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Preface 

Readers may wonder how the idea to publish 
standard guidelines for irnmunotherapy began. 
Jean Bousquet and Richard Lockey met at a 
meeting on allergen immunotherapy in Chicago, 
Illinois, in 1995 where a conversation developed 
concerning the feasibility of writing international 
guidelines on allergen immunotherapy. The idea 
was revisited between Drs. Lockey and Bousquet 
at the 1996 American Academy of Allergy, 
Asthma, and Immunology meeting in San Fran- 
cisco, California. Dr. Bousquet agreed to discuss 
the idea with colleagues at the World Health 
Organization (WHO) and various allergy, asthma, 
and immunology societies throughout the world to 
determine whether or not they collectively would 
sponsor such guidelines. They agreed to do so and 
the idea became a reality. 

Drs. Hans-Jorgen Malling, Lockey, and Bousquet 
were approved as co-chairs by their respective 
regional organizations to co-chair the project. 
Various individuals who are experts on allergen im- 
munotherapy, and from various geographic loca- 
tions throughout the world, were appointed to serve 
on the committee. A draft document was circulated 
to members of the committee prior to the first 
and only meeting, which took place at the WHO 
headquarters, on 27-29 January 1997, in Geneva, 
Switzerland. During the three-day meeting, the 
committee reached a consensus on the information 
to be included in the statement and how the group 
would proceed to finalize and publish the document. 
The committee unanimously agreed to change the 
historical terminology of “allergen extract” to the 
new terminology used in the manuscript, “allergen 

vaccine”. This decision was made since many aller- 
gen vaccines used for allergen immunotherapy are 
no longer crude extracts but are defined in biolog- 
ical units and/or in micrograms of major allergens. 

During the ensuing months, many drafts were 
circulated among committee members to assure 
that a consensus was reached on the information 
contained in the manuscript. 

The committee members hope that these guide- 
lines will result in a better understanding of the 
science and rationale for using allergen immuno- 
therapy as well as improve the safety of such 
therapy. The document also defines new techniques 
being developed which may result in better efficacy 
and less risk for allergen immunotherapy as well as 
recommends areas of additional and necessary 
research. The co-chairs thank the various organi- 
zations which have sponsored this initiative, the finan- 
cial support of the allergen vaccine pharmaceutical 
manufacturers and colleagues who worked diligently 
and for many hours to complete the manuscript. 

Jean Bousquet, MD 
Richard F. Lockey, MD 
Hans-Jorgen Malling, MD 

Please note: The WHO Position Paper is not a standard of care 
document for allergen immunotherapy for individual countries. 
Standards of care on allergen immunotherapy are established by 
the physician members of the major allergylimmunology organiza- 
tions of each country. 

Except for a few papers which were discussed as pre-prints during 
the Geneva meeting, scientific articles reviewed for data included 
in this manuscript were not included after April 1, 1997. 
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Synopsis 
Allergen immunotherapy is the administration 
of gradually increasing quantities of an 
allergen vaccine to an allergic subject, reaching 
a dose which is effective in ameliorating the 
symptoms associated with subsequent expo- 
sure to the causative allergen. 

Controlled studies have shown that allergen 
immunotherapy is an effective treatment for 
patients with allergic rhinitiskonjunctivitis, 
allergic asthma, and allergic reactions from 
stinging insects. 

The treatment of allergic diseases is based on 
allergen avoidance, pharmacotherapy, allergen 
immunotherapy, and education of the patient. 
Immunotherapy, where appropriate, should be 
used in combination with all forms of therapy 
with the goal that the allergic patient will 
become as symptom-free as medically possible. 

Allergen immunotherapy is indicated for 
patients who have demonstrated evidence of 
specific IgE antibodies to clinically relevant 
allergens. The rationale for prescribing allergen 
immunotherapy depends on the degree to 
which symptoms can be reduced by medica- 
tion, the amount and type of medication 
required to control symptoms, and whether 
effective allergen avoidance is possible. 

The response to immunotherapy is specific for 
the antigen administered. Mixtures of allergens 
unrelated to the patient’s sensitivity should not 
be utilized. 

Physicians should know of local and regional 
aerobiology and the exposure of the patient in 

Abbreviations 

the home and work environments. Only physi- 
cians with training in allergology (allergy/ 
immunology) should prescribe the clinically 
relevant vaccine for allergen immunotherapy. 

The quality of the allergen vaccine is critical for 
both diagnosis and treatment. Where possible, 
standardized vaccines of known potency and 
shelf life should be utilized for allergen 
immunotherapy. 

The use of well-characterized and standardized 
vaccines makes it possible to define an optimal 
maintenance dose in the range of 5-20 pg of 
major allergen per injection for a number of 
primary allergens. Therapeutic efficacy corre- 
lates with such doses. 

The major risk of allergen immunotherapy is 
anaphylaxis. Therefore, allergen immuno- 
therapy should be administered by or under 
the close supervision, of a trained physician 
who can recognize early symptoms and signs of 
anaphylaxis and administer appropriate emer- 
gency treatment. 

The optimal duration of immunotherapy is still 
unknown. Many clinicians advise 3-5 years of 
therapy for patients who have had a good 
therapeutic response. However, the decision to 
discontinue allergen immunotherapy should be 
individualized. 

Several studies suggest that venom immuno- 
therapy may be discontinued after 3-5 years in 
most patients. However, the decision to discon- 
tinue venom immunotherapy should be indi- 
vidualized. 

AAAAI: American Academy of Allergy, Asthma and Immunology 
ACAAI: American College of Allergy, Asthma and Immunology 
AU: Allergy Unit 
BAU: Bioequivalent Allergy Unit 
BU: Biologic Unit 
CBER: Center for Biologic Evaluation and Research 
EAACI: European Academy of Allergy and Clinical Immunology 
ESPACI: European Society of Pediatric Allergy and Clinical Immunology 
EU: European Union 
IAACI: International Association of Allergy and Clinical Immunology 
IU: International Unit 
IUIS: International Union of Immunological Societies 
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1. Introduction 
Allergen immunotherapy is the practice of admini- 
stering gradually increasing quantities of an aller- 
gen extract to an allergic subject to ameliorate the 
symptoms associated with the subsequent exposure 
to the causative allergen. Allergen immunotherapy 
was introduced to treat “pollinosis” or allergic 
rhinitis by Noon and Freeman in 1911 (1). Since 
then, immunotherapy has been used to treat aller- 
gic diseases caused by inhalant allergens and is an 
effective treatment for patients with seasonal or 
perennial allergic rhinoconjunctivitis and asthma. 
Hymenoptera venom immunotherapy used for 
about 20 years is accepted as the standard of care 
for Hymenoptera sting-induced systemic allergic 
reactions. 

Vaccines are utilized in medicine as immune 
modifiers. So too, is allergen immunotherapy. 
Knowledge gained from studies of allergic mecha- 
nisms, such as the importance of Thl and Th2 cells, 
cytokine regulation of the immune responses, and 
specific inhibition or ablation of pathogenic immune 
responses by means of tolerance induction, may be 
applicable to a variety of allergic and immunologic 
diseases. This is especially true for autoimmune 
diseases such as juvenile diabetes mellitus and 
multiple sclerosis. Thus, the concepts utilized and 
the scientific data which support the use of allergen 
immunotherapy to treat allergic diseases are now 
being applied scientifically for other immunologic 
diseases. The panel therefore entitled this position 
statement “Allergen immunotherapy: therapeutic 
vaccines for allergic diseases” to indicate that 
vaccines (allergen extracts) which modify or down- 
regulate the immune response for allergic diseases 
are part of this broad-based category of therapies 
presently utilized and being developed to treat 
other immunologic and infectious diseases. 

Immunotherapy is the only treatment that may 
affect the natural course of allergic diseases, and it 
also may prevent the development of asthma in 
patients with allergic rhinitis. New routes of admini- 
stration of immunotherapy are currently being 
explored. Nasal, sublingual, or oral immunotherapy, 
using high doses of allergen vaccines, may prove to 
be effective, safe, and easy routes of administration. 
Moreover, in the future, new technologies and 
additional knowledge of the basic mechanisms of 
allergic diseases may completely alter the way 
allergen immunotherapy is utilized. 

Guidelines or indications for immunotherapy 
with inhalant allergens and venoms have been pub- 
lished within the past years by the World Health 

Organization (WHO) (2, 3), the European Acad- 
emy of Allergy and Clinical Immunology (EAACI) 
(4-6), the International Consensus Report on 
Asthma (7), the Global Strategy for Asthma Man- 
agement and Prevention (8), the International 
Consensus Report on Rhinitis (9), the British 
Society for Allergy and Clinical Immunology (lo), 
the American Academy of Allergy, Asthma, and 
Immunology (AAAAI), and the American College 
of Allergy, Asthma, and Immunology (ACAAI) 

These reports provide guidelines for a better 
understanding of and indications for the use of 
allergen immunotherapy. However, none of them 
represent a consensus report of representatives 
from various parts of the world (2,4, lo), and some 
reports address specific issues on one of the target 
organs in relation to asthma (7, 8) or rhinitis (9). 

Therefore, physicians and scientists from various 
parts of the world convened at the WHO head- 
quarters in Geneva, January 27-29, 1997 to review 
the science of and indications for allergen immuno- 
therapy. New forms of therapy which are being 
investigated and under development, and may 
prove to be safer and more effective, also are 
discussed. 

(11). 

2. Standardization, storage, and mixing of 
allergen vaccines 
2.1. Introduction 

Allergenic extracts (vaccines) have been defined. 
“Allergenic extract” means a preparation of an 
allergen obtained by extraction of the active con- 
stituents from animal or vegetable substances with 
a suitable menstruum. ‘‘ ‘Allergenic product’ means 
a biologic product, including allergenic extracts and 
others, that is administered to man for diagnosis, 
prevention and treatment of allergy and allergenic 
diseases” (12). In the European Pharmacopoeia, 
“allergen products are pharmaceutical prepara- 
tions which are derived from vaccines of naturally 
occurring source materials containing allergens, 
which are substances that cause and/or provoke 
allergic (hypersensitivity) disease. The allergenic 
components are most often of a proteinaceous 
nature. Allergen products are intended for in vivo 
diagnosis and/or treatment of allergic hypersensi- 
tivity diseases attributed to these allergens” (13). 

The committee which met in Geneva decided 
to use the term “allergen vaccine” rather than 
allergen extract to indicate that vaccines (allergen 
extracts) modify or downregulate the immune 

6 



response for allergic diseases and are part of a 
broad-based category of therapy presently utilized 
and being developed to treat other immunologic 
and infectious diseases. 

Successful immunotherapy is dependent on the 
use of high-quality allergen vaccines that are prop- 
erly standardized and can be manufactured with 
consistency. The present WHO recommendation 
on allergen standardization is adapted largely from 
the approved position statements of the American 
and European allergy societies (14,15). Approaches 
to standardization in Europe and the USA have 
differed in the past but common strategies are 
being developed. Both the European and the US 
position statements recommend that all allergenic 
vaccines be standardized for total allergenic 
potency, biologic activity, and major allergen meas- 
urements in mass units. In the USA, allergenic 
products are regulated through the FDA; in 
Europe they are regulated by different member 
states, though general rules are now evolving as 
part of the guidelines issued by the European 
Union (16). From a global perspective, this WHO 
recommendation encourages the adoption of 
standardization procedures that can be used and 
interpreted worldwide. Regulatory agencies should 
work toward common methods for production and 
standardization of allergen vaccines. 

2.2. Allergen standardization 
The most common vaccines used in clinical allergy 
practice are now available as standardized prod- 
ucts or are pending standardization. However, 
there are several dozen vaccines currently being 
marketed (many of which are used only occasion- 
ally) for which it is neither feasible nor econo- 
mically possible to standardize. It is proposed that 
the allergen manufacturers introduce vaccines 
tested for consistency relative to an in-house ref- 
erence standard (13). This approach is designed to 
ensure an acceptable level of standardization and 
quality control in otherwise unstandardized aller- 
gen vaccines. 

Details of allergen standardization and cali- 
bration are described in the EAACI Allergen 
Standardization and Skin Test Position Paper (14) 
and recommendations of North American societies 
of allergy, asthma, and immunology (15). 

2.2.1. Raw material 
The allergen raw material should be selected from 
relevant source material. Detailed instructions for 
harvesting, storage, extraction, and purification 
have been described by the IUIS (17), in the Nordic 
Guidelines (18), and by the EU (Production and 

quality control of allergens, Note for Guidance 1111 
9271/90). Manufacturing of allergen vaccines 
should be based on Good Manufacturing Practice 
(GMP) (13). 

2.2.2. Methods of allergen standardization 

Allergen vaccine standards. The measurement of 
major allergens for standardization is now a real- 
istic and desirable goal. A key element in this 
process is the maintenance of reference standards 
containing known amounts of relevant allergens. 
Standards for a number of vaccines have been 
produced as part of the WHO/IUIS/IAACI aller- 
gen standardization program (19-23). Several of 
these standards, e.g., short ragweed, mite (Dermat- 
ophagoides pteronyssinus), and dog, contain known 
amounts of the major allergens (24,25). The aller- 
gen content of some CBER reference preparations 
has also been determined. Standards with defined 
allergen content are maintained under stable con- 
ditions, in approved repositories, such as the FDA, 
WHO, Central Bureau fur Schimmelsvampes 
(CBS), or the American Type Culture Collection 
(ATCC) facilities. In the future, it is likely that 
recombinant allergens will provide primary stand- 
ards for allergen analysis and form the basis for 
development of new diagnostic and therapeutic 
products to diagnose and treat allergic diseases 
(26-28). 

Current methods of standardization. Standardi- 
zation is primarily based on in vivo and in vitro 
detection of IgE antibodies to allergens. Skin 
testing makes it possible to define the allergen 
vaccine in biologic units. Two methods are com- 
monly used (14, 18, 29). Both depend on the 
availability of allergic patients and the criteria 
used to select them (30) (Table 1). The inhibition 
of the binding capacity of IgE antibodies is meas- 
ured by RAST-inhibition-derived methods (31). 
The results reflect measurement of total allergenic 
potency, and such tests are required by the 
European Pharmacopoeia (13). Accuracy of these 
tests depends on the availability of appropriate 
human sera (32), the composition of the serum 
pool, and the allergen vaccine used as a reference 
standard (24, 33). However, there is some varia- 
bility with these in vivo and in vitro tests, and it 
may be difficult to compare total allergenic 
potency of vaccines produced by different manu- 
facturers. 

The composition of the vaccine can be deter- 
mined by methods such as isoelectric focusing, 
SDS-PAGE electrophoresis, IgE immunoblotting, 
and CRIE (cross-radio-immunoelectrophoresis) (for 
review, see Ref. 34). 



Table 1. Comparison between skin test methods to standardize allergens 

us Nordic Council 
method method 

Skin test method 
Dosage increment 
No. of patients tested 
Selection of patients 
Reaction measured 
Histamine reference 
Calculation 
Units of standardization 

lntradermal 
Threefold 
15 
Highly allergic 
Erythema 
No 
Arithmetic mean 
Bioequivalent allergy unit 
(BAUI 

Prick test 
10-Fold 
20 
Allergic 
Wheal 
Yes 
Geometric mean 
Biologic unit (BU) 

New technologies. The rapid development of new 
technologies for both DNA and protein analysis 
offers opportunities for improved methods of stand- 
ardization of allergen vaccines. Many important 
allergens of pollen, dust mites, animal danders, 
insects, and foods are cloned and expressed as homo- 
geneous recombinant proteins. Some have compara- 
ble allergenic activity to natural protein allergens (for 
review, see Re€ 35). With these new technologies, an 
allergen vaccine can be characterized in terms of 
content of major allergen (ng or pg), and the consist- 
ency of each lot can be accurately monitored. Such 
measurements will facilitate objective comparisons 
of allergen vaccines (24, 25, 33, 36, 37) by focusing 
on proteins of established allergenic importance; e.g., 
Fel d 1, Der p 1, Lo1 p 1, Amb a 1, and Bet v 1 (38, 
39). It is important that a consistent relationship 
exists between the amount of allergen measured and 
the amounts of other allergens present in the allergen 
vaccine (40). While monoclonal antibody-based 
assays are preferred because the reagents are avail- 
able in large quantities in perpetuity and have 
defined specificity, tests using polyclonal antibodies 
may be equally useful. At present, for example, 
measurements of Fel d 1 form the basis of assigning 
BAU (bioequivalent allergen units) by the FDA to 
cat hair and cat pelt vaccines. The amount of Fel d 1 
correlates with skin test potency in BAU. Major 
allergen measurements have been shown to correlate 
with estimates of biologic potency (40,41). In Japan, 
allergen vaccines are standardized by quantifying the 
major allergen and by biologic activity. Vaccines are 
labelled in JAU (Japanese allergen unit) (42). 

The production of recombinant human IgE anti- 
body fragments using combinatorial libraries may be 
useful for detecting IgE epitopes in allergen vaccines 
and thus may also contribute to standardization (43). 

2.2.3. Units 
Allergenic vaccines have been standardized in dif- 
ferent ways (30, 44). However, only those which 
specify total potency and the concentration of 

individual allergens should be used for allergy 
diagnosis and immunotherapy (18). 

A critical problem in determining total allergenic 
potency, whether based on biologic assays or on in 
vitro assays, is that the unitage is arbitrary and may 
be confusing (PNU, AU, BAU, BU, and IU, as well 
as other company-related arbitrary units). There- 
fore, allergen vaccines standardized in BAU in the 
USA cannot be accurately compared to vaccines 
marketed in BU (skin test potency relative to 
histamine) or in IU (WHO/IUIS/IAACI reference 
preparations) (25,44). In the USA (1991), the FDA 
introduced the BAU to replace the AU in order to 
distinguish potency labelling based on the results 
of skin testing from that derived only from in vitro 
testing. The ID50 EAL system for determining 
BAU is advocated by the FDA and is currently 
being used to establish USA reference allergen 
vaccines (29, 45, 46). 

2.2.4. Recommendations 

Vials should be labelled in accordance with the 
requirements of regulatory authorities. Labeling 
includes a designation of relevant units obtained 
by an approved method. The shelf life or the 
expiration date must appear on the vial. For stand- 
ardized allergens, the package insert should state 
the concentrations of selected individual allergens 
(marker proteins) in biologic or absolute units and/ 
or its potency in biologic units as determined by 
quantitative skin testing. Recommended therapeutic 
dosage schedules should also ‘be included. These 
recommendations are necessary so that physicians 
can compare vaccines from different pharmaceutical 
sources. Appropriate methods for storage to maintain 
stability should be stated on the product inserts. 

2.3. Allergen vaccines for immunotherapy 

“For immunotherapy, allergen products may be either 
unmodified vaccines or vaccines modified chemically 
and/or by adsorption onto different carriers” (13). 

2.3.1. Aqueous vaccines 

The majority of aqueous allergen vaccines used for 
immunotherapy are heterogeneous mixtures of 
allergens and nonallergenic materials. These aller- 
gen vaccines can be standardized and used for both 
venom (47-49) and inhalant allergen immuno- 
therapy (50-52). 

2.3.2. Depot and modified vaccines 

Depot and modified allergen vaccines have been 
developed in an attempt to make immunotherapy 
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more effective and reduce side-effects. The princi- 
ple of preparing modified vaccines is to reduce or 
remove allergenicity, e.g., the capacity to induce 
IgE-mediated reaction. At  the same time, it is 
desirable to preserve or increase the immunogeni- 
city; e.g., the capacity to modulate the immune 
system and maintain clinical efficacy. The problems 
of structurally altering allergens are complex and 
far from clear. 

2.3.3. Types of modification 

Physical modification includes absorption and 
inclusion of allergens as depot vaccines. Alumin- 
ium (53), calcium phosphate, tyrosine (54, 55),  and 
liposomes (56, 57) are examples of vaccines used. 

Chemical modification refers to the so-called aller- 
goids, such as formaldehyde (58, 59), glutaralde- 
hyde (60), and alginate-modified vaccines (61). 
Several studies have shown that clinical efficacy is 
retained by using such modified vaccines and that 
high-molecular weight preparations were found to 
be safer than aqueous, unmodified vaccines (60, 
62). Other examples are nonpolymerized vaccines, 
e.g., methoxypolyethylene glycol-modified vaccine 
(63-67), which were found to be less effective than 
conventional vaccines. 

Combinations of modification. Combinations of 
physically and chemically modified vaccines 
include tyrosine-adsorbed, glutaraldehyde modified 
vaccines (68-70) and aluminium hydroxide- 
adsorbed formaldehyde vaccines. 

2.3.4. Standardization and control of modified 
allergen vaccine 
Preparation of modified allergen vaccines should 
include 

1) standardization of the allergen vaccine before it 
is modified 

2) the reproducibility of the modification process, 
so that it is possible to determine the allergenic 
epitopes retained in the final product 

3) a consistent reproducible product with the same 
properties. 

2.3.5. Mixtures of allergen vaccines 
Allergen vaccines for immunotherapy are pre- 
scribed by physicians for patients with proven 
allergic diseases. When a patient has multiple sensi- 
tivities due to related and unrelated allergens, 
vaccines containing mixtures of these allergens 
may be prescribed. Two problems may occur with 

allergen mixtures. First, excessive dilution by multi- 
ple allergens may result in suboptimal doses of 
individual allergens. Second, the potency of indi- 
vidual allergens may deteriorate more rapidly 
when diluted (71) or mixed with other allergen 
vaccines (72). This may occur because some aller- 
gens possess enzymatic activity which can alter the 
composition of other allergens (73). Pollen or mite 
vaccines may undergo degradation when mixed 
with mite, mold, or cockroach vaccines (72, 74). 
Ragweed pollen vaccine, however, appears to be 
particularly resistant to protease degradation (72). 
Glycerol preservation, but not serum albumin, may 
prevent some degradation by proteases (72). The 
relative amount of each component of a mixed 
allergen vaccine should be indicated. 

Related allergens may have epitopes in common, 
resulting in cross-reactivity. Examples of such inter- 
related vaccines are those derived from D. farinae 
and D. pteronyssinus; from temperate grasses such 
as Phleum pratense, Lolium perenne, Poa pratensis, 
Secale cereale, etc.; from deciduous trees such as 
Alnus glutinosa, Betula verrucosa, Corylus avellana, 
etc.; from Parietaria judaica and I? officinalis, and 
from Ambrosia elutior and A. trifida. Therefore, it 
may not make any practical difference whether a 
single vaccine or a, mixture of these vaccines is used 

Careful diagnosis may identify a few dominant 
sensitizing allergens which can be used for immuno- 
therapy, and avoid potential problems which occur 
when some vaccines are mixed together. 

Allergen vaccines should therefore be distri- 
buted as either (1) vaccines from a single source 
material or (2) mixtures of related, cross-reacting 
allergen vaccines such as grass pollen vaccines, 
deciduous tree pollen vaccines, related ragweed 
pollen vaccines, and related mite vaccines; or (3) 
mixtures of other allergen vaccines provided that 
stability data and data on clinical efficacy are 
available. Where mixtures are marketed, the rela- 
tive amounts of each component of the mixture 
should be indicated. 

(75-77). 

3. Mechanisms of immunotherapy 
3.1. Introduction 
Hallmarks of human allergic inflammation are 
the IgE-dependent activation of mast cells and 
basophils and tissue eosinophilia in which 
cytokines play a major role. Initial studies in mice 
revealed two distinct CD4+ T lymphocyte subsets 
based on their profile of cytokines (78). Following 
activation, T helper-1 cells (Thl) produce inter- 
feron-gamma (IFN-y) and interleukin 2 (IL-2), but 
no IL-4 or IL-5 whereas T helper-2 cells (Th2) cells 
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produce mainly IL-4, IL-13, and IL-5, but no IL-2 
or IFN-)I. Both subsets produce IL-3 and granulo- 
cyte-macrophagekolony-stimulating factor (GM- 
CSF). This functional dichotomy of CD4’ Th cells 
was subsequently demonstrated by analysis of T- 
cell clones obtained from atopic donors, healthy 
subjects, and patients with infectious diseases 
(79). IL-4 (80, 81) and the similar recently 
described IL-13 (82) are important for IgE heavy- 
chain isotype switching by cells. This process is 
inhibited by the Thl cytokine IFN-)I which, in turn, 
may be induced by IL-12 (83). 11,-5 is a major 
selective growth factor for the terminal differenti- 
ation, activation, and persistence of eosinophils 
(84) in tissues (possibly by inhibiting apoptosis of 
eosinophils). 

Studies have provided insight into the mecha- 
nisms of allergen-specific immunotherapy. Earlier 
work focused on circulating antibody and effector 
cells. Recent studies suggest that these changes may 
be secondary to the influence of immunotherapy 
on T-cell response to allergen. Most work has 
examined the effect of subcutaneous immuno- 
therapy rather than immunotherapy administered 
by local routes. Mechanisms are probably hetero- 
geneous, depending on the nature of the allergen, 
the site of the allergic disease, the route, dose, and 
duration of immunotherapy, the use of different 
adjuvants, and, last but not least, the genetic status 
of the host. 

3.2. Serum antibody concentrations 

3.2.1. Specific IgE 

During conventional immunotherapy, serum 
allergen-specific IgE concentrations initially rise 
and then gradually fall to baseline levels over 
months (85). Pollen immunotherapy may result in 
blunting of the usual seasonal increases in specific 
IgE (86). During immunotherapy, some studies 
have found that serum IgE levels increase while 
basophil histamine release (87) or target organ 
sensitivity decreased at the same time. These 
effects may be related to the differences in mole- 
cular characteristics of IgE-dependent histamine- 
releasing factor (88) or in different IgE isoforms 
(89), which may have different physiologic prop- 
erties. 

3.2.2. Specific IgG 
Two opposed modes of action have been attributed 
to IgG in immediate-type allergy (90). A small 
fraction of IgG may have anaphylactic properties, 
although this property cannot be attributed to 
IgG4. Furthermore, allergen-specific IgGl and 

IgG3, but not IgG4, induce eosinophil degranula- 
tion via the Fc,RII receptor (91). 

