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Foreword

Incidence and prevalence of allergies are an increasing phenomenon world-

wide. The most efficient therapy is the avoidance of the allergen. This, unfortu-

nately, is not practicable in most cases. Antihistamines provide a very

well-acting and well-accepted symptomatic treatment, which in its recent form

is liberated from most side effects and which can be easily applied locally or sys-

temically over a long period. At present new promising and interesting methods

of symptomatic treatment are available, such as antileukotrienes or anti-IgE.

The only accepted curative treatment is the immunotherapy, formerly

known as hyposensitization or desensitization and recently called ‘vaccine’.

The subcutaneous application undoubtedly has clinical efficacy, but it displays

several inconveniences, such as the need to visit a doctor for its application, its

invasiveness, which many patients, especially children, do not tolerate psycho-

logically or the rare but possible side effects. Local immunotherapies were

invented to avoid these inconveniences and some forms, namely the sublingual

and the nasal application, seem to accomplish this goal successfully. Regarding

the clinical efficacy, opinions still widely differ. An increasing number of inter-

national placebo-controlled double-blind studies demonstrate clinical and

sometimes immunological efficacy, but direct comparisons between the subcu-

taneous and the local routes have thus far been very poor. Studies on the long-

term efficacy of local immunotherapies are also rare, because this therapy has

been in clinical use for not much longer than 10 years. Local immunotherapies,

furthermore, need a better or at least more transparent standardization of, for

example, applied allergen concentrations, application intervals and duration, or

combination therapies with different allergens or other allergy medications.



In the first part of this volume, the reader will find information concern-

ing general aspects of immunotherapy, its history, the allergen resorption and

its biodistribution as well as aspects derived from clinical experience. In the

second part, the most relevant international studies on sublingual and nasal

immunotherapies are reviewed, possible side effects are discussed and some

new original data are provided. In the last chapter, Prospects for the Future,

I will give a critical overview regarding the most unresolved and troublesome

aspects of local immunotherapies and would thereby like to motivate the scien-

tific community to intensify their efforts to investigate and ameliorate this

promising branch of potentially curative antiallergy therapy.

Udo Markert, Jena

Foreword XII
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Abstract
Specific immunotherapy is a very powerful tool which is currently underutilized in the

treatment of allergies. Sublingual immunotherapy (SLIT) has many advantages over subcu-

taneous immunotherapy (SCIT), and has been well proven to work for many pollens and dust

mites. Multiple studies have shown SLIT improves symptoms and reduces the reliance on

medications. Sublingual treatment has been studied in Europe and is endorsed by the World

Health Organization Committee on Immunotherapy as a viable alternative to SCIT.

Conclusion: SLIT offers another option for patients who are not currently candidates

for subcutaneous immunotherapy. Because of improved safety, convenience and compliance,

sublingual immunotherapy should be used as a first-line treatment option.

Copyright © 2003 S. Karger AG, Basel

Specific immunotherapy is the ideal way to treat allergies. The primary

goal is to desensitize the patient for the underlying cause of allergy symptoms

by making them more tolerant to specific allergens. Immunotherapy is a

powerful tool to decrease nasal and eye allergy symptoms as well as asthma. It

is a common understanding in the allergy profession that immunotherapy is

currently underutilized.

Specific immunotherapy using subcutaneous injections (SCIT) has been

used for almost 100 years. It is clearly helpful for allergic rhinitis from pollens.

Treatment of asthma, especially from molds, is not as clearly successful.

Factors such as the inconvenience and expense of traveling for allergy shots

contribute to a dropout rate greater than 50% over a multiyear course of

General Aspects and Methodology



treatment [1]. Some children and adults dislike injections or have had reactions

to allergy shots.

Sublingual immunotherapy (SLIT) has many advantages over subcuta-

neous treatment. It has shown efficacy for allergic rhinitis and asthma due to

dust mites, pollens, and molds [2–8]. Pollen studies include Parietaria [9–13],

grass [14–21], ragweed [22], and trees [23, 24]. SLIT works for children [3, 6,

7, 17, 23] as well as adults. It can be used for food allergies to help patients

develop tolerance to specific foods [25, 26]. Treatment of children with atopic

dermatitis [27] or nasal allergy may even help prevent the progression to

asthma.

The mechanism of action for SLIT as well as SCIT has not been fully

elucidated. It has been shown that sublingual antigens stay in the mucosa for up

to 20 h after administration [28]. Studies using radioactive labeled Parietaria
delivered sublingually showed plasma levels peaked in 2 h [29]. One likely

mechanism is that the sublingual antigens act on ganglionic cells (antigen-

presenting cells) in the mucosa to develop tolerance to the allergens. Local

‘mucosal immunity’ appears to play a significant role [30]. Because sublingual

swallow delivery has been more efficacious than sublingual spit, oral tolerance

mechanisms in the gut may also be a factor [31, 32].

Sublingual treatment has been used for many years. Many allergists in the

US (especially otolaryngic allergists) [33] use sublingual treatment for inhalant

as well as food allergies. Case reports of treatment for food allergies and respi-

ratory inhalant allergies were published in 1969 and 1970 [34, 35] in the US. In

our clinic, we have treated over 60,000 patients in the past 35 years. Double-

blind, placebo-controlled studies from Europe began in the 1990s. These papers

were mainly from Italy and France.

In 1990, effectiveness was well documented by Tari et al. [7] using sublin-

gual dust mite antigens for 12–18 months. Allergic rhinitis and asthma symp-

toms improved in the children treated. There was a significant decrease in

symptoms as well as medication use. In 1994, after 24 months of treatment, the

same researchers found a decrease of specific IgE antibodies to dust mites [36].

A review article by Passalacqua and Canonica [37] in 2001 reported on 18

studies using SLIT in double-blind, placebo-controlled trials. Sixteen of these

studies involving the most common allergens showed improved symptoms and

decreased medication in rhinitis. Studies also showed efficacy for asthma and

were done in adults and children. Safety profiles were good using the current

dosing regimens [9, 21, 38–40]. No life-threatening reactions have occurred.

There are various methods using local immunotherapy. Nasal immuno-

therapy has shown efficacy but only shows local immunologic changes [41].

Sublingual spit was not as effective as sublingual-swallow delivery. Sublingual-

swallow technique has been found to be most effective. Sublingual-swallow

Morris/Kroker/Sabnis/Morris 2



immunotherapy shows localized as well as systemic immunologic changes 

[2, 7, 11, 16, 36]. The antigen, as a liquid or tablet, is held under the tongue for

20 s to 2 min and the remainder is swallowed. Doses are given up to 3 times per

day. Most methods use daily doses during buildup and often less frequent doses

during maintenance. In our clinic we use daily administration.

Single antigen, relatively rapid buildup protocols have been shown to

effectively treat dust mites [2, 3, 5, 7, 8]. Treatment should be continued for at

least 24 months. Single antigens such as trees, grass, ragweed, or other pollens

can be treated by preseasonal, high-potency regimens. This can be maintained

throughout the year or decreased to a lower dose during the season [17].

Doses of single antigens are 5–200 times stronger than those used for

SCIT. Efficacy and safety have been shown in a wide range of dosages. The

attached tables 1–4 summarize the analyses of specific studies and compare

doses, dosing schedules, and results. The optimal dosing regimen has not yet

been identified. The increased cost of the antigens is typically offset by the

decrease in the number of office visits needed for injections.

‘Threshold’ dosing is a good way to start treatment for multiple antigens

[33]. Using the serial end point titration technique [42], the initial doses are

based on the first positive intradermal test. For multiple antigens, the drops are

given 3 times per day. Doses are increased as objective improvement is seen on

follow-up skin testing. Mold allergies respond particularly well to this method.

Foods can be treated based on in vitro specific IgE level testing (such as

Pharmacia Unicap) or challenge testing. Dosage depends on the severity of the

food allergy. The more severe food allergies require smaller doses. Antigens are

used 3 times daily until tolerance develops. Specific IgE levels are rechecked

typically every 6–12 months. Doses are not increased until specific IgE levels

start to decline.

Local Immunotherapy in Allergy 3

Table 1. SCIT dosing guidelines

Antigen �g/potency Effective dose Effective Ref.

concentration No.

Dust mite 124/10,000 AU 7–11.9 �g Der p 1 1,200 AU/ml 45, 46

Dust mite 50/10,000 AU 10 �g Der f 1 4,000 AU/ml 46

Grass 370/100,000 BAU 15 �g 8,000 BAU/ml 47

Short ragweed 325/1:10 w/v 6–24 �g Amb a 1 1:30 to 1:250 w/v 48, 49

Comparison is by a monthly maintenance dose. European baseline SCIT dosage is 

lower than that in the US (this may account for some of the variability and higher ratios). 

AU � Allergy units/ml; BAU � bioequivalent units/ml.



Table 2. Double-blind placebo controlled sublingual studies: dust mite

Reference Number of Disease and Maintenance Results p � 0.05 Safety Monthly maintenance dose and dose ratio

study duration dose/month

Der p 1 Der f 1 SLIT/ SCIT patients 

ratio

Mungan et al. [5] 5 active, rhinitis and asthma: 867 IR ↓ssx 1 patient N/A N/A 86

11 placebo 12 months ↓ Med scr buccal

NC IgE D1 pruritis

↑ IgG4 12 months

Tari et al. [36] 30 active, rhinitis and asthma: 4,875 STU ↓ IgE D1 none N/A N/A 5

28 placebo 24 months ↑ IgG4 18 months

children ↑ IgG 12 months

Bahceciler [8] 8 active, rhinitis and asthma: 69.3 �g ↓ asthma ssx, score none 69.3 �ga 121.2 �ga 5.8–9.9

7 placebo 5 months Der p 1 ↓ meds Der p 1a

children 121.2 �g ↓ ID test 12.2 Der f 1a

Der f 1 ↑ peak flow

Pajno et al. [3] 12 active, asthma: 24 months 10.4 �g ↓ meds by year 2 4 fatigue, 10.4 �ga 5.2 �ga 3.25

12 placebo Der p 1 ↓ asthma flares 1 lip swelling,

children 5.2 �g ↓ noc ssx 1 oral pruritis,

Der f 1 no rx needed

Tari et al. [7] 30 active, rhinitis and asthma: 4,875 STU ↓ ID 3 hives, N/A N/A 5

28 placebo 18 months ↓ ssx 8 mild

↓ meds asthma,

↑ spec IgG 4 GI

Guez et al. [4] 36 active, rhinitis: 24 months 187 �g NS 2 oral pruritis 187 �ga 144.2 �ga 15.6–28.7 

36 placebo Der p 1 Der p 1a

144.2 �g 14.4 Der f 1a

Der f 1

Bousquet et al. [2] 42 active, rhinitis and asthma: 309.6 �g ↓ ssx 3 urticaria 309.6 �ga 541.8 �ga 200

43 placebo 24 months Der p 1 ↑ AM peak flow and throat 

541.8 �g ↑ IgG4 itching, 

Der f 1 1 asthma

Allergy Associates 36 �g Der f 1 36 �ga 2.5–10 

of La Crosse Der f 1a

(this study)

European baseline SCIT dosage is lower than the US (this may account for some of the variability and higher ratios). SLIT/SCIT ratio � Sublingual

immunotherapy monthly maintenance dose/subcutaneous monthly maintenance dose; IR � index of reactivity; N/A � not available; ssx � symptom scores;

NC � no change; meds � medication use; ID � intradermal; NS � not significant.
aCalculated dosages.

Morris/Kroker/Sabnis/Morris 4



Table 3. Double-blind placebo controlled sublingual studies: grass pollen

Reference Number of Disease and Maintenance Results Safety Monthly maintenance dose and dose ratio

study duration dose/month p � 0.05

types of monthly SLIT/SCITpatients 

grass maintenance ratio

dose

Marcucci et al. [50] 30 active, Seasonal allergic 7.5 �g none (safety no side effects 5 major 7.5 �ga 0.5a

20 control rhinitis: 7 months study) or rxns grass

children allergens

Di Rienzo et al. [17] 48 children rhino-conjunctivitis: group A: 9.1 �g ↓ ssx in   mild edema, 5 grasses: group A: 0.61a

5–12 years; 5½ months group B: 9.1 �g 3 active groups erythema of Phleum, 9.1 �ga

four groups: group C: 6.5 �g eyelids in Lolium, group B: 0.61a

Pre-co, 2 patients Dactylis, Poa, 9.1 �ga

Pre-co, co, Festuca group C: 0.43a

control 6.5 �ga

Hordijk et al. [18] 27 active, rhinitis conjunctivitis: 82,327 BU ↓ ssx minor local timothy,  N/A N/A 

30 placebo 10 months symptoms velvet,

orchard, 

Bermuda, 

sweet vernal

Clavel et al. [19] 62 active, rhinitis conjunctivitis: 576 �g ↓ ssx oral itching; 5 major 576 �ga 38.4a

58 placebo 6 months Phl p 5 wheezing in grass pollens Phl P 5

some patients

Gozalo et al. [51] 35 active, ocular nasal 81.24 BU ↓ ssx 2.7% mild rxns; Lolium perenne N/A N/A

19 control, respiratory: some needing (rye grass)

(1st year: 7 months 1st year antihistamines

42 active) 12 months 2nd year

Quirino et al. [52] 10 active, seasonal rhinitis: SLIT � 81.2 BU ↓ ssx meds none reported 5 grasses: N/A 2.37a

10 placebo 12 months sublingual SCIT � 34.3 BU Dg, Fp, Lp, 

and injection groups Php, Pp

Local Immunotherapy in Allergy 5



Table 3 (continued)

Reference Number of Disease and Maintenance Results Safety Monthly maintenance dose and dose ratio

study duration dose/month p � 0.05

types of Monthly SLIT/SCIT patients 

grass maintenance ratio

dose

Feliziani et al. [21] 18 active, ocular rhinitis: 260 BU overall ssx none reported orchard meadow, N/A N/A 

16 placebo 3.5–4 months rye, timothy, 

sweet vernal

Pradalier et al. [15] 62 active, ocular, rhinitis, 255 �g ocular ssx, ‘minor side orchard, meadow, 255 �ga 17a

61 placebo asthma: 4.5 months Phl P 5 asthma effects’ ryegrass, sweet Phl P 5

ssx vernal and

timothy

Allergy Associates 270 �g Bermuda, 270 �ga 18a

of La Crosse Kentucky blue,

(this study) meadow fescue, 

orchard, rye, 

redtop, timothy 

sweet vernal

European baseline SCIT dosage is lower than the US (this may account for some of the variability and higher ratios). SLIT/SCIT ratio � Sublingual

immunotherapy monthly maintenance dose/subcutaneous monthly maintenance dose; N/A � not available; ssx � symptom scores; meds � medication use.
a Calculated dosages.

Morris/Kroker/Sabnis/Morris 6



Table 4. Controlled sublingual studies: ragweed pollen

Reference Number of Disease and Maintenance Results Safety Monthly maintenance dose and dose ratio

study duration dose/month p � 0.05

Amb a l SLIT/SCITpatients 

ratio

Valle et al. [53] 19 active, rhinitis and asthma: 36 �g Amb a 1 Nasal challenge, 1 lip 36 �g 6a

14 control 3 months skin reactivity ssx itching

(meds only)

Allergy Associates 180 �g 180 �ga 7–30a

of La Crosse Amb a 1

(this study)

European baseline SCIT dosage is lower than the US (this may account for some of the variability and higher ratios). SLIT/SCIT ratio � Sublingual

immunotherapy monthly maintenance dose/subcutaneous monthly maintenance dose; ssx � symptom scores; meds � medication use.
aCalculated dosages.

Local Immunotherapy in Allergy 7



Contact sensitivity to nickel can be improved using sublingual doses of

nickel sulfate [43, 44]. Nickel sulfate is used to test intradermally and a sublin-

gual dose is chosen to start that is weaker than the first positive skin reaction

(using a modified serial end point titration technique) [42].

The World Health Organization position paper [31] published in 1998

found that properly conducted double-blind, placebo-controlled trials have

shown the effectiveness of sublingual-swallow immunotherapy with grass,

Parietaria and mite vaccines. The ARIA (Allergic Rhinitis and Impact on

Asthma) [32] guidelines published in 2001 gave specific indications for usage.

Because of improved convenience, compliance, and safety, SLIT opens the

door for expansion of immunotherapy to a first-line treatment option in allergic

disease.
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Abstract
The mucosal surfaces of the respiratory, the gastrointestinal and the urogenital tract,

covering a total of 300 m2, are the largest areas within the body in contact with the external

environment and thus are major sites of antigen exposure. Discriminating between patho-

genic antigens, towards which a protective immune response has to be established, and harm-

less antigens – such as food, airborne antigens or the commensal bacterial flora – that should

be ignored is the most challenging task of the mucosal immune system. In order to handle

these challenges the mucosal immune system has generated two arms of adaptive defenses:

(1) antigen exclusion performed by secretory IgA and secretory IgM antibodies to modulate

or inhibit adherence or colonization of microorganisms and prevent penetration of potentially

dangerous antigens (toxins, etc.), and (2) suppressive mechanisms to avoid local and periph-

eral overreaction against innocuous substances contacting the mucosal surfaces. The latter

arm is referred to as oral or mucosal tolerance. A breakdown or a failure of induction of long-

lasting tolerance to environmental and food antigens or components of the indigenous

microflora is believed to lead to allergic diseases or food enteropathies. Based on the physi-

ological situation to prevent hypersensitivity reactions, tolerance induction via the mucosa

has been proposed as a treatment strategy against human inflammatory diseases, such as

allergies.

Copyright © 2003 S. Karger AG, Basel



The Mucosal Immune System

Mucosal surfaces of the gut, the respiratory and urogenital tract have

pleiotropic tasks that include absorption of nutrients, transport of macromole-

cules as well as barrier and secretory functions. As these mucosal surfaces are

the largest areas within the body – mucosae span an area of 300 m2, whereas

the skin surface covers only 2 m2 – they are constantly exposed to millions of

potentially harmful antigens, such as environmental antigens, food or different

microorganisms. Therefore, the mucosal surfaces need effective protection,

which is achieved by unspecific and specific defense mechanisms. Epithelial

structures, ciliated epithelium, mucus, gastric acid and antimicrobial sub-

stances (lysozyme, lactoferrin, lactoperoxidase) serve as a first line of defense.

In addition, the mucosal surfaces are protected by a highly developed and

specialized immune system, the mucosa-associated lymphoid system (MALT),

which involves the majority (up to 80%) of immunologically active cells in the

body.

The basic features of the mucosal immune system include a strongly devel-

oped innate defense system (phagocytosis, generation of anitmicrobial mole-

cules, antigen presentation by epithelial cells) and particular populations of

lymphocytes, which differ in their origin, phenotype or their secretion products

from those belonging to the systemic immune system. Moreover, the migration

of cells originating from the intestine or the bronchi to mucosae of organs and

exocrine glands (homing of lymphocytes), the transport of polymeric

immunoglobulin (sIgA, sIgM) through the epithelium into the lumen, or the

induction of immunological unresponsiveness to luminal antigen (mucosal

tolerance) are important characteristics of this immune system [1] (table 1).

MALT: Common Mucosal Immune System
The MALT consists of solitary and multiple lymphoid follicles within the

mucosa as well as dispersed lymphocytes within and below the epithelium, i.e.

the intraepithelial lymphocytes (IEL) or the lamina propria lymphocytes (LPL),

respectively. The largest and most intensively studied component of the MALT

is located in the gastrointestinal tract, termed GALT [2]. The GALT comprises

the Peyer’s patches, mesenteric lymph nodes, the appendix and numerous soli-

tary lymphoid follicles, especially in the large bowel. Similar structures can be

found in the bronchial mucosa, termed bronchus-associated lymphoid tissue

(BALT) [3], where immune responses analog to those in GALT can be induced,

although the antigenic stimuli are less intensive than in the gut. Induction of

mucosal responses can also occur in the palatine tonsils and other lymphoep-

ithelial structures of Waldeyer’s pharyngeal ring, including the nasal-associated

lymphoid tissue (NALT), such as the adenoids in humans [4].
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These MALT are structurally and functionally divided into two sites – the

inductive sites for antigen uptake and processing on the one hand, and the effec-

tor sites engaging lymphocytes/plasma cells, granulocytes and mast cells, on

the other hand.

The inductive sites are all compact lymphoid structures in the mucosae,

comprising germinal centers formed by differentiating B cells, T cells located

in the interfollicular region around the venules with high endothelium, and a

variety of (mature and immature) antigen-presenting cell (APC) subsets. These

organized follicles are covered by a specific follicle-associated epithelium,

which contains membranous epithelial cells, called M cells. These M cells

adsorb antigens (especially when particulate in nature) and transfer them from

the lumen into the follicles (e.g. Peyer’s patches) to the dendritic cells (DC) in

order to activate T and B cells and induce mucosal immunity [5].

The effector sites are represented by lymphocytes diffusely located in the

epithelium (IEL) and in the lamina propria (LPL) [6]. The IEL are primarily

CD8� T cells, characterized by the CD45 RO phenotype, the integrin �E�7, and

the presence of perforin and serine esterases in cytoplasmic granules. Due to

these granules the IEL have important defense properties. The LPL are the most

important mucosal effector cells. These are, on the one hand, T cells, mainly

CD4�, of which so-called regulatory T cells – characterized by a particular

cytokine production profile – are responsible for induction of suppressive activ-

ities (see mucosal tolerance). B cells, on the other hand, are mainly represented

by IgA-producing plasma cells. The secretory IgA belongs to the polymeric

form of IgA in contrast to serum monomeric IgA, which is produced in the bone

marrow. The advantage of the secretory IgA is that it is mostly resistant to cleav-

age by bacterial proteases. IgA is the major specific humoral defense factor on

mucosal surfaces and external secretions, which blocks the adhesion of bacteria

to mucosal surfaces, neutralizes viral and toxic antigens and prevents the pene-

tration of antigen into the internal environment of the organism [7].
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Table 1. Major tasks being fulfilled by the mucosal immune system

Anti-infectious defense: protection from adhesion and invasion of harmful

pathogens and toxins

Barrier function and immune exclusion: protection from uptake and

penetration of nondegradable potentially harmful foreign antigens into the

circulation

Mucosal tolerance: protection from hypersensitivity reactions towards

harmless environmental and food antigens

Mucosal homeostasis: induction of immunoregulatory functions,

maintenance of an intact endogenous microflora



Homing of Immunocompetent Cells
Immune responses induced by immunization via the mucosal (nasal, oral,

rectal, vaginal) route are not only elicited at the site of immunization, but also

occur at remote mucosal surfaces and exocrine glands. This occurs when lym-

phocytes, after they have contacted specific antigen within the lymphoid tissue,

migrate through the lymph route and then through the blood and finally return

and colonize mucosal surfaces and exocrine glands. There they develop to

mature effector cells, e.g. IgA-producing plasma cells. This migration process

is called ‘homing’, which is achieved by specific adhesion molecules – �4�7

integrin – on the surface of lymphocytes which bind to the mucosal vessel

adhesin MdCAM-1 on endothelial cells of mucosal capillaries [8, 9]. One

example for this homing process, which is the key function of the ‘common

mucosal immune system’, is the migration of cells originating from the intes-

tine to the mammary glands, resulting in the presence of sIgA and cells with

specificities against intestinal antigens (enteromammary axis) [10].

Nevertheless, there is also accumulating evidence that a certain regional-

ization exists in the mucosal immune system, in particular a dichotomy

between the gut and the upper respiratory tract. Differences in the antigenic

repertoire, adhesion molecules or chemokines involved in leukocyte extrava-

sation might explain this disparity. Primed immune cells may tend to home to

the effector sites corresponding to the inductive sites, where the initial antigen

contact took place. Such regionalization within the common mucosal immune

system has to be taken into account in the development of certain mucosal

vaccines [11].

Mucosal Tolerance

Immunological tolerance is a fundamental property of the immune system

allowing for the discrimination between self and non-self antigens. Self-tolerance

may be induced in generative lymphoid organs (i.e. thymus, bone marrow) as a

consequence of immature self-reactive lymphocytes recognizing self-antigen,

called central tolerance [12]. However, since not all self-reactive lymphocytes are

eliminated in the primary lymphoid organs – either because certain self-antigens

are not expressed in the thymus or due to escaping from the selection processes

– the immune system must regulate the potentially self-reactive lymphocytes in

the periphery. This process is called peripheral tolerance [13]. A failure in main-

taining unresponsiveness to self-antigens can result in the development of

autoimmunity.

The same mechanisms of peripheral unresponsiveness exist also against

foreign – mainly soluble – antigens, in order to prevent the organisms from
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untoward immunological immune responses against innocuous substances.

Peripheral tolerance induction to foreign antigen can be induced by systemic

antigen application or by mucosal administration of antigen called mucosal

tolerance.

Mucosal tolerance is a meanwhile well-accepted phenomenon, which was

initially referred to as ‘oral tolerance’, because it was first recognized after

feeding antigen [14]. As immunological unresponsiveness – characterized by a

refractory or diminished capability to develop an immune response upon

systemic reexposure to the specific antigen – can also be achieved after antigen

administration via the nasal, inhalative, rectal or genital route, it is now more

broadly referred to as mucosal tolerance.

Mucosal tolerance is believed to be an important physiological mecha-

nism, whereby the continued high-load exposure to harmless environmental

airborne and food antigens or to products of the commensal microflora is

tolerated and the development of hypersensitivity reactions to these antigens is

inhibited. A breakdown or a failure in maintaining tolerance towards these

antigens is therefore thought to be causally related to the development of

allergic diseases and food enteropathies [15, 16].

