
ABSTRACT

Background: Sublingual administration of allergens

is a safe and effective alternative to subcutaneous

immunotherapy in patients w ith respiratory allergies.

A drawback to this therapeutic approach is the relati-

vely long and complex management of the induction

phase. 

Aim of the study: To determine whether different

induction regimens affect the outcome of sublingual

immunotherapy.

Methods and results: Adult and pediatric patients

w ith allergic rhinoconjunctivitis and/or asthma were

included in the study. Ten subjects served as controls

and received symptomatic treatments. Forty-three

subjects w ere allocated to sublingual immunothe-

rapy, w ith three different induction protocols (8-, 15-

and 20-day, respectively). Symptom and medication

scores, skin test results and (in asthmatic patients)

FEV1 values were monitored for two years. Adverse

effects were recorded. 

All induction regimens produced a significant im-

provement in symptom and medication usage

(p < 0.0001); skin test scores decreased (p < 0.0001)

and FEV1 improved (p < 0.05). In contrast, symptom

and skin test scores did not significantly change in

controls. No relevant adverse effects were observed

with any of the induction regimens. 

Conclusions: For patients w ith respiratory aller-

gies, sublingual immunotherapy with an 8-day induc-

tion protocol is safe and effective. Our results encou-

rage the usage of shorter induction regimens, which

produce better compliance with this therapy. 

Key words: Allergy. Sublingual immunotherapy.

Induction protocol. Effectiveness. Safety.

RESUMEN

Antecedentes: La administración sublingual de

alergenos es una alternativa segura y eficaz a la in-

munoterapia subcutánea en pacientes con alergia

respiratoria. Una desventaja de este enfoque tera-

péutico es la gestión relativamente larga y compleja

de la fase de inducción.

Objetivo del estudio: Nos cuestionamos si las va-

riaciones en los regímenes de inducción podían afec-

tar el resultado de la inmunoterapia sublingual.

Métodos y resultados: El estudio se realizó sobre

pacientes adultos y pediátricos con rinoconjuntivitis

alérgica y/o asma. Se utilizaron como controles

10 sujetos que recibieron tratamiento sintomático.

Se aplicó una inmunoterapia sublingual a 43 sujetos,

con 3 protocolos de inducción diferentes (de 8, 15 y

20 días, respectivamente). Se controlaron durante

2 años los valores de los síntomas y la medicación,

los resultados de las pruebas cutáneas y, en los pa-
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cientes asmáticos, los valores del volumen espirato-

rio forzado (FEV1). Asimismo, se registraron los efec-

tos secundarios.

Con todos los regímenes de inducción se observó

una mejoría significativa en los síntomas y el uso de la

medicación (p < 0,0001); las puntuaciones obtenidas

en las pruebas cutáneas descendieron (p < 0,0001) y

el FEV1 mejoró (p < 0,05). En cambio, las puntuacio-

nes de los síntomas y las pruebas cutáneas no varia-

ron significativamente en los controles. No se obser-

varon efectos secundarios relevantes con ninguno

de los regímenes de inducción.

Conclusiones: La inmunoterapia sublingual con un

protocolo de inducción de 8 días es eficaz y segura

en pacientes con alergias respiratorias. Nuestros re-

sultados aconsejan el uso de regímenes de introduc-

ción más breves, que permitan un mejor seguimien-

to de este tratamiento.

Palabras clave: Alergia. Inmunoterapia sublingual.

Protocolo de inducción. Eficacia. Seguridad.

INTRODUCTION

The efficacy of subcutaneous immunotherapy in

individuals allergic to inhalant allergens is well docu-

mented. However, systemic reactions are possible,

and the medical management of each single injective

procedure over the few years duration of this treat-

ment is quite complex and requires access to resus-

citative measures. Sublingual immunotherapy (SLIT)

has been indicated as a safer and simpler approach,

and several studies have showed remarkable clinical

eff icacy4-11. On this basis, the European Academy

of Allergy and Clinical Immunology (EAACI) as well

as the World Health Organization (WHO) published

position papers on sublingual allergen immunothe-

rapy3,12 where this therapeutical approach was sug-

gested as a valid alternative to the traditional subcu-

taneous route. In the follow ing years several trials

were performed involving patients suffering both se-

asonal and perennial rhinitis. Most studies provided

clear-cut evidence of efficacy6-10,13-20 while a few ot-

hers only provided evidence for a favorable trend in

several clinical parameters21-24. In all cases the safety

of the sublingual route was confirmed. 

