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Sublingual tryptase and ECP in children treated with grass pollen
sublingual immunotherapy (SLIT): safety and immunologic

implications

Background: The clinical safety of sublingual immunotherapy (SLIT) has been
repeatedly confirmed; nevertheless, the possible onset of local oral symptoms is
still a concern, and nothing is known about the pathogenesis of this effect. We
aimed to determine whether the administration of SLIT in allergic children can
evoke an IgE-mediated reaction, by measuring the levels of sublingual tryptase
and ECP.

Methods: Thirty children (7-12 years old) with allergic rhinitis/asthma due to
grass pollen were prescribed SLIT. In these children, an allergen-specific nasal
challenge was performed, and nasal tryptase and ECP were measured before and
after. Sublingual ECP and tryptase were also assessed before the SLIT, after 1
month, and after 6 months of treatment. Ten matched allergic children and 10
healthy ones served as controls for the baseline levels of sublingual ECP and
tryptase.

Results: The levels of nasal tryptase and ECP significantly increased after nasal
challenge (P <0.001), whereas no change during the SLIT course (at the
beginning, after 1 month, and after 6 months) could be detected in sublingual
tryptase either before or after SLIT administration. The sublingual ECP
significantly decreased after 6 months of SLIT. The baseline levels of nasal
tryptase and ECP were significantly higher in allergic subjects than in healthy
controls, as was the level of sublingual ECP.

Conclusions: In the presence of an IgE-mediated reaction (ASNC), a significant
increase of tryptase and ECP can be seen. When SLIT is administered, such a
phenomenon does not occur; therefore, SLIT does not elicit any IgE reaction in
the mouth. It is noteworthy that allergic subjects display higher levels of nasal
ECP and tryptase than healthy subjects, even when symptom-free, and these
observations may indicate the presence of subclinical inflammation.
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After reports of severe side-effects from subcutaneous
immunotherapy, the interest in noninjection routes for
administration increased rapidly. In particular, during
the last 10 years, a substantial number of randomized
controlled clinical trials with sublingual immunother-
apy (SLIT) were done (1), some of them also showing its
effectiveness in asthma (2, 3). Due to the demonstra-
tions of efficacy, this route has been accepted by the
World Health Organization (WHO) and the European
Academy of Allergology and Clinical Immunology
(EAACI) for routine clinical use (1, 4, 5), although
more data on pediatric indications are generally
required.

The safety of SLIT in both adults and children was
confirmed in large-population trials (6, 7) and no severe
systemic side-effect was ever reported, while urticaria,

bronchospasm, and rhinitis were reported only occa-
sionally. The most frequently reported adverse events
were the oral itching/irritation and the gastrointestinal
complaints. Because of its safety and tolerability, SLIT
seems to be particularly suitable for pediatric patients
(8, 9), although the local (oral) side-effects may still
represent a major concern (10). These effects (oral
itching, swelling, and irritation) usually appear within
minutes; therefore, they are generally thought to be
sustained by a local IgE-mediated reaction and a local
allergic inflammation. Although the clinical safety of
SLIT in patients with oral allergy syndrome has been
reported (11), we still lack an objective assessment of its
possible mucosal immunologic effect.

The mucosal content of tryptase and eosinophil
cationic protein (ECP) is expected to reflect mast-cell
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degranulation and, respectively, the activation of
eosinophils, which are directly involved in the allergic
inflammation. Their measurement in situ by appro-
priate methods would help elucidate the pathogenic
mechanisms and the possible involvement of local IgE
reactions.

We designed the present study to verify whether the
administration of SLIT in children can elicit a local
allergic reaction or an allergic inflammatory response,
by measuring tryptase and ECP in parallel with the
clinical assessment. The response to allergen-specific
nasal challenge (ASNC) was used in the same patients
as inner positive control to confirm that tryptase and
ECP do increase during the allergen-induced mucosal
reaction. A control group of healthy children were also
evaluated at baseline.

Material and methods
Study design

A group of 40 children with seasonal allergy due to grass pollen was
studied. In all these children, nasal and sublingual tryptase and ECP
were evaluated at baseline, as well as in a control group of 10 healthy
children. Thirty out of these children were prescribed SLIT. They
underwent allergen-specific nasal challenge (ASNC) with measure-
ment of nasal tryptase and ECP (30 min and 24 h, respectively) after
challenge. Moreover, sublingual tryptase and ECP were measured
before and after (30 min and 24 h, respectively) the SLIT admin-
istration. These latter measurements were repeated before beginning
the treatment, at the end of the induction phase (1 month), and after
6 months of treatment.