Experimental Models of Mucosal Tolerance
An anecdotal report that oral ingestion of antigen might modify subse-

quent systemic immune responses was first found in 1826 by Dakin [17],

describing that South American Indians ate poison ivy leaves to prevent contact

sensitivity reactions to this plant. The first experimental model was established

in 1911 by Wells and Osborne [18] showing that the feeding of egg protein prior

to systemic challenge with the same antigen prevented the development of

anaphylaxis.

Following several studies in animals it was proposed that oral tolerance

induction modifies primarily Th1-biased immune responses. In experimental

models of Th1-mediated autoimmune diseases, such as experimental

encephalomyelitis [19], nonobese diabetes [20], myasthenia gravis [21], or

experimental autoimmune uveitis [22], it was shown that oral antigen applica-

tion inhibited or delayed the onset or reduced the course of the respective

disease. Apart from these studies it was also demonstrated that mucosal toler-

ance – particularly when induced via the respiratory route – can also modify

Th2-based immune responses. Holt and colleagues [23, 24] were the first

demonstrating that the inhalation of the antigen ovalbumin was followed by a

suppression of antigen-specific IgE and IL-4 production Other studies, using

typical inhalative allergens, further demonstrated the efficacy of inhalative,

intranasal or tracheal antigen administration in modulating antigen-specific

immune responses, but even more also prevented pathophysiological events,
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such as airway inflammation or bronchial hyperreactivity [25–29]. Also models

of food allergy exist that demonstrate the efficacy of oral/mucosal administra-

tion of food allergens, such as peanut allergens, to prevent or reduce intestinal

inflammation and hypersecretion [30, 31].

Mechanisms of Mucosal Tolerance
It has become clear that mucosal tolerance is a very complex process that

is mediated by more than one mechanism, involving suppression of some

immune responses and induction of others. Several factors, such as the nature

and structure of the antigen, the antigen dose, antigen presentation, components

of the innate immune system, the maturation state of the immune system, the

genetic background or the indigenous flora influence the immunological

outcome following mucosal antigen administration. It is generally believed that

unresponsiveness can be more easily achieved in T cells than in B cells.

Nevertheless, the effector functions of B cells – i.e. antibody production – can

be influenced by the lack of the respective T cell help. In this respect, the three

major responsible mechanisms behind tolerance induction have been described

to be due to clonal deletion, clonal anergy of antigen-specific T cells, or the

induction of active suppression or immunodeviation, mediated by so-called

regulatory T cells [32–34].

Structure/Nature of the Antigen, Antigen Dose and Frequency of 

Antigen Application

Particulate antigens and pathogens (i.e. microorganisms) promote active

immunity, partially because they are taken up by the M cells in the epithelium

of the lymphoid follicles, e.g. Peyer’s patches. Conversely, soluble antigens,

towards which tolerance can be induced, may not primarily use this route, but

are rather taken up by intestinal epithelial cells that might present antigen to

T cells lying directly next to them in the epithelium or by APCs beneath the

epithelium, which are distinct in phenotype and function from those taking up

particulate/pathogenic antigens [35, 36]. Among the soluble antigens there

seems to be a difference between those acting as strong tolerogens and those

which are effective immunogens – the immunogenicity and tolerogenicity of an

antigen may thus stand in a reciprocal relationship [37].

In the induction phase of tolerance the antigen dose and the frequency of

antigen application seem to play important roles. It has been described that

single high-dose antigen application (�0.5 mg/g body weight in mice) favors

the induction of anergy or deletion of antigen-specific T cells [38–40],

whereas multiple low dose antigen applications (�0.1 mg/g body weight in

mice) are more likely to generate regulatory T cells [41]. It should be noted

though that very low doses (�0.005 mg/g body weight) – at least when given
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orally – can prime the organism for subsequent systemic and local immune

responses [42].

In terms of regulatory T cells several subtypes with a distinct cytokine

secretion pattern of TGF-�, IL-10 and/or IL-4/IL-5 have been described. These

T cells, expressing certain surface markers, such as CD4�CD25�, CD38�,

CD45RblowCD4�(CD25–), are termed Tr, Th3 or Tr1 T cells, of which it is at

the moment unclear whether they all belong to an identical T cell subpopula-

tion and/or are derived from the same precursor T cells [43–45]. Apart from the

CD4� T cells also CD8� T cells, inducible after inhalative or oral antigen

administration, have been described to play a role in tolerance induction,

mainly by mechanisms of immunodeviation [24, 46].

Role of the APCs

Antigen presentation plays an important role in the induction of mucosal

tolerance. There is strong evidence that antigen can be presented to T cells by

so-called nonprofessional APC, such as the intestinal epithelial cells. These

cells can acquire and transport macromolecules from the lumen, they can

express MHC class I and MHC class II molecules on their basolateral surface,

but they do not usually express costimulatory molecules. Therefore, it has been

speculated that antigen presentation by these cells would result in a tolerance of

the respective T cells. Alternatively, these cells could cooperate in antigen

presentation as they might give signals to professional APCs and T cells

whether an antigen is dangerous or not [47, 48].

There is increasing evidence for the importance of DCs as professional

APCs in the tolerance induction process [49]. It seems that particular immature

DCs with a low expression of the costimulatory molecules CD80 and CD86

mediate tolerance, whereas mature DCs are important for the induction of

active immunity against microorganisms [50]. In the Peyer’s patches three

distinct phenotypes of DCs have been described: the lymphoid CD11c�8��
(DC1), the myeloid CD11c�11b� (DC2), and double-negative CD11b–8�–,

which can develop to either of the other phenotypes. Soluble antigens are taken

up by the myeloid (CD11b�) DC2 and lead via production of TGF-� and/or

IL-10 by Th3 cells to suppressive immune responses. Stimulation by microbial

antigens or induction of inflammatory signals lead to the production of IL-12

by lymphoid DC1 or double-negative DCs, whereby Th1-like immune

responses are initiated [36, 51]. Recently, it has been described that distinct

subsets of DCs were located in the gastrointestinal and respiratory tract: DCs of

the gastrointestinal tract seem to promote the development of Th3 cells by the

production of TGF-� [52], whereas DCs via a preferential production of IL-10

activate Tr1 cells in the respiratory tract [53]. As previously mentioned, such

cellular differences together with (or due to) different antigenic loads might be
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a reason for the regionalization of these two compartments within the common

mucosal immune system.

Genetic Background

From experimental models it becomes apparent that certain strains of

mice demonstrate a unique response pattern following immunization to an

antigen (e.g. low and high IgE responder strains). However, in terms of

tolerance induction it has been shown that most strains of mice can be toler-

ized to a large number of antigens and that there does not seem to be a clear

linkage to the major histocompatibility complex haplotype or IgE responder

status. Nevertheless, the degree of tolerance induction might be affected, as the

antigen clearance from the circulation seems to be influenced by genetic

differences [54].

Maturation State of the Immune System

It has been experimentally demonstrated that early oral introduction of

antigen (ovalbumin) into mice leads to systemic sensitization instead of toler-

ance. Tolerance can usually be induced after 7–10 days of age, before weaning

takes place at 21 days. Feeding antigen close to the day of weaning leads to a

temporary reduction in the ease of tolerance induction [55]. How long this

immunological window for tolerance induction actually lasts in humans is not

yet known, but the general recommendation for introduction of foreign food

antigens is 6 months of age.

Role of the Indigenous Flora

The presence of a normal indigenous flora plays an important role in anti-

infectious resistance by competitive interaction with pathogenic bacteria, but is

also important for directly influencing immune responses. This has been

demonstrated in animals reared under sterile conditions (germ-free animals),

showing that systemic and local immune responses are more difficult to estab-

lish and in particular that the induction of oral tolerance is unstable and short-

lived [56]. Based on these findings an imbalance of the composition of the

indigenous microflora is believed to play a role in the development of inflam-

matory diseases, such as intestinal bowel disease [16] and allergies. Indeed, dif-

ferences in the intestinal colonization pattern between children of ‘western

lifestyle countries’ with a high prevalence of allergies and of economically

underdeveloped countries where allergies are less common have recently been

reported [57]. Thus, intestinal colonization with a limited range of microbes

due to living conditions with a high level of hygiene, termed ‘hygiene theory’,

has become an essential factor explaining the constant increase in the preva-

lence of allergic diseases within the last decades [58].
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Mucosal Tolerance for Treatment of Type I Allergy

In many experimental studies ovalbumin has been used as model antigen

to study oral tolerance induction and the mechanisms behind this event. In

particular the availability of ovalbumin-transgenic mice has proved to be of

great advantage in studies on the inductive sites of immunosuppression [59].

However, with respect to experimental models of type I allergy/allergic asthma,

sensitization and treatment with an inhalant rather than a dietary allergen may

be closer to the situation in humans. Moreover, it is well recognized that differ-

ent antigens can vary in their immunogenicity as well as their capacity to act as

a tolerogen [37]. It, therefore, seems of importance to individually test the

efficacy of an allergen to act as a potential therapeutic agent in a suitable model

of type I allergy.

In a mouse model of aerosol sensitization to birch pollen we previously

demonstrated that intranasal as well as oral administration of the major birch

pollen allergen Bet v 1 prevented allergic sensitization, airway inflammation

and airway hyperresponsiveness [28]. Similar effects were achieved using

hypoallergenic derivates of Bet v 1, containing the immunodominant T cell

peptides but not the anaphylactogenic B cell epitopes, for intranasal tolerance

induction [60].

In line with other experimental studies – using the immunodominant

peptides of the house dust mite allergen Der p 1 [61] or Der p 2 [62], or a major

bee venom allergen [63] – we demonstrated that the prophylactic treatment with

allergens via the mucosal route can induce a very potent and long-lasting

immunological unresponsiveness to the respective allergen.

It has been recognized that tolerance induction in the sensitized organism

is much more difficult to achieve. Crucial factors for successful therapy seem

to be the exact dose, and the time and frequency of antigen application. In our

model of birch pollen allergy 5 times higher doses applied in closer intervals

were necessary to suppress the established allergic response [64]. The fact that

tolerance in the therapeutic setup was also long-lasting (at least up to half a

year) and could be induced independently of the time interval between sensiti-

zation and onset of the treatment suggested that mucosal administration of

recombinant allergen could present an alternative treatment to conventional

specific immunotherapy [65, 66].

Based on the fact that many allergic patients are sensitized to several unre-

lated allergens, tolerance induction with a panel of simultaneously applied

allergens is a desirable goal. We have established a model of polysensitization

to major allergens of birch and grass pollen. Intranasal tolerance with a mixture

of the immunodominant peptides of the three allergens led to a marked decrease

of humoral and cellular Th2-like immune responses [67]. Production of hybrid
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peptides or chimeric molecules, containing the immunodominant sequences of

several allergens, may even enhance the efficacy of tolerance induction in

polysensitized organisms, and may represent a novel form of a ‘mucosal

polyvalent allergy vaccine’.

As previously mentioned, the composition of the indigenous microflora

seems to have an important influence on the development of allergic diseases.

On the basis of recent epidemiological and clinical studies, a possible role of

certain lactic acid bacteria (LAB) in the prevention of allergic diseases has

become evident [68]. Experimental studies have shown a reduction of IgG1 or

IgE when certain LAB were injected or orally applied with the particular

allergen [69, 70].

In our mouse model of birch pollen allergy we demonstrated that intranasal

and/or oral coapplication of certain LAB bacteria with the recombinant birch

pollen allergen Bet v 1, prior and after sensitization with the allergen, resulted

in a shift from Th2 to Th1 responses. According to a recent study using recom-

binant LAB expressing the house dust mite allergen Der p 1 [71], we recently

evaluated the efficacy of such a mucosal allergen-delivery system not only in

modulating but also significantly suppressing the allergic immune responses

[72] (table 2).

Concluding Remarks

From the variety of experimental studies it becomes obvious that mucosal

administration is a powerful tool for modulating immune responses. Apart from

the importance to test the effectiveness and the mechanisms of action of any

allergen of interest as a potential antiallergic agent or tolerogen in animal mod-

els, prophylactic treatment strategies could be of interest in patients with a

known risk to develop allergy.

It is of particular clinical relevance to test the effects of mucosal allergen

application in already sensitized organisms. The obvious advantage of the

use of so-called hypoallergenic molecules lies in their risk-free application.

Thus, the practical consequences from such experimental studies could

include the development of low-risk mucosal vaccines based on the induction

of tolerance – with or without the use of certain mucosal antigen delivery

systems.

In comparison to conventional immunotherapy, the use of mucosal

vaccines could have tremendous advantages, such as the ease of application

leading to a better compliance of the patient and/or the application of patient-

tailored constructs with increased efficacy and reduced anaphylactic side

reactions.
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Abstract
Resorption of small particles and proteins through the mucous membranes of the

intestines has been extensively studied for well over a 100 years and the arrival of sublingual/

oral immunotherapy in clinical practice has renewed interest in this process. The first line of

immune response to a potential allergen is at the site of contact with a mucous membrane

and both inhaled and ingested allergens usually lead to some level of direct clinically

appreciable manifestation on the mucous membrane. The initial process of antigen resorp-

tion has been relatively well understood for almost one century; however, the metabolic

and/or immunological fate of large particles is the subject of more recent studies. We now

recognize that resorption and hematogenous spread of biologically intact allergens from the

gastrointestinal tract occur despite extensive predigestion of particles and proteins within the

gastrointestinal lumen and this phenomenon provides the pathophysiological underpinning

of modern sublingual/oral immunotherapy.

Copyright © 2003 S. Karger AG, Basel

Resorption of small particles and proteins through mucous membranes of

the intestines has been extensively studied for well over a 100 years [9, 18], but it

was not until the recent approval by the WHO in 1998 that sublingual/oral

immunotherapy has gained general acceptance [3]. The arrival of sublingual/oral

immunotherapy in clinical practice has renewed interest in the mechanisms of



antigen resorption from the gastrointestinal tract. The purpose of this review is

not only to illustrate the pathophysiological underpinnings of sublingual/oral

immunotherapy, but equally to credit the remarkable accomplishments of clinical

scientists over almost two centuries that laid the foundation for this now highly

efficacious treatment modality [16].

‘When talking about resorption of large molecules, one must first define

large molecules. In general, large molecules have a molecular weight exceeding

10.000 kilo Dalton and may include particles and bacteria in the micrometer

range. It is well known that particles of this size are digested by acid and

enzymes in the gastrointestinal tract. This breakdown results in smaller mole-

cules such as amino acids, sugars, and fats. It is less well known that large

molecules can also be absorbed directly through the lymphatic system and the

latter mechanism may lead to direct absorption of very large particles such as

pollen, latex, seeds, and various bacteria, all of which have not undergone enzy-

matic predigestion’ [26].

Resorption of Particles

As early as 1844 Herbst [13] described resorption of undigested large par-

ticles directly through the intestinal lymphatic system and ductus thoracicus

into the bloodstream. These experiments were undertaken in dogs and later val-

idated by Österlen (1846), Eberhard (1851), Martels (1854) and Voigt (1911) as

well as Verzàrh (1928) [33].

The first line of immune response to a potential allergen is at the site of con-

tact with a mucous membrane and both inhaled and ingested allergens usually lead

to some level of direct manifestations on the respective mucous membrane.

Accordingly, attempts to influence the immune response directly at the level of the

mucous membrane had been made long before the exact mechanisms of the clin-

ical manifestations (such as rash, colitis, bronchitis) were understood. Darkin [8]

reported in 1829 that Native Americans successfully prevented the severe der-

matitis associated with poison ivy exposure by chewing small amounts of this

plant on a regular basis. This may indeed be the first clinical description of oral

immunotherapy. Reports of desensitization to food allergens were published in the

medical literature before the turn of the century and Curtis [7] first reported a

similar success with inhaled allergens causing hay fever in 1900. Until 1930, when

Fisher [10] first described resorption of yeast, a living organism, from the gas-

trointestinal tract of dogs, all reports had been on inert particles.

In 1960, Volkheimer [31] elegantly demonstrated resorption of starch from

the human gastrointestinal tract and its appearance in blood and urine as early as

30–60 min after ingestion reaching peak concentrations after approximately 2 h.
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Fig. 1. Picture of two spores of

Lycopodium clavatum by electron micro-

scopy. �1,700 [14].

Fig. 2. Lycopodium spore 90 min after

oral application seen in the bloodstream.

�1,700 [14].

Fig. 3. Lycopodium spore 180 min

after oral application in the bloodstream.

�1,700 [14].

Volkheimer further demonstrated resorption of particles as large as 65 �m

(polyvinyl chloride) and initially referred to this process as ‘persorption’.

The initial process of antigen resorption has thus been relatively well

understood for almost a century; however, the metabolic and/or immunological

fate of large particles is a topic of more recent studies and the metabolic break-

down of Lycopodium spores and pollen of cultivated ryegrass only a few hours

following resorption was first reported in 1974 [14]. Figures 1–3 illustrate the

degradation process of Lycopodium spores.

Resorption of Proteins

It is commonly assumed that proteins undergo enzymatic digestion in the

gastrointestinal tract and thus do not enter the bloodstream as physiologically
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Fig. 4. Individual reactions of the bronchial system measured by body plethysmogra-

phy in 4 patients given the same amount of allergen extract (0.5 ml Botrytis cinerea) [15].

functioning units [16]. This barrier function of the gastrointestinal tract serves

to limit presentation of proteins as antigens, but Voit and Bauer [30] demon-

strated as early as 1869 that this protective mechanism can be overcome by

simply presenting a very large amount of substrate. It took over a 100 years to

realize that his observations were not just an artificially induced oddity, but

carry substantial clinical significance. Intestinal absorption of immunoglobu-

lins by newborn calves, a process critical to the survival of newborn mammals,

was demonstrated by Balfour and Comline [2] in 1959. This seminal study was

later complimented by others demonstrating resorption of intact enzymes.

Seifert et al. [24] showed in 1974 that an enzyme contained in pineapples

(bromelain) appears in the bloodstream completely intact after oral ingestion.

Karl Hansen [11] must be credited with being the first investigator to have

systematically investigated resorption of allergens from the gastrointestinal

tract using a modified Prausnitz-Kuestner method [22]. Antibody-containing

serum of a patient suffering from milk, fish or egg white allergy is injected

subcutaneously into the forearm of the study subjects. The allergen is then

presented directly to the gastrointestinal mucosa via a duodenal tube. A hive

can be observed at the site of the subcutaneous injection as early as 3 min after

presenting the antigen. This scientifically rigorously designed experiment

provides proof of concept for resorption and hematogenous spread of biologi-

cally intact allergens from the duodenum [12].

Unfortunately, the potential danger of transmitting blood-borne pathogens

(human immunodeficiency virus, hepatitis viruses) associated with the injection



of patient serum into a study subject has prevented the use of this technique in

more recent times. However, we were able to demonstrate quantitative dose-

response curves during oral immunotherapy with pollen allergens using body

plethysmographic (Rt) measures of airway obstruction to assess the degree of

immune response as figures 4 and 5 show [15].

Most studies have investigated resorption of allergens from the small

intestine, whereas little is known about resorption of allergens or other

proteins from the large intestine. The large intestine is mainly recognized as

the site of resorption of free water, electrolytes, and water-soluble vitamins.

However, resorption of streptokinase after rectal application as well as

resorption of human albumin from the large intestine have been described

[1, 17, 25].

The advent of oral/sublingual immunotherapy has redirected interest

towards resorption of allergens from the oral mucosa. The resorption of small

nonprotein molecules such as ethanol and nitro preparations from the oral

mucosa is well known and the latter is arguably one of the most frequently

used pharmacological interventions in clinical medicine. However,

Passalacqua (fig. 6) was the first to demonstrate resorption of allergens from

the oral and nasal mucosa. Parietaria antigen marked with radioactive iodine
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Fig. 5. Reactions of the bronchial system measured by body plethysmography in
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was resorbed and appeared in the bloodstream even if remaining in the oral

cavity for only 2 min [20].

Oral, sublingual, and nasal application of allergens results in resorption at

slightly different rates but peak plasma concentrations are similar with all three

applications at 2 h. This difference in early resorption likely has little if any sig-

nificance in the clinical efficacy of immunotherapy. It is of note that these

experiments were undertaken in healthy subjects and it is unknown whether

there are similar resorption patterns for allergens in a sensitized patient [21].

Current clinical practice allows swallowing of the allergen solution that has not

been resorbed early after sublingual application. Lastly, while of great concern

to many, life-threatening complications or anaphylactic reactions have not been

reported with oral/sublingual immunotherapy [4, 20].

A review of several standard text books over the past decades reveals a

great variety in the assessment of oral immunotherapy ranging from a de facto

description of it as clinical practice [5, 27, 28], critical review [6, 27], to rejec-

tion [23, 29], or, at worst, a failure to mention it at all [19, 32]. Despite early

and conclusive scientific evidence promising success, oral immunotherapy

remained a pariah of clinical allergology for a long time. The reader may use

this historical review to decide for themselves if and at what time sufficient

clinical evidence was available to give our patients broad access to what has

only recently become the unequivocal standard of care in the treatment of many

allergic diseases.
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Abstract
Specific immunotherapy performed by noninjectable (oral, nasal or oromucosal)

routes was mostly developed in the last 20 years with the main aim to avoid side effects that

occasionally occur in the course of injectable immunotherapy. Although evidence of its clin-

ical efficacy has been provided some pharmacokinetics aspects are still to be elucidated. In

this review we discuss experimental findings of mucosal processing, biodistribution in

healthy or allergic humans of 123I-labelled major allergen of Parietaria judaica (the most

important cause of seasonal allergy in the Mediterranean area) administered by sublingual or

nasal routes. The results available to date show that most allergen administered by mucosal

route is absorbed via the gastrointestinal tract; however, a proportion is retained at the

mucosal level for a relatively long time. These data are potentially useful to improve

immunotherapy treatment protocols by noninjectable routes.

Copyright © 2003 S. Karger AG, Basel

The efficacy of allergen-specific immunotherapy has been largely demon-

strated during the last decades, although its action on the immunoregulatory

mechanism has been partially elucidated only in recent years [1–7]. The possibil-

ity of administering allergen preparations by noninjectable routes has been pro-

posed in the first decades of the 20th century [8, 9]; however, studies concerning

noninjectable routes have been developed only over the last 20 years [5, 10–20],



with the main aim being to minimize the possibility of severe side effects, which,

although only occasionally, have been observed during the course of allergen-

specific immunotherapy through injection [21–23].

An allergen preparation has been administered via direct ingestion (oral

route) or by so-called ‘mucosal’ routes: nasal, sublingual or oromucosal. This

implies that some local effects or local absorption were expected. As a matter of

fact, a demonstration of the clinical efficacy of mucosal allergen immunother-

apy has been provided, and some hypotheses about its mechanism of action have

been formulated [15–19, 24–32].

However, many points have to be clarified: namely, the mechanism(s)

whereby mucosal transit or retention of allergen preparation may exert local or

even systemic effects. In fact, these mechanisms are expected to be different

depending upon different fate/processing of allergen in contact with different

mucosal tissues and their local immune system.

Allergen Handling at the Mucosal Level

Mucosal surfaces are regularly exposed to a wide variety of antigens,

including allergens. As a rule, exogenous antigens (and in particular allergens)

are expected to be handled by the mucosal immune system in order to clear, at

least in part, antigenic challenges before transmucosal absorption and/or to

minimize harmful reactions to the organism [33, 34].

As far as specifically allergens are concerned, contact with gastrointestinal or

respiratory mucosa appears to deeply modify the systemic response to allergen in

experimental animals. In particular IgE response can be reduced or prevented

[35–38]. The exact mechanism of such oral ‘tolerance’ is far from clarified; how-

ever, the role of antigen processing and presentation, specifically by dendritic

cells, is probably critical [24, 33, 39]. Moreover, systemic changes in immunolo-

gical reactivity to allergen after sublingual treatment were demonstrated in allergic

patients [28], although clear evidence of a T cell shift from Th2 to Th1 response is

still lacking [32]. In addition some effects on sublingual immunotherapy on adhe-

sion molecule expression and eosinophil activation have been reported [30, 31]. As

far as nasal administration is concerned, a number of data from both animal

models and human studies suggest an effect on local immunological phenomena.

Specifically, transmucosal absorption has been observed in experimental

animals [40–42]; moreover, the mucosal permeability to macromolecules was

reported to be higher in allergic than in normal subjects [42, 43]. In allergic pat-

ients, intranasal administration of allergen extracts seems to exert its effect mainly

on local clinical manifestations and local immunological response [18]. Thus,

local administration of allergen may evoke a ‘benign’ systemic immunological

Bagnasco/Morbelli/Altrinetti/Falagiani/Mariani/Passalacqua 34



reaction, or, on the other hand, exert its immunological action locally. The former

mainly pertains to the sublingual, the second to the intranasal route.

However, although such a perspective has a well-defined theoretical basis

and is supported by experimental evidence, no experimental data have been

available until the last few years about the fate of allergens administered locally

for immunotherapy in humans, and specifically about local retention/persis-

tence, transmucosal passage, and systemic absorption.

Studies with Radiolabelled Allergen in Healthy Humans

Knowledge of the pharmacokinetics of allergen preparation when locally

administered is crucial to understand the mechanism of action of local

immunotherapy better and eventually to optimize administration protocols.

Data from animal models are scanty and not easily applicable to humans

[40–42]. In the late 1990s an experimental approach has been developed to

investigate allergen biodistribution in humans [44]: it involves the use of a puri-

fied radiolabelled allergen preparation that is administered by different routes

to human volunteers. Scintigraphic imaging was used to follow allergen local-

ization and transit as well as analysis of biological fluid radioactivity.