Patients’ compliance to SLIT is a relevant aspect for

this therapy, which has to be continued for a few ye-

ars. In particular, reaching the maintenance dose with

daily administration of increasing doses in adult and

pediatric patients might be particularly challenging. In

fact, the pre-seasonal induction schedules of SLIT in

patients allergic to pollens are usually performed du-

ring the late winter. In the non-infrequent cases a cold,

a flue, or a minor upper airways disease might occur,

this therapy is often interrupted and started over. On

this basis rush induction regimens have been used,

which cut the conservative 20 to 30 day induction pha-

se down to a week or less9,14,17,18,21. Direct compari-

son between different rush schedules needs dedica-

ted studies. Recently, a report compared the safety

of three dosage regimen and indicated very few and

minor side effects with any protocol25. Here, we eva-

luated in parallel the efficacy and the safety of sublin-

gual immunoterapy initiated w ith an 8-day, 15-day or

20-day induction protocol, respectively, in patients

w ith sensitization to seasonal and perennial inhalant

allergens, over a 2-year follow up period. 

MATERIAL AND METHODS

Patients

Fifty-three patients were recruited at the same out-

patient clinic. They all gave a history of seasonal aller-

gic rhino conjunctivitis of at least 2 years duration and

positive skin-prick test to one or more of the following

allergen extracts: house dust mites mixture

(Dermatophagoides pteronyssinus and farinae),

Ambrosia artemifolia, grass mixture (Dactlylis glome-

rata, Festuca pratensis, Lolium perenne, Phleum pra-

tense, Poa pratensis), Parietaria judaica and

Betulaceae mixture (Betula verucosa, Corylus avella-

na, Alnus glutinosa) (ALK-Abellò S.p.A., M ilan, Italy).

Each allergen was purified and biologically standardi-

zed, as previously described7. The skin prick test was

performed according to the recommendations of the

European Academy of Allergy and Clinical

Immunology26 and positive results were expressed

with a score ranging from 1 to 4, accordingly. Patients

w ith mild asthma w ere included w hose baseline

Forced Expiratory Volume in one second (FEV1) at the

first visit w as above 75 percent of the predicted.

Asthmatic patients fulfilled the criteria for classifica-

tion of intermittent or mild persistent asthma, accor-

ding to the International Guidelines for the Diagnosis

and Treatment of Asthma (GINA) (National Institutes

of Health, NIH publication number 02-3659, revised

2002).

Study design

This w as an open study, w here consecutive pa-

tients w ere randomly assigned to any of the follo-

w ing 4 groups: controls (untreated), 8-day induction,
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15-day induction, and 20-day induction. Patients as-

signed to each group were matched for age, sex, and

number of sensitizations (tables I and II). 

Immunotherapy protocols

The treatments used in the study were glycerin/

phenol solutions prepared from biologically standar-

dized aqueous extracts27, whose allergen content in

major allergens w as expressed in Standard

Treatment Units (STU) per ml (ALK-Abellò).

The duration of the treatment was 2 years. Four dif-

ferent concentrations of each extract were sequen-

tially used, namely 8 STU, 40 STU, 200 STU,

1000 STU per ml. This allowed for each induction pro-

tocol a daily or twice-a-day administration schedule. In

table III the amount of allergen which was self-admi-

nistered per dose and per day in each group of pa-

tients is shown; for the 20-day induction protocol this

corresponded to a progressive daily increment from

1 to 5 drop for each of the 4 concentrations; for the
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Table I