IgG antibodies induced by immunotherapy may 
act as allergen-blocking antibodies (92, 93). These 
observations suggest the so-called “blocking anti- 
body” theory (94, 95) which postulates that IgG 
competes with IgE for allergen binding, thereby 
blocking IgE-dependent activation of mast cells. 
Recently, human monoclonal IgG antibodies from 
an immunized birch pollen allergic patient were 
shown to block IgE binding to the major birch- 
pollen allergen, Bet v 1, and block Bet v l-induced 
histamine release (96). However, changes in anti- 
body concentrations are unrelated to the clinical 
response to immunotherapy with inhalant allergen 
vaccine (97,98). Immunotherapy using “rush” pro- 
tocols is effective long before any changes in anti- 
body synthesis can occur. With venom immuno- 
therapy, an early increase in IgG antibody levels is 
associated with protection against insect sting in a 
population of patients but has no predictive value 
in individual patients (95, 99, 100). With long-term 
venom immunotherapy, there appears to be a late- 
onset, non-IgG-mediated mechanism which sup- 
presses allergic sensitivity (101). 

IgG subclasses may have differential effects on 
the allergic response. Many studies have shown that 
imrnunotherapy induces marked rises in allergen- 
specific IgG, particularly IgGl and IgG4 subclasses 
(102). Resting IgGl antibody levels, but not IgG4 
antibody levels, were predictive of the develop- 
ment of the late response after allergen provoca- 
tion (103). A high IgG4 antibody level is associated 
with failure of immunotherapy with inhalant 
allergens (102). 

The role of IgG, in particular tissue or mucosal 
secretion of antibodies, needs further study. 

3.3. Effector cells 

Immunotherapy may act by reducing inflammatory 
cell recruitment, activation, or mediator release. 
Immunotherapy in mite sensitive children results in 
a decrease in mast cells in nasal brushing (104,105). 
Grass pollen immunotherapy in adults is associated 
with a decrease in cutaneous mast cell numbers, 
including both “connective tissue” (tryptase and 
chymase containing) and “mucosal” (tryptase only) 
mast cells (106) as well as a reduction in histamine 
and PGD, levels in nasal secretions after allergen 
challenge (107). In ragweed sensitive patients, in a 
dose and time-dependent fashion, conventional 
immunotherapy inhibits immediate release of mast 
cell mediators (108) and eosinophil numbers in nasal 
lavage in response to allergen provocation (109,110). 
Birch pollen immunotherapy inhibits the seasonal 
increase in bronchial responsiveness to histamine 
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and associated increases in eosinophil numbers 
and eosinophil cationic protein concentrations in 
bronchoalveolar lavage fluid during the peak pollen 
season (111). Several studies show a decrease in 
basophil releasability for histamine, and one addi- 
tional study demonstrates a reduction in histamine 
and leukotriene C, production by basophils (only 
in response to allergen stimulation) after “rush” 
venom immunotherapy (112). 

Direct effects of immunotherapy on inflamma- 
tory cells seem more likely to account for rapid 
changes, particularly for “systemic” allergens such 
as venom. Several studies have suggested that 
immunotherapy may have a prolonged effect, last- 
ing several years after discontinuation (113, 114). 
This observation is unlikely to be explained by 
these cellular changes in view of the short half-life 
of inflammatory cells. 

3.4. Lymphocyte response 

Immunotherapy may act by modifying the T cell 
response to a subsequent natural allergen trigger. 
It is logical that successful immunotherapy might 
be associated with a shift in IL-4/IFN-y production 
either as a consequence of downregulation of Th2 
responses or increased Thl responses (115). There 
is now good evidence that this may indeed occur. 
Studies of allergen-induced late responses in the 
skin (116) and nose (117) indicate that immuno- 
therapy results in a decrease in CD4’-cell recruit- 
ment and a reduction in local eosinophilia. These 
changes are accompanied by increases in a subpop- 
ulation of CD4’ cells expressing IFN-y transcripts 
after allergen provocation, whereas the number of 
cells expressing mRNA for IL-4 and IL-5 remained 
unchanged. In the target organ, these late increases 
in IFN-y’ cells out of season correlate closely with 
the clinical response to immunotherapy, measured 
by seasonal symptoms and medication requirements, 
suggesting that these upregulated Thl responses 
may be “protective” rather than simple bystander 
events (117). Studies of late cutaneous biopsies 
suggest that these responses may be amplified/ 
sustained by local production of IL-12, a potent 
inducer of Thl responses. The cell source of IL-12 
is the tissue macrophage (CD68’ cells). There is a 
reciprocal association between IL-12’ cells and IL- 
4’ cells and a positive association with IFN-y+ cells 
which supports that the IFN-y responses may be 
IL-12 driven (118). An alternative explanation of 
these observed increases in IFN-y’ cells may be the 
generation of allergen specific CD8’ T cells (119). 
Increases in CD8’ T cells have been observed in 
tissue (1 16) after conventional immunotherapy. 
Studies of T cell lines (allergen specific polyclonal 
T cells) and clones provide further support for the 

idea of a shift in T cell responses. A decrease in 
IL-4 and increase in IFN-y after immunotherapy 
occurs in bee venom sensitive patients in a time- 
dependent fashion up to 8 weeks after a rush 
protocol (120). A decrease in IL-4 production by 
T-cell lines (but no change in proliferative response 
or IFN-y production) was found in grass and mite 
sensitive patients after immunotherapy (121). 
IFN-y increase and IL-4 decrease were found in 
supernatants of peripheral blood mononuclear cells 
after venom immunotherapy (122). 

The mechanism of this “switch” is a matter of 
current debate. Factors determining Thl and/or 
Th2 responses include the nature of the antigen 
(allergen), the allergen dose (123) and nature of 
antigen (allergen)-presenting cell. Low-dose aller- 
gen presentation by B cells or dendritic cells 
favours Th2 responses, whereas high-dose allergen 
processing and presentation by macrophages 
favours Thl responses. Use of different adjuvants 
and allergen modification may be important. A 
current controversy is whether this shift occurs as 
a consequence of allergen-specific immune un- 
responsiveness of Th2A’hO cells “anergy” (124, 
125) or is due to upregulation of a distinct subset 
of ThO/Thl cells (“immune deviation”) (120). 

As mentioned above, studies in tissues suggest 
that immune deviation may be more relevant. The 
T cell surface marker CD28 is downregulated after 
anergy induction. Studies of CD28 expression by 
peripheral blood mononuclear cells after venom 
immunotherapy have not identified a downregula- 
tion of this marker, again consistent with immune 
deviation (126). However, a study demonstrated a 
decrease in allergen (PLA2)-specific proliferation 
and reduced production of both IFN-y and IL-4 
in vitro by T cell lines after venom immunotherapy. 
These responses are allergen-specific and rever- 
sible by addition of either IL-2 or IL-15, providing 
the first evidence of “anergy” after immuno- 
therapy in humans (127). However, the mecha- 
nisms of venom immunotherapy in nonatopic 
subjects may be different from the mechanisms of 
immunotherapy with inhalant allergens in atopic 
patients. 

4. Efficacy of subcutaneous 
immuno t herapy 

4.1. Introduction 

Studies to assess the efficacy of immunotherapy 
fulfilled the following criteria: 

1) double-blind, placebo-controlled randomized study 
2)  study published in English as a full paper in a 

peer-reviewed journal 
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Table 2.  Dose of major allergen required to achieve clinical efficacy 

Allergen source Ma jo r  allergen 

Cat 

Derrna tophagoides pteronpinus 

Short-ragweed pollen 

Grass (timothy) pollen 

Yespula venom 

Fel d 1 

Der p 1 

Amb a 1 

Phl p 5 
Phl p 6 
Ves g 5 

Api m 1 

001 m 5 
001 a 5 

~~ 

Reference Dose i w )  

Taylor et al. 140 16 

Sundin et al. 142 15 
Alvarez-Cuesta et al. 144 13 

Ohman et al. 141 8-16 

Wahn et al. 138 0.5-11.5 
Haugaard et al. 137 7 
Bousquet et al. 50 5 
van Metre et al. 131 2-19 
van Metre et al. 185 4-47 
Creticos et  al. 136 12-24 
Creticos et al 145 10 
Osterballe 128 25-41 
Osterballe 128 13-20 
Hunt et al. 48 5 
Muller e t  al. 147 5 
Hunt et al. 48 12 
M i i l e r  e t  al. 147 12 
Hunt et at. 48 3 
Hunt et al. 48 3 

3) patients selected according to well-defined clinical 
criteria and a specific allergy diagnosis 

4) allergen vaccines defined. If possible, the vaccine 
was standardized and the dose(s) or major 
allergen defined. This latter requirement is not 
applicable for most studies carried out before 
1990. One study found that for effective grass 
pollen immunotherapy, the vaccine should 
contain all the active proteins, and not only major 
allergens (128). However, for ragweed-pollen 
immunotherapy, a single major allergen, Amb a 
1, was found to be equally effective, as was the 
whole ragweed-pollen vaccine in one study (129), 
but not in another one (130). 

5 )  an optimal maintenance dose. Low dose immuno- 
therapy is usually ineffective (131-133), and high 
doses of allergen vaccines may induce a high 
and unacceptablerate of systemicreactions. Thus, 
optimal doses using vaccines labeled either in 
biologic units (134, 135) or in mass of major 
allergens (40) have been proposed. The optimal 
dose is defined as the dose of allergen vaccine 
inducing a clinically relevant effect in most 
patients without causing unacceptable side- 
effects (136, 137). The optimal dose should be 
the target for maintenance dose for all patients 
(134). Quantitation of major allergens may be 
used to define allergen doses for effective 
immunotherapy (Table 2). There is a good 
evidence from immunotherapy studies with 
ragweed, grass, mite, cat, and venom allergens 
that a maintenance dose of 5-20 pg of major 
allergen per injection is associated with signifi- 
cant improvement in patient symptom scores 
(25,108,136-147). Systemic side-effects in some 
patients will require adjustment of this goal. 

6 )  A sufficient duration of treatment. The efficacy 
of immunotherapy is related to the duration of 
the treatment in some studies (148,149), although 
efficacy is often demonstrated during the first 
year of treatment (51, 150). 

7 )  Reported data of the clinical efficacy. 

Immunotherapy is specific for the antigen 
administered (75, 151) and requires a complete 
allergy evaluation before it is initiated. Since aller- 
gens interact with nasal, bronchial, and ocular 
mucosa, it seems appropriate to consider the effi- 
cacy of immunotherapy by allergen species rather 
than by a specific allergic disease. 

4.2. Objectives 

4.2.1. Immunotherapy as a curative treatment 

The treatment of allergic diseases combines immu- 
nologic and pharmacologic therapy. In many 
patients, medications can relieve allergic symptoms 
without causing side-effects. The differences between 
pharmacologic and immunologic treatments of 
allergic diseases are not restricted to safety and 
efficacy. Drugs provide symptomatic treatment, 
whereas allergen avoidance and immunotherapy 
are the only therapeutic modalities which have the 
potential to modify the natural course of the 
disease. 

Perennial rhinitis and asthma are rnultifactorial 
and complex diseases in which allergic factors and 
nonallergic triggers interact and result in chronic 
inflammation. The role of inhalant allergens in 
exacerbations of rhinitis and asthma has been 
demonstrated. Inhalation of allergens leads to 
nasal and bronchial inflammation. Two different 
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situations may exist (152). Exposure to pollens is 
usually self-limited because various species pollen- 
ate only for a defined period. Pollen induced allergic 
reactions may lead to a transient nonspecific bron- 
chial hyperreactivity and nasal hyperreactivity 
which persist for days or weeks after a specific 
pollenating season. However, domestic mites and 
other perennial allergens to which there is a con- 
tinuous exposure, may induce persistent inflamma- 
tion and nonspecific hyperreactivity of the nose 
and the bronchi. Patients with chronic asthma 
develop airways remodelling, which in some 
patients results in irreversible airflow obstruction 
(153). 

These considerations suggest that immuno- 
therapy may be more rapidly effective for patients 
who are allergic to seasonal allergens than in those 
who are allergic to perennial allergens and have 
persistent disease. These patients may have per- 
manent airways abnormalities which cannot be 
reversed by immunotherapy. 

The major objectives of immunologic treatment 
are, in the short term, to reduce responses to  allergic 
triggers which precipitate symptoms, and eventu- 
ally, to decrease the inflammatory response and to 
prevent the development of persistent disease. 

4.2.2. Immunotherapy as a preventive treatment 
At present, allergen avoidance and immuno- 
therapy are the only treatments that modify the 
course of an allergic disease either by preventing 
the development of new sensitivities (154) or by 
altering the natural history of disease or disease 
progression (see chapter 7). 

4.3. Immunotherapy with Hymenoptera venoms 

4.3.1. Efficacy 

Venom immunotherapy with purified venoms is 
effective treatment for the vast majority of venom 
allergic patients (48, 155-158). Patients sensitized 
to honeybees may be less well protected than those 
allergic to Vespula (158, 159). 

Many treatment schedules have been proposed 
aiming for satisfactory protection, minimal side- 
effects, and optimal convenience (5 ,  147, 160, 161). 
The maintenance dose may be reached within 2-3 
h in ultrarush protocols to four to six weeks with 
more conventional schedules. Ultrarush protocols 
are usually well tolerated (161,162). More systemic 
side-effects have been reported with honeybee 
venom immunotherapy than with Vespula venom 
immunotherapy (5 ,  49, 163). When the mainte- 
nance dose is reached, injections are given every 
one to 2 months (164). 

4.3.2. Duration 
Loss of venom skin test sensitivity, although unusual 
even during prolonged venom immunotherapy, is 
generally considered a safe criterion for stopping 
venom immunotherapy (6,101,165). Most patients 
remain protected when restung after stopping 
venom immunotherapy of 3-5 years duration 
despite the persistence of positive venom skin tests 
(159, 166). Some patients, especially those with a 
history of a severe reaction before immunotherapy 
and who have systemic allergic side-effects from 
immunotherapy may be more prone to develop 
systemic field-sting reactions after discontinuation 
of venom immunotherapy (6, 101). 

4.4. Immunotherapy with inhalant allergens 

4.4.1. Imrnunotherapy for pollen allergy 

The efficacy of pollen immunotherapy is suggested 
by the decrease of target organ sensitivity when 
comparing pre- and post-treatment of nasal, bron- 
chial, and/or conjunctival allergen challenge (for 
review, see Ref. 167). 

Efficacy of immunotherapy has been scienti- 
fically documented in the majority of optimally 
designed double-blind, placebo-controlled trials in 
the treatment of rhinitis due to grass (51, 59, 98, 
107,168-179) (Table 3), ragweed (68,129,131,133, 
150, 180-188) (Table 4), Parietaria (189, 190), 
mountain cedar (191), and coconut tree pollen 
(192). Controlled studies in children have con- 
firmed the efficacy of immunotherapy in pollen 
induced allergic rhinitis (105, 193). In one study, 
perennial immunotherapy appeared to be more 
effective than preseasonal treatment (194). 

Immunotherapy with grass and ragweed pollen 
vaccines is effective to treat allergic conjunctivitis 
(51, 59, 63, 168). 

Controlled studies have investigated the efficacy 
of immunotherapy in pollen asthma (Table 5 ) .  
Some studies demonstrate that improvement of the 
PD,,FEV, after allergen bronchial challenge 
decreases in patients receiving immunotherapy 
(172, 175, 195). Double-blind, placebo-controlled 
studies using aqueous, standardized vaccines or 
formaldehyde-allergoids have shown that immuno- 
therapy has a beneficial effect on bronchial symp- 
toms and/or decreases the needs for asthma 
medications (59, 107, 145, 148, 169, 173, 174, 176, 
178, 189, 191, 196-198). Two studies failed to 
demonstrate efficacy (199, 200), one of them pos- 
sibly because most of the subjects were also allergic 
to molds (199). 

Double-blind, placebo-controlled trials of immu- 
notherapy with vaccines of other pollen species 
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Table 3. Results of double-blind, placebo-controlled studies in grass-pollen allergy 

Patient number 

Reference Species A P Extract Schedule Ouration Symptom-medication scores 

Bousquet et al. 51 

Bousquet e t  al. 98 
Bousauet e t  al. 59 

Bousquet e t  al. 168 
Bousquet et al. 107 

Oolz et al. 148 
Frankland & Augustin 169 

Grammer e t  al. 170 
Grammer e t  al. 171 
McAl len 172 

Machiels e t  al. 173 
Machiels e t  al. 114 
Ortolani et al. 115 
Pastorello et al. 176 
Starr & Weinstack 177 
Varney et al. 178 
Weyer et al. 179 

Grass 15 
Grass 16 
Grass 15 
Grass 18 
Grass 15 
Grass 13 
Grass 39 
Grass 16 
Multiple species 16 
Grass 14 
Grass 50 
50 50 
Grass 18 
Grass 22 
Grass 47 

40 
Grass 7 
Grass 3 1  
Grass 8 
Grass 10 
Grass 42 
Grass 20 
Grass 17 

11 
10 

14 

18 
17 
17 
14 
50 

18 
22 
23 

12 8 

10 9 
8 

20 
16 

Aqueous standardized 
Forrnald. allergoid 
Formald. allergoid 
Aqueous standardized 
Formald. allergoid 
HMW-allergoid 
HMW-allergoid 
Aqueous standardized 
Aqueous standardized 
Standardized-alum 
"Pollaccine" 
Purified antigen 
Polymer. glutarald. 
Polymer. glutarald. 
Allpyral" 
Depot preparation 
Ag-Ab complexes 
Ag-Ab complexes 
Standardized 
Alum-allergoid 
Alum-pyridine 
Standardized, alum 
Aqueous, then AI(OH), 

Rush 
Rush 
Clustered 
R u s h  
Clustered 
Clustered 
Clustered 
Rush 
Rush 
Classical 
Classical 
Classical 
Classical 
Accelerated 
Classical 
Classical 
Classical 
Classical 
Classical 
Classical 
Classical 
Classical 
Classical 

1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
3 years 
1 year 

12 weeks 
9 weeks 
1 year 
1 year 
3 months 
3 months 
1 year 
1 year 
1 year 
1 year 
1 year 

N: k O . 0 1  
N: Pt0.05 
N: Pt0.005 
N, 0, B: P<O.Ol 
0, B: 0.05<Pt0.01 
N, 0, B: PtO.O1 
N, B: 0.005cPt0.01 
N: P<0.02 
N:  NS 
N. 0, B: P<O.OOl 
N: PtO.001 
N: PtO.001 
N: k 0 . 0 2  
N: P<0.05 
N, B: NS 
N, B: E 0 . 0 5  
N: NS 
N, B: k 0 . 0 3  and P<O.OOl 
N: PcO.001 
N, 0, 8: kO.01, 0.05. 0.05 
N: 79% improved 
N, 8: P<O.Ol 
N. Peak of season, Pt0.03 
~____ 

N: nasal; 0: ocular; B, bronchial; HWM:  high molecular weight; Ag-Ab: antigen-antibody; A: active treatment; P: placebo treatment, 

have not been published. Although it is postulated 
that immunotherapy is effective with such pollen 
vaccines (3), proper trials remain to be done. 

Studies comparing the efficacy of immuno- 
therapy and pharmacotherapy are needed. One 
such study (70) compared the efficacy of a topical 
steroid with Pollinex@ vaccine in the treatment of 
ragweed hay fever and concluded that the pharma- 
cologic treatment was superior in efficacy and 
safety. However, this study is flawed because it did 
not use the full schedule of immunotherapy, and 
Pollinex@ vaccine is not very effective for treatment 
of ragweed pollen allergy (68). 

Polysensitized patients. The IgE antibody response 
to environmental allergens is highly heterogeneous. 
For example, patients allergic only to grass pollens 
differ clinically and immunologically (201, 202) 
from those allergic to multiple pollen species. A 
double-blind, placebo-controlled study which com- 
pared the efficacy of immunotherapy in patients 
allergic to grass or multiple pollen species indicated 
that grass-pollen-allergic patients but not the poly- 
sensitized patients were significantly improved with 
immunotherapy (107). In clinical practice, the 
majority of patients receive multiple allergen 
immunotherapy. This issue needs further study. 

Patients sensitized to certain pollen species 
often have the oral allergy syndrome due to cross- 

reactive epitopes in raw fruits and vegetables (203- 
207). In theory, immunotherapy with birch pollen 
or other pollen species may decrease these food- 
allergy symptoms. Double-blind, placebo-controlled 
studies have not been carried out. Two studies have 
been reported, but the number of patients was 
small and effectiveness usually not demonstrated 
(208) except in a single case report (209). 

4.4.2. Immunotherapy f o r  domestic-mite aliergy 

Immunotherapy with mite vaccines is more effec- 
tive than crude house-dust vaccines (210). Crude 
house-dust vaccines should not be utilized. 

In most, but not all studies of bronchial chal- 
lenge with domestic mite (D. pteronyssinus and/or 
D. farinae) vaccines, after immunotherapy the 
threshold dose eliciting an immediate bronchial 
obstruction was increased and the late-phase reac- 
tion was inhibited (50,54,138,149,211-215). These 
studies suggest that immunotherapy is effective and 
may decrease inflammation since the late-phase 
reaction was decreased. 

Immunotherapy was shown to reduce symptoms 
and/or the need for asthma medications in some 
studies, especially in children, (54, 212, 216-221), 
but in other studies the results were inconclusive 
(222-224) (Table 6). A single study has examined 
the effect of immunotherapy with storage-mite 
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Table 4. Results of double-blind, placebo-controlled studies in ragweed-pollen rhinitis 
~ 

Patient Number 
Symptom-medication 

Reference A P Extract Schedule Protocol Dose Duration scores 

Arbesman & Reisrnan 

Cockcroft et al. 

Grammer et al. 

Hirsch et al. 

Lichtenstein et al. 
Lichtenstein et al. 

Lowell & Franklin 
Meriney et al. 
van Metre et al. 

van Metre et al. 

Norman et al. 

180 19 
22 

68 22 

181 21 

132 81 

182 24 
150 18 

21 
19 

183 12 
184 10 
131 12 

185 15 

18 

129 21 
21 

Norman & Lichtenstein 187 20 
Norman et al. 188 22 

22 

19 Repository 12 injections Preseason M: 4000 PNU 2 years NS vsplacebo 
Aqueous 12 injections Preseason M: 10000 PNU 2 years Improved 

21 Pollinex@' 4 injections Preseason M: 4000 Noon U 1 year Improved: A: 67%, 

19 

74 

24 
30 

12 
10 12 

17 

21 

21 

Polymer glutaraldehyde Classical 

Aqueous Rinkel 

ASE Classical 
A4E Classical 
AgE plus K Classical 
Crude ragweed, aqueous Classical 
Aqueous Classical 
Formald. allergoid Classical 
Aqueous Rinkel 

Aqueous Classical 

Aaueous Clustered 

Aqueous whole ragweed Classical 
AgE Classical 
Alum-precipitate Classical 
Formald. allergoid Cluster 
Aqueous Classical 

M :  maximal dose; C: cumulative dose; P: placebo treatment; A active treatment 

(Lepidoglyphus destructor) vaccine and found that 
it was clinically effective (225). 

A large controlled study addressed the issue of 
the most appropriate group of candidates for mite 
immunotherapy (226). Two hundred and fifteen 
patients were enrolled and were followed up for 1 
year with symptom-medication scores and assess- 
ment of pulmonary function. Patients who had 
other perennial allergies, or aspirin intolerance 
and/or chronic sinusitis did not improve. Among 
the patients allergic only to D. pteronyssinus, chil- 
dren had a significantly greater improvement than 
adults. Patients with irreversible airflow limitation 
(FEV, under 70% of predicted values after an 
adequate pharmacologic treatment) did not benefit 
from immunotherapy. 

Double-blind, placebo-controlled studies with 
domestic mite vaccines showed that immuno- 
therapy was effective in alleviating symptoms of 
perennial allergic rhinitis (55, 61, 216-218, 227- 
230) (Table 7). 

4.4.3. Immunotherapy for animal protein allergy 
A number of studies have demonstrated significant 
improvement in bronchial sensitivity in patients 
with cat-allergic asthma after cat vaccine immuno- 

15 injections 

Pre- and 
coseason 

Pre-season 
Preseason 
Preseason 
Preseason 
Preseason 
Preseason 
Pre- and 

Pre- and 

Pre- and 

Preseason 
Preseason 
Preseason 
Preseason 
Preseason 

coseason 

coseason 

coseason 

M: 6250 PNU; 
C: 50000 PNU 

M: 27-41 PNU; 
0.1-0.15pg AgE 

6: 17-800 p g  
1.0 mg 
1.4 mg 
C: 8800 PNU 
Not stated 
C: 10710 PNU 
C: 94 ng AgE 

P: 38% 
15 weeks Pt0.02 

2 years NS for ragweed 

1 year PtO.O1 
1 year PtO.01 
1 year PtO.01 
1 year Pt0.01 
1 year PtO.O1 

20 weeks PtO.O1 
3rnonths NS 

C: 70 pg AgE 1 year PtO.O1 

C: 17.5 p g  AgE 1 year PtO.01 

C: 9483 PNU per year 4 years Years 3 and 4: PtO.02 
C: 195530 PNU per year 4years Years 3 and 4: Pt0.04 
C: 13746 (PNU (year 1) 3 years Pc0.006 
C: 63600 PNU (year 1) 2 years Pt0.01 
C: 2000 PNU (year 1) 2 years PtO.O1 

therapy (52, 140-142, 231-238) (Table 8). Three 
studies have confirmed the clinical efficacy of cat 
immunotherapy, showing improvement in symptoms 
(141, 143, 144) and reduction of medication needs 
(144) in patients who kept their animal at home. 

4.4.4. Immunotherapy for mold allergy 
Mold allergens often cause rhinitis and asthma. 
Multiple mold allergy is often present. The quality 
of mold vaccines available in the past was often 
poor (239). However, immunotherapy with stand- 
ardized Cladosporium and Alternaria vaccines was 
found to be effective in rhinitis and/or asthma in 
three studies (240-242). 