Such studies have been performed with the major allergen of Parietaria
judaica, Par j 1. P. judaica pollen is one of the most widely diffuse allergen in

the Mediterranean area. Par j 1 is a glycoprotein of 12.5 kD molecular weight

with 2 tyrosine residues; HPLC-purified preparations were used for labelling

with radioactive iodine. The radioactive isotope 123I was chosen due to its favor-

able emission characteristics; its 139-keV gamma radiation peak is optimal for

external detection by the �-camera. The absence of �-radiation emission and

the short half-life (13.2 h) allow minimal exposure when administered in vivo

with an absorbed total body radiation dose/experiment of approximately 1/30

of a standard chest x-ray film (administered radioactivity 37/56 MBq 123I). For

radiolabelling, the iodo-gene method was used, resulting in a radioactive prepa-

ration of adequate specific activity (about 3.7 MBq/�g), with little physical

damage of the native molecule and stability to deiodination over several days

(as demonstrated in parallel experiments of radiolabelling with 125I, half-life

60 days).
123I-labelled Par j 1 was given to normal volunteers, either sublingually, or

orally (direct swallowing of the antigen) or intranasally. The administration

schedules and protocols of scintigraphic acquisition and blood sampling are

summarized in figure 1. For the sublingual route the dose was delivered in

0.1–0.2 ml under the tongue by a micropipette, then the subject was asked not

to move or swallow for 30 min; during this time, a dynamic scintigraphy 
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(1 frame/min) was performed of the mouth region. This protocol was chosen to

maximize the time of contact with sublingual mucosa.

Other subjects received the allergen sublingually as above, but were asked

to spit it into a container provided for this purpose 3 min later; then a new

scintigraphic acquisition was started (sublingual-spit protocol) [45]. When the

oral route was used, the radiolabelled allergen was administered in 50 ml water

and immediately swallowed. For the intranasal route, the dose was sprayed into

a nostril by means of a buffer, exactly as for the nasal therapeutic administra-

tion, a nasal grip was immediately applied and a scintigraphic acquisition was

performed over 30 min. In all cases (see fig. 1) blood samples were drawn for

plasma radioactivity counting and plasma chromatography, and static scinti-

graphic acquisitions were performed at different times (up to 48 h).

In order to minimize thyroid uptake of free radioactive iodine derived from

radiolabelled allergen deiodination, saturated potassium iodide solution was

given to the subjects in the 5 days before the study followed by potassium per-

chlorate for 2 days, starting from the day of the study.

Biodistribution of Radiolabelled Allergen by Sublingual Route

Early scintigraphic imaging during sublingual retention of the radioaller-

gen clearly showed no change in the radioactive content of the mouth before
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swallowing. This was confirmed by the analysis of plasma radioactivity; in fact,

plasma radioactivity was at background levels before swallowing and rapidly

increased thereafter (see representative experiment of fig. 2).

After swallowing rapid visualization of the esophagus and stomach was

obtained, as in all gastrointestinal transit studies with a radioactive bolus.

The small intestine appeared a few minutes after the stomach; then renal excre-

tion and visualization of the urinary bladder took place within about 3 h, as

shown by static scintigraphic studies. In the control subjects who immediately

swallowed the radioactive allergen, rapid distribution of radioactivity in the

gastrointestinal tract was apparent, superimposable to what was observed for the

sublingual route after swallowing: plasma radioactivity counts, accordingly,

strictly paralleled those recorded for the sublingual route after swallowing.

Interestingly, after sublingual, but not oral administration of radiolabelled

allergen, a significant amount of radioactivity (about 2% of the administered dose)

persisted at the level of the mouth for up to 20 h, even after extensive mouth rins-

ing, as shown by late scintigraphic acquisition; in control experiments where free
123I was administered, radioactivity disappeared quickly from the sublingual region.

In subjects where the sublingual/spit schedule was applied, radioactivity

recovered in the spat saliva accounted for 30% or less of the administered dose;

the remaining radioactivity persisted within the mouth, the gastrointestinal tract

was visualized, and plasma radioactivity rose immediately after swallowing, as

in the sublingual-swallow protocol. This indicates that rapid distribution of the

allergen on oral mucosa occurs following sublingual administration and that the

spitting procedure does not substantially affect allergen biodistribution [45].
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From these data, a direct absorption of allergen from oral mucosa is

apparent; the majority of the radiolabelled allergen is swallowed and

processed/absorbed in the gastrointestinal tract. It is likely that the systemic

immunological effects observed in previous studies are in most part due to gas-

trointestinal absorption. As mentioned above, even in sublingual-spit protocols

the majority of radiolabelled allergen is transported to the gastrointestinal tract.

For the same reasons, the risk of too rapid sublingual allergen absorption does

not appear to have an experimental basis. On the other hand, it may be hypoth-

esized that retention of a fraction of the administered allergen within the oral

mucosa plays a role in the mechanism of action of sublingual immunotherapy,

possibly via handling by the local immune system; in fact, processing of admin-

istered allergen by dendritic cells of oral mucosa and presentation to T cells

have been shown in experimental models [24, 46].

Biodistribution of Radiolabelled Allergen by Intranasal Route

After radiolabelled allergen inhalation, dynamic scintigraphy showed that

a remarkable fraction of radioactivity moved from the nose towards the upper

pharynx, probably by mucociliary clearance, was gradually swallowed. The

esophagus was visualized, followed by the stomach and gastrointestinal tract (as

for oral administration); consistently, plasma radioactivity gradually increased

over time starting during the first few minutes. No specific radioactivity accu-

mulation was observed at any time at the level of the bronchial tree. It is worth

noting, as observed for sublingual administration, that a persistence of radioal-

lergen at the level of nasal mucosa was observed for as long as 40 h. The

retained radioactivity was relatively high (about 10% of the administered dose).

Also in this case, control experiments with free 123I inhalation did not result in

long-term local radioactivity persistence.

As already observed for sublingual administration, even in this case both

local retention and systemic absorption of allergen by intestinal tract are likely

to occur, the locally retained fraction being higher. Notably the lack of bronchial

deposition of radiolabelled Par j 1 seems to minimize the risk of asthma attacks

due to undesired bronchial exposure, as previously discussed [5].

Processing of Locally Administered Allergen

Extensive fragmentation of the allergic extracts has been demonstrated to

occur in the duodenum [46, 47], whereas some data suggest partial degradation

due to saliva (using the RAST inhibition method) [47]. We evaluated the gel 

Bagnasco/Morbelli/Altrinetti/Falagiani/Mariani/Passalacqua 38



filtration radioactivity profile of saliva after sublingual administration of radio-

labelled Par j 1; 0.2 ml of saliva was withdrawn by micropipette from the mouth.

The radioactivity profile obtained showed a major peak in the molecular weight

region of native allergen, only small fractions of radioactivity being localized

in the low molecular weight fractions (fragments, free iodine), as occurs for

freshly radiolabelled allergen. Thus, extensive fragmentation of Par j 1 does not

seem to occur sublingually [44].

Plasma radioactivity was shown to reach a peak at about 2 h following

allergen administration by either the sublingual or intranasal route. Plasma

radioactivity gel filtration at 1 and 2 h showed a quite different profile with

respect to native allergen, in that only a small fraction of radioactivity was

present in the molecular weight region of the intact molecule, whereas the

majority was in the low molecular weight region (small peptides and free

iodine). This is consistent with extensive deiodination and fragmentation of

radiolabelled allergen within the stomach and intestine.

That part of radioactivity in the low molecular weight region which is

represented by small molecular fragments, and not only by free iodine, has been

demonstrated by ion exchange chromatography; moreover, control individuals

assuming free 123I by the sublingual as well as the intranasal route showed a far

different plasma radioactivity profile with faster disappearance following the

absorption peak. Altogether the available data suggest that the allergen mole-

cule substantially maintains its physical properties during the first mucosal

contact, but undergoes extensive degradation within the gastrointestinal tract.

Biodistribution of Radiolabelled Allergen in Allergic Individuals

The above-mentioned results concerning Par j 1 biodistribution were

obtained in normal volunteers [44, 45]. In other experiments [48, 49] radio-

labelled Par j 1 was administered to volunteers allergic to P. judaica by the

sublingual or intranasal route. For the sublingual route the preparation was

administered in tablets, as in a normal course of immunotherapy; the tablets

were kept in the mouth until dissolved, then they were swallowed.

In these experimental conditions too, similar results were obtained; no

transmucosal passage of the tracer to the bloodstream before swallowing, as

well as local persistence for hours after administration were observed.

Accordingly, plasma radioactivity profile and radioactivity gel filtration profile

at its peak were similar to the former set of experiments. Preliminary studies

were also performed in subjects with allergic rhinitis due to P. judaica pollen,

receiving radiolabelled Par j 1 intranasally. At variance with what is shown in

normal individuals, the disappearance rate of radioactivity from the nasal

Allergen Kinetics 39



region was much faster, and accordingly an earlier peak of plasma radioactiv-

ity (1 h) was observed. Moreover, no local long-term persistence of radioactiv-

ity at the nasal level was apparent. These data may be consistent with a faster

transit of allergen to the upper pharynx and esophagus, but also with local

transmucosal absorption.

These data, although preliminary, suggest that local allergic inflammation

may affect the biodistribution and fate of the administered allergen, in particu-

lar by reducing its local persistence.

Chemical Modification of Allergen: Effect on Biodistribution

Chemically modified allergen (allergoids) are frequently used for

immunotherapy. We have comparatively evaluated the biodistribution of native

radiolabelled Par j 1 and the corresponding monomeric carbamylated allergoid

(monoid) [48].

The results obtained showed no substantial difference in the local kinetics

between the two radiolabelled preparations. However, plasma radioactivity profiles

showed a significantly higher absorption peak for allergoid: the plasma gel chro-

matography profile of radioactivity at 2 h constantly showed a well defined,

although small, peak in the molecular weight region of intact native allergoid.

Thus, chemical modification of allergen preparation may somehow affect its

biodistribution, and part of the protein can be absorbed through the gastroin-

testinal tract with little or no degradation. An increased resistance of the allergoid

to gastrointestinal degradation possibly due to substitution of the majority of NH2

residues, resulting in reduced sensitivity to enzymatic hydrolysis, could explain

the higher absorption of allergoid with respect to allergen.

This fact may have a role in the therapeutic action of the allergoid; it is

worth noting that the chemical modification does not affect the ability of the

allergoid to elicit a specific antibody response against the native allergen [50].

Conclusions

The studies of allergen pharmacokinetics using 123I-labelled allergen prepa-

ration proved to be a unique tool to obtain biodistribution data in humans. The

information obtained has provided insight about the mechanism of allergen

absorption in humans. Different to what was observed in animal studies [40–42],

rapid direct sublingual passage to the blood is not apparent. However, local reten-

tion is observed with possible involvement of the local immune system. Nasal

mucosal persistence is even more consistent. Anyway, systemic absorption of
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extensively processed allergen occurs with both sublingual and intranasal routes,

and systemic effects of immunotherapy are probably mainly related to this fact.

Local allergic inflammation may significantly influence the persistence

and/or transmucosal absorption of the allergen, and this may have implications

for concomitant pharmacological treatments. Finally, chemical modification

of allergen may influence its biodistribution. Nevertheless, it should be noted

that the short physical half-life of 123I may make it possible to underestimate

the local persistence of radiolabelled allergen, in that scintigraphic evaluation

is hardly possible some time (more than 48 h) after tracer administration.

Moreover, the chromatographic analysis of plasma radioactivity performed to

date does not provide information about the chemical nature or biological

activity of allergen fragments.

Perspectives

It is important to note that the data available deal with a single purified

allergen (Par j 1) and its chemically modified counterpart. The first aim of

future allergen biodistribution research will be to investigate other major pollen

or perennial allergens with different chemical and physical properties, to draw

more general conclusions. In addition, a more detailed analysis of physical and

biological properties of peptide fractions resulting from processing of locally

administered allergen (as radioactivity HPLC chromatography and/or RAST

inhibition studies) on fractions will be required.

All these experimental data, in addition to contributing to a better under-

standing of the mechanisms of action of local allergen immunotherapy, may

make it possible to better devise treatment protocols and allergen/allergoid

preparations for therapeutic use.
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Abstract
Clinical practice shows that a number of important measures are required to reach

a high efficacy of sublingual immunotherapy. These measures include a specific and exact

diagnosis of allergy, a high and reliable compliance of the patient, detailed guidance and

explanation by the physician, and a strict monitoring of clinical symptoms and possible side

effects. The complex inflammatory situation of the allergic patient, especially concerning the

conjunctival, nasal and bronchial mucosa as well as eczema, should be explored in detail and

treated with anti-inflammatory medication. After having reviewed the international literature

combined with personal practical experience, we interpret and suggest that noninflammatory

circumstances increase the chances of success of immunotherapies in allergy; nonetheless,

several of these interpretations have not yet been confirmed by clinical studies.

Copyright © 2003 S. Karger AG, Basel

Introduction

This chapter is based on experimental data in combination with experience

in clinical practice. Some of the clinical observations and recommendations

mentioned have not yet been published. They should be understood as prelimi-

nary, and confirmation by clinical studies is desirable.

Various specific antigens induce clinical symptoms in allergic patients by

triggering an IgE-dependent immune response. Air-borne allergens are very



often implicated in the pathogenesis of acute attacks of allergic rhinitis, asthma,

conjunctivitis or atopic eczema. They derive mostly from mite excrements,

animal proteins from saliva or skin exfoliation, or are seasonal allergens such

as pollen or fungi spores.

We suggest that allergic manifestations, which appear as asthma

bronchiale and allergic rhinitis and thereby within the same joint airway system,

should be regarded as one single disease [1–3].

The longer a perennial or seasonal allergy exists, the more chronic mucosa

disorders arise, which, in slight cases, can be improved or almost normalized

with a short-term medication treatment. In more serious cases, for example

following a chronic allergic asthma bronchiale, almost irreversible damage of

the airways (airway remodelling) develops, which requires treatment with

inhalative corticoids for several years in combination with a causal therapy, as

far as it may still be promising.

Necessity of Anti-Inflammatory Treatment before and 
during Sublingual Immunotherapy

The classical IgE-mediated allergic type I reaction is accompanied during

the early phase by a mast cell and basophil degranulation and the delivery of

preformed or newly synthesized mediators, such as histamine, prostaglandins,

leukotrienes, cytokines and others, which provoke the typical symptoms of

mucosa swelling, itching, watery secretions, mucosa edema and erythema.

During the late phase, chemotactic factors, including prostaglandins,

leukotrienes and interleukins, lead to an inflammation induced by eosinophils

and their factors, which causes long-lasting destructive inflammatory processes

of the nasal and bronchial mucosa.

The supplementary presence of viruses, bacteria, air pollutants or micropar-

ticles can further trigger or support such inflammation. Cytotoxic mediators

of the late phase of inflammation are additionally responsible for disorders of

the mucociliary transport system, epithelial damage and dysfunction of the

immunological mucosa defense against viruses and bacteria.

Interleukin-dependent proteins, mostly derived from eosinophils, such as

eosinophil cationic protein (ECP) or major basic protein (MBP), play a major

role in the upregulation of intercellular adhesion molecules (especially ICAM-1

and ICAM-2, members of the immunoglobulin superfamily) a few minutes

following contact with an inflammation-inducing allergen. The increased

ICAM-1 expression is detectable on the nasal as well as the bronchial mucosa.

Adhesion molecules are important receptors for rhinoviruses, which might

be the reason why after very slight exposure of allergic patients to allergens,
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without notable symptoms, an increased number of virus infections emerge and

up to 50% of allergic asthma attacks are correlated with virus infections [5–7].

We suggest that diseases coexisting with allergy, such as conjunctivitis,

asthma or atopic eczema, require a simultaneous anti-inflammatory therapy

during an outbreak, because active allergic inflammation processes inhibit the

induction of tolerance. It might be expected that during an acute or latent

allergic inflammation, a local or subcutaneous allergen application leads to a

stimulation of this inflammation, but not to tolerance [8].

In atopic eczema, during a state of no tolerance, small quantities of aller-

gens are able to induce T cell activation leading to the activation of an atopic

skin manifestation, and also to the induction of allergic mucosa reactions,

either immediately or with a delay of several days. Exogenous aeroallergens

are absorbed by antigen-presenting cells located in the skin or mucosa and are

presented to T cells, which secrete a Th2-favored interleukin profile leading to

IgE production. Stimulated T cells returning to skin areas, stimulated

Langerhans cells and other dendritic cells of the skin as well as monocytes,

eosinophils, basophils and mast cells, which express the high-affinity IgE

receptor, are involved in the generation of local inflammation. Allergens, which

are absorbed via IgE and the high-affinity IgE receptor, induce a far stronger 

T cell activation than those which are natively internalized by antigen-presenting

cells [9].

Therefore, we emphasize the necessity to forcefully downregulate all

allergic inflammation processes before commencing immunotherapy and to

continue with such treatment until tolerance towards the allergen has been

acquired. Clinical experience very clearly demonstrates that patients receiving

anti-inflammatory therapy during both subcutaneous or sublingual

immunotherapy (SLIT) have a rapid and stable amelioration of their chronic

and relapsing symptoms.

Chemical irritants, for example chlorified water in swimming pools, may

lead to chronic nasal congestion during allergic rhinitis in combination with

obstruction of the sinuses followed by a secondary bacterial infection or to

mucosal edema, which can induce local disorders of oxygenation and

headaches [10]. The consequent respiration through the mouth often leads to

bronchial obstruction because of a frequently coexisting unspecific bronchial

hyperreactivity. Therefore, such irritants should be avoided.

In summary, different results of the therapy may depend not only upon

different grading and the previous duration of the allergic disease, but also upon

the intercurrent diseases or less evident allergic skin or mucosa inflammation

mentioned. Its easy application and few side effects frequently seem to lead to

an insufficient monitoring of SLIT patients, where the opposite would be

appropriate.
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Options for Symptomatic Adjuvant Therapies

Clinical analyses confirmed that topic glucocorticoids as well as most 

H1 antihistamines, especially of the 3rd generation, are able to inhibit the upreg-

ulation of ICAM-1 on epithelial cells during early and late phases of allergic

inflammation [11, 12].

Intranasal or inhalation glucocorticoid therapy reduces the expression of

Th2-related interleukins and increases IFN-� as well as the corresponding

receptors [13].

Since histamine is the main mediator of the allergic inflammation during

both early and late phases, it is necessary to apply modern selective H1 block-

ers (for example, ebastine, loratidine or cetirizine) in a parallel way to SLIT.

This eliminates minimal persistent inflammation. It becomes evident on the cel-

lular level and can be assessed by the presence of cellular inflammation medi-

ators, interleukins and epithelial expression of adhesion molecules, but without

clinical symptoms of allergy [14, 15].

Such adjuvant therapy should be performed for several months after grass

or tree pollen exposure and perennially for mite allergy patients; nevertheless,

clinical symptoms disappear after mattress and pillow encasing measures. It

should be initiated before immunotherapy as well as be continued during

immunotherapy, when therapy-related side effects or allergy-related symptoms

appear or virus infections of the respiratory tract occur [16, 17].

The adjuvant application of leukotriene antagonists (for example, zafir-

lukast or montelukast) should be considered especially when allergy persists for

several years or when the patient’s allergen spectrum is wide. In our experience,

a pretreatment of 1–2 months before starting immunotherapy gave positive

results.

In case of an obstruction of the nasal airways, the swelling should 

first be reduced and then the patient should apply the anti-inflammatory 

medication to ensure its necessary distribution over the complete mucosa.

Antihistamines in addition to oral therapy may also be applied locally,

intranasally or conjunctivally. The combination of all three substance groups

(H1 antihistamines, topic glucocorticoids and antileukotrienes) as a pre-

treatment as well as a symptomatic treatment during immunotherapy

increases the chances of success of hyposensitization in our experience

[unpubl. data].

Skin manifestations of accompanying atopic eczema require a parallel

local anti-inflammatory therapy, specifically with topic corticoids, anti-itching

preparations and various fatty ointments. In the future, tacrolimus and pime-

crolimus preparations might play a special role because they are able to substi-

tute the application of corticoids [18].



Application Methods of SLIT

The most frequently recommended method of applying SLIT is to put it

under the tongue and keep it there for 1–2 min and then to swallow it.

Since multiple sensitizations are more frequent than monoallergies, a clear

therapeutic strategy concerning a combined immunotherapy is required. It

should be analyzed whether different allergens should be applied in one single

preparation or separately at different times. In our practice, a longer stay of

combined solutions on the mucosa of 3–5 min seems to give promising results.

Beside the quality of allergen solutions and their standardization (�g

major allergen/ml), dosage and intervals of application are of great importance,

but clinical analyses are still lacking. Based on international experience and

several studies, ARIA 2001 recommended a 50- to 100-fold higher dosage 

for sublingual plus swallow application than for subcutaneous immunotherapy

[4, 19–26].

Thus far, only preliminary analyses have been available concerning

allergen dosage-dependent mucosal binding and absorption in combination

with clinical and immunological efficacy. Bagnasco et al. [27] demonstrated

that only 2% of the applied dose were bound to the oral mucosa and remain

there for up to 20 h. The results were similar after spitting out or swallowing

the preparation. In the stomach and intestines, the marked allergens were frag-

mented into small peptides and free iodine, while saliva did not induce frag-

mentation of the major allergen Parietaria judaica. After only 10 min of

exposure to gastric acid, allergens lose 90% of their allergenicity [28].

Peptides underlie an MHCI and MHCII presentation through the mucosa-

associated lymph system of the intestine and are able to stimulate CD8 and

CD4 T cells [29]. To discover to what extent they may function as allergens and

to estimate the quantity and therapeutic effects of absorbed peptides, further

studies will be necessary. To reduce the fragmentation of allergens in the gas-

trointestinal tract, we recommend applying SLIT after a small meal, which

reduces gastric acidity. More than 200 of our patients successfully follow these

recommendations.

5 of our patients applied SLIT before brushing their teeth or rinsing their

mouth for a duration of 2 years. The symptom scores of these patients con-

cerning their birch and grass pollen allergies were obviously worse than in

those patients, who avoided any oral procedures for 90 min after SLIT. We

observed a special increase of clinical efficacy, when patients applied SLIT in

the evening before sleeping [unpubl. data; our observations]. In this way, a con-

tinuous oral mucosal resorption overnight is ensured as well as a lower gastric

pepsinogen productivity and acid-induced degradation. Therefore, we suggest

that, when two allergens are applied intermittently, the one, whose season is

Zwacka/Markert 48



coming up next, should be given in the evening. Although there are no studies

available, we recommend applying up to three different allergen solutions sep-

arately at three different time points during the day, whereas four allergen solu-

tions should be combined into two groups with an increased single dose.

In our experiments, we appeared to be unsuccessful in treating only some

of the allergies of a polysensitized patient during 1 year and the remaining ones

during the following year. The increased susceptibility for new sensitizations

induced by preexisting allergies also indicates exacerbating interaction of coex-

isting sensitizations [30, 31]. Therefore, we assume that inflammatory reactions

of nontreated allergies also influence the state of the treated allergy and impair

the success of the treatment. We suggest treating all allergies simultaneously,

and in severe cases, there should be a parallel application of both SLIT and

subcutaneous immunotherapy.

Side Effects of SLIT

Before starting any immunotherapy, the physician should consider the ade-

quate therapy taking into account all the individual circumstances of the patient

and advise the patient about the possible success and risks as well as alternative

therapies. Although being low, the risk of severe side effects with subcutaneous

immunotherapy is much higher than with SLIT and in contrast to the sub-

cutaneous application, no lethal anaphylactic event has been observed with

SLIT worldwide. Nevertheless, even with subcutaneous therapy, lethal cases

are extremely rare and, especially since allergen standardization is at present

much better than it was several years ago, its safety has increased significantly.

With SLIT, patients usually only complained about local oral reactions, which

were generally described as itching, burning or numbness. Such symptoms

were observed in randomized placebo-controlled studies in children as well

as in adults [22, 32–34]. Moreover, an isolated or accompanying oral allergy

syndrome does not represent a contraindication for SLIT [35].

The most severe side effects, which may occur during SLIT, consist of the

allergic symptoms themselves such as allergic rhinitis, asthma attacks or atopic

eczema [31]. Anaphylactic reactions are not expected, because allergens do not

penetrate the mucosa in an unlimited way, thus entering blood vessels, as is

possible after injections.

The physician can obtain a reliable impression of a patient’s tendency to

develop side effects before starting SLIT by applying 5 drops of the initial dose

in the clinic and observing the patient for 30 min.

Following a long period of SLIT application without side effects or during

the application of the maintenance dose, the probability that new side effects
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appear decreases continuously [31]. In some cases, parents complain about the

sudden manifestation of such new symptoms, mostly swellings of the tongue or

of the cheek mucosa, which persist for 20–30 min. In many cases the reason

are mucosal injuries, including necroses induced by teeth braces, carious

teeth combined with injuries by the tongue due to continuous manipulation or

aphthous stomatitis. Anti-inflammatory mouth washes are able to quickly

ameliorate such situations and to eliminate the side effects [our unpubl.

observations].

In summary, after evaluation of personal experience together with pub-

lished data, we recommend that inflammatory processes before and during

immunotherapies should be reduced to increase the chances of success of the

therapy and to reduce side effects.
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Abstract
Sublingual immunotherapy (SLIT) was developed to improve the safety of specific

immunotherapy; however, its effectiveness is still subject to discussion although the balance

sheet for SLIT is improving. In SLIT laboratory parameters and objective measures of aller-

gen reactivity are nonuniform even in studies showing clinical effectiveness, thus subjective

symptom scores remain the principal end points. For allergic rhinitis an expert panel collabo-

rating with the WHO recently proposed that SLIT was a viable alternative for injectable

immunotherapy (SIT) since a multitude of double-blind placebo-controlled studies had proved

the effectiveness of SLIT. Unfortunately, there are only a small number of studies comparing

effectiveness of SLIT directly with subcutaneous SIT. These studies demonstrated comparable

effectiveness of both therapies. According to the data so far SLIT can be recommended for

the therapy of allergic rhinitis in adults and children refusing injectable therapy. For the treat-

ment of allergic asthma both positive and disappointing results have been published.