Patient characteristics

Group N Age (mean, range) Sex (M/F) Rhin. N = Cong. N = Asth. N = SLIT

8-d 14 19,3 (4-43) 10/8 10 10 4 4G, 7HD, 3P

15-d 17 25.9 (5-42) 7/11 12 12 5 3G, 10HD, 1 P, 3 B

20-d 12 16.5 (6-41) 7/5 9 9 3 6 G, 6 HD

CTRL 10 22.7 (10-37) 6/4 10 10 0 4G, 7HD, 3P

The duration of each single induction protocols was used to label the cohorts of patients who were treated w ith sublingual immunotherapy (8-d, 15-d and 20-d

indicates the 8, 15 and 20 day duration of the induction protocol, respectively). Patients of the group labeled “ CTRL”  did not receive any immunotherapy and

served as controls. Rhin. Cong. and Asth. indicate rhinitis, conjunctivitis, and asthma, respectively. Allergen extracts used for sublingual iposensitizing therapy

(SLIT) are indicated w ith G (grass), HD (house dust mite), P (Parietaria) and B (Betulaceae).

Table II

Number of sensitizations observed per patient at skin
test analysis

Group T = 0 T = 1 year T = 2 years

8-d induction 1.28 1.28 1.28

15-d induction 1.17 1.17 1.23

20-d induction 1.33 1.25 1.25

All treated 1.25 1.23 1.25

Controls 1.10 1.10 1.70

Numbers of positive skin test per patient at different visits are listed for each

group of individuals. No significant differences were observed within groups

and between groups.

Table III

Induction schedules

Day
Induction schedule

20-day 15-day 8-day

1 0.32 1.6 1.6

3.2

2 1.6 3.2 4.8

6.4

3 0.36 4.8 8.0

8.0

4 1.28 6.4 16.0

24.0

5 1.6 8.0 32.0

40.0

6 1.6 8.0 40.0

80.0

7 3.2 16.0 120.0

160.0

8 4.8 24.0 200.0

9 6.4 32.0

10 8.0 40.0

11 8.0 40.0

12 16.0 80.0

13 24.0 120.0

14 32.0 160.0

15 40.0 200.0

16 40.0

17 80.0

18 120.0

19 160.0

20 200.0

Total 749.76 744.0 744.0

Doses per patient 20.0 15.0 15.0

Numbers indicate the dose of allergen extract (in Standard Treatment Unit,

STU, per ml) self-administered each day at 8 AM, as sublingual drops. When

2 doses are present in the same day (8-day induction protocol) the extract

was taken at 8 AM and at 4 PM.



15-day protocol the same schedule was followed, but

starting w ith the 40 STU/ml concentration; for the

8-day induction protocol the same progression sche-

dule as in the 15-day protocol was applied, but with a

twice-a-day administration. At maintenance, 1000 STU

of each extract were taken daily. For each allergen im-

munotherapy, the treatment was initiated at January

1, 1999, and continued for 2 years. This correspon-

ded to the administration of the following cumulative

amounts of major allergens: 115.2 �g Der p 1 plus

57.6 �g Der p 2 (house dust mite mixture), 72 �g

group V grass allergens (grass mixture), 648 �g Bet v

1 (Betulaceae), 16.8 �g Par J 1 (Parietaria), per year,

respectively. Cumulative doses were administered

which were roughly three times higher than those ad-

ministered w ith corresponding protocols of subcuta-

neous immunotherapy. 

Symptom and medication scores

An arbitrary value of 5 was attributed to the base-

line symptom and medication usage cumulative sco-

re (i.e., before SLIT). This was modified according to

the answers that patients gave to questions separa-

tely concerning symptom and medication usage, as

indicated in table IV.

In the case of sensitization to the perennial aller-

gen, patients were asked to make an overall symp-

tom and medication assessment referring to the pre-

vious 3 months, at each visit. The mean value of the

first and of the second group of 4 trimesters w as

used as the read-out for the 1-year and 2-year symp-

tom score, respectively. 

In the case of sensitization to grass, Betulaceae,

and Parietaria, the evaluation referred to the overall

symptom assessment during the season when po-

llen counts were peaking in the Northern Italy area

w here patients w ere living. This corresponded to

February through May for birch, March through June

for grass and April through September for Parietaria,

respectively. The f irst and second year evaluation

were done at the first visit follow ing the correspon-

ding pollination season, respectively. 

