-Nogueira J, Alvarez-Cuesta E,
et al. Local immunotherapy. Allergy 1998: 53: 933–44.

27. Holt PG, Sly PD, Smith W. Sublingual immuno-
therapy for allergic respiratory disease. Lancet 1998:
351: 613–4.

28. Lima MT, Wilson D, Pitkin L, et al. Grass pollen
sublingual immunotherapy for seasonal rhinoconjunc-
tivitis: a randomized controlled trial. Clin Exp Allergy
2002: 32: 507–14.

29. Wilson DR, Nouri-Aria KT, Walker SM, et al.
Grass pollen immunotherapy: symptomatic improve-
ment correlates with reductions in eosinophils and IL-5
mRNA expression in the nasal mucosa during the pol-
len season. J Allergy Clin Immunol 2001: 107: 971–6.

30. Hirsch T, Sahn M, Leupold W. Double-blind placebo-
controlled study of sublingual immunotherapy with
house dust mite extract (D.pt.) in children. Pediatr
Allergy Immunol 1997: 8: 21–7.

31. Ciprandi G, Buscaglia S, Pesce G, et al. Minimal
persistent inflammation is present at mucosal level in
patients with asymptomatic rhinitis and mite allergy.
J Allergy Clin Immunol 1995: 96: 971–9.

32. Ricca V, Landi M, Ferrero P, et al. Minimal per-
sistent inflammation is also present in patients with
seasonal allergic rhinitis. J Allergy Clin Immunol 2000:
105: 54–7.

33. Bousquet J. Sublingual immunotherapy: from proven
prevention to putative rapid relief of allergic symptoms.
Allergy 2005: 60: 1–3.

34. Silvestri M, Rossi GA, Cozzani S, Pulvirenti G,
Fasce L. Age-dependent tendency to become sensitized
to other classes of aeroallergens in atopic asthmatic
children. Ann Allergy Asthma Immunol 1999: 83: 335–
40.

35. Pajno GB, Barberio G, De Luca F, Morabito L,
Parmiani S. Prevention of new sensitizations in asth-
matic children monosensitized to house dust mite by
specific immunotherapy. A six-year follow-up study.
Clin Exp Allergy 2001: 31: 1392–7.

36. Novembre E, Galli E, Landi F, et al. Coseasonal
sublingual immunotherapy reduces the development of
asthma in children with allergic rhinoconjunctivitis.
J Allergy Clin Immunol 2004: 114: 851–7.

37. Marogna M, Falagiani P, Bruno M, Massolo A,
RivaG. The allergic march in pollinosis: natural history
and therapeutic implications. Int Arch Allergy Immunol
2004: 135: 336–42.

38. Gore C, Custovic A. Can we prevent allergy? Allergy
2004: 59: 151–61.

Marcucci et al.

526