Effectiveness in preventing the onset of allergic asthma in patients with allergic rhinitis has

been demonstrated for SIT, while for SLIT this question cannot yet be answered.

Copyright © 2003 S. Karger AG, Basel

Introduction

Sublingual immunotherapy (SLIT) was developed and introduced with the

aim to be safer than conventional specific immunotherapy (SIT); this has been

demonstrated in two studies [1, 2]. Allergologists are confronted with an
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increasing number of patients asking for this therapy since the advantages of

SLIT for the patient are obvious (no injections, few time-consuming consul-

tations) representing an enormous gain of living quality. In this situation the

practising allergologist has to decide whether SLIT is a viable alternative for an

individual patient. This review of published data concerning the efficacy of

SLIT in grass pollen allergy should give a basis for a scientifically founded

recommendation.

As recently stated by the WHO position paper and other consensus papers

[3–5] SLIT may be a viable alternative to injectable SIT in patients with aller-

gic rhinoconjunctivitis. The efficacy of SLIT was demonstrated in a multitude

of double-blind placebo-controlled studies. However, there are still questions

open to discussion. Is SLIT as effective as subcutaneous SIT? Unfortunately

there are only a limited number of studies comparing the efficacy of SLIT

directly with injectable SIT [6–9]. These studies will be subject to a closer sur-

vey. Is SLIT as effective in allergic asthma as in allergic rhinoconjunctivitis?

Effectiveness of SLIT in allergic asthma still has to be shown [10]. Furthermore,

the preventive effect of SLIT should be looked at. This article will present and

discuss the data available concerning effectiveness of SLIT in grass pollen

allergy.

Parameters to Control Effectiveness

To determine effectiveness of SLIT various parameters were measured.

Most often clinical symptom and medication scores or combinations of the

two were used as parameters of effectiveness. In grass pollen allergy allergen

challenges were rarely performed in controlled studies; only one study per-

formed a nasal provocation test [11] and one other study performed peak nasal

inspiratory flow measurement, a titrated skin prick test, and a conjunctival

provocation test [12]. In these studies no significant reduction of allergen reac-

tivity to grass pollen was detected compared with placebo treatment.

Immunological changes were investigated in five studies [6, 11–15]. According

to the Th2/Th1-swift theory immunotherapy should effect an immunological

change shown as a marked decrease of the allergen-specific IgE/IgG4 ratio.

However, only in three out of five studies a significant decrease of the IgE/IgG4

ratio was demonstrated and even in these publications no correlation with clin-

ical improvement was found (investigated in two studies [11, 14]). One study

investigated immunological changes during SLIT with grass pollen without the

assessment of clinical parameters [16]. The SLIT-spit method was performed

for 1 year with a cumulative allergen dose of approximately 80 �g of major

allergen. A significant increase of specific IgG and IgG4 antibodies was found.
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However, the IgE/IgG4 ratio did not change and Th1/Th2 T cell clones, estab-

lished from the peripheral blood of the patients, did not change during SLIT.

The lymphoproliferative response of T cells showed a significant decrease in

reactivity to grass pollen extract (p � 0.001). In two studies directly comparing

SLIT with injectable SIT a statistically significant increase of allergen-specific

IgG and IgG4 was demonstrated only for injectable SIT but not for SLIT [6, 8].

Since even in subcutaneous SIT no individual correlations between immuno-

logical changes and clinical effectiveness exist, changes of immunological

parameters may be an indicator for immunological reactivity but not for clini-

cal effectiveness. Therefore, to prove clinical efficacy immunological parame-

ters are of limited use and clinical parameters such as symptom and medication

scores must be studied.

Allergic Rhinoconjunctivitis

Efficacy of SLIT in allergic rhinoconjunctivitis due to grass pollen has

been assessed in many controlled studies [6, 11–15, 17, 18] shown in table 1.

The study designs included studies with preseasonal as well as with coseasonal

treatment. The number of studied patients ranged from 20 to 136. All but two

studies surveyed adults. The study design was double-blind in all except two

studies [12, 13]. All of these studies reported clinical benefits shown by a

significant reduction of symptom or medication scores. In the open study of

Gozalo et al. [12] patients were treated preseasonally for 6 months with two

thirds of patients in the verum group and one third of patients in the control

group. No coseasonal therapy was administered, reaching a cumulative allergen

dose of 250 biological units (BU). Symptom and medication scores were

assessed for a period of 12 weeks during the pollen season. Comparison of

the symptom scores during the first year showed no significant differences;

however, consumption of drugs – principally of nasoocular drugs – was signif-

icantly higher in the control group (p � 0.05). The open study of Feliziani et al.

[13] used a so-called ‘rush’ SLIT regimen reaching the maintenance dose after

30 increasing steps taking the drops twice daily only on 3 days a week under

clinical supervision in a hospital. The drops had to be spat out. Maintenance

therapy consisted of an application of 10 BU of grass pollen mix sublingually

at home only 3 times a week. The difference in scores between the verum and

placebo group showed a significant reduction of symptom scores (p � 0.01)

and medication scores (p � 0.001). The study with the highest number of

patients (n � 136) was published by Clavel et al. [14]. A high-dose SLIT was

performed from January to the end of July with a high cumulative allergen dose

of 2.6 mg timothy pollen major allergen Phl p 5. During a 14-week period
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Table 1. Efficacy of SLIT in grass pollen allergy

Author Patient No. Duration Clinical scores Medical Challenge IgE/IgG4 

of rhinitis score ratio

Sabbah et al. [17] 58 17 weeks p � 0.05 p � 0.01 n.d. n.d.

Quirino et al. [6] 20 12 months p � 0.002 p � 0.002 n.d. n.s.

Feliziani et al. [13] 20 2 years p � 0.01 p � 0.001 n.d. n.s.

(open study!)

Feliziani et al. [18] 34 one season p � 0.01 p � 0.002 n.d. n.d.

Clavel et al. [14] 136 7 months n.s. p � 0.01 n.d. p � 0.001

Gozalo et al. [12] 54 12 months n.s. p � 0.05 n.s. n.s.

Hordijk et al. [15] 57 10 months p � 0.03 n.s. n.d. p � 0.002

Pradalier et al. [19] 126 5 months n.s. n.s. n.d. n.d.

Wessner et al. [11] 32 24 months n.s. p � 0.017 n.s. p � 0.05

n.d. � Not done; n.s. � not significant.

during the pollen season the medication score was significantly lower in the

verum group (p � 0.02) compared with the placebo group while the total score

of rhinitis and conjunctivitis did not differ significantly between the groups.

Another double-blind, placebo-controlled study was performed in the

Netherlands [15] with 57 patients over a period of 10 months (January to

November). The allergen dose was increased during a 3-week period followed

by a twice weekly maintenance dosage of 9,500 BU. Symptom scores were sig-

nificantly lower in the verum group (p � 0.03) while the medication score was

similar in both groups. Sabbah et al. [17] studied 58 patients during a 17-week

controlled trial in patients with rhinoconjunctivitis due to grass pollen. They

found a significant reduction of symptom (p � 0.01) and medication scores 

(p � 0.01) in the verum group. In 1995 a double-blind study was published by

Feliziani et al. [18] using almost the same treatment schedule except an increase

of the top allergen dose of 100% (100 BU/ml). For evaluation of symptom and

medication scores only 1 month with the highest grass pollen counts was

analyzed. They found a significant reduction of rhinoconjunctivitis symptoms

(p � 0.01) and a highly significant reduction of drug consumption for

rhinoconjunctivitis symptoms (p � 0.002). One study used tablets for the

application of SLIT; this French multicenter study [19] was performed with 

126 patients including 17 children (aged 7–15 years). Allergen application of 

SLIT consisted of a 15-day progression with drops followed by a once daily

administration of a single tablet. The cumulative allergen dose was 0.935 mg of

Phl p 5. Assessing the symptom scores no significant reduction of rhinitis

symptoms (sneezing, rhinorrhea, nasal itching, nasal obstruction) was found



but an improvement of ocular symptoms (p � 0.05). The medication score

showed no significant difference between the two groups while the use of inhaled

salbutamol was significantly lower in the actively treated group (p � 0.01). 

In our own study [11] symptom scores and medication scores were analyzed in

25 patients, finding a significantly lower medication score (p � 0.017) with an

insignificant reduction of symptom scores while a significant global benefit

of the verum therapy was demonstrated (p � 0.029). However, objective mea-

surement with the nasal provocation test revealed no significant improvement

of allergen tolerance.

Corresponding to most published studies of SLIT with other allergens

SLIT with grass pollen demonstrated a fairly consistent benefit as regards

symptom or medication scores. Objective measures of allergen reactivity do not

generally change. SLIT appears to work in adults as well as in children and

seems to be safe. According to the data available SLIT is safer than subcuta-

neous SIT [1, 2]. However, severe side effects are possible [2].

Efficacy of SLIT versus Subcutaneous SIT

To prove the effectiveness of SLIT placebo-controlled studies are vital.

Having demonstrated efficacy, a comparison of SLIT with injectable SIT is

crucial for the practising allergologist. Four studies compared SLIT with sub-

cutaneous SIT. All four studies demonstrated comparable efficacy of SLIT with

injectable SIT. The double-dummy, double-blind study by Quirino et al. [6]

compared SLIT versus injectable SIT in grass pollen-allergic patients (n � 20).

Therapies were performed for 12 months, with a 2.4-fold higher cumulative

allergen dose in SLIT compared with subcutaneous SIT. They found that sub-

lingual and injectable therapy were equally effective according to subjective

clinical parameters. A highly significant decrease of symptom scores was found

(p � 0.002 in SLIT and injectable SIT) as well as in medication scores 

(p � 0.0039 in injectable SIT and p � 0.002 in SLIT). There is no control

group receiving placebo only. Placebo was used for the double-dummy design

only. Therefore, the influence of seasonal grass pollen variations cannot be esti-

mated. The recent double-dummy, double-blind, controlled study by Khinchi 

et al. [7] investigated the efficacy and safety of SLIT swallow and injectable

SIT with birch pollen allergen. The cumulative dose of Bet v 1 was about 210

times higher in SLIT compared with injectable SIT (14,760 vs. 70 �g).

Compared with placebo both therapies showed a significantly reduced total

score of rhinoconjunctivitis, conjunctivitis, rhinitis and medication intake

during the pollen season of the first treatment year. They found no significant

difference in symptom and medication scores between the two groups.
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However, in the second year due to low pollen counts no significant differences

were found between SLIT, injectable SIT, and placebo treatment. Therefore, for

judgement of efficacy in such studies pollen counts are inevitable. The open

study by Bernardis et al. [8] compared SLIT with injectable SIT in Alternaria
tenuis-allergic patients (n � 23). An improvement of clinical symptoms was

found with both therapies and specific nasal provocation had a statistically sig-

nificant difference in favor of SLIT. A Swiss study [9] investigated the efficacy

of SLIT versus subcutaneous SIT to pollen allergens after 3 years of treatment

in 375 patients (aged 18–60 years) with tree and/or grass pollen allergy. 

A yearly postseasonal evaluation of symptom and drug consumption was done.

After 3 years, there were neither statistical differences in the efficacy between

the two treatment groups nor in the number of adverse reactions; however, the

latter were significantly less severe in the SLIT group. Since only one of these

double-dummy studies had a placebo-controlled study design [7] more conclu-

sive data are necessary before SLIT can be recommended for routine treatment

instead of injectable SIT.

Cumulative Allergen Dose

Controversy still remains with respect to the dose of SLIT. The optimal

therapeutic target dose has still not been fully characterized. It has been demon-

strated that antigen concentrations can modulate interleukin-4 production by

CD4� T cells, finding lower IL-4 production [20] and increased INF-�
production [21] after high-dose antigen stimulation of allergen-specific human

T cell clones. According to these in-vitro results application of high allergen

doses in SLIT seems to be recommended. After application of the allergen by

the sublingual route about 2% of the dose persist up to 20 h in the oral cavity

according to the findings of Bagnasco et al. [22] who studied the pharmacoki-

netic of 123I-radiolabelled Parietaria judaica major allergen. This finding may

add weight to the hypothesis that allergen can gain access to dendritic cells

(Langerhans cells) within the sublingual mucosa. When only about 2% of

applied allergen can interact with dendritic cells of the oral mucosa this might

indicate that for the initiation of immunomodulation high doses of allergen are

necessary in SLIT. Actual guidelines [3–5] demand a high-dose therapy in

SLIT. According to a WHO position paper [3] the cumulative allergen dose

should be up to 20 times higher compared with injectable SIT. In contrast to this

recommendation doses at least 50–100 times higher than those used for subcu-

taneous immunotherapy should be used in SLIT according to the pocket guide

of the ARIA expert panel published in 2001. These apparent contradictions

might be due to the fact that different commercially available solutions of

Wessner/Rakoski/Ring 58



injectable SIT preparations show great differences in the amount of allergen.

Therefore, it is desirable that the cumulative allergen dose for SLIT will be

defined as standardized in micrograms of major allergen instead of a variety of

ratios comparing the allergen doses in SLIT with antigen doses in various sub-

cutaneous SIT preparations. Furthermore, in contrast to these recommendations

of 20- to 100-fold higher allergen doses a comparable efficacy of SLIT with

injectable SIT was demonstrated in the double-blind, double-dummy study by

Quirino et al. [6] using SLIT with only 2.4-fold greater doses compared with

those in injectable therapy. These findings are in good agreement with the

results of Bernardis et al. [8] who studied the effectiveness of SLIT versus

injectable SIT using only 4-fold greater cumulative allergen doses in SLIT

compared with subcutaneous SIT.

Allergic Asthma

Studies investigating effectiveness of SLIT in grass pollen-induced allergic

asthma reported a clinical improvement [12, 14, 18]. In all these publications

patients with allergic rhinoconjunctivitis were studied with a certain number of

patients suffering from allergic asthma. The number of studied patients with

asthmatic symptoms was therefore small and sometimes the exact proportion of

patients with asthma was indistinct [18]. In the latter study a significant differ-

ence for asthmatic symptoms (p � 0.026) and drug consumption for asthmatic

symptoms (p � 0.049) was found when analyzing 1 month with the highest

grass pollen count. Also the study of Gozalo et al. [12] found lower scores of

respiratory symptoms (34.0 vs. 45.9) and bronchial medication (3.5 vs. 7.6) in

the verum group. Significance, however, was only calculated for the overall

drug consumption finding a significant improvement, while overall symptom

scores showed no significant improvement. Clavel et al. [14] found in the SLIT

group only 1 out of 10 patients with previous asthma symptoms suffering from

an asthma attack compared to 8 out of 16 patients in the placebo group 

(p � 0.02) at the peak of the pollen season. However, the number of studied

patients with asthma was small (n � 26) compared with the number of patients

included (n � 136). The consumption of betamethasone was not studied for

asthma patients only. They found an overall significant difference compared

with placebo treatment (p � 0.05) in favor of SLIT. Unfortunately none of these

studies with grass pollen allergens performed bronchial allergen challenge.

SLIT studies focusing more on effectiveness in allergic asthma were done

with house dust mites [23–27]. Three of these studies reported a significant

improvement of clinical symptoms [24, 26, 27] while one study failed to

disclose any statistical significant improvement of asthma symptom scores and
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treatment scores after 11 and 25 months [25]. Except in one study [28]

bronchial allergen challenge showed no significant improvement [25–27]. Also

there are still not enough data available to estimate the potential of SLIT to

prevent the onset of asthmatic symptoms in patients suffering from allergic

rhinoconjunctivitis, while this has already been demonstrated for subcutaneous

SIT [29]. Therefore, more and larger controlled clinical trials with SLIT in

allergic asthma are useful, although there seem to be no theoretical reasons to

doubt its potential [30].
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Abstract
Desensitization via the sublingual route when treating mite allergy is a new technique

in immunotherapy that has aroused the interest of an increasing number of allergists.

Assessing its effectiveness is difficult because of the multiplicity of the criteria used by the

various published studies to determine what constitutes an improvement. But a critical analy-

sis of the results obtained in the various methodologically rigorous studies suggests that

treatment is effective when compared to a placebo. It remains, however, necessary to deter-

mine whether or not the sublingual route is superior to the subcutaneous route; its ease of use

and harmlessness should not be the only criteria when deciding upon a treatment that above

all else should be curative.
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Desensitization, or specific immunotherapy, fascinates and will continue

to fascinate allergologists, particularly since every day, fundamental immuno-

logical data produce new and convincing arguments as to the usefulness of this

treatment in the early management of allergic conditions [1]. However, the

route by which this desensitization is administered is still under study, and it is

sometimes difficult to obtain a clear view of the true efficacy of different

methods. We shall therefore try to make as objective an assessment as possible,

and start by emphasizing the difficulties encountered in assessing the efficacy

of these treatments because of the complexity of allergic diseases. After a brief

discussion of the different studies concerned, we shall focus only on those done
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in a double-blind fashion versus placebo and discuss their results and findings

which may be of value in everyday practice.

A Few Thoughts on the Notion of the Efficacy of 
Specific Sublingual Desensitization in Mite Allergy

What Do Allergologists Consider to Be an Effective Treatment?
What Are the Expected Benefits?

At present, no definition exists of what an effective treatment must

achieve, and even less of what constitutes effective specific immunotherapy,

which probably helps to explain the problems encountered in demonstrating

treatment efficacy and how easy it is to criticize clinical studies, which are

thus always imperfect or open to improvement. This can be explained by the

fact that ideas on disease evolve, with therapeutic objectives changing as our

fund of knowledge increases. Thus, for example, although lowering blood

pressure values may in the past have seemed a good criterion for the efficacy

of antihypertensive therapy, new treatments are now expected to prevent stroke

as well! The drop in blood pressure, therefore, only constitutes an intermedi-

ate criterion, and the reduction of stroke has become the principal end point.

What is the situation regarding specific immunotherapy, and particularly the

treatment of mite allergy? The problem is complicated from the start by the

multiplicity of symptoms possible with this condition, such as conjunctivitis,

rhinitis, or asthma. It is, therefore, necessary to fix the target for efficacy: the

disappearance of mite allergy, i.e. all symptoms caused by exposure to this

allergen? Or just an improvement in one or more aspects of this allergy, with

a reduction in symptom and/or medication scores in the pathology considered?

A change in the atopic terrain with a reduction in the number of subsequent

sensitizations necessary? A further clinical improvement by comparison with

the treatments normally prescribed in line with consensus recommendations in

asthma and rhinitis? Or mainly a change of the biological parameters of

allergy, indicative of an immune process (IgE and IgG), which in principle

should be beneficial?

With What Should Sublingual Desensitization Be Compared?

Having thus chosen one or preferably several criteria to judge efficacy, it

is also necessary to discuss the element which will serve as a reference to

assess this efficacy. All studies compare desensitization with a placebo: this

is evidently necessary to demonstrate that the treatment has a true, immuno-

logical action, but should the best efficacy end point not be a comparison with

the elimination of the allergen? Indeed, elimination is the first measure



recommended when managing an allergic disorder, and the only one which

can definitively cure a patient if it is correctly applied [2]. By taking no

account of this elimination, studies versus placebo are then limited to consid-

ering desensitization as a means of allowing the patient to tolerate a ‘normal’

dose of mites in his or her environment: the efficacy end point is then no

longer an improvement but an absence of reaction to more or less high con-

centrations of mites in the environment. However, after specific immunother-

apy, even if there is no improvement on a daily basis, the demonstrated

absence of allergic ‘crises’ in the presence of a higher concentration of mites

should be considered as a therapeutic success!

The most simple method should above all consist in comparing sublin-

gual desensitization with subcutaneous desensitization only, taking into

account that the latter has widely proved its efficacy. However, the fact that

this efficacy is not recognized by everyone further complicates studies, as not

only is it necessary to demonstrate the efficacy or lack of it of desensitization

to mites via the sublingual route, but it is also necessary to demonstrate the

principle itself of desensitization, using the administration via the sublingual

route.

What Is an Effective Treatment for the Patient?
Immunotherapy is designed for a specific patient; it is therefore useful to

approach the problem from his or her point of view. However, the demands of

patients differ considerably depending on their age and symptoms, and their

efficacy criteria may diverge markedly from those of the physician; this may

explain the apparent contradictions in studies between objective criteria

improved by desensitization and subjective criteria which remain unchanged.

Who should we believe? The patient? Who has not had to struggle with an

allergic patient in a clinic demanding his injection of sustained-release

triamcinolone to relieve incapacitating allergy, because no other treatment

provides as much relief? We must therefore be sure that the patient has

clearly understood the aims of the treatment and the significance of the param-

eters chosen to assess its value. Another criteria is safety: an effective

treatment must also be safe, or in other words, the harm it may cause must be

much less than that resulting from the natural course of the disease under

treatment.

As a result, all studies must be discussed, as none alone can answer all

these questions and meet all the objectives. We shall therefore review all the

studies published concerning sublingual desensitization to mites, and discuss

the contribution each has made to answering questions on the efficacy or its

absence of this treatment in the management of patients allergic to these

organisms.
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Analytical Review of Different Studies

Methodology
We only focused on studies complying with WHO (World Health

Organization) [3] standards, i.e. performed double-blind versus placebo, using

only the sublingual route with mite extracts.

For each study we specified the type of clinical study performed, the

number of patients included, the duration of the study, its criteria for their

inclusion, the methods employed to study the mite content of the environment

when it was carried out (table 1), the therapeutic agents employed and the type

of maintenance dose (table 2), the criteria chosen to assess the efficacy of

sublingual desensitization, the results and adverse effects observed (table 3).

Study Conducted by Tari et al. [4]
This double-blind, placebo-controlled study included 58 children aged

between 5 and 12 years: 30 received sublingual desensitization and 28 a

placebo for 18 months. The criteria for inclusion were rhinitis and asthma hav-

ing progressed for at least 3 years. The criteria used to assess efficacy were

based on the results of skin tests, symptom and medication scores, nasal inspi-

ratory peak flow, nasal challenge test, nonspecific methacholine bronchial chal-

lenge test, assay of IgG (G1 and G4) specific to mites and the levels of T cells

CD4 and CD8.

Results. There was a significant reduction (p � 0.01) in the diameter

of papulae in the treated group, with an improvement in the nasal peak flow

(p � 0.05), in the specific nasal challenge test (p � 0.01), and in specific and

nonspecific bronchial challenge tests. The symptom score was also improved in

the treated group regarding rhinitis and asthma, particularly at the end of the

study (p � 0.001), but not regarding conjunctival symptoms. More than half of

the patients in the treated group also had a 20% or more reduction in the con-

sumption of medication (no statistical calculation). In the treated group there

was a significant elevation of specific IgG levels, with an IgG4/IgG1 ratio �1.

Finally, there was a significant rise in CD8 levels in the treated group, together

with a significant reduction in the CD4/CD8 ratio.

Study by Hirsch et al. [5]
This was a double-blind study versus placebo lasting 1 year, and including

30 children aged between 6 and 16 years, 15 in the treated group and 15 receiv-

ing a placebo. The criteria for inclusion were mild to moderate asthma and/or

allergic rhinitis caused by mites (8 asthmatics, 8 cases of rhinitis and 14 cases

involving both). The criteria used to assess efficacy were the outcome of skin
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Table 1. Details of immunotherapy used in the different studies

Tari et al. [4]
Aqueous extract of mites (Neo Abello), 500 STU � 5 BU/ml; 100 BU � 75 mm2 of area

when prick test in allergics; maintenance: 15 drops of 500 STU 3 times a week; 

cumulative doses: no data; content of major allergens: no data 

Hirsch et al. [5]
Purified whole mite body extract in 50% aqueous glycerol (Allergopharma); maintenance:

7 drops on 3 days per week; 1 drop � 0.535 �g Der p 1; cumulative dose: Der p 1 in 

12 months: 570 �g

Passalacqua et al. [6]
Monomeric allergoid DP � DF (Lofarma); maintenance: 2,000 AU twice weekly 

Bousquet et al. [7]
Standardized extract of 50% DP � 50% DF (Stallergènes); 1 ml of 100 IR � 8 �g DP �
14 �g DF; maintenance: 20 drops of 300 IR/ml every day for 4 weeks and then 3 days per

week for 24 months; cumulative doses: 104,000 IR � 4.2 mg DP � 7.3 mg DF

Mungan et al. [8]
Sublingual immunotherapy

Standardized extract of 50% DP � 50% DF (Stallergènes); maintenance: 20 drops of

100 IR/ml every day for 1 month, then 20 drops 2 days a week; cumulative doses:

11,316 IR in the 1st year; content of major allergens: no data

Subcutaneous immunotherapy

Calcium phosphate allergenic extract (Stallergènes); maintenance: 0.15–0.75 ml of

10 IR/ml at 2 weeks’ intervals for 3–6 months and then at 4 weeks’ intervals; cumulative

doses: 131 IR; content of major allergens: no data

Guez et al. [9]
Standardized extract of 50% DP � 50% DF (Stallergènes); maintenance: 20 drops of

300 IR/ml every day for 4 weeks and then 3 days per week for 24 months; 1 ml of 

300 IR � 4.8 �g DP � 3.7 �g DF; cumulative doses in 24 months: 90,000 IR � 2.2 mg 

DP � 1.7 mg DF

Pajno et al. [10]
Standardized mite extracts Der p 1 � Der p 2; maintenance dose: 5 drops of 10 BU/ml 

3 times a week for 2 years; 10 BU/ml � 4 �g Der p 1 � 2 �g Der p 2; cumulative doses: 

no data

Bahçeciler et al. [11]
Standardized extract of 50% DP � 50% DF (Stallergènes); maintenance: 20 drops of

100 IR/ml every day for 4 weeks and then 2 days per week for 4 months; 1 ml of 

100 IR � 8 �g DP � 14 �g DF; cumulative doses in 6 months: 7,000 IR � 0.56 mg 

DP � 0.98 mg DF

STU � Standard treatment unit; BU � biological unit; IR � index of reactivity.
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Table 2. Determination of allergen exposure in the different studies

Determination Method Modification throughout 

(yes/no) the study (yes/no)

Tari et al. [4] yes guanine –

Hirsch et al. [5] yes ELISA no

Passalacqua et al. [6] – – –

Bousquet et al. [7] yes Acarex test yes (concentration decreased 

significantly in both groups)

Mungan et al. [8] – – –

Guez et al. [9] yes Acarex test yes (concentration decreased 

significantly in active and 

placebo groups)

Pajno et al. [10] yes immunoassay –

Bahçeciler et al. [11] – – –

– � No data.