Spirometric evaluation

All patients included in the study performed spiro-

metry at baseline (t = 0) and yearly thereafter.

FEV1 w as measured using a Spirolab II (M ed

Electronics, Inc., Baltimore, MD) and expressed as

percent of predicted value according to Quanjer28.

Adverse event recording

During the induction phase, any local or systemic

symptom occurring w ithin 1 hour were recorded un-

der supervision and documented at study site.

Patients were asked to report any delayed (i.e., w it-

hin 48 hours) local or generalized symptom occurring

during the maintenance phase of treatment to the

study investigators. 

Statistical analysis

Symptom and medication scores and skin-prick

test scores w ere compared using the tw o-tailed

Mann-Whitney U-test for non-parametric data. FEV1

values were compared using the two-tailed t-test for
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Table IV

Read outs for symptom and medication usage

Symptoms
The question was:
How have your allergic symptoms been in the observation period
(see materials and methods for details), compared with previous
years (before treatment)?

The score was extrapolated as follows:

If the patient’s answer was The baseline value was added

No symptoms – 3
Much better – 2
Better – 1
Non modified +0
Worse + 1
Much worse + 2

Medications
The question was:
How was the amount of medications you took to control allergic
symptoms in the observation period (see materials and methods
for details), as compared with previous years (before treatment)?

If the patient’s answer was The baseline value was added

No medication – 2
Less – 1
Non modified +0
More medication + 1



paired data. Calculations were performed using the

InStat-3 Softw are (Graphpad Softw are Inc, San

Diego, CA). P-values less than 0.05 were considered

to be statistically significant.

RESULTS

Clinical parameters

Symptom and medication usage

All patients completed the study. In the case of se-

asonal sensitizations, both for patients receiving SLIT

and for untreated controls the presence of symp-

toms and the usage of medications closely paralleled

the counts for the corresponding pollens in Northern

Italy (not shown). 

Symptom and medication usage scores in the im-

munotherapy groups, when cumulatively considered,

w ere 48 and 50 %  reduced, at 1 and 2 years since

beginning of SLIT, respectively (p < 0.0001 in both

cases) (fig. 1). At difference, values of symptom and

medication usage were unchanged in the control, un-

treated group (fig. 1). 

Symptom and medication usage reduction w as

significant also when comparing time-matched sco-

res of SLIT treated patients with untreated controls at

1 and 2 years (51 %  and 55 %  less symptoms;

p < 0.0001 in both cases) (fig. 1). Symptom and medi-

cation usage reduction at 1 and 2 years was signifi-

cant also when patients treated w ith each induction

protocol w ere separately considered (p � 0.0005)

(fig. 2). No significant difference was observed when

comparing time-matched scores observed w ith the

different induction protocols (fig. 2). 

Side effects

No immediate (w ithin 1 hour) or delayed systemic

reactions, or severe local reactions were observed

during either the induction phase or the maintenance

phase of the treatment. During the induction phase,

705 doses were cumulatively self-administered by the

43 patients in the 3 protocols. One patient belonging
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Figure 1.—Symptom and medication usage scores are shown on

the y-axis. The baseline value was arbitrarily set to 5, and modified

at subsequent clinical controls as indicated in Table IV. Scores ob-

tained from control patients (controls) and from SLIT treated pa-

tients, cumulatively considered (all treated), are shown. Scores

were measured at baseline (t = 0) at the times indicated in the le-

gend. The asterisk indicate significant p values for the indicated

data versus time 0 and correspond to p < 0.0001.
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Figure 2.—Mean values of symptom and medication usage scores

from SLIT treated patients are shown on the y-axis. Patients are

grouped according to the induction protocol, which they were as-

signed to (shown on the � axis). The times at which the results

were obtained are indicated in the legend. The asterisk indicate

significant p values for the indicated data versus time 0 and co-

rrespond to p < 0.0001.
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to the 15-day induction group suffered nose itching

and sneezing as an early local effect after each of the

first 15 doses (2.1%). He did not require treatment or

discontinuation of SLIT. No side effects were reported

in the maintenance phase of any treated group, when

a total of 2480 doses were self-administered. 