4.4.5. Imrnunotherapy with other vaccines 
Efficacy of house-dust vaccine immunotherapy is 
doubtful, and the characterization of these vaccines 
is poor. Double-blind, placebo-controlled studies 
of immunotherapy with bacterial vaccines for treat- 
ment of rhinitis and/or asthma did not show effi- 
cacy (for review, see Ref. 243). There are no studies 
of immunotherapy with Candida albicans and 
Trichophyton and the characterization of these 
vaccines is usually poor. 

15 



Table 5. Double-blind, placebo-controlled studies in pollen asthma' 

Reference 

~ 

Patient number 
- 

Species A P Extract Duration Symptom and medication scores 

Armentia-Medina et al. 196 
Bousquet et al. 59 

Bousquet et al. 168 
Creticos et al. 145 
Oolz et  al. 148 
Frankland & Augustin 169 

Hill et al. 200 
McAllen 172 

Machiels et al. 173 
Machiels et  al. 174 
Ortolani et al. 175 
Pastorello et al. 176 
Varney et al. 178 

Bermuda grass 
Grass 
Grass 
Grass 
Grass 
Ragweed 
Grass 
Grass 

Grass 
Grass 

Grass 
Grass 
Grass 
Grass 
Grass 

19 

15 
13 
39 
40 
14 
50 
50 
11 
47 
40 
18 
12 

10 
20 

ia 

a 

11 

14 

ia 
37 
14 
50 
50 

9 
23 

18 
37 

7 
9 

20 

Standardized 
Standardized 
Formald. allergoid 
HMW-allergoid 
HMW-allergoid 
Standardized 
Standardized-alum 
"Pollaccine" 
Purified allergen 
Aqueous 
Allpyra@' 
Depot allergen 
Der p-immune complexes 
Der p-immune complexes 
Standardized 
Allergoid 
Standardized-alum 

1 year 
1 year 
1 year 
1 year 
1 year 
1-2 years 
3 years 
1 year 

2 years 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 

PtO.001 
PtO.O1 
PtO.01 
PtO.01 
PtO.O1 
0: NS to PcO.01 
PtD.OO1 
P<O.OOt 
PtO.OO1 
NS 
NS 
P=0.05 
P<0.001** 
P=0.002 
PtO.01 
Pt0.05 
Improvement 

HWM: high molecular weight; 0: drug score; A: active treatment; P: placebo treatment; Der p: Dermatophagoides pteronpsinus, 
* All studies were not specifically designed for pollen asthma, but bronchial symptoms have been reported. 
** First part of pollen season 

4.5. Meta-analysis of efficacy of imrnunotherapy in 
asthma 
A meta-analysis of clinical trials of allergen 
immunotherapy was undertaken to assess the effi- 
cacy of this form of therapy in asthma (244). A 
computerized bibliographic search revealed 20 ran- 
domized, placebo-controlled, double-blind trials of 
allergen immunotherapy for treatment of asthma. 
Criteria analyzed included asthmatic symptoms, 
medication requirements, and measurement of lung 
function and nonspecific bronchial hyperreactivity. 
Categoric outcomes were expressed a s  odds ratios 

Table 6. Double-blind, placebo-controlled studies in mite asthma 

and continuous outcomes as effect sizes. The com- 
bined odds of symptomatic improvement from 
immunotherapy with any allergen was 3.2 (95% CI 
2.2-4.9). The odds for reduction in medication after 
mite immunotherapy was 4.2 (95% CI 2.2-7.9). The 
combined odds for reduction in nonspecific bron- 
chial hyperreactivity was 6.8 (95% CI 3.8-12.0). 
The mean effect size for any allergen immuno- 
therapy on all continuous outcomes was 0.71 (95% 
CI 0.43-1.00), which would correspond to a mean 
7.1% predicted improvement in FEV, from 
immunotherapy. Although the benefits of allergen 
immunotherapy could be overestimated because of 

Patient number 
~ 

Reference A P Allergen Extract Duration Symptoms B PT 

Bousquet et at. 50 20 10 D e r p  Aqueous standardized, rush 7 weeks PtO.O1, epr and Ipr 
D'Souza et al. 21 6 46 45 Der p Aqueous 1 year P=O.O2 Improved 
Franco et al. 219 24 25 Der p Alum-standardized 15months NS? 
Gaddie et al. 222 20 25 Dep p Tyrosine-adsorbed 1 year NS 
Machiels et al. 212 24 11 Der p Der p-immune complexes 1 year PtO.OO1 Pt0.05 
Marques & Amara-Avila 218 16 12 D e r p  Tyrosine-adsorbed 1 year Improved 
Newton et al .  224 7 7 D e r f  Alum-precipitated 15months NS Pt0.005 
Olsen et al. 220 17 6 Der p or Der f Alum-standardized 1 year Pt0.01 Pt0.05 

Pauli et al. 223 Der p Tyrosine-adsorbed 1 year NS 
Pichler et al. 221 16 14 Der p plus Der f Alum-standardized 1 year PtO.Ol* Methacholine: Pt0.005 
van Bever & Stevens 213 9 9 Derp  Aqueous standardized, semirush 1 year epr: P>0.4; Ipr: Pt0.02 
Warner et al. 

Der p: Dermatophagoides pteronpsinus, Oer f D. farhae; epr: early-phase reaction; Ipr: late-phase reaction; B P I  bronchial provocation test with allergen; ICS: 
inhaled corticosteroids; A: active treatment; P: placebo treatment. 
* lntragroup P value. 

ICS: Pt0.05 

54 27 24 Der p Tyrosine-adsorbed 1 year Improved, Ipr 
PtO.01 
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Table 7. Results of double-blind, placebo-controlled studies in house-dust-mite rhinitis 

Reference 

Blainey et al. 
Corrado et al. 
D'Souza et al. 
Ewan et al. 
Gabriel et al. 
McHugh et al. 

Pichler et al. 

Patient number 

A P  

55 
61 

216 

217 
227 

228 

22 1 

17 i a  

48 4a 
33 33 

16 19 
33 33 
30 30 

20 
16 14 

Extract 

Tyrosine-adsorbed 
Conjuvac" 
Aqueous 
Alum-standardized 
Aqueous 
Alum-standardized 

Alum-pyridine (AP) 
Alum-standardized 

Duration 
Symptom-medication 

scores Nasal challenge 

14 months 
2 years 

12 injections 
3 months 
1 year 
1 year 

NS (3 and 12 months) 
1 year 

? 
PtO.001 
Improved for A and N* 
Pt0.01 
Improved 
NS (3 months) 
P<O.Ol (12 months) 
P<0.05*** (12 months) 
P<0.006$, P<O.O4$$ 

Improved 
P<O.Ol 
Pt0.025 
PcO.05 
NS 
PtO.O5** (3 months) 
NS (12  months) 

A active treatment; P: placebo treatment; M: maximal dose. 
A: asthma; N: nasal symptoms. 

** Statistical difference from baseline and placebo. 
*** Statistical difference from baseline only. 
Pvalue: $: intragroup, $$: intergroup. 

unpublished negative studies, an additional 33 such 
studies would be necessary to overturn these results. 

4.6. Irnrnunotherapy with mixtures of allergen 
vaccines in unselected allergic asthmatic children 
A study reported a double-blind, placebo-controlled 
trial of immunotherapy for treatment of mild to 
severe asthma in a nonselected population of allergic 
children (245). The children were closely super- 
vised and given optimal medical therapy. The 
results showed no significant difference between 
the placebo and the active-treatment groups. How- 
ever, there are several factors which may have led 
to the negative results. Moderately severe asthmatics 
who receive optimal treatment may not show any 
additional benefit from immunotherapy. 

4.7. Long-term efficacy of immunotherapy 
The initial studies of treatment of allergic rhinitis 
did not show that after cessation immunotherapy 

Table 8. Double-blind, placebo-controlled studies in animal-dander asthma 

efficacy was prolonged (129, 183). The results of 
more recent studies show that the effect of 
immunotherapy for grass (114,246), tree (247), or 
ragweed pollen allergy (248, 249) lasted several 
years after it was discontinued. These differences 
may be due to greater doses of vaccine admini- 
stered in later studies. When there are relapses, the 
immunologic memory persists and these patients 
may be good responders to a new immunotherapy 
regime (250). 

In a double-blind, placebo-controlled study of 
mite-sensitive children, most children who received 
placebo treatment after one year of active treat- 
ment relapsed within months, whereas those in the 
active treatment group had a persistent effect of 
immunotherapy (251). With immunotherapy with a 
standardized house dust mite vaccine administered 
for one to up to 6 years, it was found that immuno- 
therapy was more effective after it was discontinued 
if it had been administered for at least 3 years (113). 
In this study, the effect of immunotherapy on the 
reduction of the skin test end points at the end of 

Patient number 
Treatment Bronchial 

Reference A P Allergen Extract duration Symptoms challenge NS reactivity 

Taylor e t  al. 140 5 5 

Haugaard & Dahl 143 15 9 

Ohman et al. 141 9 a 

Alvarez-Cuesta et al. 144 14 14 

Sundin et al. 142 15 17 

Valovirta et al. 236 15 12 
van Metre et al. 238 9 13 

7 

~ 

Cat Standardized? 3-4 months 
Cat Aqueous standardized 12 months 
Cat, dog Standardized, alum 12 months 

Dog: NS 
Cat Aqueous standardized 4 months 
Cat, dog Standardized, alum 12 months 

D O 9  Alum-adsorbed 12 months 
Cat Standardized 12 months 

XlO 

P t  0.00 1 x3.4r2.5 NS 
Cat: improved x4.5 Improved 
NS NS 

x1.4 NS 
Cat: improved Cat: x l l  Improved 
Dog: improved Dog: x5 NS 

NS 
x2.a NS 

A: active treatment; P: placebo treatment; NS: not significant. 
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Table 9. Grading of systemic reactions (from Malling & Weeke 141) 
~~ 

1) Nonspecific reactions 
Reactions probably not IgE-mediated; i.e. discomfort, headache, arthralgia, etc. 

2)  Mild systemic reactions 
Mild rhinitis and/or asthma (PEFR over 60% of predicted or of personal best values) responding adequately to antihistamines or inhaled P,-agonists 

31 Non-life-threatening systemic reactions 
Urticaria, angioedema. or severe asthma [PEFR under 60% of predicted or of personal best values) responding well to  treatment 

4) Anaphylactic shock 
Rapidly evoked reaction of itching, flushing, erythema, bronchial obstruction, etc. requiring intensive treatment 

- 

the treatment was correlated with the duration of 
efficacy after immunotherapy cessation. 

Efficacy of a 3-year course of animal dander 
immunotherapy was assessed 5 years after it was 
discontinued. One third of the subjects continued 
to have increased tolerance to cat exposure (252). 

4.8. Compliance to immunotherapy 
Compliance to any treatment administered for 
asthma or rhinitis is frequently low (253-260) and 
can preclude the efficacy of the treatment. Every 
effort should be made to educate the patient in 
order to improve compliance. 

5. Safety of immunotherapy 
5.1. Introduction 
There are several types of reactions that occur with 
allergen immunotherapy, local and systemic. 

Local reactions occur at the injection site. They 
can be divided into reactions that occur within 
20-30 rnin and those that occur later than 30 min 
after an injection. Local reactions can cause patient 
discomfort. Therefore, adjustments in vaccine dos- 
age may be necessary when such reactions occur. 

Subcutaneous nodules, which occur at the site of 
injection, are more common with aluminium- 
adsorbed vaccines (261). They may persist but 
normally disappear and do not necessitate an 
adjustment in the immunotherapy dose. Alumin- 
ium-free preparations should be used in patients in 
whom these nodules develop (262) and persist. 

Systemic reactions are reactions characterized 
with generalized signs andor  symptoms occurring 
distant from the injection site. Such reactions usu- 
ally begin within a few minutes after the injection 
and more rarely after 30 min. The grading of the 
severity of systemic reactions has been proposed in 
the EAACI position paper on immunotherapy 
(Table 9) (4). When systemic reactions occur, re- 
evaluation of the patients immunotherapy program 
is indicated. 

Although there are occasional case reports of 
immunologic diseases associated with immuno- 
therapy (263, 264), several prospective studies did 
not demonstrate such sequellae. 

5.2. Risk factors based on nonfatal systemic 
reactions 

The time of onset of nonfatal systemic reactions 
was reviewed from 38 published papers (265), and 
most reactions were found to begin within 15-20 
min, regardless of the schedule used. Most systemic 
reactions were mild and were successfully managed 
with conventional measures. In two of the 38 
studies reviewed, the time of onset of the systemic 
reaction could be correlated with the severity of 
the reaction. However, some systemic reactions 
begin 30-60 min after the vaccine injection 
(266). 

Asthma appears to be a significant risk factor for 
systemic reactions (267,268). Uncontrolled asthma 
and FEV, under 70% of predicted values are risk 
factors for developing a bronchial reaction (145, 
269). Moreover, patients with asthma tend to have 
more severe bronchial reactions than nonasthmatic 
patients. 

Large local reactions do not predict the onset of 
a subsequent systemic reaction (270). In one 
study of 2989 systemic reactions, most of them 
occurred in the absence of previous large local 
reactions (265). 

Drugs may either prevent or potentiate systemic 
reactions. P-Blockers are known to potentiate sys- 
temic reactions and interfere with treatment. On 
the other hand, two separate reports described a 
decreased incidence of systemic reactions when 
patients received premedication with a combina- 
tion of methylprednisolone, ketotifen (not availa- 
ble in the USA and some other countries), and a 
long-acting theophylline (268, 271). Other studies 
suggested the importance of premedication to 
reduce systemic reactions (272). H,-blockers were 
also shown to reduce the rate of systemic reactions 
(273 -275). 
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The use of high-dose, potent, standardized vac- 
cines with inhalant allergens (5 ,  228,268,271,276, 
277) or rush immunotherapy with venoms (5, 49, 
160, 278-282) or inhalant allergens (283) may be 
associated with a higher risk for a systemic reaction. 

In the AAAAI prospective study on the side- 
effects of venom immunotherapy, 1410 patients 
were followed up (278). Ninety-two percent of the 
treated subjects achieved maintenance dose. Twelve 
percent of subjects experienced systemic reactions. 
The incidence of pruritus and angioedemahrticaria 
was similar with mild, moderate, or severe systemic 
reactions. The systemic reaction severity did not 
correlate with the severity of the most recent sting 
systemic reaction, the most severe historical sting 
systemic reaction, the most severe systemic reaction 
during venom skin tests, the total dose of venom, 
the degree of skin test reactivity, or the lowest 
concentration yielding a positive skin test. Most 
systemic reactions occurred between 1 and 50 pg 
and at maintenance. Honeybee or Polistes venoms 
were most likely to produce systemic reaction. 

Other factors identified which may increase the 
likelihood of a systemic reaction are an incorrect 
injection technique and erroneous dose. 

5.3. Risk factors based on fatal reactions 
In 1986, the British Committee on Safety of 
Medicines reported 26 immunotherapy-associated 
deaths since 1957, five of which had occurred 
during the preceding 18 months (284). The impor- 
tance of deaths due to an acute asthma episode was 
highlighted in this report. 

The following year, the completed analysis of the 
AAAAI study was reported, comprising 46 fatalities 
from 1945 to 1984, 30 of which had sufficient data 
for analysis (285). Six of these 30 deaths were 
associated with skin tests and 24 with immuno- 
therapy. The mean age for all subjects was 33 years 
(range 7-70 years). Risk factors for a fatality include 
subjects with asthma who are suffering from a flare 
or seasonal exacerbation, patients with higher 
degrees of sensitivity, and those on P-blockers. 
Fifteen of these 24 fatalities associated with im- 
munotherapy had the onset of symptoms within 
20 minutes after their injections. Three had onset of 
symptoms within thirty minutes and two after more 
than thirty minutes. A subsequent report (286) cited 
17 fatalities associated with immunotherapy for the 
years 1985 to 1989. Sixty-five percent of these 
patients were undergoing build-up therapy. Other 
factors associated with fatalities in both reports 
include changing to a new vial of unstandardized 
vaccine, dosing error or inappropriate dose adjust- 
ment, not waiting after injection and home injection. 
Onset of anaphylaxis occurred within 20 minutes in 

11 patients, within 20 to 30 minutes in one, and after 
more than 30 minutes in one. In both reports, the 
cause of death was associated with respiratory com- 
promise in most patients, reinforcing the need for 
special precautions in treating high-risk patients 
with asthma. Additional cases were reported (287- 
289) and data were similar to previous reports. 

5.4. Risk factors for immunotherapy 
Accordingly, it is essential that strict attention be 
paid to risk factors and that techniques of manage- 
ment be initiated after immunotherapy to minimize 
these risks. Guidelines (4,265,285,290) have been 
suggested, emphasizing thorough training of all 
personnel involved as well as the treatment of 
systemic reactions. The development and use of 
standardized vaccines are encouraged. Certain risk 
factors identified for immunotherapy include: 

1) errors in dosage 
2) presence of symptomatic asthma 
3) high degree of hypersensitivity (by skin tests or 

4) use of P-blockers 
5) injections from new vials 
6) injections made during periods of exacerbation 

specific IgE measurements) 

of symptom. 

5.5. Precautions for immunotherapy 
The percentage of subjects who experience a sys- 
temic reaction from immunotherapy is small but 
appears to increase as the immunotherapy schedule 
is accelerated and high-dose regimens are used in 
highly sensitive subjects. 

Maintenance immunotherapy appears to be 
associated with fewer systemic reactions than the 
build-up period of rush and accelerated schedules 
of immunotherapy. 

Although premedication with antihistamines has 
been shown convincingly to reduce the prevalence 
of systemic side-effects, their use should not reduce 
the need for the waiting period after injection, and, 
some investigators are concerned that systemic 
reactions may be masked. 

The twenty minute waiting period, as recom- 
mended by the AAAAI, is adequate for con- 
ventional immunotherapy (291). The EAACI 
recommends a 30-minute waiting period (4). 
However, a longer waiting period is necessary for 
high-risk subjects or in the following situations: 

1) rush immunotherapy 
2) unstable asthma, control of asthma with drugs 

is required before any injection 
3) high degree of hypersensitivity 
4) P-blockers. 
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5.6. Equipment recommended for settings where 
allergen immunotherapy is administered 

The following equipment and reagents should be 
available (292): 

1) stethoscope and sphygmomanometer 
2) tourniquets, syringes, hypodermic needles, and 

3) aqueous epinephrine HCl 1:1000 (4, 292, 293) 
4) equipment for administering oxygen 
5 )  equipment for administering intravenous fluids 
6) oral airway 
7) antihistamine for injection 
8) corticosteroids for intravenous injection 
9) vasopressor. 

large-bore (14-gauge) needles 

The proper use of these reagents and equipment 
by appropriately trained personnel should provide 
effective initial treatment for most, if not all, 
systemic reactions to allergenic vaccines. The 
prompt recognition of systemic reactions and the 
immediate use of epinephrine are the mainstays of 
therapy. 

There are several invasive procedures which are 
only rarely needed for treatment of systemic reac- 
tions. These include: 

1) direct laryngoscopy 
2) DC cardioversion (electrical countershock) 
3) tracheotomy 
4) intracardiac injection of drugs. 

The rare situation in which these procedures 
might be essential does not justify the risk of their 
being made available for use under less than ideal 
circumstances; therefore, it is neither necessary nor 
practical to insist that these procedures be immedi- 
ately available to personnel using allergenic vaccines 
(294). 

5.7. Conclusion 
Several million immunotherapy injections are 
administered annually. The risk of a fatal systemic 
reaction from immunotherapy is extremely small. 
However, any systemic reaction is unacceptable, 
and all physicians prescribing and/or administering 
such therapy must be aware of these risks and 
institute appropriate office procedures to minimize 
them. Reassessment of the “optimal dose” of 
standardized vaccines may be necessary to adjust 
for the increased potency of standardized vaccines. 
This may improve the overall safety of immuno- 
therapy by limiting the incidence of systemic reac- 
tions while providing more predictable therapeutic 
results. 

6. Other routes of immunotherapy 
6.1. Introduction 
Parenteral allergen injection has been the principal 
approach for the application of immunotherapy in 
the treatment of allergic respiratory airway dis- 
eases. However, the inconvenience of frequent 
injection visits, the discomfort associated with 
injections, and the possibility of adverse reactions 
have led to the investigation of alternate routes of 
delivery of effective doses of allergen vaccines. 
Local administration of allergens can also have the 
advantage of stimulating the local immune system 
where the allergic reaction occurs. Moreover, it has 
been shown that the local application of allergens 
has a systemic effect. This section will review the 
studies employing noninjective routes of specific 
immunotherapy. These include: 

1) oral, in which the vaccine (prepared as drops, 
capsules, or tablets) is immediately swallowed 

2) sublingual-swallow, in which the vaccine has to be 
held sublingually for 1-2 min and then swallowed 

3) sublingual-spit, in which the vaccine is held in 
the mouth sublingually for 1-2 min and then spit 

4) nasal, in which the vaccine (aqueous or pow- 
dered) is delivered in the nose by proper devices 

5 )  bronchial, in which the vaccine (aqueous or 
powdered) is delivered into the bronchi by proper 
devices. 

The first attempts at local immunotherapy were 
made early in the century, and local immuno- 
therapy has been used in clinical practice without 
rigorous controls for decades. A renewed interest 
in local immunotherapy has arisen since 1980 after 
the reports of fatalities due to immunotherapy. How- 
ever, this form of therapy is still a matter of debate 
in many countries, and more studies are needed. 

6.2. EfSlcacy and safety 
In order to eliminate any doubt of the validity of 
the papers included in this review, strict inclusion 
criteria have been used: 

1) placebo-controlled, double-blind studies 
2) studies published in English in peer-reviewed 

journals (abstracts not accepted) 
3) allergen vaccines and doses defined 
4) symptom/medication scores provided 
5 )  appropriate treatment protocol. 

6.2.1. Oral route 

Four of the seven studies fulfilling the above 
criteria did not show efficacy (295-298) (Table 10). 
A reduction of symptom-medication scores was 
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Table 10. Results of double-blind, placebo-controlled studies wi th oral immunotherapy 

Reference 

Giovane et al. 300 
Moller et al. 299 

Mosbech et al. 297 
Oppenheimer et al. 298 
Taudorf et al. 296 
Taudorf et al. 301 

Patient number 

A P Allergen species Extract 

10 8 Mites Aqueous, standardized 
22 22 Birch Enteric-coated 

24 21 Grass Enteric-coated 
23 25 Cat Aqueous, standardized 
25 21 Grass Enteric-coated 
18 21 Birch Enteric-coated 

Duration 

3 years 
10 months 

1 year 
3 months 
6 months 

18 months 

Symptom-medication scores Systemic side-effects 

N, 6: Pt0.05 None 
N: NS None severe 

8 rhinitis, 
1 asthma 

N: NS 5 urticaria 
N: NS 2 severe? 
N: NS None severe 
N: NS, C: PcO.05, C: NS 1 urticaria 

9 GI 

N: nasal; B: bronchial; C: conjunctival; D: drug score; GI: gastrointestinal tract; A: active treatment; P: placebo treatment; NS: not significant. 

reported in two other studies (299, 300). In an 
additional study, clinical efficacy was claimed, but 
the only significant difference between placebo and 
the active group was for eye symptoms (301). A 
reduction in reactivity during allergen-specific 
nasal or conjunctival challenge was also described 
in some trials (299-301). Finally, the duration of 
treatment appeared to be crucial, since a significant 
clinical improvement appeared only after 12 months 
of treatment (300). Therefore, clinical efficacy is 
not demonstrated, and further studies are needed 
before this form of therapy can be recommended 
for clinical practice. 

Significant adverse reactions (urticaria) related to 
the treatment which utilized very high doses of vac- 
cine were observed only in two studies (297, 301). 
In the other studies, no severe side-effects were 
observed, and no significant differences in the side- 
effect profile were noted between the active treat- 
ment and placebo groups. Some mild gastrointestinal 
side-effects were observed in several studies, but 
discontinuation of the treatment was not necessary. 

6.2.2. Sublingual route 

Sublingual irnmunotherapy can be delivered by 
either the sublingual-spit method or a sublingual- 
swallow. However, only the sublingual-swallow 
method has demonstrated evidence of clinical 
efficacy. 

Five sublingual-swallow studies did not meet the 
inclusion criteria and were excluded. Two used 
exceptionally low-dose regimens and did not pro- 
vide symptom/medication scores (302, 303); one 
did not report allergen doses administered (304); 
one was not double-blind, placebo-controlled (305) 
and one had methodological problems (306). Four 
studies (307-310) demonstrated the clinical effec- 
tiveness of sublingual-swallow immunotherapy with 
grass, Parieturia, and mite vaccines (Table 11). A 
reduction in reactivity during allergen-specific 

nasal or bronchial challenge was also described. 
Doses of allergen used in these studies are usually 
over 5-20-fold greater than those required to 
achieve efficacy with subcutaneous immunotherapy. 

The only double-blind, placebo-controlled study 
on sublingual-spit was carried out in cat-allergic 
patients (311). It cannot be analyzed due to metho- 
dological problems. In the cat room exposure levels 
were highly variable and data on medications were 
not provided. 

No systemic side-effects have been reported in 
adults, and in most of these studies, there was no 
difference between the placebo and the active 
treatment in side-effects. However, in one study 
performed in children, systemic side-effects (urti- 
caria and/or asthma) were reported (309). 

Sublingual administration of very low-dose aller- 
gen solutions including both food and inhalant 
allergen vaccines have been prescribed by some 
physicians, particularly those identified as “clinical 
ecologists” who treat patients with allergic symp- 
toms and various other undefined symptoms. There 
are no data which show that this form of therapy 
is effective. 