Table 3. Tolerance of therapy in the different studies

Tari et al. [4]
In the active group: 3 urticaria, 8 mild asthma, 3 severe asthma, 8 severe nasal symptoms,

6 severe eye symptoms, 4 diarrhea 

Hirsch et al. [5]
One severe obstruction in a patient with asthma; 5 local swellings of the tongue (4 treated,

1 on placebo)

Passalacqua et al. [6]
One oral itching in the active group, 1 rhinitis and 1 oral itching in the placebo group

Bousquet et al. [7]
Adverse events in 15 of the 42 patients in the active group and in 14 of the 43 patients on

placebo

Mungan et al. [8]
Sublingually active group: 1 buccal pruritis, 1 nausea

Subcutaneous group: 2 local reactions, 1 mild bronchospam

Guez et al. [9]
Two local adverse reactions (mouth itching and burning) in the active group; 1 asthma and

1 episode of rhinosinusitis in the placebo group

Pajno et al. [10]
Tiredness in 4 patients in the active group and in 1 patient on placebo; 1 swelling of mouth

and 1 itching of mouth in the active group

Bahçeciler et al. [11]
No local or systemic side effects
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tests and the nasal challenge test, and in asthmatics a histamine bronchial

challenge test, the assay of specific and total IgE, specific IgG4 levels, symp-

tom and medication scores and a subjective assessment of treatment by patients

and physicians.

Results. Eight treated patients and 10 on placebo completed the course of

treatment. In 4 treated patients and 3 on placebo, 11 doses were not taken. One

treated patient and 1 placebo patient took too many drops at the beginning of

the treatment, 1 placebo patient discontinued treatment after 6 weeks and 

2 treated patients needed to reduce their maintenance treatment because of 

the onset of adverse events.

In both groups, a significant improvement could be noted between the

beginning and the end of the study, but there was no difference between the

treated and placebo groups with regard to skin tests, drug, nasal and bronchial

scores, or bronchial challenge test results. In the active group, levels of specific

IgE versus mites (Dermatophagoides pteronyssinus/Dermatophagoides farinae;

DP/DF) were significantly higher than in the placebo group. Treated asthmatic

patients saw a greater reduction in symptoms than asthmatics receiving the

placebo. However, patients with rhinitis on placebo experienced an improve-

ment in their nasal sensitivity, which was more marked than in the active group

(nasal challenge test).

Study by Passalacqua et al. [6]
This was a double-blind, placebo-controlled study of sublingual desensiti-

zation in 20 patients, 19 of whom completed the study protocol. The criterion for

inclusion was moderate rhinitis-conjunctivitis having progressed for 2 years.

There were 9 patients in the placebo group, including 3 smokers, and 10 in the

active group, including 4 smokers. Finally, 6 patients also suffered from moder-

ate, intermittent asthma without long-term corticosteroid therapy. The mean ages

were 25 years in the active group and 27 years in the placebo group. Efficacy

criteria were the daily nasal and conjunctival symptom scores, a conjunctival

challenge test (study of early reaction) and a study of intercellular adhesion

molecule 1 (ICAM-1) expression, together with the assay of eosinophil cationic

protein (ECP) and soluble myeloperoxidase.

Results. In both groups, a seasonal variation in symptoms was observed,

which worsened in winter. The treated group experienced fewer allergic symp-

toms than the placebo group (p � 0.0002), with a significant reduction in

neutrophil infiltration at the baseline (p � 0.002) and during the challenge test

(p � 0.004), as well as in eosinophil infiltration (p � 0.001). The ICAM-1

expression was also reduced. ECP levels diminished significantly in the treated

group when compared with the placebo group at the 12th (p � 0.01) and
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24th month (p � 0.04). Finally, there was a significant reduction in myeloper-

oxidase levels in the treated group (p � 0.05).

Study by Bousquet et al. [7]
This was a multicenter, double-blind study versus placebo in 85 patients

aged from 7 to 42 years, with 42 patients in the active group and 43 in the

placebo group; the mean ages in the two groups were 21 and 22 years, respec-

tively, with an even distribution of males and females. The criteria for inclusion

were mild to moderate asthma for at least 2 years, excluding patients sensitized

to moulds and animal allergens. Associated rhinitis was present in 43% of the

active group and 40% of the placebo group. The criteria for efficacy were daily

symptom scores with measurement of the peak expiratory flow, the medication

score, the outcome of skin tests for mites and other pneumoallergens, a metha-

choline bronchial challenge test and a quality of life score.

Results. Eighty-five patients were included, 20 were lost to follow-up dur-

ing the first 6 months (lack of cooperation in the case of 5 in the active group

and 4 in the placebo group, lack of efficacy in 1 placebo patient, adverse effects

in 5 treated patients and 4 placebo patients). Thus 65 patients completed the

study, 32 in the active group and 33 in the placebo group. Although there was

no difference between the two groups during the 1st year, at 24 months efficacy

based on a global assessment by patients and physicians was better in the

treated group than in the placebo group (p � 0.07). Detailed analysis showed

that for rhinitis, there were significant differences between the two groups after

11 months (p � 0.02) and 19 months (p � 0.04). The treated group saw a sig-

nificant reduction in symptoms in comparison with the beginning of treatment

(p � 0.006). There was a significant decrease in the medication score after

25 months of treatment. As for asthma, the peak flow rate saw a significant

improvement in the treated group in the morning (p � 0.005) and the evening

(p � 0.02), with a significant improvement in the forced expiratory volume in

1 s (FEV) and vital capacity in the treated group after 24 months, when com-

pared with the placebo group. Mite concentrations diminished identically and

significantly in both groups after 11 and 25 months of treatment. At the end of

the treatment period, there was a significant difference between the groups in

terms of IgE DP (p � 0.05), IgE DF (p � 0.02) and IgG4 (p � 0.001) regard-

ing DP and DF. There was no difference between the two groups with respect

to the bronchial challenge test, but it seems there was an improvement in the

treated group while there was no change in the placebo group. As for quality of

life, after 25 months of treatment, the highest scores in the treated group

concerned mental well-being (p � 0.07), the general perception of well-being

(p � 0.01) and physical pain (p � 0.02). There was also a significant differ-

ence with respect to social relations in favor of the treated group.



Study by Mungan et al. [8]
This was a study comparing both sublingual and subcutaneous desensiti-

zation versus placebo in rhinitis and asthma in 36 patients (7 men and 29

women), with 15 patients in the sublingual group, 10 in the subcutaneous group

and 11 in the placebo group. The duration of the study was 1 year. The criteria

for inclusion were asthma or rhinitis having progressed for at least 3 years, with

a FEV �70%. The criteria for efficacy were the symptom and drug diaries, a

reduction in inhaled corticosteroids assessed every 3 months, a methacholine

bronchial challenge test, an assay of total IgE, specific IgE and IgG4 and the

results of skin tests.

Results. All patients completed the study. There was a significant reduc-

tion at 6 months and 1 year in symptom scores concerning rhinitis in the sub-

lingual group (p � 0.01) and in the subcutaneous group (p � 0.05). As for

asthma, the subcutaneous group had a higher symptom score than the sublin-

gual group before the study started (p � 0.049). However, there was a signifi-

cant reduction at 6 months and 1 year in the subcutaneous group (p � 0.01) 

but not in the sublingual group. There was no difference in the placebo group.

The sensitivity of skin tests was reduced in the subcutaneous group at 1 year 

(p � 0.05), but there were no changes in the placebo and sublingual groups.

There were no changes in any of the groups with respect to levels of specific

IgE. As for IgG4, there was a significant increase at 12 months in the sublin-

gual group, and at 6 months and 1 year in the subcutaneous group. Levels in the

subcutaneous group were significantly higher (p � 0.05) than in the sublingual

group at 6 months and 1 year. There were no modifications in any of the groups

regarding the results of bronchial challenge tests.

Study by Guez et al. [9]
This study involved 75 patients, 36 in the active group and 36 in the

placebo group; 3 patients were excluded because of insufficient data. The mean

age of patients was 25 years. The study was conducted double-blind versus

placebo for 2 years. The criterion for inclusion was rhinitis with or without

asthma. The efficacy criteria were skin tests, a diary kept daily of symptoms

and treatments, the assessment of nasal symptoms only, assessment of rhinitis

using a visual analog scale by the patient and by the doctor, and assay of spe-

cific IgE and specific IgG4 versus mites.

Results. Many more patients withdrew from the study in the placebo

group than in the treated group (p � 0.01): 21.6 versus 39.5% in the untreated

group. Levels of IgE were 18.8 KUI/L in the active group versus 31 in the placebo

group, which thus contained more allergic patients. After 24 months of treat-

ment, there was a reduction in the number of patients with scores of 2 and 3 on

the Acarex test, with a significant rise in the number of patients scoring 1.
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A significant reduction was seen in nasal symptoms in both groups 

(p � 0.05) after 12 months of treatment, and no difference could be seen

between the treated and the placebo groups. After 24 months, symptoms had

diminished to the same extent in both groups. Nor was there any difference

in the global assessments made by doctors. The total medication score fell

significantly in both groups between the beginning and the end of the study,

but there was no difference between the active and placebo groups. There

were no changes to skin test results. IgE levels rose significantly after 12

months of treatment in the active group (p � 0.05) but not in the placebo

group, and then decreased after 24 months of treatment. There was no dif-

ference between the two groups in terms of the evolution of specific IgG4

levels.

Study by Pajno et al. [10]
This was a double-blind study versus placebo conducted in 24 children

aged between 8 and 15 years, with 12 patients in the active group and 12 in the

placebo group. The study duration was 2 years, after a preinclusion period of 

1 year. At the end of the study, 12 patients remained in the active group and 

9 in the placebo group. The criteria for inclusion were mild to moderate asthma

with PC20 � 2 mg/ml and sensitization solely to mites. The efficacy criteria

were the results of skin tests for mites and other pneumoallergens, drug and

symptom scores using an analog scale to quantify the severity of symptoms, the

assay of specific IgE and IgG4 levels at 12 and 24 months.

Results. There was a significant reduction in the medication score in both

groups during the 1st year, with a significant reduction during the 2nd year in

the treated group when compared with the placebo group (p � 0.0066). Signifi-

cantly less medication was taken by patients in the treated group (p � 0.0019),

the greater reduction being seen during the 1st year (p � 0.0001). Asthma

attacks were seen in both groups during the 1st year of treatment with more

attacks in the treated group (p � 0.02). There was a significant improvement in

both groups during the 2nd year, but this was more marked in the treated group

than in patients receiving the placebo (p � 0.0001). There was a significant

reduction in the number of nighttime awakenings in the treated group during

the 2nd year (p � 0.001) when compared with the 1st year, and a significant

reduction during the 2nd year when compared with the placebo group. Finally,

the analog scale had lower scores in the treated group (p � 0.0001).

There was no difference with respect to the assays of specific IgE and IgG.

Study by Bahçeciler et al. [11]
This was a double-blind, placebo-controlled study in children with asthma

or persistent rhinitis linked to mite allergy. Fifteen children were included: 7 girls
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and 8 boys with a mean age of 11 years, and they were studied for a period of 

6 months.

All patients were monosensitized with a persistence of symptoms despite

action to eliminate mites and treatment with inhaled corticosteroids. Patients

were included after an 8-week observation period which made it possible to

determine the lowest effective dose of budesonide, with the performance of

skin tests, lung function tests and a methacholine bronchial challenge test. The

efficacy criteria were the medication and symptom scores, global assessment of

the patient by the physician, skin tests and total IgE, lung function tests and the

methacholine bronchial challenge test.

Results. The results concerned 8 treated patients and 7 on placebo. It was

difficult to evaluate the symptom score: there were fewer asthma symptoms in

the desensitized group (p � 0.07), with an improvement in the daily asthma

score which was significant between the beginning and end of desensitization

treatment (p � 0.05). Patients in the treated group experienced fewer asthma

symptoms at the end of treatment, but the result was not significant. As for

asthma attacks, the desensitized group had fewer attacks than the placebo group

(p � 0.007). Regarding the medication score, there was a significant reduction

in the intake of �2-mimetics in the treated group (p � 0.028)

At the end of treatment, the mean daily dose of inhaled corticosteroid

necessary for the control of asthma was lower in the treated group (p � 0.06)

but the difference was not significant. An identical trend was seen with respect

to the intake of intranasal topical corticosteroids, although within the treated

group there was a difference between the beginning and the end of treatment

(p � 0.043). Within groups, there was a significant difference in the peak

expiratory flow in the placebo group between the beginning and end of the

study (p � 0.028), but no difference in the treated group. The peak flow value

in the placebo group was lower than in the active group (p � 0.049). There was

no difference with respect to bronchial hyperreactivity. Regarding total IgE and

skin tests, papule diameters at the end of the study had diminished in the treated

group when compared with the placebo group (p � 0.026). However, within

groups, there were no significant differences, even for total IgE levels.

Discussion

Desensitization against Mites via the Sublingual Route and 
Therapeutic Efficacy
Is Desensitization via the Sublingual Route More Effective than a Placebo?

A beneficial effect was observed with desensitization to mites via the sub-

lingual route in rhinitis and asthma, with six out of eight studies producing



positive results; there was, however, one negative study, where environmental

changes masked the effects of desensitization. As for allergic conjunctivitis

due to mites, one study was positive and another negative, the former being the

best-documented one on conjunctival allergic pathologies, with a reduction in

allergic inflammation in the treated group. Thus, overall, the results of the

studies were in favor of a beneficial action of specific desensitization via the

sublingual route, although we should remember first, the small number of

patients studied, and second, the differences (which were sometimes qualita-

tively and quantitatively minor) in the study parameters between the treated

and placebo groups. On the other hand, these studies were extremely rigorous

from a methodological point of view; numerous parameters were studied

which thus made possible a good analysis of the results and clear validation of

the conclusions concerning an improvement in patients following sublingual

desensitization.

Is Desensitization via the Sublingual Route More Effective than the

Efficient Elimination of Mites?

The sublingual desensitization versus the elimination of mites was not

studied, but some data provides an indirect response to this question. In two

studies, despite no recommendations having been given to the patients, a sig-

nificant reduction was seen in the levels of mites in their environment between

the beginning and the end of the study. In the study by Bousquet et al. [7], there

was nevertheless a greater improvement in rhinitis and asthma in the treated

group, while in the study by Guez et al. [9], there was no difference after 2 years

between the placebo group and patients treated with sublingual desensitization.

However, a larger number of patients discontinued the study in the placebo

group than in the treated group.

It, therefore, appeared that satisfactory elimination could significantly

improve patients, and also that this elimination was only achieved by patients

after several months of follow-up, as they gradually obtained information on

it, even if such advice was not given by the investigators. Finally, the asso-

ciation of elimination potentialized the results of the immunotherapy.

Is Sublingual Desensitization against Mites More Effective 

than Subcutaneous Desensitization?

Only one study considered this very important question, namely that con-

ducted by Mungan et al. [8]. Despite its small population, it appeared that in terms

of rhinitis, the two types of allergen administration were equally effective,

although this did not apply in the case of asthma, where classic subcutaneous

desensitization proved to be superior. However, the authors raised questions as

to the doses employed, which differed considerably and may have explained
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these differences. Thus in allergic rhinitis due to mites, the sublingual route was

as effective as the subcutaneous route. In asthma, the effective dose must be

established if the results are to equal those obtained with subcutaneous

immunotherapy.

Are There Any Criteria Which Predict Better Efficacy with Sublingual
Desensitization in Mite Allergy?
Does Age Influence the Results of Desensitization?

Four studies were performed in patients below the age of 18 years [4, 5, 10,

11] and three in adult patients [6, 8, 9], while one included patients both

younger and older than 18 years [7]. One study in children was negative as 

was one in adults. Age, therefore, had no influence on the results of desensiti-

zation, although in all cases the patients studied were either children or young

adults.

Does the Duration of Treatment Influence Results?

Greater efficacy was achieved with sublingual desensitization when it

lasted for more than 1 year, in the knowledge that a major placebo effect was

highlighted during the 1st year in two studies [7, 9]. However, there was no

objective criterion which limited this treatment to 2 years; on the contrary, sev-

eral studies produced positive results after 6 months of treatment.

Does the Type and Concentration of the Products Used 

Affect the Results?

It is very difficult to compare results between different studies, because the

treatment units and products employed were not the same. Despite this, it seems

that higher doses were more effective, without any relationship being seen

between dosage and adverse effects.

Disadvantages and Adverse Effects of Sublingual 
Desensitization in Mite Allergy
Were There Any Major Adverse Effects?

Except for one study [4] which reported 32 adverse events (!!), all studies

emphasized the benignity of the rare adverse effects observed. The reputed

safety of this desensitization method thus seems to be true, particularly if the

results of all published studies on sublingual desensitization were grouped

together, regardless of the allergen employed [12, 13].

Was Patient Compliance with the Treatment Satisfactory?

In the study by Hirsch et al. [5], 9 out of 30 patients made mistakes with

their dosage at the beginning of the treatment. In the study of Bousquet et al. [7],
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there was a high rate of withdrawal at the beginning of the study (20 patients out

of 85). In the study of Guez et al. [9], numerous withdrawals were also seen, par-

ticularly in the placebo group (39.5 vs. 21.68%), with 25 patients in the treated

group and 14 patients in the placebo group completing the study (initially, there

were 36 patients in each group). It, therefore, appears that compliance with the

treatment was easier for children than for adults.

Questions Not Answered Concerning Sublingual 
Desensitization in Mite Allergy
Does sublingual desensitization preclude subsequent sensitizations? Are

the benefits of desensitization sustained for a long time after its discontinua-

tion? Is a maximum duration of 24 months justified by objective arguments? As

yet, no study has provided an answer to these questions concerning sublingual

desensitization in mite allergy.

Conclusion

Desensitization to mites via the sublingual route offers a second opportu-

nity [3] for specific immunotherapy, which has widely proved its benefit via the

subcutaneous route, but often at the price of serious adverse effects. In this

respect, the sublingual route is indeed a treatment which only causes minor

adverse effects. So far, fewer studies have been published concerning its efficacy

than that of subcutaneous desensitization, but these studies are much more

rigorous from a methodological point of view. The findings of these studies seem

to confirm the efficacy of sublingual desensitization in mite allergy, when it is

associated with the efficient elimination of mites in the environment [14, 15].

However, assessments of these results differ, depending on the analytical criteria

applied. Thus, in Europe, allergologists seem to be in favor of prescribing this

sublingual method of desensitization first in patients allergic to mites, while in

the United States, sublingual desensitization only constitutes a useful alternative

when subcutaneous desensitization is not possible [16]. It is, therefore, neces-

sary to do studies, but in much larger populations of patients, so that we can

definitively confirm the efficacy of sublingual desensitization in patients aller-

gic to mites.
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Abstract
Sublingual immunotherapy (SLIT) is the local route of administration of allergen

extracts investigated in several controlled clinical trials. In a number of countries, partic-

ularly Italy, France and Spain, this has become common in office practice. At variance with

subcutaneous immunotherapy, the knowledge of mechanisms of action of SLIT is still at the

beginning: some studies, in animal models, provided interesting information: the dendritic

cells of oral mucosa act as efficient antigen-presenting cells and produce IL-12, which

directs the immune response towards a Th1 profile away from IgE-Th2 profile. Its clinical

efficacy (improvement of symptoms and reduction of drug intake) for both asthma and rhini-

tis has been assessed in detail for the most common allergens: house dust mites, grass pollen,

Parietaria, birch pollen and olive tree. SLIT requires further evaluation concerning the treat-

ment of the extrinsic form of atopic dermatitis. The induction of immunologic tolerance

rather than immunoreactivity should be worth pursuing due to the immunologic pathway

involved in the pathophysiology of atopic dermatitis. The safety profile of SLIT, derived

from the clinical trials and postmarketing surveillance studies, turned out to be satisfactory

in adults and children. SLIT represents an important step towards an efficacious and safe

treatment of patients with allergic respiratory diseases; nevertheless, further studies are

necessary to establish it as a viable alternative to subcutaneous immunotherapy.

Copyright © 2003 S. Karger AG, Basel

Introduction

The interest in the local routes of administration for immunotherapy (IT)

has rapidly increased, and a large number of clinical trials have been published



within the last few years. These routes have the primary aim of minimizing the

risk of adverse events and of improving patients’ acceptance of treatment [1].

In a number of countries, particularly Italy, France and Spain this has become

common in office practice, and there is also an increasing body of evidence

from academic studies to support the practice of local IT [1]. The rationale for

the use of local IT derives from the observation that activated T lymphocytes

are able to migrate from one mucosal site to another [2–4]. Furthermore,

asthmatic patients exhibit an ‘airway-like’ inflammation of various mucosal

sites (like gut mucosa or minor salivary glands), suggesting that the whole

mucosal system is involved as a cause or as a consequence in asthma [5].

An intriguing question concerns the immune response elicited by allergen

extracts at the mucosal surface. Some studies, in animal models, provided

interesting information: the dendritic cells of oral mucosa act as efficient

antigen-presenting cells and produce IL-12, which directs the immune response

towards a Th1 profile away from pro-IgE-Th2 profile [6–8].

In contrast to animal models, the immunologic response to sublingual

immunotherapy (SLIT) in humans has been difficult to demonstrate. Specific

IgE suppression, specific IgG production or changes in the T cell-cytokine

profile seem to be little affected by SLIT [9–13].

After the administration of the 123I-radiolabeled allergen (Par j 1) in adult

volunteers sequential scintiscanning did not show direct absorption of the

allergen through the mucosa and plasma radioactivity increased only after the

allergen was swallowed [14]. Moreover, the allergen was retained for long time

(up to 40 h) in the oral mucosa. These data showed that there is no risk of rapid

absorption of the allergen through the oral mucosa, the antigens being retained

locally. It is very likely that antigens are processed in the local oral immune

system [15].

Efficacy of SLIT in Asthma

In the 1998 EAACI position paper 6 studies using the sublingual route

were identified [1]. The authors concluded that SLIT had been shown to be

efficacious in patients with rhinitis, but insufficient information was available

to draw any conclusions for its use in asthma.

Since 1998, a number of further studies have been published. Nowadays

we can rely on 19 double-blind placebo-controlled studies, performed with

adequate methods and samples as summarized in table 1 [10, 12, 16–32]. Six

of these studies were performed in pediatric patients [16–21]. Almost all the

studies confirmed the effectiveness of SLIT with grass extracts. Mite, birch and

Parietaria extracts showed apparent favorable results in terms of symptom
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improvement and/or reduction of the intake of rescue medications. But the

effects were inconsistent: some studies showed no influence on asthma and

others no difference in drug consumption (table 1). In two studies [17, 22] both

conducted with mite extracts, SLIT efficacy was poor: a trend toward clinical

improvement was seen in the active groups but it did not reach the statistical

significance.

In patients allergic to mites, the duration of the treatment seems to be

crucial: a long-lasting treatment with a high dose of allergen may provide

positive results [20] (fig. 1). It is important to notice that SLIT could exert its

effects not only on rhinitis but also on asthma symptoms. The results from

recent studies showed that there is a clear-cut reduction of the clinical symptom

score [20, 23, 24], the days with asthma symptoms [25], as well as the use of

�2-agonists [21, 25], and the use of systemic steroids [32].

There is very limited information about the comparative efficacy of the

different routes (i.e. sublingual or subcutaneous) of administration of allergens

in IT. One single double-blind double-dummy study showed that SLIT had a

clinical efficacy similar to that of subcutaneous IT (SIT) for symptom reduc-

tion and the need of drugs [33]. On the other hand, objective parameters (total

specific IgG, specific IgG4, skin reactivity) changed only in patients treated

with active injection therapy. SLIT was in any case better accepted and toler-

ated by patients [33]. Another placebo-controlled, parallel-group, single-blind

study was performed in adult patients sensitive to mites [34]. SIT for both

rhinitis and asthma was clinically effective. Patients treated with SLIT had

decreased rhinitis symptoms (p � 0.01), but no change in asthma scores [34].

The recent study by Wilson et al. [35], published so far in abstract form,

compared clinical and laboratory data from two IT trials performed concur-

rently during one grass pollen season in patients with moderate/severe hay

fever. Two double-blind placebo-controlled studies one employing injection and

the other high-dose (50 times subcutaneous dose) SLIT administration of

allergen were performed in parallel in a single center. SLIT had a clinical

efficacy around 65% of the efficacy of SIT. Reduction in allergen sensitivity,

both early and late, and increases in protective IgG4 were significantly greater

following SIT [35].

There are no studies comparing the efficacy of SLIT and drugs. Such trials

would be of interest to answer the question of how IT compares with pharma-

cotherapy. It is important, however, to reinforce the concept that both therapies

are complementary and that very likely the combination of both strategies will

provide the patient with better options for both symptom control and possibly

for modification of the natural history of the disease [36].