Objective test

FEV1 values

Asthmatic patients w ho underw ent SLIT signifi-

cantly improved FEV1 values after 2 years of therapy

w ith any induction protocol (fig. 3). In particular the

predicted value of FEV1 was 14.8, 12.9 and 18.8 %

improved at 2 years in the 8-day, 15-day and 20 day

induction protocol, respectively. Results were signi-

f icant also w hen comparing FEV1 absolute values

(not shown). In the 8-day and 20-day induction proto-

col a significant FEV1 improvement was already ob-

served after 1 year of treatment (fig. 3).

Skin tests

At baseline no difference was observed in skin test

scores for the major sensitizing allergens when com-

paring control patients with those who were selected

for treatment w ith immunotherapy (fig. 4). At 1 and

2 years since the beginning of the study, the scores

of the early skin response to allergens used for SLIT in

treated patients were 18% and 24% reduced respec-

tively (p < 0.0001 in both cases) (fig. 4). At difference,

no significant changes were observed in the size of

the early skin response to major sensitizing allergens

in control, untreated patients (fig. 4). Reduction of

skin-test scores was significant also when comparing

time-matched scores of SLIT treated patients with un-

treated controls at 1 and 2 years (14 %  and 30 % ;

p = 0.0123 and p < 0.0001, respectively) (fig. 4).

Reduction of the skin test scores was significant

both at 1 and at 2 year also when considering singu-

larly the groups treated w ith the different induction

protocols. Namely, in the 8-day treated group, reduc-

tion of skin scores was 18 % and 24 % at 1 and 2 ye-

ars, respectively. In the 15-day treated group, reduc-
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Figure 3.—The Forced Expiratory Volume in one second (FEV1) is

shown on the y-axis. Values are expressed as percent of predic-

ted. Patients are grouped according to the induction protocol,

w hich they w ere assigned to (show n on the x axis). The times

at which the results were obtained are indicated in the legend. The

asterisk indicate significant p values for the indicated data versus

time 0 and correspond to p < 0.05.
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Figure 4.—M ean values of skin test results are show n on the

y-axis. They were calculated as indicated in Material and Methods.

Mean values obtained from control patients (controls) and from

SLIT treated patients, cumulatively considered (all treated), are

shown. The times at which skin test were performed are indicated

in the legend. The asterisks indicate significant p values for the in-

dicated data versus time 0 and correspond to p = 0.0123 (* ) and

p < 0.0001 (* * ).
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tion of skin test scores was 15 % and 31 % at 1 and

2 years, respectively. In the 20-day treated group, re-

duction of skin test scores w as 15 %  and 22 %  at

1 and 2 years, respectively (fig. 5). No significant dif-

ference was observed when comparing skin test re-

sults observed in the 8-day group at 2 versus 1 year,

while a further 19 % and 13 % reduction of skin test

scores (p < 0.0001 and p = 0.0041) was observed at

2, as compared to 1 year in the 15-day and in the

20-day induction group, respectively (fig. 5). 

No significant differences w ere observed w hen

comparing skin test scores at t ime matched visits

since the beginning of study enter, in patients belon-

ging to the different induction protocols. The only

exception w ere patients belonging to the 8-day in-

duction group, w hose skin test scores at 1 years

were 12 % lower than corresponding skin test values

of patients belonging to the 15-day induction group

(p = 0.0044).

DISCUSSION

Sublingual immunotherapy (SLIT) of allergic disea-

ses has been indicated as a valid alternative to sub-

cutaneous immunotherapy3,12. SLIT is easy to handle

for patients, since it can be self-administered at

home, and requires only periodical supervision by the

allergologist. However, approved protocols require a

quite complex induction regimen, which is pre-sea-

sonal in the case of pollen allergies. During induction,

different doses are to be taken daily for 20 to 30 days,

thus requiring a certain degree of compliance until

maintenance is reached and doses become constant.