6.2.3. Nasal route 

Four studies (312-315) could not be used because 
of methodological limitations (Table 12). Thirteen 
out of 14 studies found a significant improvement 
of nasal symptoms both in perennial (1 study) and 
seasonal allergic rhinitis (12 studies) (316-329). In 
general, the effectiveness of nasal immunotherapy 
seems to be dose-related, and clinical improve- 
ment appears to have been greater with aqueous 
and powdered vaccines than with modified ones. 
Since only one study was done in pediatric 
patients, there is a need for more studies in this 
age group. A reduction in reactivity during aller- 
gen-specific nasal challenge was observed in 
several studies. 
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Table 11.  Results of double-blind, placebo-controlled studies with sublingual-swallow immunotherapy 

Patient number 

Reference A P Allergen species Extract 
Symptom-medication Systemic 

Duration scores side-effects 

Feliziani et al. 307 18 16 Grass Aqueous, standardized 3.5 months N: P<O.Ol None severe 
Sabbah e t  al. 308 29 29 Grass Aqueous, standardized 17 weeks N: Pt0.05 10 mild 

Tari et al. 309 30 28 D. pferonpsinus Aqueous, standardized 18 months N, B: PtO.001 32 episodes 

Troise et al. 310 15 16 Pafiefaria Aqueous, standardized 10 months N: Pt0.05 1 mild 

Medications reduced 

3 severe asthma 

~~ ~~ ~ ~~ 

N: nasal symptoms; B: bronchial symptoms; A: active treatment; P: placebo treatment. NS: not significant. 

The earliest studies administering aqueous vac- 
cines found a high rate of local side-effects (rhini- 
tis) making the usefulness of nasal immunotherapy 
somewhat questionable (330). Dry-powder vac- 
cines show an efficacy comparable to aqueous 
vaccines and demonstrate efficacy with decreased 
side-effects. Pretreatment with nasal cromoglycate 
may further reduce nasal side-effects. One paper 
(322), in which a dried powder preparation 
was administered, reported asthma after nasal 
immuno therapy. 

6.2.4. Bronchial route 

There are two controlled clinical trials of bronchial 
immunotherapy with mite vaccines (331, 332) 
which provide controversial evidence of efficacy. 
Bronchospasm was induced in the majority of 
patients in both studies. 

6.3. Practical aspects 

6.3.1. Prescription 

Since local immunotherapy is self-administered, it 
is recommended that the prescription and formu- 
lation for such therapy only be made by a physician 
trained in allergy. Patients must be instructed to 
carefully follow the physician’s administration 
schedule and to have regular physician visits. 

6.3.2. Administration technique 

The administration schedule varies, but involves a 
build-up phase, where the vaccine is administered 
at increasing doses, and a maintenance phase, 
where the maximal dose is administered two or 
three times a week. Furthermore, local immuno- 
therapy can be administered either preseasonally 
or perennially or by rush schedules. 

Table 12. Results of double-blind, placebo-controlled studies with nasal immunotherapy 

Patient number 
Symptom and Systemic 

Reference A P  Allergen species Extract Duration medication scores side-effects 

Andri et al. 

Andri et al. 
Andri et al. 
Andri et al 
Cirla et al. 
D’Amato et al. 
Georgitis et al. 

Georgitis et al. 

Johansson et al 

316 8 8 

317 11 10 
318 14 14 
319 13 15 
321 11 11 
322 10 10 
312 16 13 
15 
313 15 16 
14 
325 12 11 

8 

Nickelsen et al. 326 38 34 
38 

Passalacqua et al. 327 9 9 
Schumacher et al. 328 8 7 
Welsh et al. 314 18 15 

Parjetaria 

Mites 
Birch 
Grass 
Birch and alder 
Parjetaria 
Ragweed 
Allergoid 
Ragweed 

Grass 

Ragweed 

Parietaria 
Ragweed 
Ragweed 

Powder, standardized 
Modified 
Powder, standardized 
Powder 
Powder, standardized 
Powder, standardized 
Powder, standardized 
Aqueous 

Aqueous 
Allergoid 
Glutaraldehyde 

Aqueous 
Polymer glutaraldehyde 
Powder, standardized 
Powder, gluataraldehyde 
Aqueous 

18 weeks 

12 months 
22 weeks 
26 weeks 

4 months 
8 months 

10 weeks 

10 weeks 

14 weeks 

3 months 

5 months 
10 weeks 
20 weeks 

N: NS. D? 

N: Pc0.05 
N:  NS, D: Pt0.05 
N :  Pt0.05 
N:  PtO.O1 
N: Pt0.05 
N: Pt0.005 
N: P<O.Ol 
N: Pt0.05 
N: NS 
N: PtO.OO1 

N: PtO.O1 
N: PtO.O1 
N: Pc0.01 
N: NS 
N: Pt0.004 

None 

None 
None severe 
None 
None severe 
3 asthma 
None severe 

None severe 

None severe 
12 rhinitis 
38 mild rhinitis 
34 mild rhinitis 
None 
None severe 
? 

N: nasal score; D: drug score; NS: not significant. 
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6.4. Conclusions 

Properly controlled, well-designed studies employ- 
ing sublingual and intranasal immunotherapy pro- 
vide evidence that this form of therapy may be a 
viable alternative to parenteral injection therapy to 
treat allergic airway diseases. Further studies are 
needed to define better the most appropriate 
patients for this form of therapy, the optimal 
therapeutic target dose, and its effectiveness as 
compared to conventional injection immunotherapy. 

7. Pediatric issues 
7.1. Introduction 

The use of allergen immunotherapy in children 
requires a consultation with a specialist, because of 
the special problems which exist in this age group. 
The diagnosis of allergic rhinoconjunctivitis in 
children under the age of 4 to 5 may be difficult 
and the differential diagnosis between allergic 
rhinitis and recurrent acute viral infections of the 
respiratory tract may pose problems. 

Most specialists prescribe immunotherapy after 
the age of 5 years. Some recommend immuno- 
therapy at 1-2 years of age (4). Controlled studies 
on the benefits versus risks of immunotherapy in 
patients below 5 years of age are needed (4, 333). 
However, when immunotherapy is prescribed for 
an infant, the physician who administers the injec- 
tions should be able to appropriately treat a sys- 
temic reaction in this age group (4). 

Motivation for immunotherapy is needed from 
both the child and the parents to avoid discontinu- 
ation of immunotherapy. Such compliance can be 
achieved with adequate allergy diagnosis and with 
adequate information of irnmunotherapy, including 
the information regarding the adverse reactions. 

7.2. Advantages of immunotherapy in children 

Immunotherapy, when introduced at the onset or 
during the early phase of the disease (4) may modify 
the natural course of the allergic disease (113, 154). 

Immunotherapy is thought to be more effective 
in children than in adults. 

When immunotherapy is administered to children 
who only have allergic rhinoconjunctivitis, it may 
prevent the development of asthma. The Pre- 
ventive Allergy Treatment (PAT) study has been 
initiated in children aged from 7 to 13 to answer 
the question “does specific allergen immuno- 
therapy prevent the development of asthma?” Pre- 
liminary data suggest that immunotherapy impedes 
progression from allergic rhinoconjunctivitis to 
asthma (334, 335). 

Immunotherapy did not prevent the develop- 
ment of sensitization to new allergens in poly- 
sensitized patients (336). However, a prospective 
case-control study in 44 asthmatic children aged 
from 2 to  6 years, who were monosensitized to 
domestic mite was done to assess whether imrnu- 
notherapy prevents new sensitization during a 
three year follow-up (154). All 22 children in the 
control group (no immunotherapy) as compared to 
12/22 children in the immunotherapy group devel- 
oped new sensitivities as determined by skin prick 
testing and allergen specific IgE in serum. This 
study suggests that immunotherapy may alter the 
natural course of allergy progression by preventing 
sensitization to new allergens. 

Severe allergic reactions to Hymenoptera venoms 
are rare but occur during infancy and early child- 
hood (337) and immunotherapy may be initiated 
by an allergist trained to treat children. 

7.3. Problems of immunotherapy in children 

1) More studies are needed to determine how 
immunotherapy may modify the allergic disease 
or impair progression to asthma. 

2) Rush immunotherapy was associated with a 
higher incidence of systemic reactions in children 
less than 5 years of age than in older subjects 
(271). When a bronchial reaction induced by 
immunotherapy occurs it may be more difficult 
to control than reactions which occur later in 
life (4). 

3) Small children do not understand that injections 
cause pain. Therefore, fear of injections or the 
psychological trauma induced by an anaphylactic 
reaction should be considered before initiating 
such therapy (338, 339). This is a major reason 
why other routes of immunotherapy should be 
carefully and critically evaluated in children for 
efficacy and safety. 

4) The optimal dose for maintenance therapy in 
small children is unknown. 

5 )  It is not known whether repeated doses of 
aluminium hydroxide may induce side-effects in 
small children. 

8. Indications 
Hymenoptera-venom immunotherapy is the only 
effective treatment of insect sting-induced 
anaphylaxis. Immunotherapy with inhalant aller- 
gens reduces symptoms and/or medication needs 
for patients with allergic asthma and rhino- 
conjunctivitis. 

Immunotherapy is currently not used to treat 
food allergy, however, it has been used experimen- 
tally (340, 341), and when evaluated, injections 
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should be administered in hospitals in clinical 
trials. Studies have not confirmed the efficacy of 
immunotherapy for atopic dermatitis (342, 343) 
and if given for this disease, immunotherapy should 
only be used in clinical trials. 

The mechanisms and treatment of drug-induced 
anaphylaxis are different than allergen immuno- 
therapy. Therefore, it is not discussed in this 
document. 

Specific immunotherapy should be prescribed by 
specialists and administered by physicians who are 
trained to treat anaphylaxis. 

8.1. Relative contraindications 
Relative contraindications for immunotherapy 
include (4): 

1) serious immunopathologic and immunodeficiency 
diseases 

2) malignancy 
3) severe psychological disorders 
4) treatment with P-blockers (344), even when 

5 )  poor compliance 
6) severe asthma uncontrolled by pharmaco- 

therapy and/or irreversible airways obstruction 
(FEV, consistently under 70% of predicted 
after adequate pharmacologic treatment) (€9, 
except for Hymenoptera venom hypersensi- 
tivity 

7) sigdicant cardiovascular diseases which increase 
the risk of side-effects from epinephrine, except 
for Hymenoptera venom hypersensitivity 

8) children under 5 years of age, except for 
Hymenoptera venom hypersensitivity. 

Pregnancy is not considered a contraindication 
for continuation of immunotherapy, but, in general, 
treatment should not be started during pregnancy 

administered topically 

(345). 

8.2. Immunotherapy for Hymenoptera venom 
sensitivity 

In patients who have had a systemic reaction, 
standard preventive care should include: 

1) advice concerning avoidance of insect stings 
2) prescription of an emergency kit including 

epinephrine (unless medically contraindicated) 
3) consideration of venom immunotherapy. 

8.2.1. General indications 

The indications for venom immunotherapy are 
provided in the EAACI Position Paper (6). An 
absolute indication in any age group is a history of 

severe systemic reactions associated with respira- 
tory and/or cardiovascular symptoms and positive 
diagnostic tests (skin tests and/or serum specific 
IgE). Such therapy should not be prescribed with- 
out documented IgE-mediated allergy. Children 
who have had mild systemic reactions charac- 
terized only by symptoms of mild angioedema and 
urticaria usually have a favourable prognosis. The 
re-sting reaction rate is low (10-20%), and the 
reactions are almost always of the same mild 
degree. Venom immunotherapy is not recom- 
mended for these children. Adults who have 
similar mild systemic symptoms appear to have a 
similar prognosis. Venom immunotherapy is rec- 
ommended for such patients in the USA, but not 
usually in Europe. Large local and other unusual 
reactions are not an indication for venom 
immuno ther apy. 

The generally recommended maintenance dose 
is 100 pg of venom protein which corresponds to 
about one or two bee stings (346) and probably 
more than one or two Vespula stings (6). It was 
found that 100 pg of venom significantly protected 
more patients than 50 pg (347) which also has been 
recommended (348). Maintenance doses up to 200 
pg may be indicated in honeybee sensitive bee- 
keepers (349) and in treatment failures (350). 
Moreover, it is possible that this higher mainte- 
nance dose may lead to a more rapid loss of 
sensitization to venom (165). 

In the absence of venom immunotherapy, 25- 
65% of patients with a systemic reaction will have 
another reaction when subsequently stung. There- 
fore, it has been proposed to test every patient 
with a history of venom allergy with a provocation 
test with the sting of a living insect in an intensive 
care unit and to treat only those who react (351- 
353). However, besides risking a life-threatening 
reaction during the challenge which may be 
extremely difficult to be reversed (48), the prov- 
ocation test is not completely predictive of a 
subsequent sting reaction, since 20% of patients 
who had a negative initial sting challenge react to 
another challenge within the next 6 months. A 
single sting challenge is therefore insufficient 
to select patients for venom immunotherapy 
(354, 355). 

8.2.2. Venom immunotherapy in special situations 

Beekeepers are at high risk of honeybee venom 
allergy (349). Venom immunotherapy should be 
offered to all beekeepers with a history of an 
anaphylactic reaction, even when they discontinue 
their profession (6). Wearing protective clothing 
and the immediate availability of an emergency kit 
are essential precautions (292). 
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In elderly patients, allergic reactions to 
Hymenoptera stings may be more severe (337). 
The fatality rate is higher than in children and 
young adults, because of associated pre-existing 
cardiovascular and/or respiratory disease, even 
though the risk of re-exposure is usually lower. 
Therefore, venom immunotherapy is indicated in 
all elderly patients with a history of severe systemic 
reactions and positive diagnostic tests. 

There are several species of stinging ants 
Solenopsis (imported fire ants) and Pogonomyrmex 
(harvester ants) in the order Hymenoptera. 
Patients of all ages who have had systemic reac- 
tions to ants, regardless of the severity, and who 
have had positive in  vivo or in vitro IgE tests are 
at risk for anaphylaxis following a subsequent sting. 
Although venoms have replaced whole-body 
vaccines for most Hymenoptera, purified ant 
venoms are not available for imported fire-ant and 
harvester-ant immunotherapy. However, there is 
clinical evidence that imported fire-ant whole-body 
vaccines contain the venom antigens and are effec- 
tive (356). These vaccines are not standardized, and 
double-blind, placebo-controlled studies with sting 
challenges before and after treatment have not 
been done. 

8.3. Subcutaneous immunotherapy for allergic 
rhinoconjunctivitis and asthma 
The indications of immunotherapy in allergic 
asthma and rhinitis have been separated in some 
guidelines (7-9). This artificial separation has led 
to unresolved issues (357, 358), possibly because 
the allergen-induced IgE-mediated reaction has 
not been considered to be a multi-organ disease. It 
is therefore important to consider immunotherapy 
based on the allergen sensitization rather than on 
the disease itself. 

8.3.1. General considerations 

Double-blind, placebo-controlled studies have 
confirmed the efficacy of immunotherapy. Clinical 
efficacy does not necessarily mean clinical indica- 
tion, especially since controlled trials of immuno- 
therapy are optimally designed and may not always 
be applicable to daily medical practice. Safe and 
effective pharmacologic treatment is also available 
for the treatment of allergic diseases. Thus, before 
starting immunotherapy, it is essential to appreciate 
the respective value of allergen avoidance, phar- 
macotherapy, and immunotherapy (4,7,359,360). 
In  vitro or in vivo tests alone without an adequate 
history and physical examination will lead to inap- 
propriate or less optimal care. Certain factors must 
be weighted before beginning immunotherapy: 

demonstration that the disease is due to IgE- 
mediated allergy (Table 13) 
determine all symptoms caused by allergens 
assess the allergen exposure (361) and before 
initiating immunotherapy, avoidance of exposure 
to the allergen(s) causing the symptoms of the 
IgE-mediated reaction should always be attempted. 
However, most common aeroallergens cannot 
be completely avoided, and this is particularly 
true for patients allergic to domestic mites or to 
multiple allergens. 
Dotential severity of the disease to be treated 

5 )  ifficacy of availible treatment modalities 
6) patient’s attitude to available treatment modalities 
7) quality of allergen vaccines used for treatment. 

When possible standardized allergens should be 
utilized (362) 

8) cost and duration of each form of treatment 
9) risk incurred from the allergic diseases and the 

various forms of treatment. 
Additional pharmacotherapy may be necessary 

to control symptoms in patients receiving immuno- 
therapy. 

Although rare, deaths caused by immunotherapy 
usually occur in patients with asthma and are due 
to acute bronchial obstruction (284, 286). To min- 
imize risk for severe reactions and improve efficacy, 
therefore, it is essential to follow precise recom- 
mendations (4, 7) (Table 14). 

In allergic rhinitis, immunotherapy is indicated 
for subjects: 

1) in whom antihistamines and topical medications 

2) who do not wish to be on pharmacotherapy 
3) in whom pharmacotherapy produces undesirable 

side-effects 
4) who do not desire to receive long-term pharma- 

cologic treatment. 
In allergic asthma, immunotherapy is indicated 

insufficiently control symptoms 

for subjects: 
who do not present a severe form of the disease. 
FEV, levels should be over 70% of predicted 
values after adequate pharmacologic treatment 
in whom symptoms are not adequately controlled 
by allergen avoidance and pharmacologic treatment 
who have both nasal and bronchial symptoms 
who do not wish to be on long-term pharmaco- 
therapy 
in whom pharmacotherapy produces undesirable 
side-effects. 

8.3.2. Pollen allergy 
Immunotherapy is indicated in pollen-induced 
allergic diseases based on its severity and duration. 
Moreover, it is commonly accepted that immuno- 
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Table 13. Considerations for initiating immunotherapy 

1) Presence of demonstrated IgE-mediated disease 
Positive skin tests and/or serum specific IgE 

2) Oocumentation that specific sensitivity is involved in symptoms 
Exposure to allergen(sJ determined by allergy testing related to appearance of symptoms 
If required, allergen challenge with relevant allergenbJ 

3) Characterization of other triggers that may be involved in symptoms 

4) Severity and duration of symptoms 
Subjective symptoms 
Objective parameters; e.g., work loss, school absenteeism 
Pulmonary function (essential): exclude patients with severe asthma 
Monitoring of pulmonary function by peak flow 

5) Response of symptoms to nonimmunologic treatment 
Response to allergen avoidance 
Response to  pharmacotherapy 

6) Availability of standardized or high-quality vaccines 

7) Contraindications 
Treatment with P-blocker 
Other immunologic disease 
Inability of patients to comply 

8) Sociologic factors 
cost 
Occupation of candidate 
Impaired quality-of-life despite adequate pharmacologic treatment 

9) Objective evidence of efficacy of immunotherapy for selected patient (availability of controlled clinical studies) 

Table 14. Recommendations to minimize risk and improve efficacy of immunotherapy (from International Consensus Report on Diagnosis and Management of 
Asthma [71J 
~~ ~~ _____ ~ _ _ _ _ _  ~~ _____ 

1) Specific immunotherapy must be prescribed by specialists and administered by physicians trained to manage systemic reactions if anaphylaxis occurs 

2 )  Patients with multiple sensitivities may not benefit as much as do patients with single sensitivityfrom specific immunotherapy; more data are necessary 

3) Patients with nonallergic triggers will not benefit from specific immunotherapy 

4) Specific immunotherapy is more effective in children and young adults than later in life 

5) It is essential for safety reasons that patients should be asymptomatic at time of injections because lethal adverse reactions are more often found in 

6) FEV, with pharmacologic tretment should reach at least 70% of predicted values, for both efficacy and safety reasons 

asthma patients with severe airways obstruction 

therapy is indicated if the season is prolonged or 
in polysensitized patients exposed to several sub- 
sequent pollen seasons (e.g. tree and grass pollen 
sensitivity) (2, 4). 

Since rhinoconjunctivitis occurs in most, if 
not all patients, who have pollen allergy, and 
asthma occurs in some of the most severe 
patients, it is impossible to propose indications 
for immunotherapy without considering all 
symptoms (59, 178). Immunotherapy is indicated 
when asthma during the pollen season compli- 
cates rhinoconjunctivitis. British guidelines on 
immunotherapy state that patients with asthma 
should not receive immunotherapy (363), but, 
this is the only country with such a recommen- 
dation. 
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8.3.3. Immunotherapy with domestic mite allergens 

House dust extract is not recommended for allergen 
immunotherapy (4). Patients are candidates for mite 
vaccine immunotherapy if mite avoidance measures 
are not effective. Patients in whom symptoms are 
only caused to a minor degree by exposure to mites 
are not candidates for immunotherapy. Indications 
for immunotherapy are based on the severity and 
the duration of allergic rhinitis and asthma. 

8.3.4. Immunotherapy with animal dander 
allergens 

Avoidance is the treatment of choice for animal 
dander-induced allergic diseases. However, complete 



avoidance is often impossible even in environments 
in which animals are not present (364). Immuno- 
therapy to animal dander allergens may be pre- 
scribed for patients in whom avoidance of animal 
allergens is not effective, or when animal exposure 
persists in the home or work environment. 

8.3.5. Immunotherapy with molds 
Avoidance, where possible, of indoor mold aller- 
gens is the treatment of choice. Certain studies 
have demonstrated clinical improvement when 
well-characterized vaccines of Cladosporium or 
Alternaria have been used to treat mold-induced 
allergy. Patients with positive diagnostic tests who 
have symptoms from other relevant mold allergens 
may be considered for immunotherapy. 

8.3.6. Imrnunotherapy with other allergens 
Immunotherapy with vaccines of undefined allergens, 
such as bacteria, Candida albicans, or Trychophyton, 
is not recommended (4). 

8.3.7. Monitoring of immunotherapy 
Monitoring the effectiveness of immunotherapy 
with inhalant allergens is based on the clinical 
response and the reduction of pharmacotherapy. 
In vitro or in vivo markers to assess efficacy are 
not available. 

8.4. Other routes for allergen administration 

The subcutaneous route is the usual route for 
administration of immunotherapy, but oral, sub- 
lingual, nasal, and bronchial routes have been 
proposed. A workshop of the EAACI and ESPACI 
has been convened in Portofino (Italy), September 
28, 1996 to assess the efficacy and safety of other 
routes of immunotherapy. 

Nasal immunotherapy may be indicated in care- 
fully selected adult patients with rhinitis caused by 
pollen and possibly for mite. The potential candi- 
dates for nasal immunotherapy are patients who 
cannot be properly controlled by conventional 
pharmacotherapy, who have presented with previ- 
ous systemic reactions induced by injection immu- 
notherapy, or refuse injections. Patients should be 
carefully informed of the potential risks of a sys- 
temic reaction, since the allergen vaccines are self- 
administered at home in the absence of a physician, 
and how to treat an allergic reaction should it 
occur. 

Sublingual (swallow) irnmunotherapy may be 
indicated in pollen and mite induced rhinitis. It is 
safe in adults. The treatment is currently not 

recommended for children except as part of a 
controlled study. Further studies with standardized 
vaccines are needed to define further the indication 
of sublingual immunotherapy. 

Bronchial and oral immunotherapy, because of 
lack of efficacy and the risk of severe side-effects 
(bronchial immunotherapy), are not recommended 
except in controlled studies. 

8.5. Indications for immunotherapy in children 
1) IgE-mediated allergic rhinoconjunctivitis and 

asthma 
2) severe anaphylactic reactions to Hymenoptera 

stings 
3) the same considerations for diagnosis and 

treatment as indicated for adults apply to 
children. 

Immunotherapy for children is more com- 
plicated than for adults because of their age and 
dependent nature. Educating the family about 
immunotherapy is of great importance and is 
crucial for its success. 

Children (under 15 years in Europe and 18 years 
in the USA) should be accompanied by an adult 
when they receive their injection unless parental 
permission for therapy without their presence has 
been obtained. Precautions to be taken following 
an injection involves family, friends, and teachers. 
Adolescents are particularly noncompliant, and 
physicians must emphasize that compliance is 
essential for effective immunotherapy. 

9. costs 
Asthma and allergic diseases account for a signif- 
icant proportion of overall health care and 
expenditure in industrialized countries. For exam- 
ple, the costs for asthma represent 1-2% of the 
total direct and indirect health costs in any coun- 
try (8, 365). Over the past 10 years, costs for 
asthma and allergic diseases have increased more 
than for most other diseases. The greatest propor- 
tion of expenses for asthma is currently due to 
hospital care. 

Allergic diseases usually begin early in life and 
persist. Moreover, many patients who have allergic 
rhinitis also eventually develop asthma. The short- 
term costs are known, however, the long-term costs 
from the morbidity and the complications from 
these diseases are not established and probably 
account for even higher costs. 

Inhaled corticosteroids, which are costly, signifi- 
cantly reduce hospitalizations and costs for asthma 
(366-368). Expert care results in more effective 
asthma treatment and reduces morbidity and, by 
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inference, costs incurred for these diseases 

For rhinoconjunctivitis, however, such studies are 
lacking. The disease significantly reduces quality- 
of-life (376) and may increase the incidence of viral 
respiratory diseases and sinusitis, thus adversely 
impacting direct and indirect costs for patients with 
these diseases. 

(369-375). 

10. Future strategies for immunotherapy 
10.1. Therapeutic vaccines of the future 
The term “immunotherapy” has traditionally 
referred to treatment of allergic diseases and 
asthma by repeated injections of extracts contain- 
ing relevant allergens. Advances in basic immu- 
nology should lead to new, safer, and substantially 
more effective, methods to manipulate the human 
immune response, introducing the development of 
“therapeutic vaccines”. These new approaches 
will be of potential therapeutic benefit for dis- 
eases, such as asthma, allergic diseases, as well as 
autoimmune diseases, such as type I diabetes and 
multiple sclerosis. Therapeutic manipulation of 
the human immune response requires knowledge 
about 
1) the relevant antigens implicated in the immuno- 

pathology of the disease 
2) the changes in the immune response that are 

most effective to prevent and treat the disease 
3) the “vaccination” strategy that will alter the 

immune response. 