Patients

Forty children suffering from seasonal allergic rhinitis, or rhinitis
and asthma, solely due to grass pollen were studied, and 30 of them
were designated to receive SLIT, whereas the remaining 10 patients
served as controls for the baseline value of tryptase and ECP,
together with a group of 10 nonallergic children. The demography of
the subjects is summarized in Table 1. All patients were screened by a
standard skin test panel (ALK Abello, Milan, Italy), including mites,
grasses, Parietaria, olive, cypress, Alternaria, Cladosporium, and cat
and dog dander. The RAST (UniCAP IgE, FEIA, Pharmacia,
Uppsala, Sweden) was also performed in allergic patients. A skin
positivity of class + + or higher (12) and a clinical history of at least
2 years were the inclusion criteria. All patients’ parents gave their
informed consent to the study, which was approved by the hospital
ethics committee.

Allergen-specific nasal challenge (ASNC)

The ASNC was performed at the time of the first diagnosis in the 30
allergic children assigned to SLIT, outside the pollen season
(October 1999). At that time, all patients were therefore symptom-
free and did not take any drug. The ASNC was performed by
spraying the vehicle into a nostril and then increasing concentrations
of grass-pollen extract: 2, 4, and 8 BU/ml (ALK-Abello, Milan,
Italy). These concentrations correspond to about 0.016, 0.032, and
0.064 ug of the group 5 major allergens per puff. An arbitrary score
was attributed to itching, sneezing, rhinorrhea, blockage, and
lacrimation, as follows: 0=absent, 1=mild, 2=moderate, 3=
severe. A total score of 5 or greater was used to define the threshold
dose for the positive challenge.
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Measurement of nasal and sublingual tryptase and ECP

Tryptase and ECP levels were determined by the ELISA (UniCAP
Tryptase System FEIA and UniCAP ECP System FEIA, Pharmacia,
Uppsala, Sweden), adapted for mucosal sampling (13). In the case of
ASNC and SLIT administration, the measurement of tryptase was
made 30 min after and that of ECP at 24 h after. Briefly, the sponges
of the CAP System, coated with antitryptase or anti-ECP antibodies,
were washed with physiologic solution, and then mounted on an
appropriate plastic stick and fixed by a permeable envelope. The
plastic stick carrying the sponges were then inserted into a nostril or
the sublingual region and maintained in site for 5 min with a tape
fixed on the skin of the nose or lips. The sponges were then removed
and frozen in buffered (NaCl plus NaN; 0.1%) vials. At the end of
the trial, all the assays were performed at the same time. The
concentration of tryptase and ECP was expressed in pg/l, according
to a calibration curve.

SLIT and concomitant treatments

The SLIT was administered as drops in glycerinated solution,
standardized in STU (ALK-Abello, Milan, Italy), where 1000 STU/
ml=2.5 pug/ml of group 5 major allergens. SLIT started at the end of
October 1999: it had to be administered in the morning while the
patients were fasting. The buildup (about 1 month) involved the
administration of increasing amounts of allergen from five different
vials (1.6, 8, 40, 200, and 1000 STU/ml), starting with one drop from
the first vial, increasing by one drop a day until five drops, and then
restarting the same schedule with the next vial (9). The maintenance
dose (five drops from the 1000 STU/ml vial, corresponding to about
0.5 pg of allergen) was assumed every other day for about 6 months,
until the middle of April 2000. All allergic patients, irrespective of
SLIT, received appropriate drug therapy, such as oral antihista-
mines, nasal corticosteroids, inhaled corticosteroids, cromolyn, and
salbutamol on demand. The parents of patients receiving SLIT were
required to report on a diary card the possible occurrence of side-
effects.

Statistical analysis

Since the values of tryptase and ECP might be nonnormally
distributed, the Mann-Whitney test for the intergroup comparison
and the Wilcoxon test for intragroup comparison were used. P values
of 0.05 or less were considered significant.

Results

Two patients dropped out before the end of the study:
one moved to another town, and one reported persistent
oral itching after taking the fourth dose of the buildup
(about 0.01 pg of allergen), although no objective sign
could be detected. The parents of this patient decided to
stop the SLIT administration. In the other patients, no
other relevant side-effect possibly attributable to SLIT
was reported in the diaries during the 6-month course of
treatment, and no evidence of alteration of the oral
mucosa, tongue, or lips could be detected at the clinical
visits in all patients receiving SLIT.