Concerning the dose of SLIT, the cumulative up-dosing of allergen used in

SLIT studies has been between 3.25 and 375 times the dose of allergen given



Table 1. Double-blind placebo-controlled sublingual IT studies

Author, year Patients’ Allergen Duration Cumulative Patients Disease Results Drug 

age range months dose consumption

IT Placebo

Tari et al., 1990 [16] 5–12 mites 12–18 720 BU 30 28 R/A R � p � 0.001 NS

A � p � 0.001

Sabbah et al., 1994 [28] 13–51 grass 4 4,500 IR 29 29 R R � 0.05 NS p � 0.05

Feliziani et al., 1995 [27] 14–48 grass 3.5 720 BU 18 16 R/A R � p � 0.01 R � p � 0.002

A � p � 0.026 A � p � 0.05

Troise et al., 1995 [12] 17–60 Parietaria 10 105 BU 15 16 R p � 0.02 p � 0.05

(Par 1 6.3)

Hirsh et al., 1997 [17] 6–16 mites 12 570 �g 15 15 R/A R � NS NR

Der p 1 A � 0.05

Passalacqua et al., 1998 [31] 15–46 mites 24 10,000 AU 10 10 R/A p � 0.05 NR

Vourdas et al., 1998 [18] 7–17 olive 24 8.1 mg 33 31 R/A R � 0.05 NR

Ole e 1 A � 0.04

Clavel et al., 1998 [32] 8–55 grass 6 40,700 IR 62 58 R/A R � NS R � p � 0.05 

2.6 mg Phl p 5 A � p � 0.02 A � p � 0.01

Horak et al., 1998 [29] 18–48 birch 4 9,250 STU 21 20 R R � NS NR

Nelson et al., 1993 [10] 18–74 cat 3–4 4,500,000 AU 20 21 R NS NR

Hordijk et al., 1998 [26] 18–45 grass 10 798,000 BU 30 27 R P � 0.03 NS

Bousquet et al., 1999 [23] 15–37 mites 25 104,000 IR 32 33 R/A R � 0.05 NS

4.2 mg Der p 1, A � NS

7.3 mg Der f 1

Passalacqua et al., 1999 [30] 15–42 Parietaria 5 256 BU 16 �g 14 10 R/A R � NS NR

Par j 1 A � NS
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Pradalier et al., 1999 [25] 7–58 grass 4 11,000 IR 60 59 R/A R � NS NS

0.935 mg Phl p 5 A � 0.02

La Rosa et al., 1999 [19] 6–14 Parietaria 24 150,000 IR 16 17 R � 0.02 NS

52.3 �g Par j 1

Purello-D’Ambrosio et al., 14–50 Parietaria 9 200 BU 14 16 R/A � 0.05 NS

1999 [24] 12.7 �g Par j 1

Pajno et al., 2000 [20] 8–15 mites 24 7,500 BU 12 12 A p � 0.0001 p � 0.0001

0.8 mg Der p 1, 

0.4 mg Der p 2

Guez et al., 2000 [22] 6–51 mites 24 90,000 IR 25 14 R NS NS

2.2 mg Der p 1, 

1.7 mg Der f 2

Caffarelli 2000 [21] 4–14 grass 3 37,250 AU 24 20 R/A R � NS NS

A � p � 0.05

NS � Not significant; NR � not reported; R � rhinitis; A � asthma.
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to patients for conventional SIT [19, 20]. The use of a high dose of SLIT is

probably the key for the successful treatment of the patients together with the

long-term duration of therapy [37].

Efficacy of SLIT in Eczema

Atopic dermatitis (AD) is a chronic, relapsing, pruritic, and inflammatory

skin disease that frequently predates the development of allergic rhinitis and

asthma [38].

Immunologic triggers of AD are food allergens [39], bacteria, fungi and

inhalant allergens [40, 41].

Different clinical studies suggest that inhalation or contact with aeroal-

lergens (especially house dust mites) may exacerbate AD [reviewed in 38].

Nevertheless, there are very few studies regarding the treatment of AD.

A double-blind controlled trial of hyposensitization with tyrosine-adsorbed

Dermatophagoides pteronyssinus (Dpt) vaccine in 24 children with atopic

eczema and immediate hypersensitivity to Dpt failed to demonstrate superiority

over placebo after a standard 8 months of treatment [42]. Twenty-four adults with

AD and hypersensitivity to Dpt were treated in another double-blind, placebo-

controlled trial by intradermal injections of complexes containing autologous

specific antibodies and mite allergens [43]. After 4 months, placebo-treated

patients started receiving active treatment. All patients were treated for a full

year. Symptoms of AD subsided within a few weeks after starting therapy, with

a significant reduction after 4 months in treated patients only. After 1 year,
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Fig. 1. Visual analog score on overall asthma symptoms for active SLIT and placebo

groups. Data points represent average 4-month visual analog scores [20].



82% of the patients exhibited a mean improvement of 83%, associated with a

reduction of Dpt-specific IgG antibodies [43].

Other studies have been performed in canine AD with variable results from

a poor to a good response [44–46]. Better results were obtained when specific

IT was started early at the onset of disease [44]. A task force on canine AD

advocated that allergen-specific IT may be included in the treatment of canine

AD because of its potential advantages and limited disadvantages compared to

other forms of therapy [47]. It seems that there is more experience with this

practice in dogs than in humans.

Observational studies with SLIT in humans with AD claimed favorable

results [48–50]. However, these studies do not allow definitive conclusions and

so far the amount and quality of information regarding this issue are not suffi-

cient to formulate any formal recommendation if not that of an urgent need of

properly double-blind, placebo-controlled studies.

Furthermore, the immunologic pathway involved in the pathophysiology

of AD is complex (table 2). It presents a degree of complexity which has not

been appreciated with allergic rhinitis and asthma. In AD both Th1 and Th2 

T cell products play a role in chronic inflammation, which is maintained by

both IL-5 (Th2) and IFN-� (Th1) [51]. In addition recent studies have demon-

strated different cytokine expressions in acute (predominantly IL-16) and in

chronic (mainly IL-12 and GM-CSF) lesions [52, 53].

The increased expression of IL-12 in chronic AD skin lesions is of interest

since this cytokine plays a key role in the Th1 cell development. For these reasons

the induction of Th1 response by allergen-specific IT [54] may be theoretically
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Table 2. Role of Th2/Th1 cytokines in AD [64]

Uninvolved Acute Chronic 

skin skin skin

Cell type
T cells + +++ ++

Eosinophils 0 + +++

Macrophages 0 ++ +++

Cytokine gene expression
IL-4, IL-13 + ++++ +++

IL-5 0 ++ +++

IFN-� 0 0 ++

IL-12 0 0 ++

IL-16 + +++ ++

GM-CSF 0 + ++



harmful to some patients suffering from eczema. For AD the induction of

immunologic tolerance rather than immunoreactivity should be worth pursuing.

Safety of SLIT

In childhood the main concern about the use of SLIT is the safety aspect

[55–58], and, at present, few data are available on large numbers of treated

patients. A review article of eight placebo-controlled trials in children with

allergic rhinitis and/or asthma disclosed adverse events in 48% of the 103 sub-

jects receiving the active treatment, but no severe reaction was observed [59].

All the surveys on SLIT disclosed an incidence of mild to moderate unwanted

effects, which is lower than that reported for SIT and no life-threatening side

effects [57, 60]. Oral/sublingual itching and local gastrointestinal symptoms

(especially abdominal pain) are the most common adverse events in all studies

and are usually classified as local side effects because the allergens were earlier

kept in the mouth for at least 2 min and then swallowed. Systemic side effects

(rhinitis, urticaria, wheezing) were also reported; however, no life-threatening

events were reported by patients (table 3).

In a recent personal evaluation of side effects related to SLIT in 354 chil-

dren suffering from allergic asthma and followed for at least 39 months no

adverse event was observed in 90.4% of the children [61]. We observed 0.155

mild to moderate reactions per 1,000 administrations. In 15 episodes only

dosage adjustment was required. In 5 children IT was stopped as a precaution.

No anaphylactic reaction or multiple-organ life-threatening event occurred [61].

Conclusions

The therapy of respiratory allergy should be based on allergen avoidance,

pharmacological treatment and, when indicated, IT [37]. SLIT represents a
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Table 3. SLIT: characteristics of reported side effects [57]

Side effects Episodes Patients% Grade Onset

Conjunctival itching 1 0.37 mild �30 min

Abdominal pain 1 0.37 mild �30 min

Rhinitis 5 1.9 mild �30 min

Urticaria 1 0.37 moderate �30 min

Total 8 3



significant advantage in terms of patient acceptability and reduction of medical

supervision, but several aspects need to be better studied before its broad appli-

cation in allergic children [62]. First, SLIT appears to be less effective than SIT

[35] and second, a modification of the cellular response to allergen has not yet

been demonstrated after SLIT [62].

We need long-term prospective studies comparing SLIT with SIT, before

abandoning a practice which has been shown to be effective [63] in favor of a

safe practice which has not yet been completely demonstrated to be efficacious,

particularly in asthmatic patients. Further evaluations of SLIT are necessary

concerning the treatment of the extrinsic form of AD.

The balance sheet for SLIT is improving; SLIT represents an impor-

tant step towards an adequate treatment of patients with allergic respiratory 

diseases; nevertheless, the safety of an alternative therapy is only a real advan-

tage if it is not counterbalanced by a loss of efficacy.

Appendix

Standardization of Extracts
Index of reactivity (IR) units: The in-house reference extract (called 100 IR) is defined

as the concentration eliciting a wheal with a mean diameter of 7 mm in 30 skin-tested

patients with allergies.

Biologically standardized unit (BU) extracts are quantified in mass units. 100 BU/ml is

the concentration of allergen able to elicit a mean wheal of 75 mm2 when prick-tested in 30

allergic subjects.

Allergic unit (AU) is a biologic unit originally established to titrate products for

intranasal IT and is defined as 1/40 of the mean provocative dose by specific nasal challenge

in a significant number of allergic volunteers.
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Abstract
Background: In patients with allergic rhinitis local nasal immunotherapy (LNIT)

appears to offer considerable advantages over other hyposensitization methods. The aim of

our study was to obtain further confirmation of the validity of LNIT. Methods: A random-

ized, double-blind, placebo-controlled study of LNIT in patients allergic to Parietaria and

Dermathophagoides was performed. Patients were evaluated, before and after treatment,

with symptom and medication scores, specific nasal provocation tests, anterior rhino-

manometry and mucociliary clearance time. Results: Compared to placebo the clinical effi-

cacy of LNIT was confirmed by a reduction of clinical symptoms and drug intake. In the

active group the reduction of allergen-specific nasal reactivity was significant. No local or

systemic side effects were observed. Conclusions: The clinical efficacy of LNIT suggests

that this therapy is effective in the prophylaxis of allergic rhinitis. Finally, there is no conflict

between LNIT and drug treatment.

Copyright © 2003 S. Karger AG, Basel

Introduction

Allergic rhinitis with a 20% incidence which is constantly increasing in

relation to environmental (smog, cigarette smoke) and climatic factors is today

considered a systemic disease with the nose as the ‘shock organ’ [1]. This trend

has, consequently, resulted in an increase in social and economic expenditure

on the disease arousing interest in prevention and, particularly, in specific

immunosensitizing therapy administered subcutaneously or locally [2].



The aim of this therapy is to induce an increase in the title of specific IgG-

blocking antibodies (particularly Ig4), a reduced lymphocyte proliferation

response to the specific allergen, a growth of circulating CD8� suppressor T

cells, a gradual change in the differentiation of T lymphocytes with a switch

from the T helper type 2 cells (which mainly produce interleukin 4) to the preva-

lent T helper type 1 cells (which produce interleukin 2 and interferon-�). These

changes in the lymphocyte cytokine profile induce a gradual reduction of IgE

synthesis and inhibition of mast cell activation, thus impeding the release of the

mediators of immune inflammation [3, 4].

The specific immunosensitizing therapy for the treatment of allergic dis-

eases is the main etiological therapeutic tool, as demonstrated by many double-

blind placebo-controlled clinical studies, recently reviewed by Abramson et al. [5]

in a meta-analysis study. The efficacy of the treatment requires certain patient

selection criteria, preparation and administration of hyposensitizing extracts. Its

efficacy has been confirmed by double-blind clinical trials, reported in a World

Health Organization Position Paper [6].

Relatively recently intranasal administration of the allergen has been

adopted. In particular, specific local nasal immunosensitizing therapy (LNIT)

that was first used by Herxheimer [1] in 1951 is based on direct immunotoler-

ance induction in the shock organ with a reduced risk of side effects and costs.

The standard treatment schedule consists of an induction phase with increasing

dosages followed by a maintenance phase. Other treatment schedules consist of

a constant dosage [7, 8].

It has been reported that LNIT reduces rhinitic symptoms and drug usage,

as well as nasal reactivity towards the offending allergen. This study was

designed to obtain further confirmation of the validity of LNIT in patients with

allergic rhinitis monosensitive to perennial allergens (Dermathophagoides) or

seasonal allergens (Graminaceae or Parietaria).

Material and Methods

Patients
Between February 1999 and July 2001, a total number of 96 patients (52 females, 44

males; mean age 31 years), suffering from nasal hyperreactivity symptoms, were enrolled

from those attending our ENT Department. Inclusion and exclusion criteria were evaluated

examining the description of clinical signs and symptoms, the morphological structure of

nasal cavities, and causal factors.

The signs and symptoms considered were rhinorrhea, nasal obstruction and sneezing.

The morphological structure of the nasal cavities was examined with anterior rhinoscopy.

Skin prick tests, nasal provocation tests, nasal microbiological tests and mucociliary clear-

ance time (MCT) were used to identify the causal factors. The skin prick tests were used to
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identify the inhaled allergens responsible for nasal allergies. The nasal provocation tests were

performed in the case of pollens and mites using anterior rhinomanometry, as follows: base-

line assessment to establish which nasal fossa had least resistance; insufflation of lactose

powder into the nasal fossa that shows the lowest resistance and control with anterior active

rhinomanometry; allergen challenge with doses of 2.5, 5, 10, 20, 40, 60, 80, 120, 160 and

240 allergen units (AU) at 10-min intervals, recording the rhinomanometric tracing at the

end of each challenge. The test was considered positive for the allergen dose that caused an

increase in resistance of 100% or more. The nasal microbiologial tests were done to identify

concomitant infections. The MCT was measured by applying vegetable charcoal mixed with

3% saccharine to the mucosa at the medial face of the inferior turbinate. After patients were

asked to breathe regularly and to report when they felt the sweet taste in their pharynx, an

interval of 10–20 min was considered normal.

Patients were ineligible if they had skin prick tests or nasal provocation tests positive

to more than one allergen; significant diseases or malformations of the nasal cavities such as

nasal polyposis, septal deviation, choanal atresia; nasal swab positive for bacteria or mycetes,

or immunotherapy in the preceding 5 years.

Criteria for inclusion in the study were no morphological alterations of nasal cavities;

monosensitization to Dermatophagoides, grass or Parietaria pollens; nasal swab negative for

bacteria or mycetes, or RAST positivity, at least class 3.

Of the 96 patients selected, 55 were positive for Dermatophagoides (57%) and 41 were

positive for Graminaceae or Parietaria (43%). The patients selected were randomized into two

groups: the active group that received specific LNIT and the placebo group that received a lac-

tose powder formulation in order to be taste-masked. All patients gave written informed consent.

Each active product contained a single allergenic extract: from mites (Dermatophagoides
pteronyssinus and Dermatophagoides farinae), from mixed Graminaceae (Dactylis glomerata,

Festuca elatior, Lolium italicum, Phleum pratense, Poa pratensis) and from mixed Parietaria
(Parietaria judaica and Parietaria officinalis), adsorbed on lactose, an inert excipient (table 1).

Dosage Schedule
The allergenic extracts were given every other day alternating between the two nostrils,

according to the manufacture’s schedule, at doses of 2.5, 5, 10, 20, 40, 60, 80, 120, 160 and

240 AU. Each dose was repeated 6 times until the highest dose had been given. Then the

maintenance phase began during which every patient took the highest dose, 240 AU, weekly

for 1 year alternating between the two nostrils.

Clinical and Instrumental Evaluation
Before treatment began and after 8 months of treatment patients graded the specific

symptoms, nasal obstruction, sneezing and rhinorrhea, from 0 to 3 (0 � none; 1 � mild;
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Table 1. Distribution of patients undergoing LNIT

Number Active treatment Placebo

LNIT mites 55 28 (11 M � 17 F) 27 (9 M � 18 F)

LNIT pollens 41 23 (13 M � 10 F) 18 (11 M � 7 F)



2 � moderate; 3 � severe), according to their quality of life. During the follow-up, all

patients had a monthly diary card where they entered the symptoms and the use of drugs.

The objective analysis was made with the nasal provocation test with the allergens, the

nasal resistance measured by static and dynamic rhinomanometry at a preset pressure of

150 Pa in accordance with the recommendations of the International Standardization

Committee [9], and MCT.

Results

During the treatment no patient had reported bronchospastic or systemic

reactions. All patients completed their scheduled immunotherapy diaries and

their signs and symptoms were classified into three categories: improvement,

cured and no change.

Patients Allergic to Mites (tables 2, 3)
At the end of the trial, almost all LNIT patients (total � 28) reported a

significant reduction of clinical signs. Active treatment revealed improvement of
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Table 2. LNIT for mites (symptoms before treatment)

Active treatment Symptoms

Nasal obstruction 28

Rhinorrhea 23

Sneezing 18

Placebo Symptoms

Nasal obstruction 25

Rhinorrhea 21

Sneezing 16

Table 3. LNIT for mites (symptoms after treatment)

Active treatment Placebo

nasal rhinorrhea sneezing nasal rhinorrhea sneezing

obstruction obstruction

Improved, % 82.1 65.2 55.5 12 19 18.8

Cured, % 7.2 17.4 27.7 0 0 0

No change, % 10.7 17.4 16.6 88 81 81.2

Responders, % 89.3 82.6 83.2 12 19 18.8

Responders, % 85 16.6



nasal obstruction (total � 28) in 82.1% (n � 23), cure in 7.2% (n � 2), no

change in 10.7% (n �3); improvement of rhinorrhea (total � 23) in 65.2% 

(n � 15), cure in 17.4% (n � 4), no change in 17.4% (n � 4), and improvement

of sneezing (total � 18) in 55.5% (n � 10), cure in 27.7% (n � 5), no change

in 16.6% (n � 3). The percentage of responders was 85%.

The placebo group showed improvement of nasal obstruction (total � 25)

in 12% (n � 3), cure in 0% (n � 0), no change in 88% (n � 22); improvement

of rhinorrhea (total � 21) in 19% (n � 4), cure in 0% (n � 0), no change in

81% (n � 17), and improvement of sneezing (n � 16) in 18.8% (n � 3), cure

in 0% (n � 0), no change in 81.2% (n � 13). The percentage of responders was

16.6%.

Patients Allergic to Pollens (tables 4, 5)
At the end of the trial, almost all LNIT patients (total � 23) reported a

significant reduction of clinical signs. Active treatment revealed improvement

of nasal obstruction (total � 22) in 68.2% (n � 15), cure in 9% (n � 2),
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Table 4. LNIT for pollens (symptoms before treatment)

Active treatment Symptoms

Nasal obstruction 22

Rhinorrhea 19

Sneezing 17

Placebo Symptoms

Nasal obstruction 17

Rhinorrhea 15

Sneezing 14

Table 5. LNIT for pollens (symptoms after treatment)

Active treatment Placebo

nasal rhinorrhea sneezing nasal rhinorrhea sneezing

obstruction obstruction

Improved, % 68.2 63.1 52.9 23.5 20 14.3

Cured, % 9 21.1 29.4 0 0 0

No change, % 22.7 15.8 17.6 76.5 80 85.7

Responders, % 77.2 84.2 82.3 23.5 20 14.3

Responders, % 81.2 19.3



no change in 22.7% (n � 5); improvement of rhinorrhea (total � 19) in 63.1%

(n � 12), cure in 21.1% (n � 4), no change in 15.8% (n � 3), and improve-

ment of sneezing (total � 17) in 52.9% (n � 9), cure in 29.4% (n � 5), no

change in 17.6% (n � 3). The percentage of responders was 81.2%.

The placebo group showed improvement of nasal obstruction (total � 17)

in 23.5% (n � 4), cure in 0% (n � 0), no change in 76.5% (n � 13); improve-

ment of rhinorrhea (total � 15) in 20% (n � 3), cure in 0% (n � 0), no change

in 80% (n � 12), and improvement of sneezing (total � 14) in 14.3% (n � 2),

cure in 0% (n � 0), no change in 85.7% (n � 12). The percentage of respond-

ers was 19.3%.

Instrumental Examination
Patients Allergic to Mites (table 6)

Rhinomanometry in the group of LNIT patients (n � 28) showed improve-

ment in 14.3% (n � 4) and cure in 32.1% (n � 9) versus the placebo group

(n � 27) that showed improvement in 3.7% (n � 1) and cure in 7.4% (n � 2).

The nasal provocation test in the LNIT group showed a lowering of the threshold

for reactivity in 78.6% (n � 22), improvement in 28.6% (n � 8) and cure in

50% (n � 12) compared with 7.4% (n � 2) and 11.1% (n � 3) of those given

placebo. Mucociliary clearance time returned to normal in 10.7% (n � 3) of

the LNIT group while none of those given placebo showed any improvement.

The percentage of responders in the LNIT group was 45.2%, that in the placebo

group 9.8%.

Patients Allergic to Pollens (table 7)

Rhinomanometry in the group of LNIT patients (n � 23) showed improve-

ment in 21.7% (n � 5) and cure in 26.1% (n � 6) versus the placebo group

(n � 18) that showed improvement in 0% (n � 0) and cure in 5.5% (n � 1).
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Table 6. LNIT for mites (signs after treatment)

Active treatment Placebo

rhinomanometry NPT MCT rhinomanometry NPT MCT

Improved, % 14.3 28.6 0 3.7 7.4 0

Cured, % 32.1 50 10.7 7.4 11.1 0

No change, % 53.6 21.4 89.3 88.9 81.5 100

Responders, % 46.4 78.6 10.7 11.1 18.5 0

NPT � Nasal provocation tests.



The nasal provocation test in the LNIT group showed a lowering of the thresh-

old for reactivity in 52.2% (n � 12), improvement in 21.7% (n � 5) and cure

in 30.5% (n � 7) compared with 11.1% (n � 2) and 5.6% (n � 1) of those

given placebo. Mucociliary clearance time returned to normal in 8.7% (n � 2)

of the LNIT group while none of those given placebo showed any improvement.

The percentage of responders in the LNIT group was 36.2%, that in the placebo

group 7.4%.

Discussion

The indications for LNIT do not differ from those for the subcutaneous

route of administration: LNIT should obviously be used in patients suffering

from rhinitis, and its effectiveness seems to depend on the preseasonal admin-

istration. The possible local side effects do not, at present, represent a real

problem.

During the last 15 years, a large number of controlled studies have pro-

vided evidence for the clinical effectiveness and safety of the LNIT [3, 10–25].

Position papers have evaluated the clinical use of LNIT based on a detailed and

critical review of the literature. The clinical trials performed with LNIT are

listed in table 8.

Our study confirms the clinical effectiveness of LNIT in reducing clinical

symptoms and drug intake under natural allergen exposure. Specific LNIT

appears to offer considerable advantages over other hyposensitization methods.

As a matter of fact parenteral therapy is in many cases unsuccessful (incom-

plete and temporary) regarding recrudescence of symptoms, and, from an

immunological point of view, produces a systemic immune response without

interesting the local one of fundamental importance in upper airway reactivity.
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Table 7. LNIT for pollens (signs after treatment)

Active treatment Placebo

rhinomanometry NPT MCT rhinomanometry NPT MCT

Improved, % 21.7 21.7 0 0 11.1 0

Cured, % 26.1 30.5 8.7 5.5 5.6 0

No change, % 52.2 47.8 91.3 94.5 83.3 100

Responders, % 47.8 52.2 8.7 5.5 16.7 0

NPT � Nasal provocation tests.



It can clearly be verified that any therapy, unable to influence the target organ’s

defense neurosis, is destined to have limited results [1].

Over the years there have been many failures with LNIT, due to the

absence of standardization and the presence of local adverse reactions, particu-

larly evident with the use of aqueous extracts. These inconvenients are synthe-

sized in little stability (some molecules adhere to the inside surface of the

container), autodigestion (presence of proteolytic enzymes in the extracts), and

it is impossible to add propellants that enable their vaporization. It has become

possible to overcome these problems after the realization of lyophilized

allergenic preparations incorporated into an inert excipient in powder (lactose)

and included in a rigid gelatine capsule [10, 26].

In addition, socioeconomic savings as a result of the self-administration of

treatment (better patient compliance) should be taken into consideration.

Naturally the success of this therapeutic approach depends on the correct

clinical investigation and on reliable diagnostic methods. For this reason in the

evaluation of the efficacy of LNIT we include: nasal endoscopy (0� diameter

4 mm; 30� diameter 2.7 mm), active anterior rhinomanometry, mucociliary

transport time, specific nasal provocation test, and nasal microbiological test.