The therapeutic targets in autoimmune diseases 
remain unknown, but a number of relevant 
approaches have been identified using experimen- 
tal non-obese diabetes mouse models of type I 
diabetes (insulin-dependent diabetes mellitus) and 
of multiple sclerosis (experimental allergic enceph- 
alomyelitis). Notably, glutamic acid decarboxylase 
and insulin are key antigens in diabetes models, 
whereas myelin basic protein and proteolipid pro- 
tein can induce experimental allergic encephalomy- 
elitis in experimental multiple sclerosis models 
(377). Generally, Thl cytokines contribute to the 
pathology of these autoimmune diseases; in con- 
trast, abrogation of the production of IFN-y or 
induction of IL-4 production ameliorates the dis- 
eases in mice (377, 378). 

In view of the important role that T helper cells 
play in many diseases, by their production of 
cytokines, many approaches attempt to alter the 
balance of Thl and Th2 cells in affected tissues or 
organs. For example, disruption of the pathway 
mediated by costimulatory molecular interactions 
(CD28 interacting with its ligands CD80 or CD86) 

results in improvement or worsening of insulin- 
dependent diabetes mellitus or experimental allergic 
encephalomyelitis. Improvement was found to be 
associated with a reduction in the ratios of Thl/Th2 
cytokines and aggravation of the diseases with an 
enhancement in the ratios of Thl/Th2 cytokines 
(379, 380). At present, methods to manipulate the 
immune response in mouse models are not uni- 
formly protective against disease; in part, because 
current knowledge about the underlying mecha- 
nisms is incomplete. For example, an antigen may 
not only induce tolerance (or immune deviation) 
but may also prime T cells for a subsequent 
immune response that may worsen the disease 
(381 -383). Several therapeutic trials, targeted to 
induce tolerance of insulin or myelin, have resulted 
in some preliminary evidence of efficacy (384- 
386). Concomitant changes in in vitro cytokine- 
production profiles of the antigen-specific T cells 
have been observed. Thus, on the basis of such 
novel approaches, therapeutic vaccination may be 
used to treat autoimmune diseases, perhaps by 
decreasing the ratios of Thl/Th2 cytokines, or to 
treat allergic diseases and asthma by increasing 
them. 

Many of the important allergens have now been 
cloned (35), key epitopes have been identified, and 
modified allergens are available (387). Recom- 
binant DNA technology allows for the large-scale 
production of highly purified and defined allergens 
for diagnostic and therapeutic purposes. Specific 
approaches to new forms of immunotherapy 
to treat allergic diseases, which are based on 
recombinant DNA technology and the use of 
synthetic allergen-derived peptides will be dis- 
cussed below. 

10.2. Novel delivery systems 
Proteins are subject to absorption, biodistribution, 
metabolism, and degradation at sites and rates 
which may not permit effective interactions with 
components of the immune system. Drug carrier 
technology may overcome some of these obstacles. 
Because of the lipid and particulate nature of 
liposomes, increased delivery of proteins to lymph- 
atics, lymph nodes, and macrophages may be pos- 
sible when a protein is associated with a liposome 
(388). Such an approach is currently under investi- 
gation in humans, but definitive results are still 
lacking (56, 57, 389). 

10.3. Nonanaphylactic allergens, allergen 
fragments, or peptides for active immunotherapy 

It is suggested that a key mechanism for successful 
conventional immunotherapy is to alter T-cell func- 



tion, either by diminishing production of both Th1 
and Th2-like cytokines (121,127), andlor by induc- 
ing “immune deviation” from a Th2-like cytokine 
pattern to a Thl-like pattern (120, 122). One 
promising strategy to increase the dose of allergens 
which can be used with increased safety is through 
the use of allergen derivatives which do not cause 
anaphylaxis. Isoforms of major allergens have been 
identified which show no or very low IgE-binding 
capacity but contain T cell stimulating sequences. 
Such hypoallergenic isoforms have been identified 
for major tree-pollen allergens (390,391) and have 
been produced in vitro for the mite allergen Der 
p 2 by site-directed mutagenesis (392, 393). The 
expression of two recombinant allergen moieties of 
the major birch pollen allergen Bet v 1 has resulted 
in the generation of fragments containing T cell 
activation-inducing epitopes which did not cause 
anaphylaxis activity due to disruption of the three- 
dimensional structure of Bet v 1 (394). A similar 
approach using allergen-derived peptides demon- 
strated that human T-cells become nonresponsive 
following stimulation with suboptimal concentra- 
tions of short ragweed-allergen-derived peptides 
(395). Furthermore, when mice are treated with 
antigen-derived peptides that represent major T- 
cell epitopes of the cat allergen Fel d 1, the mice 
became tolerant to the complete native allergen 
(396, 397). Clinical studies, using T cell-derived 
peptides, are in progress to determine whether 
peptide immunotherapy may represent an effective 
low-risk alternative to traditional immunotherapy 
(398). However, whether every T-cell epitope 
will be needed for a good result has yet to be 
determined. 

10.4. IgE-binding haptens of major allergens for 
passive saturation of effector cells and induction of 
blocking antibodies 

The cross-linking of mast cell and basophil bound 
IgE antibodies with specificity for at least two 
different allergen epitopes is required to trigger 
release of inflammatory mediators. Localization of 
IgE-binding sites can be achieved by mapping of 
immunodominant epitopes as was demonstrated 
for the timothy pollen allergen, Phl p 1 (399). 
Epitope mapping must be supplemented by struc- 
tural analysis, so that antibody binding sites can be 
superimposed on the three dimensional allergen 
structure (400), as demonstrated for birch profilin 
(401). Nonanaphylactic IgE-binding haptens might 
be used for local saturation of effector cells to 
prevent subsequent activation by exposure to the 
complete allergen for active immunotherapy to 
induce blocking IgG-antibodies directed against 
the same IgE-epitopes. 

10.5. Plasmid DNA immunization 

Injection of DNA encoding the antigen (DNA 
vaccination) is an alternative approach to raise 
protective immunity compared to injection of the 
antigen itself. Intramuscular injection of plasmid 
DNA containing bacterial genes with a suitable 
appropriate promoter is followed by transfection 
of the host cells which will produce bacterial 
proteins, and elicit humoral and cytotoxic lym- 
phocyte-mediated responses. Mucosal vaccines 
induce local immune response, both by type 1 and 
type 2 dependent pathways (402,403). Intradermal 
immunization with pDNA, encoding E. coli beta- 
galactosidase, induces a Thl response, whereas 
immunization with the entire protein induces a Th2 
response (404). Based on these results, as well as 
the observation that plasmid cDNA immunization 
results in the downregulation of IgE production, it 
can be speculated that immunization with pDNA 
encoding for allergens will modulate the cytokine 
production profile of allergen specific T cells and 
thereby provide a novel type of immunotherapy for 
allergic diseases (404, 405). 

10.6. Allergen-specific antibodies and antibody 
fragments for passive therapy in the allergic 
effector organs 
“Nonreaginic” allergen-specific antibodies were dis- 
covered over five decades ago, and certain allergen- 
specific IgG antibodies are able to inhibit IgE- 
mediated anaphylactic reactions (406), particularly 
those belonging to the IgG4 subclass, might be 
induced by specific immunotherapy (407). Several 
studies failed, however, to correlate the presence 
and/or increase of allergen-specific IgG (98) and 
IgG subclass antibody serum levels (408) with clin- 
ical improvement during immunotherapy. Previous 
studies comparing the role of allergen-specific IgG 
antibody in the inhibition of IgE production and 
subsequent downregulation of allergic responses 
following immunotherapy were hampered by the 
lack of well-defined allergen vaccines. Studies using 
recombinant birch pollen allergen, Bet v 1 (409, 
410), recombinant timothy pollen allergens, Phl p 1, 
Phl p 2, Phl p 5 (411), and recombinant Der f 2 
(412, 413) have shown that sera from allergic and 
nonallergic individuals contain allergen-specific 
IgG-antibodies belonging to different subclasses and 
that levels of allergen-specific IgE in serum do not 
correlate with IgG-subclass responses. 

Using epitopes from major allergens prepared by 
recombinant DNA technology, it has been reported 
that IgE and/or IgG antibodies of allergic patients 
bind to the same but also to different epitopes 
(413). These results indicate that IgE and IgG 

29 



responses in allergic patients may also evolve in a 
nonsequential fashion, and that IgE and IgG anti- 
bodies may possess different affinities or fine 
specificities for certain epitopes. Taken together, it 
appears that allergen-specific IgE and IgG 
responses in allergic individuals are poorly syn- 
chronized with respect to epitope recognition and 
affinity. Differences in epitope recognition by IgE 
and IgG antibodies have been demonstrated for 
monoclonal human IgG antibodies specific for Bet 
v 1 (96). However, the demonstration that certain 
Bet v 1 specific IgG antibodies block IgE binding 
to Bet v 1 and inhibit Bet v 1 induced histamine 
release in allergic patients suggests that blocking 
IgG antibodies may be utilized to reduce IgE- 
mediated allergic reactions (96, 414). Therefore, 
recombinant allergen-specific F(ab’j2 fragments 
may be useful for passive (blocking) therapy of IgE 
mediated allergic reactions. 

10.7. Immunotherapy with humanized anti-IgE 
monoclonal antibodies or IgE-mimotopes 

IgE has a pivotal role in the pathogenesis of 
allergic diseases, and inhibiting the IgE response 
by preventing IgE synthesis or blocking the effec- 
tor phase, through the use of neutralizing anti-IgE 
antibodies, should have potential therapeutic value. 
Support for this concept comes from the observa- 
tion that high levels of anti-IgE antibodies at birth 
seem to be associated with a reduced predisposi- 
tion to develop atopic disorders (415). It should be 
noted, however, that human anti-IgE antibodies 
have been found to both inhibit and enhance 
binding of IgE to its low affinity receptor CD23 
(416), underscoring the importance of such anti- 
bodies in regulating IgE synthesis. Similarly, anti- 
IgE antibodies have been described that either 
enhance or downregulate the IgE mediated release 
of mediators from mast cells and basophils, sug- 
gesting that a subpopulation of such antibodies 
have the potential to interfere with the functional 
activity of IgE antibodies (417). 

A humanized anti-human IgE mouse mono- 
clonal antibody has been reported which binds to 
free IgE, but not to IgG or to mast cell-bound IgE 
and blocks binding of IgE to its high-affinity recep- 
tor, Fc,RI (418). In preclinical studies, this antibody 
inhibited allergen-induced IgE synthesis by cul- 
tured human lymphocytes, and although it did not 
suppress skin test reactivity, it was shown to reduce 
allergen-induced bronchial provocation (419,420). 

Another potentially useful strategy is to induce 
autoantibodies against the Fc,RI binding site on 
human IgE by using recombinant human IgE- 
fragments or mimotopes comprising the receptor 
binding site (421, 422). 

11. Clinical research needs 
Future studies are needed to evaluate current 
immunotherapy in the following areas: 

1) cost-effectiveness 
2) quality-of-life and patient’s satisfaction 
3) comparison with pharmacologic treatment 
4) “add-on” studies, e.g. effect of immunotherapy 

added to treatment with tropical therapy 
5 )  optimal duration 
6) reduction of the severity of asthma in terms of 

hospital admissions and emergency room visits 
7) decrease of the incidence of asthma in patients 

suffering from allergic rhinitis, and no asthma 
8) altering the natural course of the allergic 

rhinoconjunctivitis and/or asthma 
9) decreasing the long-term sequellae associated 

with allergic rhinitis and/or asthma 
10) long-term effects after cessation 
11) efficacy and safety for animal allergy (dogs, 

12) efficacy and safety for occupational allergy (e.g. 

13) efficacy and safety in children under 5 years of 

horses) 

laboratory animal allergy) 

age. 

References 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Noon L. Prophylactic inoculation against hay fever. Lancet 

Current status of allergen immunotherapy (hyposensiti- 
sation). Report of a WHO/IUIS working group. Allergy 

Current status of allergen immunotherapy. Shortened ver- 
sion of a World Health Organisationhternational Union 
of Immunological Societies Working Group Report. Lancet 

Malling H-J, Weeke B. Immunotherapy. Position Paper of 
the European Academy of Allergology and Clinical 
Immunology. Allergy 1993;48 Suppl 14:9-35. 
Bousquet J, Miiller UR, Dreborg S, et al. Immunotherapy 
with Hymenoptera venoms. Position paper of the Working 
Group on Immunotherapy of the European Academy of 
Allergology and Clinical Immunology. Allergy 1987;42: 

Miiller U, Mosbech H. Immunotherapy with Hymenoptera 
venoms. Position paper. Allergy 1993;48 Suppl 14:37-46. 
International Consensus Report on Diagnosis and Manage- 
ment of Asthma. International Asthma Management 
Project. Allergy 1992;47:1-61. 
Global strategy for asthma management and prevention. 
WHONHLBI workshop report. In: National Institutes of 
Health, National Heart, Lung and Blood Institute, Publi- 
cation no. 95-3659, 1995. 
International Consensus Report on Diagnosis and Manage- 
ment of Rhinitis. Allergy 1994;49 Suppl 19:l-33. 
Frew AJ. Injection immunotherapy. British Society for 
Allergy and Clinical Immunology Working Party. BMJ 

Nicklas R, Bernstein I, Blessing-Moore J, et al. Practice 
parameters for allergen immunotherapy. J Allergy Clin 
Immunol 1996:6:1001-11. 

1911;1:1572-3. 

1989;44:369-79. 

1989;1:259-61. 

401-13. 

1993;307:919-23. 

30 



12. Biological products: allergenic extracts: implementation of 
efficacy review. Federal Register, Food and Drug Admini- 
stration, 1985;21 CRF Parts 600, 610 and 680 [Docket no. 

13. Allergen products (Producta allergenica). European 
Pharmacopeia, 1997:1063-8. 

14. Dreborg S, Frew A. Allergen standardization and skin tests. 
EAACI Position paper. Allergy 1993;48 Suppl 14:49-82. 

15. The use of standardized allergen extracts. Position 

81N-00961. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

Statement. American Academy of Allergy, Asthma, and 
Immunology (AAAAI). J Allergy Clin Immunol 1997;99: 

Rules governing medicinal products in the European Com- 
munity. Vol. 111. Note for guidance on allergen products. 
CPMPiBWPl243196, 1991. 
Lowenstein H. Report on behalf of the International Union 
of Immunological Societies (I.U.I.S.) Allergen Standardi- 
zation Subcommittee. Arb Paul Ehrlich Inst Georg Speyer 
Haus Ferdinand Blum Inst Frankf A M 1983;78:41-8. 
Nordic Council on Medicines. Registration of allergen 
preparations, 2nd ed. Nordiska Lakemedelsnamnden. NLN 
Publication no. 23, Uppsala, 1989. 
Lowenstein H. Report on behalf of the International Union 
of Immunological Societies (I.U.I.S.) Allergen Standardi- 
zation Subcommittee. Arb Paul Ehrlich Inst Georg Speyer 
Haus Ferdinand Blum Inst Frankf A M 1983;78:41-8. 
Gjesing B, Jager L, Marsh DG, Lowenstein H. The inter- 
national collaborative study establishing the first inter- 
national standard for timothy (Phleum pratense) grass 
pollen allergenic extract. J Allergy Clin Immunol 1985;75: 

Larsen JN, Ford A, Gjesing B, et al. The collaborative study 
of the international standard of dog, Canis domesticus, hair/ 
dander extract. J Allergy Clin Immunol 1988;82:318-30. 
Helm RM, Gauerke MB, Baer H, et al. Production and 
testing of an international reference standard of short 
ragweed pollen extract. J Allergy Clin Immunol 1984; 

Helm RM, Squillace DL, Aukrust L, et al. Production of 
an international reference standard Alternaria extract. I. 
Testing of candidate extracts. Int Arch Allergy Appl 
Immunol 1987;82:178-89. 
Platts-Mills TAE, Chapman MD. Allergen standardization. 
J Allergy Clin Immunol 1991;87:621-5. 
Norman PS. WHO-IUIS International Standards: advan- 
tages of these extracts Arb Paul Ehrlich Inst Bundesamt 
Sera Impfstoffe Frankf A M 1994;87:59-64. 
Mohapatra SS. Recombinant allergens and allergen stand- 
ardization. J Allergy Clin Immunol 1992;89:921-2. 
Kraft D, Sehon A. Molecular biology and immunology of 
allergens. Boca Raton, F L  CRC Press, 1992. 
Bousquet J. Clinical use of recombinant allergens and 
epitopes. Arb Paul Ehrlich Inst Bundesamt Sera Impfstoffe 
Frankf A M 1994;87:257-62. 
Turkeltaub PC, Rastogi SC, Baer H, Anderson MC, 
Norman PS. A standardized quantitative skin-test assay of 
allergen potency and stability: studies on the allergen dose- 
response curve and effect of wheal, erythema, and patient 
selection on assay results. J Allergy Clin Immunol 1982; 

Bousquet J, Guerin B, Michel FB. Units of allergen extracts. 
Arb Paul Ehrlich Inst Bundesamt Sera Impfstoffe Frankf 

Gleich G, Larson J, Jones R, Baer H. Measurement of the 
potency of allergy extracts by their inhibitory capacities in 
the radioallergosorbent test. J Allergy Clin Allergol 1974; 

Maasch HJ, Wihl JA, Schultze-Werninghaus G, Geissler W, 

583-6. 

38-67, 

73:790-800. 

701343-52. 

A M 1992;85:105-16. 

531158-69. 

Wahl R. A manufacturer’s criteria for in-house reference 
preparations for RAST inhibition. Ann Allergy 1987;59: 

33. Liu DT. Regulation of allergenic products in the U.S.A.: 
CBER initiatives. Arb Paul Ehrlich Inst Bundesamt Sera 
Impfstoffe Frankf A M 1994;87:8-12. 

34. Bousquet J, Michel F. Standardization of allergens. In: 
Spector S, editor. Provocation testing in clinical practice. 
New York: Marcel Dekker, 1994:15-50. 

35. Scheiner 0, Kraft D. Basic and practical aspects of recom- 
binant allergens. Allergy 1995;50:384-92. 

36. Chapman M. Monoclonal antibody immunoassays: quanti- 
tative methods for allergen standardization. Arb Paul 
Ehrlich Inst Bundesamt Sera Impfstoffe Frankf A M 1994; 

37. van Ree R. Analytical aspects of standardization of aller- 
genic extracts. Allergy 1997;52795-806. 

38. Allergen nomenclature. WHOIIUS Allergen Nomencla- 
ture Subcommittee World Health Organization, Geneva, 
Switzerland. Clin Exp Allergy 1995;25:27-37. 

39. King TP, Hoffman D, Lewenstein H, Marsh DG, Platts- 
Mills TA, Thomas W. Allergen nomenclature. Allergy 1995; 

40. Carreira J, Lombardero M, Ventas €? New developments 
in in vitro methods Quantification of clinically relevant 
allergens in mass units Arb Paul Ehrlich Inst Bundesamt 
Sera Impfstoffe Frank A M 1994;87:155-64. 

41. Dreborg S, Einarsson R. The major allergen content of 
allergenic preparations reflects their biological activity. 
Allergy 1992;47:418-23. 

42. Yasueda H. Okuda M, Yoshida H, et al. A basic policy for 
allergen standardization in our country and standardization 
of Japanese cedar (Crypromeria japonica) pollen extracts. 
Allergen Committee in Japanese Society of Allergology. 
Allergol Int 1997;in press. 

43. Steinberger P, Kraft D, Valenta R. Construction of a 
combinatorial IgE library from an allergic patient. Isolation 
and characterization of human IgE Fabs with specificity for 
the major timothy grass pollen allergen, Phl p 5. J Biol 
Chem 1996;271:10967-72. 

44. Norman PS. International units. Arb Paul Ehrlich Inst 
Bundesamt Sera Impfstoffe Frankf A M 1988;82:45-9. 

45. Turkeltaub PC. Use of skin testing for evaluation of 
potency, composition, and stability of allergenic products. 
Arb Paul Ehrlich Inst Bundesamt Sera Impfstoffe Frankf 

46. Methods of Allergenic Products Testing Laboratory. CBER 
FDA Docket no. 94N-0012 1993. 

47. Reisrnan RE, Arbesman CE, Laze11 M. Clinical and 
immunological studies of venom immunotherapy. Clin 
Allergy 1979;9:167-74. 

48. Hunt KJ, Valentine MD, Sobotka AK, Benton AW, 
Amodio FJ, Lichtenstein LM. A controlled trial of 
immunotherapy in insect hypersensitivity. N Engl J Med 

49. Yunginger JW, Paul1 BR, Jones RT, Santrach PJ. Rush 
venom immunotherapy program for honeybee sting sensi- 
tivity. J Allergy Clin Immunol 1979;63:340-7. 

50. Bousquet J, Calvayrac P, Guerin B, et al. Immunotherapy 

29-33. 

87: 120-4. 

50:765-74. 

A M 1994;87:79-87. 

1978;299:157-61. 

51 

with -a standardized Dermatophagoides pteronyssinus 
extract. I. In vivo and in  vitro parameters after a short 
course of treatment. J Allergy Clin Immunol 1985;76: 
734-44. 
Bousquet J, Hejjaoui A, Skassa-Brociek W, et al. Double- 
blind, placebo-controlled immunotherapy with mixed grass- 
pollen allergoids. I. Rush immunotherapy with allergoids 
and standardized orchard grass-pollen extract. J Allergy 
Clin Immunol 1987;80:591-8. 

31 



52. Hedlin G, Graff-Lonnevig V, Heilborn.H, et al. Immuno- 
therapy with cat- and dog-dander extracts. 11. In vivo and 
in vitro immunologic effects observed in a 1-year double- 
blind placebo study. J Allergy Clin Immunol 1986;77: 

53. Kordash TR, Amend MJ, Freshwater LL, Baker RE. In 
vivo and in vitro characterization of Allpyral grass pollen 
extracts. Ann Allergy 1994;73:127-33. 

54. Warner JO, Price JF, Soothill JF, Hey EN. Controlled trial 
of hyposensitisation to Dermatophagoides pteronyssinus in 
children with asthma. Lancet 1978;2:912-15. 

55. Blainey A, Phillips M, Ollier S, Davies R. Hyposensitiza- 
tion with a tyrosine adsorbed extract of Dermntophagoides 
pteronyssinus in adults with perennial allergic rhinitis. 
Allergy 1984;39:521-8. 

56. Genin I, Barratt G, Tran XT, Delattre J, Puisieux F. 
Optimization and characterization of freeze-dried multi- 
lamellar liposomes incorporating different standardized 
allergen extracts. Allergy 1994;49:645-52. 

57. Walls AF. Liposomes for allergy immunotherapy? Clin Exp 
Allergy 1992;22:1-2. 

58. Marsh DG, Norman PS, Roebber M, Lichtenstein LM. 
Studies on allergoids from naturally occurring allergens. 
111. Preparation of ragweed pollen allergoids by aldehyde 
modification in two steps. J Allergy Clin Imrnunol 1981; 

59. Bousquet J, Maasch HJ, Hejjaoui A, et al. Double-blind, 
placebo-controlled immunotherapy with mixed grass- 
pollen allergoids 111. Efficacy and safety of unfractionated 
and high-molecular-weight preparations in rhinocon- 
junctivitis and asthma. J Allergy Clin Immunol 1989;81: 
546-56. 

60. Grammer LC, Shaughnessy MA, Patterson R. Modified 
forms of allergen immunotherapy. J Allergy Clin Immunol 

61. Corrado OJ, Pastorello E, Ollier S, et al. A double-blind 
study of hyposensitization with an alginate conjugated 
extract of D. pteronyssinus (Conjuvac) in patients with 
perennial rhinitis. I. Clinical aspects Allergy 1989;44:108-15. 

62. Bousquet J, Michel FB. Safety considerations in assessing 
the role of immunotherapy in allergic disorders Drug Saf 

63. Juniper EF, Roberts RS, Kennedy LK, et al. Polyethylene 
glycol-modified ragweed pollen extract in rhinocon- 
junctivitis. J Allergy Clin Immunol 1985;75:578-85. 

64. Juniper EF, O’Connor J, Roberts RS, Evans S, Hargreave FE, 
Dolovich J. Polyethylene glycol-modified ragweed extract: 
comparison of two treatment regimens. J Allergy Clin 
Immunol 1986;78:851-6. 

65. Miiller U, Rabson AR, Bischof M, Lomnitzer R, Dreborg S, 
Lanner A. A double-blind study comparing monomethoxy 
polyethylene glycol-modified honeybee venom and un- 
modified honeybee venom for immunotherapy. I. Clinical 
results. J Allergy Clin Immunol 1987;80:252-61. 

66. Dreborg S ,  Akerblom EB. Immunotherapy with mono- 
methoxypolyethylene glycol modified allergens Crit Rev 
Ther Drug Carrier Syst 1990;6:315-65. 

67. Mosbech H, Dreborg S, Frolund L, et al. Hyposensitization 
in asthmatics with mPEG modified and unmodified house 
dust mite extract. I. Clinical effect evaluated by diary cards 
and a retrospective assessment. Allergy 1989;44:487-98. 

68. Cockcroft D, Cuff M, Tarlo S, Dolovich J, Hargreave F. 
Allergen-injection therapy with glutaraldehyde-modified- 
ragweed pollen-tyrosine adsorbate. A double-blind trial. 
J Allergy Clin Immunol 1977;60:56-62. 

69. Miller A. A trial of hyposensitization in 197415 in the 
treatment of hay fever using a glutaraldehyde-pollen- 
tyrosine adsorbate. Clin Allergy 1979;6:557-61. 

488-96. 

68:449-59. 

1985;76:397-401. 

1994;10:5-17. 

70. Juniper EF, Kline PA, Ramsdale EH, Hargreave FE. 
Comparison of the efficacy and side effects of aqueous 
steroid nasal spray (budesonide) and allergen-injection 
therapy (Pollinex-R) in the treatment of seasonal allergic 
rhinoconjunctivitis J Allergy Clin Immunol1990;85:606-11. 

71. Nelson HS. Effect of preservatives and conditions of 
storage on the potency of allergy extracts J Allergy Clin 
Immunol 1981;67:64-9. 