Nasal and sublingual tryptase in the healthy controls
was virtually absent. At baseline, the 40 allergic children
had significantly higher levels of nasal tryptase (14.4 +
2.5 ug/l vs <1, P=0.02) and nasal ECP (46.8 +4.1 vs
9.34+2 ug/l, P=0.001) than healthy controls. The base-
line levels of sublingual tryptase were low and compar-



Table 1. Demographic data of patient population

Tryptase and ECP in SLIT

Table 2. Levels of ECP and tryptase (mean+SEM) (ug/l) in allergic and nonallergic
subjects at baseline

Allergic Allergic Healthy
SUT controls controls Total Allergic (n=40) Healthy (n=10) P (Mann-Whitney)

No. of patients 30 10 10 50 Nasal tryptase 144425 <1 0.02
Mean age (years) 96 9.75 10.3 98 Nasal ECP 46.8+4.1 93+2 0.001

Age range (years) 7-12 7-12 8-12 7-12 Sublingual tryptase 1.1 1.1 NS

Sex (M/F) 13/17 4/6 6/4 24/28 Sublingual ECP 443436 51419 0.001
Rhinitis alone 3 1 - 4

Rhinitis +asthma 27 9 - 36

able in allergic and nonallergic subjects, whereas the
sublingual ECP was higher in the allergic patients than
in controls (44.3+3.6 vs 5.1+1.9 ug/l; P=0.001), as
summarized in Table 2. After the ASNC performed in
the group of 30 children assigned to SLIT, a significant
increase (P <0.001) of both nasal tryptase and ECP was
seen (Figs. 1 and 2). This increase paralleled the onset
of clinical symptomes.

No significant change in the levels of sublingual
tryptase was found during the SLIT course (beginning,
after buildup, and after 6 months) either before or after
SLIT administration: all the mean values remained
below 1.5 pg/l. However, sublingual ECP was signifi-
cantly decreased after 6 months of SLIT, compared to
baseline and to the end of the buildup phase (P<0.01
for all comparisons), as shown in Fig. 3. Interestingly,
in the only subject who reported a persistent oral itching
since the beginning of SLIT, sublingual tryptase
remained negative and ECP did not change after two
repeated administrations of the dose (about 0.01 pg of
allergen) which provoked symptoms.

ug/l (mean + SEM)

Discussion

The safety of SLIT in adults and children has been well
documented clinically. Nevertheless, the immunologic
effects of the local administration of an allergen have
never been investigated before, although the local side-
effects of SLIT are well known from the literature and
clinical experience. Oral itching, swelling, edema, and
irritation in general are attributed to an IgE-mediated
reaction, because they occur within minutes after the
administration of the allergen. They also occur after an
allergen-specific challenge in the nose or the conjunctiva
(14).

When an IgE reaction takes place, the degranula-
tion of mast cells is the first event, followed by the
release of mediators, cellular infiltration, and inflam-
mation in which eosinophils are mostly present. The
mast-cell degranulation and the activation of eosino-
phils can be easily demonstrated by the increase of
specific mediators, such as tryptase and ECP (15-18).
In fact, a significant increase of nasal tryptase and
ECP after ASNC (with an amount of 0.016-0.064 pg
of allergen) occurred in the group of allergic patients.
However, no increase of tryptase could be demon-
strated after the administration of SLIT, even at the
dose of 0.5 ug of allergen, thus giving serious reasons
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Figure 1. Nasal tryptase (mean+ SEM, pg/l) before and after ASNC in 30 children assigned to SLIT (Allergic SLIT) and baseline

values in 10 allergic and 10 healthy controls.
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Figure 2. Nasal ECP (mean +SEM, pg/l) before and after ASNC in 30 children assigned to SLIT (Allergic SLIT) and baseline values in

10 allergic and 10 healthy controls.

to doubt that an allergic reaction can occur in the
mouth. Interestingly, after 6 months of SLIT therapy,
the sublingual ECP was even significantly reduced in
comparison to baseline and 1-month values. The only
patient reporting oral itching troublesome enough to
cause withdrawal from SLIT did not show any
change in tryptase and ECP in his oral mucosa
even under controlled conditions. These concerns
about the pathogenic mechanisms of the local side-
effects of SLIT are further corroborated by the
complete absence of mast cells in sublingual biopsies
from allergic patients (data not published).

Sublingual ECP (ug/l)

Nevertheless, the oral mucosa is expected to play a
relevant role in the mode of action of local
immunotherapy. This is suggested by pharmacoki-
netics studies, finding long-lasting persistence of the
allergen in the mouth (19), and by the demonstration
of the activity of oral antigen-presenting cells (20).
In contrast, it is interesting that sublingual and nasal
ECP was higher in allergic subjects than in normal
controls, and that sublingual ECP was reduced after 6
months of SLIT. It is not possible to determine the
origin of the ECP detected in the mouth, but it can be
hypothesized that the presence of detectable levels of
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Figure 3. Sublingual ECP (mean + SEM, pg/l) at different time points of SLIT course (beginning, end of buildup phase, and 6 months

after), measured before dose delivery and 24 h later.
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ECP may be due to the mucociliary clearance, which
transports bronchial secretion from the bronchi to the

Finally, the procedure of mea-

surement of mucosal tryptase and
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