Equal importance must be attributed to the analysis of the clinical diaries

of the patients regarding symptomatic scores, anti-H1 consumed, and general

clinical judgement (improved, stationary, asymptomatic). Better results were

obtained with allergies brought on by perennial allergens, then in seasonal ones
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Table 8. Clinical trials performed with LNIT

Authors and year of Allergen Type of Duration Patients Significance

publication extract

Johansson, 1979 [11] grass aqueous 14 weeks 12 �0.001

Nickelsen et al., 1981 [13] ragweed aqueous 3 months 38 �0.01

Welsh et al., 1981 [14] ragweed aqueous 20 weeks 18 �0.004

Schumacher and Pain, grass powder 10 weeks 8 NS

1982 [12]

Georgitis et al., 1986 [15] grass aqueous 10 weeks 15 �0.005

allergoid

Andri et al., 1992 [16] Parietaria powder 18 weeks 8 NS

modified

Passalacqua et al., 1995 [25] Parietaria powder 5 months 9 �0.01

D’Amato et al., 1995 [23] Parietaria powder 8 weeks 10 �0.05

Andri et al., 1996 [19] grass powder 16 weeks 13 �0.05

Motta et al., 2000 [3] mites powder 32 weeks 29 �0.0001



due to pollens. This depends on the stage of the allergy at the beginning of the

study. However, the active treatment was undoubtedly effective, especially as

regards nasal obstruction. This was confirmed by the clinical diary and the

rhinomanometric study.

Conclusions

The clinical efficacy of specific LNIT suggests that this therapy is effec-

tive as a prophylaxis in allergic rhinitis. This pathology must be studied pri-

marily as a pathology specifically affecting the nose. The morphological and

functional features of the nose must be borne in mind when choosing the treat-

ment. It is equally important to identify the causes of allergic rhinitis. Our study

confirms the efficacy and the advantages of LNIT with very few complications

and better patient compliance.

The immunological modification induced by LNIT can be briefly summa-

rized in the two points: (1) reduction of allergic symptoms and allergic phlogo-

sis (decrease of local inflammatory cells) and (2) reduction of the provocative

threshold with the specific nasal provocation test.

Correct clinical investigations and reliable diagnostic methods are of vital

importance. Finally, there is no conflict between LNIT and drug treatment.
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Abstract
Usually, specific allergy-related plasma proteins such as immunoglobulin E (IgE) and

immunoglobulin G (IgG) are used for estimating the grade of sensitization and follow-up

of immunotherapy. In recent years, several nonspecific inflammatory markers, such as

sICAM-1 and sIL-2R, have been shown as being suitable for therapy control in allergy. In

our investigation of patients under sublingual immunotherapy (SLIT), plasma from 42

healthy controls and 133 children with single inhalation allergies to grass pollen, birch

pollen or house dust mites was obtained during the symptom-free period. Patients showed

symptoms including allergic rhinitis, dermatitis and allergic asthma with one single RAST

class 3 or higher. Plasma concentrations of soluble intercellular adhesion molecule-1

(sICAM-1), soluble interleukin-2 receptor (sIL-2R), sE-selectin, interleukin-12 (IL-12) and

specific IgG4 were analyzed with the ELISA technique. After 1 year of SLIT, concentra-

tions of sICAM-1, sIL-2R and sE-selectin declined significantly when results from all

patients were taken as one group. Regarding the single allergen groups, the sICAM-1 and

sIL-2R decrease was significant in the grass and mite group, but not in the birch group,

while the sE-selectin decline was only significant in the birch group after 1 year of SLIT,

but not in the grass and the mite group. No difference was observed in IL-12 and IgG4

expression. In two groups of controls with a mean age of 9.5 versus 17.5 years, the analyzed

parameters were not age-dependent. The increased proteins may be useful as additional

markers for the evaluation of immunological effects and follow-up investigations of allergy

therapies.

Copyright © 2003 S. Karger AG, Basel



Introduction

Different methods are routinely used for diagnosis and monitoring of

atopic diseases. On the one hand, there are the classical skin tests like the skin

prick test and on the other, the more modern methods like the measurement of

specific immunoglobulin E (IgE) or immunoglobulin G4 (IgG4) in the patients’

plasma. Standardized questionnaires are available for the documentation of

symptoms, medications and evaluation of the quality of life. Additionally to

these established procedures, markers are investigated, which could contribute

to analyzing the efficacy and mechanisms of therapies in allergies or to under-

standing the mechanisms of atopic disorders. For reasons of practicability, these

markers should be easily analyzable in daily routine practice.

For the present open observation on sublingual immunotherapy (SLIT),

nonspecific inflammatory markers were chosen, which are supposed to be

involved in the allergic cascade and which can be measured by common ELISA

techniques: soluble intercellular adhesion molecule-1 (sICAM-1), sE-selectin,

soluble interleukin-2 receptor (sIL-2R), interleukin-12 (IL-12) and specific

IgG4. Earlier investigations in this field were mostly performed on a smaller

number of patients and the results are sometimes contradicting.

ICAM-1 (CD54) is physiologically expressed on the surface of antigen-

presenting cells (APC) and activated vessels. It enables APC to contact T cells

and prolongs their time of stay. The soluble form sICAM-1 probably has its

origin in the membrane-bound cell surface homologue and is not separately

secreted [1]. IL-2R is expressed on the surface of helper and cytotoxic T cells,

B cells, neutrophils, monocytes and other cells. The IL-2R construct is unique

among the growth factor receptors because it consists of an �-, �- and �-chain

(CD25, CD122, CD132) with different functions. Nonactivated T cells express

only the �- and �-chain. Antigen recognition and costimulation initiate the

expression of the �-chain, which leads to an enormous increase in receptor

affinity [for review, see 2]. The 10-kD smaller soluble form sIL-2R is shed

from the cell surface and can be detected in the plasma [3]. E-selectin

(CD62E) is expressed on vascular endothelium. It takes part in the homing

process of T lymphocytes, but for passing through the vessel wall, further

adhesion molecules like the integrins are necessary [4]. IL-12 is produced

mainly by APC and is a strong inducer of a Th1 answer after antigen challenge.

Although IgG4 amounts to only 4% of the total IgG, it can be elevated in

allergic individuals undergoing immunotherapy. The exact mode of action and

its natural function is still unknown. Concerning immunotherapy, it may work

as a blocking antibody [5].

The aim of the present investigation was to analyze immunological effects

of SLIT by monitoring the mentioned plasma proteins.
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Methods

Patients/Blood Samples
The investigated blood samples were obtained from allergic outpatients of the Children’s

Hospital, Apolda, Germany. All analyses were performed at the Friedrich Schiller University,

Jena. From a total of 133 different patients 309 samples were analyzed: 62 derived from birch,

154 from grass and 93 from mite-sensitive children. The mean age was 12 years (SD 5.4

years).

The including criteria were one single RAST class between 3 and 6 and a certain diag-

nosis. The blood samples were taken outside the allergen season or in the low symptom period

for mites. At that time no acute allergic exacerbation or no other inflammatory disease was

apparent. Patients sensitive to more than one allergen or with an airway remodeling in asthma

were excluded. A signed consent from the parents was required before starting the analyses.

ELISA
Plasma was separated from heparinized blood samples, aliquoted and stored at �80�C.

All samples were then analyzed simultaneously with identical batches of antibodies and

other reagents. ELISAs for the detection of sICAM-1, sE-selectin and IL-12 were performed

with ELI-Pairs (Diaclone, France; distributed by Hölzel, Germany). 96-well Maxisorp plates

(Nunc) were coated overnight with capture antibodies at 4�C. After 1 h sample incubation,

detection was performed with biotinylated anti-ICAM-1, anti-sE-selectin or anti IL-12 detec-

tion antibodies followed by streptavidin-horse raddish peroxidase and a TMB color reaction.

Light absorption was detected with a Spectra ELISA reader at 450 nm.

Complete commercial ELISA kits containing coated plates were used for the detection

of sIL-2R (kind gift from DPC Biermann) and IgG4 (Hycor Biomedical). Detection and

color reaction were analogous to that mentioned earlier. All tests were performed in dupli-

cate wells.

Statistics
All data were analyzed as paired samples using the Wilcoxon test. For all calculations,

SPSS software was used.

Results

Estimation of Age Dependency
To avoid age-dependent results all controls were divided into two groups:

the older 50% and the younger 50%. Mean age of the younger controls was 9.5

years versus 17.5 years in the older controls. There was no difference between

these groups, indicating no age dependency of the analyzed parameters in

adolescence (data not shown).

sICAM-1
Median plasma levels of sICAM-1 were significantly higher before starting

SLIT (805.0 ng/ml) compared with levels during therapy (1 year 723.3 ng/ml,
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2 years 612.0 ng/ml). Regarding the single allergy groups the decrease of 

the levels was significant in patients with grass pollen allergy (805.3 to

671.7 ng/ml) and house dust mite allergy (794.2 to 479.7 ng/ml) after 2 years of

SLIT (see fig. 1).

sIL-2R
Median levels of sIL-2R were significantly higher before SLIT

(596.7 U/ml; 1 year’s SLIT: 371.4 U/ml; 2 years’ SLIT: 345.6 U/ml). Also, in all

single allergy groups, sIL-2R plasma levels were reduced. This reduction was

significant only in patients sensitive to grass pollen (before: 592.3 U/ml; 1 year:

366.9 U/ml; 2 years: 348.3 U/ml) and mites (before: 564.7 U/ml; 1 year:

395.0 U/ml; 2 years: 327.5 U/ml) (see fig. 2).

sE-Selectin
The median plasma concentration of sE-selectin of all patients was

158.5 ng/ml before starting SLIT. After the 1st year of therapy, the median 

sE-selectin level was 126.2 ng/ml and after another year, 137.6 ng/ml, which are

both a significant decline compared with the starting point. Concerning the
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single allergy groups, the decrease was obvious but not significant except in the

birch pollen group in the 1st year of therapy (see fig. 3).

IL-12
IL-12 levels declined during the 1st year under SLIT. After 2 years, the

plasma level is slightly, but not significantly, elevated compared to the starting

point (fig. 4).

Specific IgG4
The results of the semiquantitative ELISA show a very slightly but not sig-

nificantly higher rate of increase than of decrease (see fig. 5). In approximately

80% of patients no change was detectable.

Discussion

Earlier results from our group with a large number of 133 allergic patients

demonstrate elevated levels in various inflammatory plasma proteins [6]. Some

of those patients now show a clear decrease during SLIT, which is significant

for sICAM-1, sIL-2R and sE-selectin. Regarding the single groups, classified
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according to the causative allergens (grass, birch or mites), the plasma levels

decreased significantly in some, but not all groups, which might be due to the

lower number of patients.

Several studies are published using the above mentioned plasma proteins as

markers for allergy follow-up during subcutaneous immunotherapy partly with

contradicting results. sICAM-1 has been shown to be elevated in allergic rhinitis,

conjunctivitis and asthma [7–10]. During SIT, a significant decrease of sICAM-1

was described in grass pollen allergy [11] and in seasonal and perennial allergic

rhinitis [12–14]. Until now, observations on sE-selectin plasma concentrations

have not yet been published. Thus far, only differences between untreated allergic

patients and healthy controls were investigated. sE-selectin plasma levels were

elevated in most of these observations in allergic individuals [15–21], but

decreased levels were also reported in one study [22]. Furthermore, the results of

published analyses of sIL-2R plasma levels are inhomogeneous. Especially in

patients with allergic asthma or atopic dermatitis, sIL-2R plasma levels were

increased [23–25]. It has been described elsewhere that such an elevation
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occurred only during the season, which was reduced in patients responding well

to SIT [13]. In perennial allergic rhinitis caused by Dermatophagoides farinae,

a decreased sIL-2R and an increased IgG4 level after a therapy period of 3 years

have been shown, which correlated with the clinical improvement [26]. 10 years

after therapy, sICAM-1 was still significantly reduced [26]. Another study inves-

tigated patients allergic to house dust mites and found significantly elevated 

sIL-2R as well as IL-2 concentrations compared with healthy controls. The values

normalized after 3 years of SIT [23].

Although former investigations demonstrated an influence of IL-12 on the

establishment of a Th1 pattern during immunotherapies, in our hands no

changes became obvious [27, 28].

In contrast to the above-mentioned proteins, IgG4 is a molecule which

reacts specifically with the allergen and therefore undoubtedly interacts with

allergic disorders, although its exact role is still discussed controversely. Some

studies describe increased specific IgG4 during SLIT and interpret this in anal-

ogy to experience with the subcutaneous form as therapeutic success [29–33].

Other authors demonstrate stable IgG4 levels [34–36]. A study showing that a

high IgG4 antibody level is associated with a failure of the immunotherapy with

inhalant allergens is difficult to interpret with the current concepts [37].

Summarizing the data on IgG4, its role as a marker of success or failure of

immunotherapies cannot yet be conclusively answered. Further investigations

and more details concerning its function in allergies are necessary.

In general, the present results indicate an nonspecific inflammatory

reaction in allergy. The expression of the proteins analyzed, at least in their

soluble form, may change more as an epiphenomenon of allergy than contribute

causatively to the sensitization or effector process. Although their implication

in plasma remains unclear, their concentrations may serve as markers for the

evaluation of the accompanying inflammation of an allergic disorder.

It is not clear yet whether any of the investigated parameters can be used

for new diagnostic aspects of individual patients, but it can, at least, be used for

observation and follow-up investigations of groups of patients. The analysis of

plasma level progression, especially of sICAM-1, sIL-2R and sE-selectin,

provides an additional aspect in the evaluation of allergy therapies and their

functional mechanisms.
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Abstract
Allergen-specific immunotherapy is a well-established treatment for respiratory

allergy. It is usually administered subcutaneously, and with this route several severe adverse

events and fatalities have been described. Therefore, in the last 15 years, novel routes of

administration (local routes) were developed. Sublingual and local nasal immunotherapy are

now considered as viable alternatives to the injection route, mainly due to their optimal

safety. The use of nasal immunotherapy is at present declining. On the other hand, sublingual

immunotherapy was investigated in twenty-two randomized controlled trials and two post-

marketing surveys: its safety profile turned out to be satisfactory in both adults and children,

gastrointestinal complaints being the most frequently reported side effects. These side effects

were always mild and could be treated with proper dose adjusting. At variance with injection

immunotherapy, no severe systemic adverse event has ever been described. Its safety is also

supported by pharmacokinetics and immunological data. Experimental data on the safety of

sublingual and nasal immunotherapy will be reviewed.

Copyright © 2003 S. Karger AG, Basel

The Question of Safety: Historical Background of Sublingual 
and Nasal Immunotherapy

Allergen-specific immunotherapy (IT) is the practice of administering

increasing amounts of allergens to allergic subjects in order to achieve a

hyposensitization and to reduce the symptoms during the natural exposure to the



allergen itself. Since the first empirical attempts made by Leonard Noon [1], the

allergenic extracts were administered subcutaneously (subcutaneous

immunotherapy, SCIT). Indeed the encouraging positive results immediately led

to a widespread use of the treatment, which was frequently unsuitable or incor-

rect. The idea of administering the allergenic extracts by routes other than the

subcutaneous one is not recent: the first attempts with the oral route were made

at the beginning of the last century [2, 3]. During the 1950s several trials with

local bronchial IP were published [4]; in the 1970s some studies focused on the

local nasal immunotherapy (LNIT) [5] and in the 1980s the sublingual route was

proposed. All these approaches remained anecdotal and of speculative interest

only, since the use of the subcutaneous route was well established and supported.

In the middle of the 1980s, the British Committee for the Safety of

Medicines [6] reported twenty-six deaths clearly caused by injection IT, thus

raising serious concerns about the safety and the risk/benefit ratio of IT and

also in view of the fact that at the time increasingly more effective drugs were

available. Subsequently, a detailed analysis of the literature demonstrated that

most of the life-threatening or fatal events were, in principle, avoidable [7–9],

but the interest in the noninjection routes of IT rapidly increased. In fact, the

primary aim of these routes is minimizing the risk of adverse events and

improving the acceptance by the patients [10]. In 1998 a panel of experts of the

World Health Organization, based on an extensive review of the literature,

concluded that only sublingual (SLIT) and local nasal (LNIT) IT are acceptable

in the clinical practice [11]. These conclusions were confirmed in another posi-

tion paper prepared by the European Academy of Allergology and Clinical

Immunology (EAACI) [12]. In these documents, the indications were limited to

adult patients, since the safety in children was considered not to have been

sufficiently investigated. Meanwhile, postmarketing surveillance studies and

new clinical trials appeared and, in 2001, the ARIA position paper also accepted

the use of SLIT in pediatric patients [13]. The effectiveness and safety of the

nasal route (LNIT) is supported by 14 double-blind placebo-controlled studies

[12, 13]. Nevertheless, LNIT is only effective regarding rhinitis symptoms, it

requires a particular administration technique, and it is difficult to give it to

children; therefore, its use is progressively decreasing. LNIT is still used in

a minority of patients as preseasonal treatment for pollenosis. At present, SLIT

(sublingual-swallow) is the most extensively used and investigated route.

Experimental Evidence: Safety of SLIT in the Controlled Trials

The first data evaluating the safety of SLIT obviously come from the

controlled clinical trials, which are, in turn, designed to assess the efficacy of
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the treatment as a primary outcome. The available literature on SLIT has been

reviewed according to the restrictive criteria established by WHO and EAACI

[11, 12]: only double-blind placebo-controlled trials published in peer-reviewed

journals and with adequate methods and statistical analysis are considered. At

present, there are twenty-two randomized, double-blind placebo-controlled

clinical trials of SLIT [14–35] as summarized in table 1. Seven of these studies

were performed in pediatric patients [18, 21, 28–31, 33].

Looking at the studies, the most frequently reported side effect is local, 

i.e. oral/sublingual itching (sometimes followed by gastrointestinal complaints

such as stomach ache or nausea). These phenomena are always described as

mild and self-resolving and only rarely did they lead to the discontinuation of

the treatment. The occurrence rate of systemic side effects (asthma, urticaria/

angioedema, rhinitis) in the actively treated patients was indeed very low and
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Table 1. Sublingual Immunotherapy Double Blind Placebo Controlled studies

Authors, year Age range Allergen Duration Cumulative dose Patients1 Disease

Tari et al., 1990 [14] 5–12 mites 18 months 365 STU 30/28 R/A

Sabbah et al., 1994 [15] 13–51 grasses 17 weeks 4,500 IR 19/29 R

Feliziani et al., 1995 [17] 14–48 grasses 3.5 months 25 BU 18/16 R

Troise et al., 1995 [16] 17–60 Parietaria 10 months 105 BU 15/16 R

Hirsch et al., 1997 [18] 6–16 mites 1 year 570 �g Der p 1 15/15 R/A

Passalacqua et al., 1998 [23] 15–46 mites 2 years 10,000 AU 10/9 R

Vourdas et al., 1998 [21] 7–17 olive 2 years 4 mg Ole e 1 33/31 R/A

Clavel et al., 1998 [19] 8–55 grasses 6 months 28 �g Phl p 5 62/28 R/A

Horak et al., 1998 [20] 16–48 birch 4 months 250 STU 18/16 R

Hordijk et al., 1998 [22] 18–45 grasses 6 months 100,000 BU 30/27 R/A

Bousquet et al., 1999 [25] 15–37 mites 2 years 25 mg Der p 1 15/15 A

Passalacqua et al., 1999 [24] 15–42 Parietaria 8 months 16 �g Par j 1 15/15 R/A

Pradalier et al., 1999 [27] 6–25 grasses 4 months 5,000 STU 59/61 R/A

La Rosa et al., 1999 [28] 6–14 Parietaria 6 months 4,000 STU 20/21 R/A

Purello et al., 1999 [26] 14–50 Parietaria 8 months 12 �g Par j 1 14/16 R/A

Pajno et al., 2000 [30] 8–15 mites 2 years 2.4 mg Der p 1 12/12 A

Guez et al., 2000 [29] 6–51 mites 2 years 2.2 mg Der p 1 24/18 R

Caffarelli et al., 2000 [31] 4–14 grasses 3 months 32,000 AU 24/20 R/A

Ariano et al., 2001 [32] 19–50 cypress 8 months 250,000 RU 10/10 R/A

Bahceciler et al., 2001 [33] 7–15 mites 6 months 2,000 IR 8/7 R/A

Voltolini et al., 2001 [34] 15–52 trees 24 months 4,000 IR 24/13 R

Lima et al., 2002 [35] 16–48 grasses 18 months 16 mg Phl p 5 24/22 R

R � Rhinitis; A � asthma; STU � standard units; IR � index of reactivity; BU � biological units;

AU � allergenic units; RU � rast units.
1Active/placebo.



not significantly different from the corresponding placebo-treated groups.

Noticeably, no severe systemic adverse event (near-fatal, grade IV) has ever

been reported in the literature over 15 years.

André et al. [36] recently reviewed the safety aspects of the controlled trials

performed with the vaccines of a single manufacturer. Six hundred and ninety sub-

jects were enrolled (347 active � 343 placebo), 218 of them children (103 active �
115 placebo). The large majority of events were mild. All events had similar inci-

dence in active and placebo, with the exception of the oral and gastrointestinal side

effects, which were more frequent in SLIT patients, although they were always

mild. The occurrence of side effects and dropouts was similar in adults and children.

Similarly, in the more recent pediatric studies, the occurrence of side

effects was negligible and not worrying [18, 21, 28–31, 33]. In one study [28]

a particularly high occurrence of gastrointestinal complaints was noted, but in

this study the amount of allergen was very high: about 375 times the amount

usually administered in a standard subcutaneous course.

Comparison of SLIT and SCIT

As far as the direct comparison between SLIT and SCIT is concerned there

is a single double-blind double-dummy study published as a full paper [37]. It

showed that SLIT had a clinical efficacy superimposable to SCIT (symptoms and

need for drugs), but that SLIT was better accepted and tolerated by the patients.

Another well-designed rigorous double-dummy trial with birch pollen extract has

recently been published in abstract form [38]. The study showed that SLIT and

injection IT had a similar efficacy, but only with SCIT did systemic side effects

of grade III and IV appear, whereas SLIT was comparable to placebo.

As mentioned before, no near fatal or severe systemic event has ever been

reported with SLIT. On the other hand, if we look at the recent literature, the

rate of occurrence of severe systemic (near-fatal) adverse events with SCIT

ranges between 0.5 and 6% [39, 40]. Concerning the rate of occurrence of

systemic reactions in general, a comprehensive review by Stewart and Lockey

[41] on SCIT  reported the following figures: (1) 0.8–46.7% with conventional

schedules, (2) 0–16.7% with modified allergens, and (3) 0–21% with acceler-

ated or rush schedules. These are on average higher than those reported with

SLIT. As a general consideration it is surprising that in about 20% of the pub-

lished studies with SCIT there is no information at all concerning side effects,

and in the remaining studies side effects are reported only in an incomplete

manner [42], with an average occurrence of systemic effects in 24% of the

patients. No fatality has ever been reported with SLIT, which is at variance with

SCIT, where more than 50 cases are well documented [for review, see 43].
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Finally, no experimental data are available on the compliance with SLIT.

On the other hand, the few trials [44, 45] investigating the compliance with

SCIT evidenced that the rate of discontinuation of the treatment ranged

between 10 and 34% [44] and that up to 50% of the patients were noncompli-

ant because of the occurrence of intolerable side effects [45].

Experimental Evidence: Safety of SLIT in the Postmarketing
Surveillance Studies

The information on safety provided by the controlled trials are of course

valuable, but the populations are highly selected and the administration of SLIT

is usually supervised: this situation is profoundly different from that occurring

in the clinical reality. Therefore, more consistent information on the safety

should be obtained when SLIT is prescribed and administered in the everyday

clinical practice, i.e. in postmarketing surveillance studies.

An early study of pharmacovigilance [46] reported that the incidence of

side effects was indeed low: oropharyngeal itching represented about 50% of

the untoward effects, followed by rhinorrhea and constipation. Urticaria and

asthma were very rare. More than 90% of the effects were mild and did not

require any kind of medical treatment. No systemic anaphylaxis was reported.

A pharmacosurveillance study performed in 268 children aged between 

2 and 15 years and having received SLIT for up to 3 years showed that the over-

all incidence of systemic side effects involved 3% of the patients and 1/12,000

doses. Out of 8 side effects, only one (urticaria) was moderate and required

treatment with a single dose of oral antihistamine. Overall, in none of the

patients was the treatment discontinued [47].

Another pharmacosurveillance study in adult patients was recently

published [48]. One hundred and ninety-eight patients were observed while

receiving SLIT either preseasonally or continuously over a 3-year period. Side

effects were observed in 7.5% of patients and 0.52/1,000 doses administered.

Four urticaria and 2 gastrointestinal complaints were judged as moderate. Also

in this study, side effects were controlled by a temporary dose adjustment and

in no case was the treatment discontinued.

SLIT and the Oral Mucosa

It has sometimes been claimed that SLIT can lead to an increased risk in

patients suffering from the oral allergy syndrome. The sublingual administra-

tion of pollen allergens which are cross-reacting with food allergens may in fact
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elicit local edema and swelling. Indeed, a controlled study (30 subjects) per-

formed in patients with a certain oral allergy syndrome, receiving an allergoid

in orosoluble tablets did not confirm this hypothesis [49].

In another clinical trial, the possible immunological effects of the sublin-

gual administration of allergens were investigated by measuring the mucosal

level of tryptase and ECP. These mediators are markers of mast cell degranula-

tion and eosinophil activation, respectively. No change in the levels of these

mediators could be detected at all, even in one patient reporting oral itching

after SLIT intake [50].

One of the earliest concerns about the safety of SLIT was the envisaged

possibility of a too rapid absorption of the allergen through oral mucosa [10].

Indeed, pharmacokinetics studies, performed in healthy and allergic volunteers

using a radiolabeled allergen, showed that no sublingual absorption occurs until

the allergen is kept under the tongue without swallowing [51, 52]. The absorp-

tion seems to begin after the allergen has reached the gastrointestinal tract. On

the other hand, a long-lasting persistence of the radiolabeled allergen, adsorbed

to the oral mucosa, could be detected.