72. Nelson HS, Ikle D, Buchmeier A. Studies of allergen 
extract stability: the effects of dilution and mixing. J 
Allergy Clin Immunol 1996;98:382-8. 

73. Esch RE. Role of proteases on the stability of allergenic 
extracts Arb Paul Ehrlich Inst Bundesamt Sera lmpfstoffe 
Frankf A M 1992;85:171-7. 

74. Kordash TR, Amend MJ, Williamson SL, Jones JK, 
Plunkett GA. Effect of mixing allergenic extracts con- 
taining Helminthosporiurn, D. farinae, and cockroach with 
perennial ryegrass. Ann Allergy 1993;71:240-6. 

75. Frostad AB, Grimmer 0, Sandvik L, Moxnes A, Aas K. 
Clinical effects of hyposensitization using a purified aller- 
gen preparation from timothy pollen as compared to crude 
aqueous extracts from timothy pollen and a four-grass 
pollen mixture respectively. Clin Allergy 1983;13:337-57. 

76. Moller C, Dreborg S. Cross-reactivity between deciduous 
trees during immunotherapy. I. In vivo results Clin Allergy 

77. Wihl JA, Ipsen H, Petersen BN, Munch EP, Janniche H, 
Lowenstein H. Immunotherapy with partially purified and 
standardized tree pollen extracts. 11. Results of skin prick 
tests and nasal provocation tests from a three-year double- 
blind study of patients treated with pollen extracts either 
of birch or combinations of alder, birch and hazel. Allergy 

78. Mosmann TR, Coffman RL. TH1 and TH2 cells: different 
patterns of lymphokine secretion lead to different func- 
tional properties. Annu Rev Immunol 1989;7:145-73. 

79. Shirakawa T, Enomoto T, Shimazu S, Hopkin JM. The 
inverse association between tuberculin responses and 
atopic disorder. Science 1997;275:77-9. 

80. Pene J, Rousset F, Briere F, et al. IgE production by normal 
human lymphocytes is induced by interleukin 4 and sup- 
pressed by interferons gamma and alpha and prostaglandin 
E,, Proc Natl Acad Sci U S A 1988;85:6880-4. 

81. Del Prete G, Maggi E,  Parronchi P, et al. IL-4 is an essential 
factor for the IgE synthesis induced in vitro by human T 
cell clones and their supernatants. J Immunol 1988;140: 

82. de Vries JE, Zurawski G. Immunoregulatory properties of 
IL-13: its potential role in atopic disease. Int Arch Allergy 
Immunol 1995;106:175-9. 

83. Yssel H, Fasler S, de Vries JE, de Waal-Malefyt R. IL-12 
transiently induces IFN-gamma transcription and protein 
synthesis in human CD4+ allergen-specific Th2 T cell 
clones Int Immunol 1994;6:1091-6. 

84. Lopez AF, Sanderson CJ, Gamble JR, Campbell HD, 
Young IG, Vadas MA. Recombinant human interleukin 5 
is a selective activator of human eosinophil function. J Exp 
Med 1988;167:219-24. 

85. Lichtenstein L, Ishizaka K, Norman P, Sobotka A, Hill B. 
IgE antibody measurements in ragweed hay fever. Rela- 
tionship to clinical severity and the results of immuno- 
therapy. J Clin Invest 1973;52:472-82. 

86. Gleich GJ, Zimmermann EM, Henderson LL, Yunginger 
JW. Effect of immunotherapy on immunoglobulin E and 
immunoglobulin G antibodies to ragweed antigens: a six- 
year prospective study. J Allergy Clin Immunol 1982; 

87. Malling H-J, Skov PS, Permin H, Norn S, Weeke B. 

1986;16:135-43. 

1988;43:363-9. 

4193-8. 

70:261-71. 

32 



Basophil histamine release and humoral changes during 
immunotherapy. Dissociation between basophil-bound 
specific IgE, serum value, and cell sensitivity. Allergy 
1982;37:187-90. 

88. MacDonald SM, Rafnar T, Langdon J, Lichtenstein LM. 
Molecular identification of an IgE-dependent histamine- 
releasing factor. Science 1995;269:688-90. 

89. Saxon A, Max EE,  Diaz-Sanchez D, Zhang K. Alternative 
RNA of epsilon transcripts produces mRNAs encoding 
two membrane and four secreted IgE isoforms. Int Arch 
Allergy Immunol 1995;107:45-7. 

90. van der Zee JS, Aalberse RC. The role of IgG in imme- 
diate-type hypersensitivity. Eur Respir J Suppl 1991;13: 

91. Kaneko M, Swanson MC, Gleich GJ, Kita H. Allergen- 
specific IgGl and IgG3 through Fc gamma RII induce 
eosinophil degranulation. J Clin Invest 1995;95:2813-21. 

92. Leynadier F, Abuaf N, Halpern GM, Murrieta M, Garcia- 
Duarte C, Dry J. Blocking IgG antibodies after rush 
immunotherapy with mites. Ann Allergy 1986;57:325-9. 

93. Witteman AM, Stapel SO, Sjamsoedin DH, Jansen HM, 
Aalberse RC, van der Zee JS. Fel d 1-specific IgG 
antibodies induced by natural exposure have blocking 
activity in skin tests. Int Arch Allergy Immunol 1996; 

94. Star M, Weinstock M. Studies in pollen allergy. 111. The 
relationship between blocking antibody levels, and symp- 
tomatic relief following hyposensitization with Allpyral in 
hay fever subjects. Int Arch Allergy 1970;38:514-21. 

95. Golden DB, Meyers DA, Kagey-Sobotka A, Valentine 
MD, Lichtenstein LM. Clinical relevance of the venom- 
specific immunoglobulin G antibody level during immu- 
notherapy. J Allergy Clin Immunol 1982;69:489-93. 

96. Visco V, Dolecek C, Denepoux S, et al. Human IgG 
monoclonal antibodies that modulate the binding of spe- 
cific IgE to birch pollen Bet v 1. J Immunol 1996;157: 

97. Djurup R, Bsterballe 0. IgG subclass antibody response 
in grass pollen-allergic patients undergoing specific 
immunotherapy. Prognostic value of serum IgG subclass 
antibody levels early in immunotherapy. Allergy 1984;39: 

98. Bousquet J, Maasch H, Martinot B, Hejjaoui A, Wahl R, 
Michel FB. Double-blind, placebo-controlled immuno- 
therapy with mixed grass-pollen allergoids. 11. Comparison 
between parameters assessing the efficacy of immuno- 
therapy. J Allergy Clin Immunol 1988;82:439-46. 

99. Miiller U, Helbling A, Bischof M. Predictive value of 
venom-specific IgE, IgG and IgG subclass antibodies in 
patients on immunotherapy with honeybee venom. Al- 
lergy 1989;44412-18. 

100. Reisman RE. Should routine measurements of serum 
venom-specific IgG be a standard of practice in patients 
receiving venom immunotherapy? [editorial; comment]. J 
Allergy Clin Immunol 1992;90:282-4. 

101. Golden DB, Kwiterovich KA, Kagey-Sobotka A, 
Valentine MD, Lichtenstein LM. Discontinuing venom 
immunotherapy: outcome after five years. J Allergy Clin 
Immunol 1996;97:579-87. 

102. Djurup R, Malling H-J. High IgG4 antibody level is 
associated with failure of immunotherapy with inhalant 
allergens. Clin Allergy 1987;17:459-68. 

103. Ito K, Kudo K, Okudaira H, et al. IgGl antibodies to 
house dust mite (Dermatophagoides farinae) and late 
asthmatic response. Int Arch Allergy Appl Immunol 

104. Otsuka H, Mezawa A, Ohnishi M, Okubo K, Seki H, 
Okuda M. Changes in nasal metachromatic cells during 

91s-6. 

109~369-75. 

956-62. 

433-41. 

1986;81:69-74. 

allergen immunotherapy. Clin Exp Allergy 1991;21: 

105. Hedlin G, Silber G, Naclerio R, et al. Comparison of the 
in vivo and in vitro response to ragweed immunotherapy 
in children and adults with ragweed-induced rhinitis. Clin 
Exp Allergy 1990;20:491-500. 

106. Durham S, Varney V, Gaga M, Jacobson M, Frew A, 
Kay A. Grass pollen immunotherapy decreases mast cell 
numbers in the skin. Proc A m  Assoc Phys 1997;submitted. 

107. Bousquet J, Becker WM, Hejjaoui A, et al. Differences in 
clinical and immunologic reactivity of patients allergic to 
grass pollens and to multiple-pollen species. 11. Efficacy 
of a double-blind, placebo-controlled, specific immuno- 
therapy with standardized extracts J Allergy Clin Immunol 

108. Creticos PS, Adkinson N Jr, Kagey-Sobotka A, et al. Nasal 
challenge with ragweed pollen in hay fever patients. Effect 
of immunotherapy. J Clin Invest 1985;76:2247-53. 

109. Furin MJ, Norman PS, Creticos PS, et al. Immunotherapy 
decreases antigen-induced eosinophil cell migration into 
the nasal cavity. J Allergy Clin Immunol 1991;88:27-32. 

110. Iliopoulos 0, Proud D, Adkinson N Jr, et al. Effects of 
immunotherapy on the early, late, and rechallenge nasal 
reaction to provocation with allergen: changes in inflam- 
matory mediators and cells. J Allergy Clin Immunol 1991; 

11. Rak S, Lowhagen 0, Venge l? The effect of immuno- 
therapy on bronchial hyperresponsiveness and eosinophil 
cationic protein in pollen-allergic patients. J Allergy Clin 
Immunol 1988;82:470-80. 

12. Jutel M, Muller U, Fricker M, Rihs S, Pichler W, 
Dahinden C. Influence of bee venom immunotherapy on 
degranulation and leukotriene generation in human blood 
basophils Clin Exp Immunol 1996;12:1112-18. 

13. Des Roches A, Paradis L, Knani J, et al. Immunotherapy 
with a standardized Dermatophagoides pteronyssinus 
extract. V. Duration of the efficacy of immunotherapy 
after its cessation. Allergy 1996;51:430-4. 

114. Durham S ,  Varney V, Gaga M, Frew A, Jacobson M, 
Kay A. Grass pollen immunotherapy remains effective 3 
years after discontinuation: a double-blind, placebo- 
controlled withdrawal study. Clin Exp Allergy 1998; 
in press. 

115. Durham S, Varney V, Gaga M, Frew A, Jacobson M, Kay 
A. Immunotherapy and allergic inflammation. Clin Exp 
Allergy 1991;21 Suppl 1:206-10. 

116. Varney VA, Hamid QA, Gaga M, et al. Influence of grass 
pollen immunotherapy on cellular infiltration and cyto- 
kine mRNA expression during allergen-induced late- 
phase cutaneous responses. J Clin Invest 1993;92:644-51. 

117. Durham SR, Ying S, Varney VA, et al. Grass pollen 
immunotherapy inhibits allergen-induced infiltration of 
CD4+ T lymphocytes and eosinophils in the nasal mucosa 
and increases the number of cells expressing messenger 
RNA for interferon-gamma. J Allergy Clin Immunol 

118. Hamid Q, Schotman E, Jacobson M, Walker S, Durham S .  
Increases in interleukin-12 (IL-12) messenger RNA+ 
(mRNA+) cells accompany inhibition of allergen induced 
late skin responses following successful grass pollen 
immunotherapy. J Allergy Clin Immunol 1997;99:254-60. 

119. Renz H, Lack G, Saloga J, et al. Inhibition of IgE 
production and normalization of airways responsiveness 
by sensitized CD8 T cells in a mouse model of allergen- 
induced sensitization. J Immunol 1994;152:351-60. 

120. Jutel M, Pichler WJ, Skrbic D, Urwyler A, Dahinden C, 
Miiller UR. Bee venom immunotherapy results in de- 
crease of IL-4 and IL-5 and increase of IFN-gamma 

115-19. 

1991;88:43-53. 

87:855-66. 

1996;97:1356-65. 

33 



secretion in specific allergen-stimulated T cell cultures. J 
Immunol 1995;154:4187-94. 

121. Secrist H, Chelen CJ, Wen Y, Marshall JD, Umetsu DT. 
Allergen immunotherapy decreases interleukin 4 produc- 
tion in CD4+ T cells from allergic individuals. J Exp Med 

122. McHugh SM, Deighton J, Stewart AG, Lachmann PJ, 
Ewan PW. Bee venom immunotherapy induces a shift in 
cytokine responses from a TH-2 to a TH-1 dominant 
pattern: comparison of rush and conventional immuno- 
therapy. Clin Exp Allergy 1995;25:828-38. 

123. Secrist H, DeKruyff RH, Umetsu DT. Interleukin 4 
production by CD4+ T cells from allergic individuals is 
modulated by antigen concentration and antigen-presenting 
cell type. J Exp Med 1995;181:1081-9. 

124. Lamb JR, Skidmore BJ, Green N, Chiller JM, Feldmann 
M. Induction of tolerance in influenza virus-immune T 
lymphocyte clones with synthetic peptides of influenza 
hemagglutinin. J Exp Med 1983;157:1434-47. 

125. Fasler S, Aversa G, Terr A, Thestrup-Pedersen K, de Vries 
JE, Yssel H. Peptide-induced anergy in allergen-specific 
human Th2 cells results in lack of cytokine production and 
B cell help for IgE synthesis. Reversal by IL-2, not by IL- 
4 or IL-13. J Immunol 1995;155:4199-4206. 

126. Tsicopoulos A, Labalette M, Akoum H ,  et al. CD28 
expression is increased in venom allergic patients but is 
not modified by specific immunotherapy. Clin Exp Allergy 

127. Akdis CA, Akdis M, Blesken T, et al. Epitope-specific T 
cell tolerance to phospholipase A, in bee venom immuno- 
therapy and recovery by IL-3 and IL-15 in vitro. J Clin 
Invest 1996;98:1676-83. 

128. 0sterballe 0. Immunotherapy in hay fever with two major 
allergens 19, 25 and partially purified extract of timothy 
grass pollen. A controlled double blind study. In vivo 
variables, season I. Allergy 1980;35:473-89. 

129. Norman P, Winkenwerder W, Lichtenstein L. Immuno- 
therapy of hay fever with ragweed antigen E: comparisons 
with whole extracts and placebo. J Allergy 1968;42:93-108. 

130. Reisman RE, Wicher K, Arbesman CE. Immunotherapy 
with antigen E. J Allergy 1969;44:82-95. 

131. van Metre TE, Adkinson N Jr, Lichtenstein LM, et al. A 
controlled study of the effectiveness of the Rinkel method 
of immunotherapy for ragweed pollen hay fever. J Allergy 
Clin Immunol 1980;65:288-97. 

132. Hirsch SR, Kalbfleisch JH, Golbert TM, et al. Rinkel 
injection therapy: a multicenter controlled study. J Allergy 
Clin Immunol 1981;68:133-55. 

133. Hirsch SR, Kalbfleisch JH, Cohen SH. Comparison of 
Rinkel injection therapy with standard immunotherapy. 
J Allergy Clin Immunol 1982;70:183-90. 

134. Bousquet J, Des Roches A, Paradis L, Dhivert H, Michel FB. 
Specific immunotherapy in house dust mite allergy. Clin 
Rev Allergy Immunol 1995;13:151-9. 

135. Turkeltaub PC, Campbell G, Mosimann JE. Comparative 
safety and efficacy of short ragweed extracts differing in 
potency and composition in the treatment of fall hay fever. 
Use of allergenically bioequivalent doses by parallel line 
bioassay to evaluate comparative safety and efficacy. 
Allergy 1990;45:528-46. 

136. Creticos PS, van Metre TE, Mardiney MR, Rosenberg GL, 
Norman PS, Adkinson N Jr. Dose response of IgE and 
IgG antibodies during ragweed immunotherapy. J Allergy 
Clin Immunol 1984;73:94-104. 

137. Haugaard L, Dahl R, Jacobsen L. A controlled dose- 
response study of immunotherapy with standardized, par- 
tially purified extract of house dust mite: clinical efficacy 
and side effects. J Allergy Clin Immunol 1993;91:709-22. 

1993;178:2123-30. 

1996;12:1119-25. 

138. Wahn U, Schweter C, Lind P, Lowenstein H. Prospective 
study on immunologic changes induced by two different 
Dermatophagoides pteronyssinus extracts prepared from 
whole mite culture and mite bodies. J Allergy Clin Immu- 
no1 1988;82:360-70. 

139. Bousquet J, Michel E Specific immunotherapy in allergic 
rhinitis and asthma. In: Busse W, Holgate S, editors 
Asthma and rhinitis. Oxford: Blackwell Scientific, 

140. Taylor WW, Ohman J Jr, Lowell FC. Immunotherapy in 
cat-induced asthma. Double-blind trial with evaluation of 
bronchial responses to cat allergen and histamine. J Al- 
lergy Clin Immunol 1978;61:283-7. 

141. Ohman J Jr, Findlay SR, Leitermann KM. Immuno- 
therapy in cat-induced asthma. Double-blind trial with 
evaluation of in vivo and in vitro responses. J Allergy Clin 
Immunol 1984;74:230-9. 

142. Sundin B, Lilja G, Graff-Lonnevig V, et al. Immuno- 
therapy with partially purified and standardized animal 
dander extracts. I. Clinical results from a double-blind 
study on patients with animal dander asthma. J Allergy 
Clin Immunol 1986;77:478-87. 

143. Haugaard L, Dahl R. Immunotherapy in patients allergic 
to cat and dog dander. I. Clinical results. Allergy 

144. Alvarez-Cuesta E, Cuesta-Herranz J, Puyana-Ruiz J, 
Cuesta-Herranz C, Blanco-Quiros A. Monoclonal anti- 
body-standardized cat extract immunotherapy: risk-bene- 
fit effects from a double-blind placebo study. J Allergy 
Clin Immunol 1994;93:556-66. 

135. Creticos PS, Reed CE, Norman PS, et al. Ragweed 
immunotherapy in adult asthma. N Engl J Med 

146. Hunt KJ, Sobotka AK, Valentine MD, Yunginger JW, 
Lichtenstein LM. Sensitization following Hymenoptera 
whole body extract therapy. J Allergy Clin Immunol 

147. Miiller U, Thurnheer U, Patrizzi R, Spiess J, Hoigne R. 
Immunotherapy in bee sting hypersensitivity. Bee venom 
versus whole-body extract. Allergy 1979;34:369-78. 

148. D o h  I, Martinez-Cbcera C, Bartolomi JM, Cimarra M. A 
double-blind, placebo-controlled study of immunotherapy 
with grass pollen extract Alutard SQ during a 3-year 
period with initial rush immunotherapy. Allergy 1996;51: 

149. van Bever HP, Stevens WJ. Evolution of the late asthmatic 
reaction during immunotherapy and after stopping immuno- 
therapy. J Allergy Clin Immunol 1990;86:141-6. 

150. Lichtenstein L, Norman P, Winkenwerder L. A single year 
of immunotherapy in ragweed hay fever. Am J Med 

151. Norman PS, Lichtenstein LM. The clinical and immuno- 
logic specificity of immunotherapy. J Allergy Clin Immunol 

152. Bousquet J, Hejjaoui A, Michel FB. Specific immuno- 
therapy in asthma. J Allergy Clin Immunol 1990;86: 

153. Bousquet J, Chanez P, Lacoste JY, et al. Asthma: a disease 
remodeling the airways. Allergy 1992;47:3-11. 

154. Des Roches A, Paradis L, MCnardo J-L, Bouges S, 
Daurks J-P, Bousquet J. Immunotherapy with a stan- 
dardized Dermatophagoides pteronyssinus extract. VI. 
Specific immunotherapy prevents the onset of new sensi- 
tizations in children. J Allergy Clin Immunol 1997;99: 

155. Gillman SA, Cummins LH, Kozak P Jr, Hoffman DR. 
Venom immunotherapy: comparison of “rush” vs “con- 
ventional” schedules. Ann Allergy 1980;45:351-4. 

1995:1309-24. 

1992;47:249-54. 

1996;334:501-6. 

1978;61:48-53. 

489-500. 

1971;44:514-24. 

1978;61:370-7. 

292-305. 

450-3. 

34 



156. Golden DB, Kagey-Sobotka A, Valentine MD, Lichten- 
stein LM. Dose dependence of Hymenoptera venom 
immunotherapy. J Allergy Clin Immunol 1981;67:370-4. 

157. Mosbech H, Malling H-J, Biering I, et al. Immunotherapy 
with yellow jacket venom. A comparative study including 
three different extracts, one adsorbed to aluminium 
hydroxide and two unmodified. Allergy 1986;41:95- 
103. 

158. Muller U, Helbling A, Berchtold E. Immunotherapy with 
honeybee venom and yellow jacket venom is different 
regarding efficacy and safety. J Allergy Clin Immunol 
1992;89:529-35. 

159. Muller U, Berchtold E, Helbling A. Honeybee venom 
allergy: results of a sting challenge 1 year after stopping 
successful venom immunotherapy in 86 patients. J Allergy 
Clin Immunol 1991;87:702-9. 

160. Tarhini H,  Knani J, Michel FB, Bousquet J. Safety of 
venom immunotherapy administered by a cluster sche- 
dule. J Allergy Clin Immunol 1992;89:1198-9. 

161. Birnbaum J, Charpin D, Vervloet D. Rapid Hymenoptera 
venom immunotherapy: comparative safety of three pro- 
tocols. Clin Exp Allergy 1993;23:226-30. 

162. van der Zwan JC, Flinterman J, Jankowski IG, Kerckhaert 
JA. Hyposensitisation to wasp venom in six hours. BMJ 
1983;287: 1329-3 1. 

163. Bousquet J, Fontez A, Aznar R, Robinet-Levy M, Michel 
FB. Combination of passive and active immunization in 
honeybee venom immunotherapy. J Allergy Clin Immunol 
1987;79:947-54. 

164. Golden DB, Kagey-Sobotka A, Valentine MD, Lichten- 
stein LM. Prolonged maintenance interval in Hymen- 
optera venom immunotherapy. J Allergy Clin Immunol 
1981;67:482-4. 

165. Bousquet J, Knani J, Velasquez G, Menardo JL, Guilloux L, 
Michel FB. Evolution of sensitivity to Hymenoptera 
venom in 200 allergic patients followed for up to 3 years. 
J Allergy Clin Immunol 1989;84:944-50. 

166. Reisman RE. Duration of venom immunotherapy: rela- 
tionship to the severity of symptoms of initial insect sting 
anaphylaxis J Allergy Clin Immunol 1993;92:831-6. 

167. Bousquet J, Michel F. Immunotherapy in rhinitis. In: 
Mygind N, Naclerio R, editors. Allergic and non-allergic 
rhinitis; clinical aspects. Copenhagen: Munksgaard, 1992: 

168. Bousquet J, Hejjaoui A, Soussana M, Michel FB. Double- 
blind, placebo-controlled immunotherapy with mixed 
grass-pollen allergoids. IV. Comparison of the safety and 
efficacy of two dosages of a high-molecular-weight aller- 
goid. J Allergy Clin Immunol 1990;85:490-7. 

169. Frankland A, Augustin R. Prophylaxis of summer hay 
fever and asthma: a controlled trial comparing crude grass 
pollen extract with the isolated main protein components. 
Lancet 1954;1:1055-8. 

170. Grammer LC, Shaughnessy MA, Suszko IM, Shaughnessy 
JJ, Patterson R. A double-blind histamine placebo-con- 
trolled trial of polymerized whole grass for immuno- 
therapy of grass allergy. J Allergy Clin Immunol 1983;72: 

171. Grammer LC, Shaughnessy MA, Finkle SM, Shaughnessy 
JJ, Patterson R. A double-blind placebo-controlled trial of 
polymerized whole grass administered in an accelerated 
dosage schedule for immunotherapy of grass pollinosis. J 
Allergy Clin Imrnunol 1986;78:1180-4. 

172. McAllen M. Hyposensitization in grass pollen hay fever. 
Acta Allergol 1969;24:421-31. 

173. Machiels JJ, Buche M, Somville MA, Jacquemin MG, 
Saint-Remy JM. Complexes of grass pollen allergens and 
specific antibodies reduce allergic symptoms and inhibit 

136-48. 

448-53. 

the seasonal increase of IgE antibody. Clin Exp AlIergy 
1990;20:653-60. 

174. Machiels JJ, Somville MA, Jacquemin MG, Saint-Remy JM. 
Allergen-antibody complexes can efficiently prevent sea- 
sonal rhinitis and asthma in grass pollen hypersensitive 
patients. Allergen-antibody complex immunotherapy. 
Allergy 1991;46:335-48. 

175. Ortolani C, Pastorello E, Moss RB, et al. Grass pollen 
immunotherapy: a single year double-blind, placebo- 
controlled study in patients with grass pollen-induced 
asthma and rhinitis. J Allergy Clin Immunol 1984;73: 

176. Pastorello EA, Pravettoni V, Incorvaia C, et  al. Clinical 
and immunological effects of immunotherapy with alum- 
absorbed grass allergoid in grass-pollen-induced hay fever. 
Allergy 1992;47:281-90. 

177. Starr M, Weinstock M. Studies in pollen allergy. 111. The 
relationship between blocking antibody levels, and symp- 
tomatic relief following hyposensitization with Allpyral in 
hay fever subjects. Int Arch Allergy 1970;38:514-21. 

178. Varney VA, Gaga M, Frew AJ, Aber VR, Kay AB, 
Durham SR. Usefulness of immunotherapy in patients 
with severe summer hay fever uncontrolled by antiallergic 
drugs. BMJ 1991;302:265-9. 

179. Weyer A, Donat N, L'Heritier C, et al. Grass pollen 
hyposensitization versus placebo therapy. I. Clinical effec- 
tiveness and methodological aspects of a pre-seasonal 
course of desensitization with a four-grass pollen extract. 
Allergy 1981;36:309-17. 

180. Arbesman CE, Reisman RE. Hyposensitization therapy 
including repository: a double-blind study. J Allergy 

181. Grammer LC, Zeiss CR, Suszko IM, Shaughnessy MA, 
Patterson R. A double-blind, placebo-controlled trial of 
polymerized whole ragweed for immunotherapy of rag- 
weed allergy. J Allergy Clin Immunol 1982;69:494-9. 