Would an upper respiratory disease or a flue occur,

the protocol is stopped and restarted later on. This

requires a further effort to complete the treatment.

On this basis, rush induction protocols have been

used, particularly in pediatric patients, w hich de-

monstrated clinical efficacy and good safety9,14,17,18,21.

Recently, a direct comparison of different induction

protocols was published, which showed the safety of

shorter induction regimens25. 

Here, we made an open study on SLIT in patients

suffering rhinitis, conjunctivitis, and asthma and sen-

sitized to common inhalant allergens. We compared

efficacy of three induction protocols (8-day, 15-day

and 20-day), which had different duration and/or dif-

ferent starting doses. The evaluation of side effects

w as included in the clinical follow  up of these pa-

tients. We found that SLIT induced a highly signifi-

cant reduction of symptom and of medication usage

at 1 and 2 years. Untreated control patients remained

clinically stable. No differences w ere found w hen

comparing the improvement of these clinical pa-

rameters obtained w ith each induction protocols.

Patients included in this study were virtually mono-

sensitized, and this could have had a role in the re-

markable clinical improvement w e observed. Non

systemic side effects were recorded, and only mild

disturbances occurred in a single patient during the

15-day induction regimen. The observed frequency

of side effects, and the kind of adverse reactions

were in accordance with published data13,29. Taken to-

gether these clinical results indicate that SLIT w ith

the 8-day induction regimen is as safe and as effica-

cious as SLIT with longer induction protocols. 

The oral cavity is an immunologically privileged site.

In fact, it has been long known that in animal models

the outcome of the exposure to antigen via the gastro

enteric route is different if ingestion rather than sub-

lingual exposure is used30. The underling immunologi-

cal mechanisms likely involve dendritic-like cells

(Langheran cells), which have been identified in the

oral mucosa31. These cells may produce lymphokines,

such as IL-12 or TGF-�, which drive the T cell respon-

se towards a Th1 or a regulatory phenotype, respecti-

vely. Indeed, it has been recently demonstrated in a
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Figure 5.—M ean values of skin test results are show n on the

y-axis. They were calculated as indicated in Material and Methods.

Patients are grouped according to the induction protocol, which

they were assigned to (shown on the x axis). The times at which

skin test were performed are indicated in the legend; p values for

compared data are shown. 
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mouse model that lipopeptides can be taken up pre-

ferentially by dendritic cells w ithin the oral mucosa,

and promote an immune response characterized by

high level of IFN-� and IgG2a production32. In principle,

on this basis it might be explained how the adminis-

tration of allergen via the sublingual (but not the oral)12

route can result in an effective treatment of respira-

tory allergy, and possibly of atopic dermatitis33. In par-

ticular, the recirculation of allergen specific T lymp-

hocytes at peripheral lymphoid and non-lymphoid

organs34, including the oral mucosa, might put SLIT in

action, e.g. via the modulation of chemochine recep-

tors36. Experimental evidence for these mechanisms

awaits dedicated studies.

Here, we show that the baseline levels of skin sen-

sitization to sensitizing allergens were significantly re-

duced at 1 and 2 year from beginning of SLIT, in ac-

cordance w ith previous reports6,15,19,29. In control

patients skin reactivity remained unchanged.

Moreover, FEV1 values were significantly increased

at 1 and 2 years as compared to baseline in asthma-

tic patients. This result may be explained with the re-

duction in the lower respiratory tract of the allergic

inflammation, which is casually associated with bron-

cho constriction in asthmatic patients37. No differen-

ces were observed when comparing reduction of skin

sensitization and improvement of FEV1 obtained with

the different induction protocols. Taken together, the-

se objective results indicate that an active allergen

specific immunomodulation took place follow ing

SLIT, which affected both the immediate skin reac-

tion to allergen as well as the inflammation at the tar-

get organ in allergic asthmatic patients. 

In conclusion, SLIT is a clinically effective and safe

immunomodulating therapy for allergic patients af-

fected by respiratory allergies. Compliance to SLIT

may be improved by reducing the induction regimen

to 8-day, w ith no losses in efficacy and safety.
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