Safety of LNIT

Fourteen randomized controlled clinical trials with LNIT are at present

available [for review, see 12]. Thirteen out of the 14 papers demonstrate a

significant improvement of nasal symptoms both in perennial and seasonal

rhinitis; two studies were conducted in children. The effects of LNIT seem to

be restricted to the target organ only; its effectiveness is dose-related and, at

least for pollen allergy, a preseasonal course should be repeated every year [53].

Concerning the safety, it can be seen that the earliest aqueous extracts, although

effective, were associated with troublesome local side effects, i.e. mild rhinitis

symptoms. The usefulness of LNIT became, therefore, somewhere questionable

[54]. On the other hand, the modified extracts showed a lower incidence of side

effects, but they also appeared to be less effective. Recently, micronized dried-

powder preparations have been manufactured and commercialized. These

extracts show an efficacy comparable to that of the aqueous ones and appear

almost completely devoid of local side effects [55]. This is probably due to

a better titration of the build-up phase doses. The hypothesized risk of an induc-

tion of an asthma attack is not substantiated by the evidence: such an event has

only been described anedoctally in 3 patients in a single study [56], probably

due to the wrong technique of administration. Moreover, some manufacturers

suggest a nasal premedication with cromolyn, which contributes to reducing the

nasal side effects.
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Also in the case of nasal IT, no direct absorption through the nasal mucosa

could be detected [52]. The allergen sprayed into the nose is slowly transported

towards the pharynx by the mucociliary clearance and then swallowed, although

a relevant fraction persists on the nasal mucosa for hours.

As mentioned before, LNIT requires a particular administration technique:

after premedication, the allergenic extract (aqueous or powdered) has to be

sprayed into a nostril while vocalizing. This fact, in addition to the efficacy

limited to the nose, reduced the clinical use of LNIT; therefore, no postmarketing

surveillance studies are available. In conclusion, based on the clinical trials, LNIT

appears safe and well tolerated. The EAACI/ESPACI position paper states that

‘side effects do not represent a problem’ [12].

Conclusions

The results from the randomized controlled clinical trials are overall favorable

and justify the recent official approval of SLIT for the routine clinical use in

children and adults [13]. The safety profile, as derived from both controlled trials

and postmarketing surveys, is extremely favorable, especially when compared to

SCIT. In fact, looking at the figures from the literature, the rate of systemic adverse

events, in particular severe ones, is clearly higher with the subcutaneous adminis-

tration. The most frequent side effects seen with SLIT are local ones (sublingual

itching) followed by gastrointestinal complaints (stomach ache and/or nausea).

Nevertheless, these effects virtually never lead to a discontinuation of the treat-

ment; they are mild and self-resolving and can be easily controlled by a temporary

dose reduction. In general, the risk/benefit ratio of SLIT seems to be favorable.

Although the safety profile of SLIT is satisfactory, it is important to underline

that physicians who prescribe IT need adequate training in allergology and spe-

cialist supervision is always necessary. The therapy should only be prescribed by

specialists, after a detailed diagnosis has been made and the expected benefit/cost

ratio has been carefully evaluated. Patients should be instructed to carefully follow

the manufacturer’s schedule of administration and to visit the clinic at least every

3 months. Only standardized extracts with proven efficacy (grass, Parietaria,

mites, olive, birch) should be used. Since SLIT (and LNIT) is self-administered,

detailed instructions and follow-up of the patients are mandatory.

Clinical studies have only been conducted for 15 years, and therefore

several points still need to be clarified [57]. One of the most important points

is the optimal dose of allergen to be administered: it is known that the use of

very high amounts of allergen is associated with gastrointestinal symptoms,

whereas too low doses are ineffective (fig. 1). Based on the available data, an

effective and safe dose should be between about 20 and 300 times higher than
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for the subcutaneous route, but this interval is wide and there are no dose-

ranging studies.

The sublingual route appears particularly suitable for pediatric patients,

because it is well accepted and safe. Therefore, SLIT represents a significant

step towards an optimal allergy management.
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Abstract
The ARIA working group, in collaboration with the WHO in Geneva, recently pub-

lished a state-of-the-art review and recommendations derived from it on the link between

rhinitis and asthma. Rhinitis is the most frequent manifestation of allergic disease in humans

and is often linked to other atopic diseases such as food allergy, atopic dermatitis or asthma,

and may furthermore have an impact on the sinuses. ARIA focuses on one of the most impor-

tant of the mentioned issues, the link between upper and lower airways in allergic disease. To

facilitate understanding between the otorhinolaryngologist and the pulmonologist, the clas-

sification of rhinitis has been adapted to that of asthma, and the terms ‘intermittent’ and ‘per-

sistent’ allergic rhinitis have been introduced. Elaborate guidelines for the diagnosis and

assessment of the severity of disease are provided, and detailed recommendations for the

management of rhinitis and asthma are suggested with a special focus on specific

immunotherapy.

Copyright © 2003 S. Karger AG, Basel

The ARIA paper [1] summarizes current knowledge on rhinitis and its link

to asthma and features several main issues, presenting a new classification of

rhinitis with reference to a similar classification as is currently used for asthma.

Because of the long-term exposure to seasonal allergens in some countries and

the seasonal variations also observed in mite allergen exposure [2], it was

decided that the terms ‘seasonal’ and ‘perennial’ would not be very helpful for

any decision in terms of treatment. Furthermore, seasonal and perennial
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allergens may considerably differ from one place to another, so that the offend-

ing allergen has to be mentioned separately. It was therefore decided to use the

terms ‘intermittent’ and ‘persistent’ allergic rhinitis. Persistent allergic rhinitis

means more than 4 days of symptoms per week and more than 4 weeks of

symptoms, and may be either seen during the season or due to an allergen expo-

sure during the year. In contrast, intermittent means less than 4 days per week

or less than 4 weeks of symptoms, which again may be based on seasonal or

perennial allergens. The term persistent also reflects the concept of minimal

persistent inflammation, which has been described for the nasal mucosa as an

ongoing inflammation even without acute symptoms [3]. It is estimated that

about two thirds of the patients suffer from intermittent and one third from per-

sistent rhinitis, and that this terminology is independent from seasonal or peren-

nial allergic rhinitis. The severity of disease was furthermore classified as mild

or moderate to severe, depending on the symptoms, but also on the impact of

those symptoms on quality of life issues such as sleep, impairment of daily

activities and work performance (fig. 1).

The large body of epidemiological studies have clearly shown that allergic

rhinitis and asthma are frequent diseases, and that both diseases obviously still

increase in prevalence [4, 5]. However, without any doubt, there is a direct link

between rhinitis and asthma. Several studies in a large number of patients have

clearly shown that rhinitis sufferers have a 3- to 7-fold increased risk to also

develop asthma within 7 years compared to normal controls. Most of this devel-

opment actually lies in the early years of childhood, as was recently shown in

the MAS and PAT studies [6, 7]. In the first study, 5-year-old children sensi-

tized to pollen with allergic rhinitis symptoms developed asthma within 2 years
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in 34%, and in the second study, children 6–14 years of age with pollen-allergic

rhinitis developed asthma within three seasons in 44%. Furthermore, 20% of

children without a history of asthma developed asthma symptoms within the

first season, so that it can be estimated that at least 35% of children of this age

develop asthmatic symptoms within just two seasons. This natural development

of atopic disease clearly asks for intervention in terms of the prevention of dis-

ease expansion.

The WHO initiative ARIA [1] therefore formulated a number of recom-

mendations, which are listed below: 

(1) Allergic rhinitis is a major chronic respiratory disease because of its

prevalence, its impact on the quality of life, its impact on work/school perfor-

mance and productivity, its economic burden, and its links with asthma.

(2) In addition, allergic rhinitis is associated with sinusitis and other

comorbidities such as conjunctivitis.

(3) It is recommended that allergic rhinitis should be considered as a risk

factor for asthma along with other known risk factors.

(4) A new subdivision of allergic rhinitis has been proposed: intermittent

and persistent.

(5) The severity of allergic rhinitis has been classified as ‘mild’ and ‘mod-

erate/severe’ depending on the severity of symptoms and quality of life out-

comes.

(6) Depending on the subdivision and severity of allergic rhinitis, a step-

wise therapeutic approach has been proposed.

(7) The treatment of allergic rhinitis combines: allergen avoidance (when

possible), pharmacotherapy and immunotherapy.

(8) It is recommended that patients with persistent allergic rhinitis be eval-

uated for asthma by history, chest examination and, if possible and when nec-

essary, assessment of airflow obstruction before and after bronchodilator.

(9) It is recommended that history and examination of the upper respira-

tory tract for allergic rhinitis are performed in patients with asthma.

(10) It is recommended to propose a strategy combining the treatment of

both the upper and lower airway disease in terms of efficacy and safety.

Although we do not fully understand the pathomechanisms behind this

relationship, several possibilities have been proposed, such as the nasal-

bronchial reflex, aspiration of nasal contents, the effect of mouth breathing and

the release of mediators due to allergen exposure in the nose. Of these, the

hypothesis of a signal released at the side of exposure to the bone marrow with

consecutive mobilization of inflammatory progenitor cells is currently favored

(fig. 2). Several studies have contributed to this hypothesis, which is primarily

based on observations in dogs, but recently has also got more and more support

in humans [8]. Chakir et al. [9], for example, showed that the number of T cells
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and eosinophils in bronchial biopsies increased in patients with seasonal aller-

gic rhinitis symptoms only. This would indicate that, although not symptomatic,

there is an ongoing minimal inflammation in the lower airways in patients with

allergic rhinitis. This inflammation can lead to a clear late-phase response in the

lower airways, which is seen not only in patients with allergic asthma, but also

in patients with allergic rhinitis only [10]. Whenever an allergen would reach

the lower airways, it could induce a typical allergic inflammatory reaction.

Finally, Braunstahl et al. [11] recently showed that not only allergen exposure

of the nose would cause bronchial inflammation, but also allergen exposure of

the bronchi would induce an increase in inflammatory cells in the nasal

mucosa. A possible candidate to transfer this signal to the bone marrow is

interleukin-5, but also chemokines, specifically for eosinophils, could well be

involved. These data support the clinical observation of a strong link between

the lower and upper airways and help us to understand the basic pathomech-

anisms behind it.

After elaborate guidelines for the diagnosis and assessment of the severity

of disease, which will not be covered in this summary, the ARIA report also

gives detailed recommendations for the management of rhinitis and to some

extent asthma, which in contrast to former reports are evidence-based. The paper
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proposes a stepwise approach to a therapy consisting of allergen avoidance, drug

treatment and specific immunotherapy (SIT) (fig. 3). Here, we focus on the role

of SIT in this treatment concept.

SIT is the standard of care for hymenopterous sting-induced systemic

allergic reactions and has clearly been shown to be also effective for the treat-

ment of seasonal and perennial allergic rhinoconjunctivitis and asthma [12]. It

has been shown that SIT can interfere with basic pathophysiological mecha-

nisms of allergic disease and may be able to prevent the development of asthma

in patients with allergic rhinitis. Thus, SIT is recommended as a supplement to

allergen avoidance and drug therapy to make the patient as symptom-free as

possible, but should also be initiated early in the disease process to prevent fur-

ther development of severe disease and to reduce the risk of side effects.

According to the recommendations, subcutaneous SIT is the standard proce-

dure; local SIT (nasal or sublingual-swallow immunotherapy) may be consid-

ered in selected patients with systemic side effects and who refuse injection

treatment.

The indications for SIT are given below:

(1) Carefully selected patients with rhinitis, conjunctivitis and/or asthma

caused by pollen, house dust mite or cat allergy. Immunotherapy is also indi-

cated when asthma during the pollen season complicates rhinoconjunctivitis.

(2) When H1 antihistamines and intranasal pharmacotherapy insufficiently

control symptoms or produce undesirable side effects.
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(3) When patients do not want to receive long-term pharmacotherapy for

their treatment.

The efficacy of subcutaneous SIT has been clearly shown in a meta-

analysis of 43 double-blind placebo-controlled trials in allergic rhinitis as well as

another meta-analysis of 16 double-blind placebo-controlled studies in asthma

patients [13]. The mean clinical improvement was 45% reduction in symptoms

and medication compared with placebo in rhinitis and 40% in asthma patients,

which exceeds the effects of drug therapy. A recent meta-analysis also con-

firmed that asthma responds favorably to SIT [14]. However, recently it could

also be demonstrated that SIT is effective in patients with house dust mite

allergy, allergic rhinitis and asthma [15]. Immunotherapy in these patients not

only reduced rhinitis and asthma symptoms as well as rescue medication, but

also had an impact on bronchial hyperreactivity over the 3-year follow-up

period.

It is of special interest that SIT has been shown to prevent new sensitiza-

tions in controlled studies [16] and also in large open observational studies

[17]. In the first study, SIT was applied in children monosensitized to house

dust mite over a 3-year period. In the SIT group, about half of the patients

developed new sensitizations, whereas in the control group, all the subjects

developed new sensitizations to perennial and seasonal allergens during the

follow-up period. In the second study, looking at a group of more than 7,000

patients with immunotherapy compared to more than 1,000 patients with drug

therapy, about 30% of the SIT group was polysensitized after 7 years, whereas

nearly 80% of the drug group showed polysensitizations after this period. In

this latter group, there was also a significant increase in total IgE mean values

versus the SIT-treated group. Thus, SIT is able to prevent new sensitizations in

allergic rhinitis subjects.

However, the question of whether SIT could actually prevent the devel-

opment of asthma in children with rhinitis was answered only recently. In a

study in children aged 6–14 years with birch or timothy pollen-allergic rhini-

tis, who had followed immunotherapy for 3 years, there was a significant

reduction of conjunctivitis and rhinitis symptoms in the SIT group, a signifi-

cant reduction in conjunctival sensitivity and also an improvement of

bronchial hyperreactivity [7]. Furthermore, significantly fewer children in the

SIT group developed asthma in three seasons compared to the control group,

with an odds ratio of 2.5.

In conclusion, the ARIA WHO workgroup emphasized the link between

rhinitis and asthma and declared rhinitis a major chronic respiratory disease and

a risk factor for the development of lower airway disease. It is therefore critical

to treat both airway manifestations in a combined strategy, and immunotherapy

has been proven to be a suitable treatment when patients are selected carefully.
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It must be our aim to prevent the development of asthma in patients, especially

in children with rhinitis, and SIT has been shown to considerably reduce the

risk of disease expansion in this group of patients that otherwise would develop

asthma in about 35–45% of cases. SIT clearly is a treatment of choice for com-

mon airway disease such as a reductive and preventive treatment approach.

Further studies are needed to confirm this benefit and to allow a better classi-

fication of patients suitable for preventive SIT in terms of sensitizations, age

and laboratory parameters.
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Abstract
Sublingual immunotherapy in allergy is a promising method invented in its preliminary

form almost 100 years ago, but applied in practice for only several years. A continuously

increasing number of controlled studies indicate the efficacy of this method, but nevertheless

numerous questions concerning immunological mechanisms, mode of application or long-

term (side) effects remain to be answered and are responsible for keeping clinicians from pre-

scribing it. Thus far, only a few studies compare the local and subcutaneous application of

immunotherapy, but since the most efficient mode of application still remains far from being

determined, such comparisons cannot be used for a general or definite recommendation of one

of both therapies. The studies also fail to take into consideration patients’ compliance or accept-

ance of different types of therapies depending upon the previous duration and state of allergy.

Although the acquiescence of local immunotherapies by physicians and patients is increasing,

the topic will continue to offer material for years of emotional and scientific discussions.

Copyright © 2003 S. Karger AG, Basel

Dosage

For all kinds of immunotherapy the question of dose is still discussed

controversially. Is a single dose more relevant or a cumulative dose? The single

and cumulative sublingual immunotherapy (SLIT) doses applied in published

studies are from 5-fold up to several 100-fold higher than in subcutaneous

immunotherapy [1]. Considering the possible mechanisms of immunotherapies,

especially on the dendritic cell level, a balance of both might be expected to be

the most convenient. All kinds of application produce a concentration gradient

Prospects for the Future



of allergens in the tissue. There are, whichever dose is given, dendritic cells

receiving low amounts of allergens, but the number of affected cells and the

highest concentrations of allergens absorbed by dendritic cells vary with

increasing applied concentrations. Since the interleukin profile of dendritic

cells depends upon the dose of allergens, the ratio of low-dose to high-dose

stimulated cells might play a role in combination with the presence of addi-

tional tissue resident immune cells [2]. Their presence depends upon the dura-

tion and severity of the allergic disease, its localization as well as secondary or

accompanying diseases or inflammations. Also substances therapeutically

applied along with an allergen, as for example corticosteroids or mycopheno-

late mofetil, may be able to influence the function of dentritic cells or their

interaction with T cells [3]. Since the underlying mechanisms are still widely

unknown, convincing clinical recommendations require further investigations.

Intervals

The question of dosage is directly linked to the question of intervals. There

are antigen-presenting cells homing, continuously entering and leaving the

mucosa. Such cells are confronted with a high number of antigens and the med-

ication represents only one out of many. Two things should be considered:(1)

that other antigens present on the mucosa influence the effects of SLIT and (2)

how many hours it takes to replace the leaving dendritic cells with native ones

[4, 5]. Such a period of approximately 24 h might be a recommendable interval

for SLIT applications, but it can only be speculated about this as long as more

detailed studies are lacking [6].

Preparations and Application

Thus far, the best recommended application of SLIT is the swallow method

[7]. It might be considered if other preparations, which provoke a longer allergen

persistence on the mucosa, may be more effective or may at least reduce the nec-

essary allergen concentration. Such preparations might be for example soluble

tablets, which slowly dissolve in the mouth or chewing gum, which slowly releases

the allergens [8–10]. It may also be taken into contemplation to add substances,

which prolong the persistence of allergens on or increase their absorbance through

the mucosa or which influence quantity and quality of saliva, especially in regard

to immunoactive substances and enzymes [11, 12]. Dry preparations, such as

tablets, have the advantage of requiring less or no conservation factors such as phe-

nole, which might induce undesired effects in a few cases.
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Adjuvant Therapies

As reflected in another chapter of this volume, especially anti-inflammatory

treatment by antihistamines, antileukotrienes or corticoids might influence the

success of immunotherapies, because it normalizes and standardizes the

immunological base of treatment [13]. In severe cases a reduction of IgE levels

by anti-IgE antibodies or even a slight general immunosuppressive treatment

may also be considerable [14].

Duration of Therapy

This problem is also linked with the question of single and cumulative

doses, which vary widely in different studies [15]. Should the cumulative dose

be reached within a short period or may it be more effective if it is distributed

for a longer time span? Should therapy be abolished when symptoms decreased

or disappeared or should it also be continued during additional symptom-free

seasons? The answers probably depend again upon several factors, such as the

kind of allergens. Short-term therapies similar to subcutaneous rush therapies

were tried out, but results are still very limited [16].

Initiation of Therapy

In the case slight allergies ARIA recommends symptomatic treatment [7].

On the other hand, the shorter the period of time during which the disease persists

and the slighter the symptoms are, the higher the efficacy of immunotherapies

seems to be. It will be necessary to study further whether local immunotherapies

are able to prevent the risk of additional sensitizations and the aggravation of the

state of disease, as is shown for subcutaneous immunotherapy [17]. Such consid-

erations may influence the view on the onset of immunotherapies.

Continuation during the Season when Symptoms Occur

The doses of allergens naturally taken up during the season vary widely

depending upon numerous circumstances which can or cannot be influenced.

To provide a certain minimum dose for each day, the continuation of

immunotherapies during the season is necessary. The question of the continua-

tion of immunotherapy during the season is combined with the question of the

application of additional symptomatic therapies during immunotherapy, which

Prospects for the Future 129



was done in most studies. The treatment and absence of symptoms during the

season is an important factor for the patients’ compliance.

Combination Therapies in Multiple Allergies

The maximal number of simultaneously treated allergies remains specula-

tion. There are no studies as regards this number and the way of application. It

is not clear yet, if different allergens should be applied as one single dose or

alternately at different time points, which gave promising results in our clinical

practice. In such cases, the dominance or uniformity of the single allergies as

well as cross-reactions should be considered. Because of the high interindivid-

ual differences between all allergic patients, it will be hard to form comparable

groups for comparative controlled studies to analyze the problem and to pro-

pose general recommendations.

Application of Allergoids

The application of allergoids is a promising idea to reduce side effects by

the prevention of IgE binding to the full allergen, but the role of fragments other

than the symptom-inducing epitope in sensitization and desensitization is still

an open question. The first clinical observations on sublingual application are

promising [8, 18, 19].

Prevention of New Sensitizations

Following recent studies relaying that an atopic ambiance induced by mater-

nal factors can provoke a risk of atopic diseases in the child, it should be recog-

nized that after birth preexisting atopic diseases present an enormous risk factor for

additional sensitizations [20]. Immunotherapies are seen as a curative treatment,

which reduces the severity of allergies or even cures them and thereby reduces the

risk of new sensitizations. This has been well demonstrated for subcutaneous

immunotherapies, but there are still no convincing results for SLIT [21, 22].

Long-Term Effects

As local immunotherapies have been used routinely only for the last

decade, data on long-term effects are still rare [23]. To achieve a higher accep-

tance of SLIT by the clinicians, it is necessary to resolve this urgent question.
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Application in Pregnancy or during Immunological Disorders

The lower number of side effects of local immunotherapies might suggest

their use in pregnancy. Since the immunological effects of immunotherapies and

the immunological changes during pregnancy are still under investigation, their

interferences are also far from being understood. Application of immunotherapies

in pregnancy should be handled with very strict caution until more scientific data

is available, although several observations do not indicate contrary effects [24–26].

Similarly, the interferences of immunotherapies with immunological disorders,

which may be provoked by immunological diseases (for example, autoimmune

diseases, HIV) themselves or by indirect immunological influences as a conse-

quence of other diseases, such as infections or tumors, are still widely unknown

and will be hard to investigate because of the large variety of possible cases.

Limitations of Applicable Allergens

Depending upon the different regions, a large number of allergens have been

used thus far for local immunotherapies. However, there is still a number of aller-

gens, mainly food allergens, which have not yet been tested for this therapy.

Side Effects

As extensively reported in the other chapters, in millions of applications of

local immunotherapies lethal side effects were not observed and severe side

effects were extremely rare [27]. However, it should always be our aim to

reduce even low numbers and not severe side effects. It might be important to

scientifically analyze the correlation of mucosal injuries with the severity of

side effects, which was observed in clinical practice.

Compliance

As in any other therapy, compliance is an important factor in order to

obtain positive results. In some groups of patients, especially those with a high

professional duty or any other rigid daily obligations, compliance might be bet-

ter with local immunotherapy. In other groups, the subcutaneous application

might lead to a higher compliance. In local immunotherapies, the patient’s com-

pliance also depends  especially upon the physicians’ compliance, which is nec-

essary to guide and motivate the patient throughout the long period of therapy.
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Thus far, no comparative studies on the compliance of the different forms of

therapy are available. In SLIT, compliance was only compared between the

active and the placebo groups, where it was similar [28].

Ethical Aspects

New therapies offer new chances, but also carry new risks. The risks

include unknown efficacy and unknown side effects, whereas the chances

include higher efficacy, lower side effects or easier applicability. The patient

should be informed in detail about possible benefits, problems and open ques-

tions of different alternative therapies, and should be involved in the decision.

Even such steps increase compliance and thereby success. An acceptable ethi-

cal aspect for the consideration of a therapy may be the mean state or severity

of a disease, which is necessary to convince a patient of the need for such a

therapy. This level might be lower for noninvasive immunotherapies than for

invasive immunotherapies, and an earlier initiation of any kind of immunother-

apy seems to lead to greater success. This hypothesis has yet to be proved by

clinical investigations in allergy.

Comparative Studies with Other (Immuno)Therapies

Only a low number of comparative studies or observations of local and

subcutaneous immunotherapies have been published thus far [29, 30]. All of

these and future studies need to consider that the mode of application of local

immunotherapy has not yet reached its final version and that, therefore, such

comparisons cannot be generalized for all possible application methods and

allergens. Thus, although when perfectly performed, actual or upcoming stud-

ies should only be evaluated as preliminary ones, as long as more detailed infor-

mation regarding immunological mechanisms and effects as well as official

recommendations concerning application modalities are not available.

Additionally, as mentioned in another paper in this volume, data comparing

immunotherapies with symptomatic therapies should also be available for the

evaluation of immunotherapies [31].

Economic Aspects

Economic aspects of local and subcutaneous immunotherapies probably play

a role in the selection of therapies, although they should not. Since respective
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health systems, costs of medication and costs of medical working hours in each

country differ widely, such reflections are difficult to generalize in brief. Major

aspects to contemplate are the higher cumulative and thereby more expensive

doses in local immunotherapies on the one hand, but on the other hand the lower

frequency of medical visits might be positive for health insurances (but also neg-

ative for the doctors’ economy). Since the long-term efficacy of local

immunotherapies is still unclear, costs for repeated or additional treatments are

impossible to estimate. In summary, too many variables influence the economic

question to provide a general statement in this framework.

Conclusion

A large network of factors may influence the possible effects of (local)

immunotherapies. They include mainly dosage and application varieties or

additional therapies. A high number of animal and clinical studies will be nec-

essary to analyze the effects of individual factors in more detail. Evaluating any

study, it must be considered that the change of only one factor may lead to

another positive or negative result. Therefore, a much higher number of inter-

national, controlled studies are required to give further official recommenda-

tions on doses and application procedures. Only well-based recommendations

will significantly increase the acceptance of local immunotherapies and reduce

the emotional aspects of the discussion. This seems to be a challenging task to

perform within a few, short years, but could also be perceived as a hopeful,

long-term goal.
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