182. Lichtenstein L, Norman P, Winkenwerder W. Clinical and 
in v i m  studies on the role of immunotherapy in ragweed 
hay fever. Am J Med 1968;44514-24. 

183. Lowell F, Franklin W. A double-blind study of the effec- 
tiveness and specificity of injection therapy in ragweed hay 
fever. N Engl J Med 1965;273:675-9. 

184. Meriney DK, Kothari H,  Chinoy P, Grieco MH. The 
clinical and immunologic efficacy of immunotherapy with 
modified ragweed extract (allergoid) for ragweed hay 
fever. Ann Allergy 1986;56:34-8. 

185. van Metre TE, Adkinson N Jr, Amodio FJ, et al. A 
comparative study of the effectiveness of the Rinkel 
method and the current standard method of immuno- 
therapy for ragweed pollen hay fever. J Allergy Clin 
Immunol 1980;66:500-13. 

186. van Metre TE, Adkinson N Jr, Amodio FJ, et al. A 
comparison of immunotherapy schedules for injection 
treatment of ragweed pollen hay fever. J Allergy Clin 
Immunol 1982;69181-93. 

87. Norman PS, Lichtenstein LM. Comparisons of alum- 
precipitated and unprecipitated aqueous ragweed pollen 
extracts in the treatment of hay fever. J Allergy Clin 
Immunol 1978;61:384-9. 

88. Norman PS, Lichtenstein LM, Kagey-Sobotka A, Marsh DG. 
Controlled evaluation of allergoid in the immunotherapy 
of ragweed hay fever. J Allergy Clin Immunol 1982;70: 

189. D'Amato G, Kordash TR,  Liccardi G, Lobefalo G, 
Cazzola M, Freshwater LL. Immunotherapy with Alpare 
in patients with respiratory allergy to Purieruriu pollen: a 
two year double-blind placebo-controlled study. Clin Exp 
Allergy 1995;25:149-58. 

283-90. 

1964;35:12-17. 

248-60. 

35 



190. Ortolani C, Pastorello EA, Incorvaia C, et al. A double- 
blind, placebo-controlled study of immunotherapy with an 
alginate-conjugated extract of Purietaria juduica in 
patients with Parietaria hay fever. Allergy 1994;49:13-21. 

191. Pence H, Mitchell D, Greenly R, Updegraft B, Selfridge H. 
Immunotherapy for mountain cedar pollinosis. A double- 
blind controlled study. J Allergy Clin Immunol 1976;58: 

192. Karmakar PR, Das A, Chatterjee BF! Placebo-controlled 
immunotherapy with Cocos nucifera pollen extract. Int 
Arch Allergy Immunol 1994;103:194-201. 

193. Cantani A, Businco E, Benincori N, de Angelis M, di Fazio 
A, Businco L. A three year controlled study in children 
with pollinosis treated with immunotherapy. Ann Allergy 

194. Norman P, Winkenwerder W, Lichtenstein L. Maintenance 
immunotherapy in ragweed hay fever. Booster injections 
at six week intervals. J Allergy 1971;47:273-82. 

195. Citron K, Frankland A, Sinclair J. Inhalation tests of 
bronchial hypersensitivity in pollen asthma. Thorax 1958; 

196. Armentia-Medina A, Blanco-Quiros A, Martin-Santos JM, 
et al. Rush immunotherapy with a standardized Bermuda 
grass pollen extract. Ann Allergy 1989;63:127-35. 

197. Rak S,  HakAnsson L, Venge F! Eosinophil chemotactic 
activity in allergic patients during the birch pollen season: 
the effect of immunotherapy. Int Arch Allergy Appl 
Immunol 1987;82:349-50. 

198. Reid MJ, Moss RB, Hsu YP, Kwasnicki JM, Commerford 
TM, Nelson BL. Seasonal asthma in northern California: 
allergic causes and efficacy of immunotherapy. J Allergy 
Clin Immunol 1986;78:590-600. 

199. Bruce C, Norman P, Rosenthal R, Lichtenstein L. The role 
of ragweed pollen in autumnal asthma. J Allergy Clin 
Immunol 1977;59:449-59. 

200. Hill DJ, Hosking CS, Shelton MJ, Turner MW. Failure of 
hyposensitisation in treatment of children with grass- 
pollen asthma. BMJ 1982;284306-9. 

201. Bousquet J, Hejjaoui A, Becker WM, et al. Clinical and 
immunologic reactivity of patients allergic to grass pollens 
and to multiple pollen species. I. Clinical and immunologic 
characteristics. J Allergy Clin Immunol 1991;87:737-46. 

202. P h e  J, Rivier A, Lagier B, Becker WM, Michel FB, 
Bousquet J. Differences in IL-4 release by PBMC are 
related with heterogeneity of atopy. Immunology 1994; 

203. Eriksson NE, Wihl J k ,  Arrendal H, Strandhede SO. Tree 
pollen allergy. 111. Cross reactions based on results from 
skin prick tests and the RAST in hay fever patients. A 
multi-centre study. Allergy 1987;42:205-14. 

204. Hirschwehr R, Valenta R, Ebner C, et al. Identification of 
common allergenic structures in hazel pollen and hazel- 
nuts: a possible explanation for sensitivity to hazelnuts in 
patients allergic to tree pollen. J Allergy Clin Immunol 

205. Ebner C, Hirschwehr R, Bauer L, et al. Identification of 
allergens in fruits and vegetables: IgE cross-reactivities 
with the important birch pollen allergens Bet v 1 and 
Bet v 2 (birch profilin). J Allergy Clin Immunol 1995; 

206. Pauli G, Bessot JC, Dietemann-Molard A, Braun PA, 
Thierry R. Celery sensitivity: clinical and immunological 
correlations with pollen allergy. Clin Allergy 1985;15: 

207. Bernhisel-Broadbent J. Allergenic cross-reactivity of 
foods and characterization of food allergens and extracts. 
Ann Allergy Asthma Immunol 1995;75:295-303. 

208. Moller C. Effect of pollen immunotherapy on food hyper- 

39-50. 

1984;53:79-84. 

13:229-32. 

81~58-64. 

1992;90:927-36. 

95:962-9. 

273-9. 

sensitivity in children with birch pollinosis. AM Allergy 
1989;62:343-5. 

209. Kelso JM, Jones RT, Tellez R, Yunginger JW. Oral allergy 
syndrome successfully treated with pollen immuno- 
therapy. Ann Allergy Asthma Immunol 1995;74:391-6. 

210. Bousquet J, Michel FB. Specific immunotherapy in 
asthma: is it effective? J Allergy Clin Immunol 1994;94: 
1-11. 

211. McAllen M, Assem E, Maunsell K. House-dust mite 
asthma. Results of challenge tests on five criteria with 
Dermatophagoides pteronyssinus. BMJ 1970;2:501-4. 

212. Machiels JJ, Somville MA, Lebrun PM, Lebecque SJ, 
Jacquemin MG, Saint-Remy JM. Allergic bronchial 
asthma due to Dermatophagoides pteronyssinus hyper- 
sensitivity can be efficiently treated by inoculation of 
allergen-antibody complexes. J Clin Invest 1990;85: 

213. van Bever HP, Stevens WJ. Effect of hyposensitization 
upon the immediate and late asthmatic reaction and upon 
histamine reactivity in patients allergic to house dust mite 
(Dermatophagoides pteronyssinus). Eur Respir J 1992;5: 

214. Garcia-Ortega P, Merelo A, Marrugat J, Richart C. 
Decrease of skin and bronchial sensitization following 
short-intensive scheduled immunotherapy in mite-allergic 
asthma. Chest 1993;103:183-7. 

215. Mosbech H, Dreborg S, Frolund L, et al. Hypo- 
sensitization in asthmatics with mPEG modified and un- 
modified house dust mite extract. 11. Effect evaluated by 
challenges with allergen and histamine. Allergy 1989;44: 

216. D’Souza M, Pepys J, Wells I, et al. Hyposensitization with 
Dermatophagoides pteronyssinus in house dust allergy: a 
controlled study of clinical and immunological effects. Clin 
Allergy 1973;3: 177-93. 

217. Gabriel M, Ng H, Allan W, Hill L, Nunn A. Study of 
prolonged hyposensitization with D. pteronyssinus extract 
in allergic rhinitis. Clin Allergy 1977;7:325-36. 

218. Amaral-Marques R, Avila R. Results of a clinical trial with 
a Dermatophagoides pteronyssinus tyrosine adsorbed 
vaccine. Allergol Immunopathol (Madr) 1978;6:231-5. 

219. Franco C, Barbadori S, Freshwater LL, Kordash TR. A 
double-blind, placebo controlled study of Alpare mite. D. 
pteronyssinus immunotherapy in asthmatic patients. Aller- 
go1 Immunopathol (Madr) 1995;23:58-66. 

220. Olsen OT, Larsen KR, Jacobsen L, Svendsen UG. A 1- 
year, placebo-controlled, double-blind house-dust-mite 
immunotherapy study in asthmatic adults. Allergy 1997; 

221. Pichler CE, Marquardsen A, Sparholt S, et al. Specific 
immunotherapy with Dermatophagoides pteronyssinus 
and D. farinae results in decreased bronchial hyperreac- 
tivity. Allergy 1997;52:274-83. 

222. Gaddie J, Skinner C, Palmer K. Hyposensitization with 
house dust mite vaccine in bronchial asthma. BMJ 1976 

223. Pauli G, Bessot JC, Bigot H, et  al. Clinical and immuno- 
logic evaluation of tyrosine-adsorbed Dermatophagoides 
pteronyssinus extract: a double-blind placebo-controlled 
trial. J Allergy Clin Immunol 1984;74524-35. 

224. Newton D, Maberley D, Wilson R. House dust mite 
hyposensitization. Br J Dis Chest 1978;72:21-8. 

225. Armentia-Medina A, Tapias JA, Martin JF, Ventas F’, 
Fernandez A. Immunotherapy with the storage mite 
LepidogIyphus destructor. Allergol Immunopathol (Madr) 

226. Bousquet J, Hejjaoui A, Clauzel AM, et al. Specific 
immunotherapy with a standardized Dermatophagoides 

1024-35. 

318-22. 

499-509. 

52853-9. 

21561-2. 

1995;23:211-23. 

36 



pteronyssinus extract. 11. Prediction of efficacy of immuno- 
therapy. J Allergy Clin Immunol 1988;82:971-7. 

227. McHugh SM, Lavelle B, Kemeny DM, Patel S, Ewan PW. 
A placebo-controlled trial of immunotherapy with two 
extracts of Derrnatophagoides pteronyssinus in allergic 
rhinitis, comparing clinical outcome with changes in anti- 
gen-specific IgE, IgG, and IgG subclasses. J Allergy Clin 
Immunol 1990;86:521-31. 

228. Ewan PW, Alexander MM, Snape C, Ind PW, Agrell B, 
Dreborg S. Effective hyposensitization in allergic rhinitis 
using a potent partially purified extract of house dust mite. 
Clin Allergy 1988;18:501-8. 

229. Pastorello EA, Ortolani C, Incorvaia C, et al. A double- 
blind study of hyposensitization with an alginate- 
conjugated extract of Dermatophagoides pteronyssinus 
(Conjuvac) in patients with perennial rhinitis. 11. Immuno- 
logical aspects. Allergy 1990;45:505-14. 

230. Lofkvist T, Agrell B, Dreborg S, Svensson G. Effects of 
immunotherapy with a purified standardized allergen 
preparation of Dermatophagoides farinae in adults with 
perennial allergic rhinoconjunctivitis. Allergy 1994;49: 

231. Bertelsen A, Andersen JB, Christensen J, Ingemann L, 
Kristensen T, Bstergaard PA. Immunotherapy with dog 
and cat extracts in children. Allergy 1989;44:330-5. 

232. Bucur J, Dreborg S, Einarsson R, Ljungstedt-Pahhan I, 
Nilsson JE, Persson G. Immunotherapy with dog and cat 
allergen preparations in dog-sensitive and cat-sensitive 
asthmatics. Ann Allergy 1989;62:355-61. 

233. Hedlin G, Graff-Lonnevig V, Heilborn H, et al. Immuno- 
therapy with cat- and dog-dander extracts. V. Effects of 3 
years of treatment. J Allergy Clin Immunol 1991;87: 

234. Lilja G, Sundin B, Graff-Lonnevig V, et al. Immuno- 
therapy with cat- and dog-dander extracts. IV. Effects of 
2 years of treatment. J Allergy Clin Immunol 1989;83: 
37-44. 

235. Rohatgi N, Dunn K, Chai H. Cat- or dog-induced immedi- 
ate and late asthmatic responses before and after immu- 
notherapy. J Allergy Clin Immunol 1988;82389-97. 

236. Valovirta E, Viander M, Koivikko A, Vanto T, Ingeman L. 
Immunotherapy in allergy to dog. Immunologic and clini- 
cal findings of a double-blind study. Ann Allergy 1986;57: 

237. Valovirta E, Koivikko A, Vanto T, Viander M, Ingeman L. 
Irnmunotherapy in allergy to dog: a double-blind clinical 
study. Ann Allergy 1984;53:85-8. 

238. van Metre TE, Marsh DG, Adkinson N Jr, et al. Immu- 
notherapy for cat asthma. J Allergy Clin Immunol 1988; 

239. Salvaggio J, Aukrust L. Postgraduate course presentations. 
Mold-induced asthma. J Allergy Clin Immunol 1981; 

240. Horst M, Hejjaoui A, Horst V, Michel FB, Bousquet J. 
Double-blind, placebo-controlled rush immunotherapy 
with a standardized AZternaria extract. J Allergy Clin 
Immunol 1990;85:460-72. 

241. Malling H-J, Dreborg S, Weeke B. Diagnosis and immuno- 
therapy of mould allergy. V. Clinical efficacy and side 
effects of immunotherapy with Cladosporium herbarurn. 
Allergy 1986;41:507-19. 

242. Dreborg S, Agrell B, Foucard T, Kjellman NI, Koivikko A, 
Nilsson S. A double-blind, multicenter immunotherapy 
trial in children, using a purified and standardized 
Cladosporiurn herbarurn preparation. I. Clinical results. 
Allergy 1986;41:131-40. 

243. Allergenic extracts made from bacteria. Federal Register, 
42 FR 58266, 44 FR 1544, 1979. 

100-7. 

955-64. 

173-9. 

82:1055-68. 

68:327-46. 

244. Abramson MJ, Puy RM, Weiner JM. Is allergen immuno- 
therapy effective in asthma? A meta-analysis of rand- 
omized controlled trials. Am J Respir Crit Care Med 

245. Adkinson NF Jr, Eggleston P, Eney D, et al. A controlled 
trial of immunotherapy for asthma in allergic children. N 
Eng1 J Med 1997;336:324-31. 

246. Mosbech H, Bsterballe 0. Does the effect of immuno- 
therapy last after termination of treatment? Follow-up 
study in patients with grass pollen rhinitis. Allergy 1988; 

247. Jacobsen L, Nuchel Petersen B, Wihl JA, Lowenstein H, 
Ipsen H. Immunotherapy with partially purified and 
standardized tree pollen extracts. IV. Results from long- 
term (6-year) follow-up. Allergy 1997;52:914-20. 

248. Grammer LC, Shaughnessy MA, Suszko IM, Shaughnessy 
JJ, Patterson R. Persistence of efficacy after a brief course 
of polymerized ragweed allergen: a controlled study. J 
Allergy Clin Immunol 1984;73:484-9. 

249. Norman PS, Creticos PS, Marsh DG. Frequency of booster 
injections of allergoids. J Allergy Clin Immunol 

250. Ebner C, Kraft D, Ebner H. Booster immunotherapy 
(BIT). Allergy 1994;49:38-42. 

251. Price JF, Warner JO, Hey EN, Turner MW, Soothill JF. A 
controlled trial of hyposensitization with adsorbed tyro- 
sine Derrnatophagoides pteronyssinus antigen in childhood 
asthma: in vivo aspects. Clin Allergy 1984;14:209-19. 

252. Hedlin G, Heilborn H,  Lilja G, et al. Long-term follow-up 
of patients treated with a three-year course of cat or dog 
immunotherapy. J Allergy Clin Immunol 1995;96:879-85. 

253. Yeung M, O’Connor SA, Parry DT, Cochrane GM. Com- 
pliance with prescribed drug therapy in asthma. Respir 
Med 1994;88:31-5. 

254. Weinstein AG. Strategies to improve drug compliance in 
children. Del Med J 1981;53:139-42. 

255. Thomas EJ, Burstin HR, O’Neil AC, Orav EJ, Brennan TA. 
Patient noncompliance with medical advice after the emer- 
gency department visit. Ann Emerg Med 1996;27:49-55. 

256. Pedersen S. Ensuring compliance in children. Eur Respir 

257. Cohn JR, Pizzi A. Determinants of patient compliance 
with allergen immunotherapy. J Allergy Clin Immunol 

258. Lower T, Henry J, Mandik L, Janosky J, Friday G Jr. 
Compliance with allergen immunotherapy. Ann Allergy 

259. Rudd S. Immunotherapy compliance - a shot in the dark. 
Ann Allergy Asthma Immunol 1995;74:195-8. 

260. Tinkelman D, Smith F, Cole WR, Silk HJ. Compliance with 
an allergen immunotherapy regime. Ann Allergy Asthma 
Immunol 1995;74:241-6. 

261. Frost L, Johansen F’, Pedersen S, Veien N, Bstergaard PA, 
Nielsen MH. Persistent subcutaneous nodules in children 
hyposensitized with aluminium-containing allergen extracts. 
Allergy 1985;40368-72. 

262. Garcia-Patos V, Pujol RM, Alomar A, et al. Persistent- 
subcutaneous nodules in patients hyposensitized with 
aluminum-containing allergen extracts. Arch Dermatol 

263. Phanuphak P, Kohler PE Onset of polyarteritis nodosa 
during allergic hyposensitization treatment. Am J Med 

264. Cabrera GE, Citera G, Gutierrez M, Scopelitis E, 
Espinoza LR. Digital vasculitis following allergic desensi- 
tization treatment. J Rheumatol 1993;20:1970-2. 

265. Stewart GD, Lockey RE Systemic reactions from allergen 
immunotherapy. J Allergy Clin Immunol 199290567-78. 

1 9 9 5 3 1  1969-74. 

431523-9. 

1990;85: 88-94. 

J 1992;5:143-5. 

1993;91:734-7. 

1993;70:480-2. 

1995;131:1421-4. 

1980;68:479-85. 

31 



266. Greenberg MA, Kaufman CR, Gonzalez GE, Trusewych ZP, 
Rosenblatt CD, Summers RJ. Late systemic-allergic reac- 
tions to inhalant allergen immunotherapy. J Allergy Clin 
Immunol 1988;82:287-90. 

267. Tabar AI, Garcia BE, Rodriguez A, Olaguibel JM, 
Muro MD, Quirce S. A prospective safety-monitoring 
study of immunotherapy with biologically standardized 
extracts. Allergy 1993;48:450-3. 

268. Hejjaoui A, Ferrando R, Dhivert H, Michel FB, Bousquet J. 
Systemic reactions occurring during immunotherapy with 
standardized pollen extracts J Allergy Clin Immunoll992; 
89:925-33. 

269. Bousquet J, Hejjaoui A, Dhivert H, Clauzel AM, Michel FB. 
Immunotherapy with a standardized Dermatophagoides 
pteronyssinus extract. 111. Systemic reactions during the 
rush protocol in patients suffering from asthma. J Allergy 
Clin Immunol 1989;83:797-802. 

270. Nelson BL, Dupont LA, Reid MJ. Prospective survey of 
local and systemic reactions to immunotherapy with 
pollen extracts. Ann Allergy 1986;56:331-4. 

271. Hejjaoui A, Dhivert H, Michel FB, Bousquet J. Immuno- 
therapy with a standardized Dermatophagoides pteronys- 
sinus extract. IV. Systemic reactions according to the 
immunotherapy schedule. J Allergy Clin Immunol 1990; 

272. Portnoy J, Bagstad K, Kanarek H, Pacheco F, Hall B, 
Barnes C. Premedication reduces the incidence of systemic 
reactions during inhalant rush immunotherapy with mix- 
tures of allergenic extracts. Ann Allergy 1994;73:409-18. 

273. Jarisch R, Gotz M, Aberer W, et al. Reduction of side 
effects of specific imrnunotherapy by premedication with 
antihistaminics and reduction of maximal dosage to 50000 
SQ-U/ml. Arb Paul Ehrlich Inst Bundesamt Sera Impf- 
stoffe Frankf A M 1988;82:163-75. 

274. Nielsen L, Johnsen C, Mosbech H, Poulsen L, Malling H. 
Antihistamine premedication in specific cluster immuno- 
therapy: a double-blind, placebo-controlled study. J Allergy 
Clin Immunol 1996;97:1207-13. 

275. Berchtold E, Maibach R, Miiller U. Reduction of side 
effects from rush-immunotherapy with honeybee venom 
by pretreatment with terfenadine. Clin Exp Allergy 1992; 

276. Bsterballe 0. Side effects during immunotherapy with 
purified grass pollen extracts. Allergy 1982;37:553-62. 

277. Lessof M, Chandler B. Experience with Spectralgen@/ 
Pharmalgen? a new kind of allergen preparation. 
Amsterdam: Excerpta Medica, 1983. 

278. Lockey RF, nrkeltaub PC, Olive ES, Hubbard JM, Baird- 
Warren IA, Bukantz SC. The Hymenoptera venom study. 
111. Safety of venom immunotherapy. J Allergy Clin 
Immunol 1990;86:775-80. 

279. Miiller U, Lanner A, Schmid P, Bischof M, Dreborg S, 
Hoigne R. A double blind study on immunotherapy with 
chemically modified honeybee venom: monomethoxy 
polyethylene glycol-coupled versus crude honeybee 
venom. Int Arch Allergy Appl Immunol 1985;77:201-3. 

280. Nataf P, Guinnepain MT, Herman D. Rush venom 
immunotherapy: a 3-day programme for Hymenoptera 
sting allergy. Clin Allergy 1984;14:269-75. 

281. Bernstein DI, Mittman RJ, Kagen SL, Korbee L, 
Enrione M, Bernstein IL. Clinical and immunologic 
studies of rapid venom immunotherapy in Hymenoptera- 
sensitive patients. J Allergy Clin Immunol 1989;84:951-9. 

282. Malling H-J, Djurup R, Sondergaard I, Weeke B. 
Clustered immunotherapy with yellow jacket venom. 
Evaluation of the influence of time interval on in vivo and 
in vitro parameters. Allergy 1985;40:373-83. 

283. Bousquet J, Demoly P, Michel FB. Specific imrnuno- 

851473-9. 

2259-65. 

therapy. In: Barnes PJ, Grunstein MM, Leff AR, Woolcock 
AJ, editors. Asthma. Philadelphia: Lippincott-Raven, 

284. Committee on Safety of Medicines. Desensitizing vaccines. 
BMJ 1986;293:948. 

285. Lockey W, Benedict LM, Tbrkeltaub PC, Bukantz SC. 
Fatalities from immunotherapy (IT) and skin testing (ST). 
J Allergy Clin Immunol 1987;79:660-77. 

286. Reid MJ, Lockey RF, Turkeltaub PC, Platts-Mills TAE. 
Survey of fatalities from skin testing and immunotherapy 
1985-1989. J Allergy Clin Immunol 1993;926-15. 

287. Reid M, Lockey R, Turkeltaub R, Platts-Mills TAE. 
Fatalities (F) from immunotherapy (IT), 1990-91 [abstract]. 
J Allergy Clin Immunol 1992;89:100. 

1997~1667-82. 

288. Turkeltaub I? FDA Medical Bulletin 1994;7:May. 
289. Liideritz-Piichel U, May S, Haustein D. Zwischenfalle nach 

Hyposensibilisierung. Munch Med Wochenschr 1996;138: 

290. Norman PS. Safety of allergen immunotherapy. J Allergy 
Clin Immunol 1989;84:438-9. 

291. American Academy of Allergy and Immunology. The 
waiting period after allergen skin testing and immuno- 
therapy. J Allergy Clin Immunol 1990;85:526-7. 

292. Miiller U, Mosbech H, Blaauw P, et al. Emergency treat- 
ment of allergic reactions to Hymenoptera stings. Clin Exp 
Allergy 1991;21:281-8. 

293. Miiller U, Mosbech H, Aberer W, et al. Adrenaline for 
emergency kits. Allergy 1995;50:783-7. 

294. Practice parameters for allergen immunotherapy. Joint 
Task Force on Practice Parameters (American Academy 
of Allergy, Asthma, and Immunology, the American 
College of Allergy, Asthma, and Immunology, the Joint 
Council of Allergy, Asthma, and Immunology). J Allergy 
Clin Immunol 1996;98:1001-11. 

295. Cooper PJ, Darbyshire J, Nunn AJ, Warner JO. A con- 
trolled trial of oral hyposensitization in pollen asthma and 
rhinitis in children. Clin Allergy 1984;14541-50. 

296. Taudorf E, Laursen LC, Djurup R, et al. Oral admini- 
stration of grass pollen to hay fever patients An efficacy 
study in oral hyposensitization. Allergy 1985;40:321-35. 

297. Mosbech H, Dreborg S, Madsen F, et al. High dose grass 
pollen tablets used for hyposensitization in hay fever 
patients. A one-year double blind placebo-controlled 
study. Allergy 1987;42:451-5. 

298. Oppenheimer J, Areson JG, Nelson HS. Safety and effi- 
cacy of oral imrnunotherapy with standardized cat extract. 
J Allergy Clin Immunol 1994;93:61-7. 

299. Moller C, Dreborg S, Lanner A, Bjorkstbn B. Oral 
immunotherapy of children with rhinoconjunctivitis due 
to birch pollen allergy. A double blind study. Allergy 1986; 

300. Giovane AL, Bardare M, Passalacqua G, et al. A three- 
year double-blind placebo-controlled study with specific 
ral immunotherapy to Dermatophagoides: evidence of 
safety and efficacy in paediatric patients. Clin Exp Allergy 

301. Taudorf E, Laursen LC, Lanner A, et al. Oral immuno- 
therapy in birch pollen hay fever. J Allergy Clin Immunol 

302. Scadding G, Brostoff J. Low dose sublingual therapy in 
patients with allergic rhinitis due to house dust mite. Clin 
Allergy 1986;16:493-9. 

303. Reilly D, Taylor M, Beattie N, et al. Is evidence for 
homeopathy reproducible? Lancet 1994;344:1601-6. 

304. van Niekerk CH, De Wet JI. Efficacy of grass-maize pollen 
oral immunotherapy in patients with seasonal hay fever: 
a double-blind study. Clin Allergy 1987;17:507-13. 

305. Feliziani V, Marfisi RM, Parmiani S. Rush immunotherapy 

129-32. 

411271-9. 

1994;24:53-9. 

1987;80:153-61. 

3% 



with sublingual administration of grass allergen extract. 
Allergol Immunopathol (Madr) 1993;21:173-8. 

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

307. Feliziani V, Lattuada G, Parmiani S, Dall’Aglio P€? Safety 
and efficacy of sublingual rush immunotherapy with grass 
allergen extracts. A double blind study. Allergol Immuno- 
pathol (Madr) 1995;23:224-30. 

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

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

310. Troise C, Voltolini S, Canessa A, Pecora S, Negrini AC. 
Sublingual immunotherapy in Parietaria pollen-induced 
rhinitis: a double-blind study. J Investig Allergol Clin 
Immunol 1995;5:25-30. 

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

312. Georgitis JW, Nickelsen JA, Wypych JI, Kane JH, 
Reisman RE. Local nasal immunotherapy: efficacy of low- 
dose aqueous ragweed extract. J Allergy Clin Immunol 

313. Georgitis JW, Nickelsen JA, Wypych JI, Barde SH, 
Clayton WF, Reisman RE. Local intranasal immuno- 
therapy with high-dose polymerized ragweed extract. Int 
Arch Allergy Appl Immunol 1986;81:170-3. 

314. Welsh PW, Butterfield JH, Yunginger JW, Agarwal MK, 
Gleich GJ. Allergen-controlled study of intranasal 
immunotherapy for ragweed hay fever. J Allergy Clin 
Immunol 1983;71:454-60. 

315. Ariano R, Panzani RC, Chiapella M, Augeri G, Falagiani €? 
Local intranasal immunotherapy with allergen in powder 
in atopic patients sensitive to Parietaria officinalis pollen. 
J Investig Allergol Clin Immunol 1995;5:126-32. 

316. Andri L, Senna GE, Betteli C, et al. Local nasal immuno- 
therapy in allergic rhinitis to Parietaria. A double-blind 
controlled study. Allergy 1992;47:318-23. 

317. Andri L, Senna G, Betteli C, Givanni S, Andri G, 
Falagiani P. Local nasal immunotherapy for Dermato- 
phagoides-induced rhinitis: efficacy of a powder extract. J 
Allergy Clin Immunol 1993;91:987-96. 

318. Andri L, Senna G, Andri G, et al. Local nasal immuno- 
therapy for birch allergic rhinitis with extract in powder 
form. Clin Exp Allergy 1995;25:1092-9. 

319. Andri L, Senna G, Betteli C, et al. Local nasal immuno- 
therapy with extract in powder form is effective and safe 
in grass pollen rhinitis: a double-blind study. J Allergy Clin 
Immunol 1996;97:34-41. 

320. Bardare M, Zani G, Novembre E, Vierucci A. Local nasal 
immunotherapy with a powdered extract for grass pollen 
induced rhinitis in pediatric age. J Investig Allergol Clin 
Immunol 1996;6:359-63. 

321. Cirla AM, Sforza N, Roffi GP, et al. Preseasonal intranasal 
immunotherapy in birch-alder allergic rhinitis A double- 
blind study. Allergy 1996;51:299-306. 

322. D’Amato G, Lobefalo G, Liccardi G, Cazzola M. A 
double-blind, placebo-controlled trial of local nasal 
immunotherapy in allergic rhinitis to  Parietaria pollen. 
Clin Exp Allergy 1995;25:141-8. 

1985;75:496-500. 

323. Georgitis JW, Reisman RE, Clayton WF, Muller UR, 
Wypych JI, Arbesman CE. Local intranasal immuno- 
therapy for grass-allergic rhinitis. J Allergy Clin Immunol 
1983;71:71-6. 

324. Georgitis JW, Clayton WF, Wypych JI, Barde SH, 
Reisman RE. Further evaluation of local intranasal 
immunotherapy with aqueous and allergoid grass extracts. 
J Allergy Clin Immunol 1984;74:694-700. 

325. Johansson SG, Deuschl H, Zetterstrom 0. Use of 
glutaraldehyde-modified timothy grass pollen extract in 
nasal hyposensitization treatment of hay fever. Int Arch 
Allergy Appl Immunol 1979;60:447-60. 

326. Nickelsen JA, Goldstein S, Muller U, Wypych J, Reisman RE, 
Arbesman CE. Local intranasal immunotherapy for rag- 
weed allergic rhinitis. 11. Immunologic response. J Allergy 
Clin Immunol 1981;68:41-5. 

327. Passalacqua G, Albano M, Ruffoni S, et al. Nasal immuno- 
therapy to Purietaria: evidence of reduction of local aller- 
gic inflammation. Am J Respir Crit Care Med 1995; 

328. Schumacher MJ, Pain MC. Intranasal immunotherapy 
and polymerized grass pollen allergens. Allergy 1982;37: 

329. Welsh PW, Zimmermann EM, Yunginger JW, Kern EB, 
Gleich GJ. Preseasonal intranasal immunotherapy with 
nebulized short ragweed extract. J Allergy Clin Immunol 

330. BjorkstCn B. Local immunotherapy is not documented for 
clinical use. Allergy 1994;49299-301. 

331. Crimi E,  Voltolini S, Troise C, et al. Local immunotherapy 
with Dermatophagoides extract in asthma. J Allergy Clin 

332. Tari MG, Mancino M, Monti G. Immunotherapy by inha- 
lation of allergen in powder in house dust allergic asthma 
- a double-blind study. J Investig Allergol Clin Immunol 

333. Ownby DR, Adinoff AD. The appropriate use of skin 
testing and allergen immunotherapy in young children. J 
Allergy Clin Immunol 1994;94:662-5. 

334. Jacobsen L. The benefit of specific allergy treatment. In: 
Basomba A, Sastre J, editors Proceedings of the XVI 
European Congress of Allergology and Clinical Immuno- 
logy. Bologna, Italy: Monduzzi Editore, 1995:745-50. 

335. Jacobsen L, Dreborg S, MQller C, e t  al. Immunotherapy 
as a preventive treatment [Abstract]. J Allergy Clin 
Immunol 1996;97:232. 

336. Des Roches A, Paradis L, Knani J, Hejjaoui A, Dhivert H, 
Michel F. Specific immunotherapy prevents the onset of 
new sensitizations in monosensitized children [Abstract]. 
J Allergy Clin Immunol 1995;95:309. 

337. Barnard J. Studies of 400 Hymenoptera sting deaths. 
J Allergy Clin Immunol 1973;52:259-64. 

338. Ownby DR, Adinoff AD. The appropriate use of skin 
testing and allergen immunotherapy in young children. 
J Allergy Clin Immunol 1994;94662-5. 

339. Perrin JM, MacLean W Jr, Perrin EC. Parental percep- 
tions of health status and psychologic adjustment of 
children with asthma. Pediatrics 1989;83:26-30. 

340. Oppenheimer JJ, Nelson HS, Bock SA, Christensen F, 
Leung DY. Treatment of peanut allergy with rush immuno- 
therapy. J Allergy Clin Immunol 1992;90:256-62. 

341. Sampson HA. Food allergy and the role of immuno- 
therapy. J Allergy C l i  Immunol 1992;90:151-2. 

342. Glover MT, Atherton DJ. A double-blind controlled trial 
of hyposensitization to Dermatophagoides pteronyssinus 
in children with atopic eczema. Clin Exp Allergy 
1992;22:440-6. 

343. Leroy B, Lachapelle JM, Jacquemin MG, Saint-Remy JM. 

1521461-6. 

241-8. 

1981 ;67:237-42. 

Imm~n01 1991;87:721-8. 

1992;2:59-67. 

39 



Immunotherapy of atopic dermatitis by injections of anti- 
gen-antibody complexes. Dermatology 1993;186:276-7. 

344. Kaplan Ap, Anderson JA, Valentine MD, et al. Beta- 
adrenergic blockers, immunotherapy, and skin testing. 
American Academy of Allergy and Immunology. J Allergy 

345. Schwartz HJ, Golden DB, Lockey RE Venom immuno- 
therapy in the Hymenoptera-allergic pregnant patient. J 
Allergy Clin Immunol 1990;85:709-12. 

346. Schumacher MJ, Tveten MS, Egen NB. Rate and quantity 
of delivery of venom from honeybee stings. J Allergy Clin 
Immunol 1 994;93: 83 1-5. 

347. Golden DB, Valentine MD, Kagey-Sobotka A, Lichten- 
stein LM. Regimens of Hymenoptera venom immuno- 
therapy. Ann Intern Med 1980;92:620-4. 

348. Reisman RE, Livingston A. Venom immunotherapy: 10 
years of experience with administration of single venoms 
and 50 micrograms maintenance doses. J Allergy Clin 
Immunol 1992;89:1189-95. 

349. Bousquet J, Menardo JL, Aznar R, Robinet-Levy M, 
Michel FB. Clinical and immunologic survey in beekeepers 
in relation to their sensitization. J Allergy Clin Immunol 

350. Bousquet J, Menardo JL, Velasquez G, Michel FB. 
Systemic reactions during maintenance immunotherapy 
with honeybee venom. Ann Allergy 1988;61:63-8. 

351. Kampelmacher MJ, van der Zwan JC. Provocation test 
with a living insect as a diagnostic tool in systemic 
reactions to bee and wasp venom: a prospective study with 
emphasis on the clinical aspects. Clin Allergy 1987;17: 

352. van Halteren HK, van der Linden PW, Burgers SA, 
Bartelink AK. Hymenoptera sting challenge of 348 pa- 
tients: relation to subsequent field stings. J Allergy Clin 
Immunol 1996;97:1058-63. 

353. Blaauw PJ, Smithuis OL, Elbers AR. The value of an in- 
hospital insect sting challenge as a criterion for application 
or omission of venom immunotherapy. J Allergy Clin 
Immunol 1996;98:39-47. 

354. Franken HH, Dubois AE, Minkema HJ, van der Heide S,  
de Monchy JG. Lack of reproducibility of a single negative 
sting challenge response in the assessment of anaphylactic 
risk in patients with suspected yellow jacket hyper- 
sensitivity. J Allergy Clin Immunol 1994;93:431-6. 

355. Rueff F, Przybilla B, Miiller U, Mosbech H. The sting 
challenge test in Hymenoptera venom allergy. Position 
paper of the Subcommittee on Insect Venom of the 
European Academy of Allergology and Clinical Immuno- 
logy. Allergy 1996;51:216-25. 

356. Nordvall SL, Johansson SG, Ledford DK, Lockey RE 
Allergens of the imported fire ant. J Allergy Clin Immunol 

357. Norman P. Is there a role for immunotherapy in the 
treatment of asthma? Yes. Am J Respir Crit Care Med 

358. Barnes l? Is there a role for immunotherapy in the 
treatment of asthma? No. Am J Respir Crit Care Med 

359. Bousquet J, Dhivert H, Michel FB. Current trends in the 
management of allergic diseases. Allergy 1994;4931-6. 

360. Bush R, Huftel M, Busse W. Patient selection. In. Lockey R, 
Bukantz S, editors. Allergen immunotherapy. New York: 
Marcel Dekker, 1991:25-49. 

361. Platts-Mills TAE, Vervloet D, Thomas W, Aalberse R, 
Chapman M. Report of the Third International Workshop 
on Indoor Allergens and Asthma. J Allergy Clin Immunol 

362. Reed CE, Yunginger JW, Evans R. Quality assurance and 

Clin Imm~n01 1989;84:129-30. 

1984;73:332-40. 

317-27. 

1988;82:567-76. 

1996; 154: 1225-8. 

1996;154:1227-8. 

1998;1OO:Sl-S25. 

standardization of allergy extracts in allergy practice. J 
Allergy Clin Immunol 1989;844-8. 

363. Position paper on allergen immunotherapy. Report of a 
BSACI working party. January-October 1992. Clin Exp 
Allergy 1993;3:1-44. 

364. Munir AKM, BjorkstCn B, Einarsson R,  et al. Cat (Pel d 
I), dog (Can f I), and cockroach allergens in homes of 
asthmatic children from three climatic zones in Sweden. 
Allergy 1994;49:508-16. 

365. Weiss KB, Gergen PJ, Hodgson TA. An economic evalu- 
ation of asthma in the United States. N Engl J Med 

366. Adelroth E ,  Rosenhall L, Glennow C. High dose inhaled 
budesonide in the treatment of severe steroid-dependent 
asthmatics. A two-year study. Allergy 1985;40:58-64. 

367. Rutten van Molken MP, van Doorslaer EK, Jansen MC, 
Kerstjens HA, Rutten FE Costs and effects of inhaled 
corticosteroids and bronchodilators in asthma and chronic 
obstructive pulmonary disease. Am J Respir Crit Care 
Med 1995; 15 1 :975-82. 

368. Weiss K. The impact of pharmacologic therapy on the 
costs of asthma. Allergy Proc 1994;15:189-92. 

369. Hughes DM, McLeod M, Garner B, Goldbloom RB. 
Controlled trial of a home and ambulatory program for 
asthmatic children. Pediatrics 1991;87:54-61. 

370. Mayo PH, Richman J, Harris HW. Results of a program 
to reduce admissions for adult asthma. Ann Intern Med 

371. Ross RN, Morris M, Sakowitz SR, Berman BA. Cost- 
effectiveness of including cromolyn sodium in the treat- 
ment program for asthma: a retrospective, record-based 
study. Clin Ther 1988;10188-203. 

372. Mahr TA, Evans RD. Allergist influence on asthma care. 
Ann Allergy 1993;71:115-20. 

373. Doan T, Grammer LC, Yarnold PR, Greenberger PA, 
Patterson R. An intervention program to reduce the 
hospitalization cost of asthmatic patients requiring intu- 
bation. Ann Allergy Asthma Immunol 1996;76513-18. 

374. Storms B, Olden L, Nathan R, Bodman S .  Effect of allergy 
specialist care on the quality of life in patients with asthma. 
Ann Allergy Asthma Immunol 1995;75:491-4. 

375. Sullivan T, Selner J, Patterson R, Portnoy J, Seligmanqh 
M. Expert care and immunotherapy for asthma. A review 
of published studies with emphasis on patient outcome 
and cost. American College of Allergy, Asthma, and 
Immunology, 1996. 

376. Bousquet J, Bullinger M, Fayol C, Marquis P, Valentin B, 
Burtin B. Assessment of quality of life in patients with 
perennial allergic rhinitis with the French version of the 
SF-36 Health Status Questionnaire. J Allergy Clin Immu- 
no1 1994;94:182-8. 

377. Liblau RS, Singer SM, McDevitt HO. Thl and Th2 CD4+ 
T cells in the pathogenesis of organ-specific autoimmune 
diseases. Immunol Today 1995;16:34-8. 

378. Rapoport MJ, Jaramillo A, Zipris D, et al. Interleukin 4 
reverses T cell proliferative unresponsiveness and pre- 
vents the onset of diabetes in nonobese diabetic mice. J 
Exp Med 1993;178:87-99. 

379. Lenschow DJ, Walunas TL, Bluestone JA. CD28B7 sys- 
tem of T cell costimulation. Annu Rev Immunol 1996; 

380. Kuchroo VK, Das Mp, Brown JA, et al. B7-1 and B7-2 
costimulatory molecules activate differentially the Thl/ 
Th2 developmental pathways: application to autoimmune 
disease therapy. Cell 1995;80707-18. 

381. Singh RR, Hahn BH, Sercarz EE. Neonatal peptide 
exposure can prime T cells and, upon subsequent immu- 
nization, induce their immune deviation: implications for 

1992;326:862-6. 

1990;112:864-71. 

14233-58. 

40 



antibody vs. T cell-mediated autoimmunity. J Exp Med 

382. Genain CP, Abel K, Belmar N, et al. Late complications 
of immune deviation therapy in a nonhuman primate. 
Science 1996;274:2054-7. 

383. Blanas E, Carbone FR, Allison J, Miller JF, Heath WR. 
Induction of autoimmune diabetes by oral administration 
of autoantigen. Science 1996;2741707-9. 

384. Weiner HL, Mackin GA, Matsui M, et al. Double-blind 
pilot trial of oral tolerization with myelin antigens in 
multiple sclerosis. Science 1993;259:1321-4. 

385. Trentham DE, Dynesius-Trentham RA, Orav EJ, et al. 
Effects of oral administration of type I1 collagen on 
rheumatoid arthritis. Science 1993;261:1727-30. 

386. Keller RJ, Eisenbarth GS, Jackson RA. Insulin prophylaxis 
in individuals at high risk of type I diabetes. Lancet 1993; 

387. Valenta R, Kraft D. Recombinant allergens for diagnosis 
and therapy of allergic diseases. Curr Opin Immunol 

388. Anderson P. Delivery systems for immunomodulatory 
proteins and peptides. BioDrugs 1997;7:51-65. 

389. McWilliam AS, Stewart GA. Production of multilamellar, 
small unilamellar and reverse-phase liposomes containing 
house dust mite allergens. Potential adjuvants in the 
immunotherapy of allergic disease. J Immunol Methods 
1989;121:53-60. 

390. Ferreira F, Hirthenlehner K, Briza P, et al. Isoforms of 
atopic allergens with reduced allergenicity but conserved 
T cell antigenicity: possible use for specific immuno- 
therapy. Int Arch Allergy Immunol 1997;113:125-7. 

391. Ferreira F, Hirtenlehner K, Jilek A, et al. Dissection of 
immunoglobulin E and T lymphocyte reactivity of iso- 
forms of the major birch pollen allergen Bet v 1: potential 
use of hypoallergenic isoforms for immunotherapy. J Exp 
Med 1996;183:599-609. 

392. Smith AM, Chapman MD. Reduction in IgE binding to 
allergen variants generated by site-directed mutagenesis: 
contribution of disulfide bonds to the antigenic structure 
of the major house dust mite allergen Der p 2. Mol 
Immunol 1996;33:399-405. 

393. Noguchi E ,  Shibasaki M, Nishiyama C, Okumura Y, 
Takita H. IgE responsiveness to Dermatophagoides farinae 
in young asthmatic children: IgE binding study using 
recombinant allergens of Der f 1, Der f 2 and mutant 
proteins of Der f 2. Int Arch Allergy Immunol 1996; 

394. Vrtala S, Hirtenlehner K, Vangelista L, et al. Conversion 
of the major birch pollen allergen, Bet v 1, into two non- 
anaphylactic T cell epitope-containing fragments; candi- 
dates for a novel form of irnmunotherapy. J Clin Invest 

395. Yssel H, Fasler S, Lamb J, de Vries JE. Induction of non- 
responsiveness in human allergen-specific type 2 T helper 
cells. Curr Opin Immunol 1994;6:847-52. 

396. Briner TJ, Kuo MC, Keating KM, Rogers BL, Greenstein JL. 
Peripheral T-cell tolerance induced in naive and primed 
mice by subcutaneous injection of peptides from the major 
cat allergen Fel d I. Proc Natl Acad Sci U S A 1993; 

397. Hoyne GF, Callow MG, Kuo MC, Thomas WR. Charac- 
terization of T-cell responses to the house dust mite 
allergen Der p I1 in mice. Evidence for major and cryptic 
epitopes. Immunology 1993;78:65-73. 

398. Norman P, Ohman J Jr, Long A, et al. Treatment of cat 
allergy with T-cell reactive peptides. Am J Respir Crit 
Care Med 1996;154:1623-8. 

399. Ball T, Vrtala S, Sperr WR, et al. Isolation of an 

1996;183:1613-21. 

341:927-8. 

1995;7:751-6. 

110:380-7. 

1997;99:1673-81. 

9017608-12, 

immunodominant IgE hapten from an epitope expression 
cDNA library. Dissection of the allergic effector reaction. 
J Biol Chem 1994;269:28323-8. 

400. Gajhede M, Osmark P, Poulsen F, et al. X-ray and NMR 
structure of Bet v 1, the origin of birch pollen allergy. Nat 
Struct Biol 1996;3:1040-4. 

401. Fedorov A, Ball T, Mahoney N, Valenta R, Almo S. Crystal 
structure and IgE-epitope mapping of birch pollen 
profilin: molecular basis for allergen cross-reactivity. 
Structure 1997;15:33-45. 

402. Donnelly JJ, Ulmer JB, Liu MA. DNA vaccines. Life Sci 
1997;60:163-72. 

403. Fynan EF, Webster RG, Fuller DH, Haynes JR, Santoro JC, 
Robinson HL. DNA vaccines: a novel approach to 
immunization. Int J Immunopharmacol 1995;17:79-83. 

404. Raz E, Tighe H, Sato Y, et al. Preferential induction of a 
Tnl immune response and inhibition of specific IgE 
antibody formation by plasmid DNA immunization. Proc 
Natl Acad Sci U S A 1996;93:5141-5. 

405. Hsu CH, Chua KY, Tao MH, et al. Immunoprophylaxis of 
allergen-induced immunoglobulin E synthesis and airway 
hyperresponsiveness in vivo by genetic immunization. Nat 
Med 1996;2:540-4. 

406. Lichtenstein L, Holtzman N, Burnett L. A quantitative in 
vitro study of the chromatographic distribution and 
immunoglobulin characteristics of human blocking anti- 
body. J Immunol 1968;101:317-24. 

407. Aalberse RC, van der Gaag R, van Leeuwen J. Serologic 
aspects of IgG4 antibodies. I. Prolonged immunization 
results in an IgG4-restricted response. J Immunol 1983; 

408. Birkner T, Rumpold H, Jarolim E, et al. Evaluation of 
immunotherapy-induced changes in specific IgE, IgG and 
IgG subclasses in birch pollen allergic patients by means 
of immunoblotting. Correlation with clinical response. 
Allergy 1990;45:418-26. 

409. Menz G, Dolecek C, Schonheit-Kenn U, et al. Serological 
and skin-test diagnosis of birch pollen allergy with recorn- 
binant Bet v 1, the major birch pollen allergen. Clin Exp 
Allergy 1996;26:50-60. 

410. Pauli G, Oster JP, Deviller P, et al. Skin testing with 
recombinant allergens rBet v 1 and birch profilin, rBet v 
2: diagnostic value for birch pollen and associated aller- 
gies. J Allergy Clin lmmunol 1996;97:1100-9. 

411. Vrtala S, Susani M, Sperr WR, et al. Immunologic char- 
acterization of purified recombinant timothy grass pollen 
(Phleum pratense) allergens (Phl p 1, Phl p 2, Phl p 5 ) .  J 
Allergy Clin Immunol 1996;97:781-7. 

412. Tame A, Sakiyama Y, Kobayashi I, Terai I, Kobayashi K. 
Differences in titres of IgE, IgG4 and other IgG subclass 
anti-Der p 2 antibodies in allergic and non-allergic patients 
measured with recombinant allergen. Clin Exp Allergy 

413. Kobayashi I, Sakiyama Y, Tame A, Kobayashi K, 
Matsumoto S. IgE and IgG4 antibodies from patients with 
mite allergy recognize different epitopes of Dermatopha- 
goides pteronyssinus group I1 antigen (Der p 2). J Allergy 
Clin Immunol 1996;97:638-45. 

414. Lebecque S, Dolecek C, Laffler S, et al. Immunologic 
characterization of monoclonal antibodies which modu- 
late human immunoglobulin E binding to the major birch 
pollen allergen Bet v 1. J Allergy Clin Immunol 1997;99: 

415. Vassella CC, Odelram H ,  Kjellman NI, Borres MP, 
Vanto T, BjorkstCn B. High anti-IgE levels at birth are 
associated with a reduced allergy prevalence in infants 
at risk: a prospective study. Clin Exp Allergy 1994; 

130:721-6. 

1996;26:43-9. 

374-84. 

24:771-7. 

41 



416. Miescher S,  Vogel M, Stampfli MR, et al. Domain-specific 
anti-IgE antibodies interfere with IgE binding to Fc 
epsilon RII. Int Arch Allergy Immunol 1994;105:75-82. 

417. Shakib F, Smith SJ. In vitro basophil histamine-releasing 
activity of circulating IgGl and IgG4 autoanti-IgE anti- 
bodies from asthma patients and the demonstration that 
anti-IgE modulates allergen-induced basophil activation. 
Clin Exp Allergy 1994;24270-5. 

418. F’resta L, Shields R, O’Connell L, et al. The binding site 
on human immunoglobulin E for its high affinity receptor. 
J Biol Chem 1994;269:26368-73. 

419. Fahy J, Fleming H, Wong H, et al. The effect of an anti- 

IgE monoclonal antibody on the early and late phase 
responses to allergen inhalation in asthmatic subjects. Am 
J Respir Crit Care Med 1997;155:1828-34. 

420. Demoly P, Bousquet J. Anti-IgE therapy for asthma. Am 
J Respir Crit Care Med 1997;155:1825-7. 

421. Hellman L. Profound reduction in allergen sensitivity 
following treatment with a novel allergy vaccine. Eur J 
Irnmunol 1994;24:415-20. 

422. Stadler B, Rudolf M, Vogel M, Mieser S,  Ziircher A, 
Kricek F. Can active immunization redirect an anti-IgE 
immune response? Int Arch Allergy Immunol 1997;113: 
216-18. 

42 


