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• Immunoteràpia:  consisteix en 
administrar quantitats gradualment 
creixents d'un extracte al·lergen a un 
subjecte al·lèrgic, arribant a una dosi 
que sigui eficaç. 

• Noon i Freeman al 1911 primera 
publicació The Lancet.
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1911: The quest begins

Showed efficacy of allergen immunotherapy in 
seasonal allergic rhinitis5

Building on William Dunbar’s allergen preparation
Patients injected with increasing doses of pollen extract

Leonard Noon and John Freeman: the founders

Leonard NoonPatients injected with increasing doses of pollen extract
Challenged patients with drop of allergen solution in the eye

Questions raised by Noon:
Allergen challenge tests
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• Disminueix els símptomes en relació amb 
l’exposició de l’al·lergen causant. 

• Disminueix el consum de medicació. 

• Modifica el curs de la malaltia al·lèrgica disminuint 
el risc de l’aparició d’asma en els pacients amb 
rinitis.

Immunoteràpia
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A European Declaration on Immunotherapy

What Can Allergen 
Immunotherapy Achieve

Immunotherapy holds promise for patients as well as society. When used 
properly, following specific diagnosis, and with good quality, well-char-
acterised and clinically documented extracts it can change the life of al-
lergic individuals.

For Patients 
Immunotherapy is effective in reduc-
ing symptoms of allergic rhinitis and/
or asthma and improving the quality 
of life of allergy sufferers. It also re-
sults in reduced use of symptom re-
lieving medications. Immunotherapy 
has long-lasting benefits, even after 
cessation of the treatment. In pa-
tients with allergy to insect venom, 
immunotherapy is able to prevent 
life-threatening reactions.

For Doctors 
Allergy specialists benefit from a 
therapeutic intervention that not 
only reduces symptoms in their pa-
tients, but also gives strong hope 
that the underlying allergy will be 
cured and/or stopped in its progres-
sion. Especially in children in whom 
the prospect of one allergy follow-
ing the other (the allergic march) is 
ever present, it also offers a way for 
putting a break to this process, stop-
ping the progression to more serious 
forms such as asthma. 

For Public Health 
Immunotherapy is currently the only 
treatment that offers the possibility of 
reducing long-term costs and burden of 
allergies, changing the natural course of 
the disease. Several pharmacoeconomic 
studies have shown important benefits 
even from early time points, with steady 
increase with time. It is conceivable that 
further research may lead to preventive 
vaccination for allergies, as it is now the 
case for infectious diseases. 

Control

No asthma Asthma

Immunotherapy

Long-term effects of immunotherapy

Children receiving immunotherapy for 
hay fever develop considerably less asth-
ma 10 years later, in comparison with 
children that do not (control), support-
ing the effectiveness of immunotherapy 
in preventing progression of allergies to 
more severe forms. Allergy 200721.

17

No asthma Asthma

“La inmunoterapia es el único tratamiento que 
puede alterar el curso natural de las 
enfermedades alérgicas, y también puede 
impedir el desarrollo de asma en los pacientes 
con rinitis alérgica.”
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A rapid increase in immunotherapy publications in 
recent years reflects the development of the field



Malalties al·lèrgiques

A European Declaration on Immunotherapy

A considerable proportion of allergic patients (15%-20%) live with a 
severe debilitating disease and under fear of death from a possible 
asthma attack or anaphylactic shock5. On the other hand, many patients 
still do not report their symptoms or are not properly diagnosed, indicat-
ing that the actual size of the problem is significantly larger. Taking into 
account the associated upwards trends shown by epidemiological stud-
ies, the European Academy of Allergy and Clinical Immunology (EAACI) 
predicts that in less than 15 years, more than half of the European 
population will suffer from some type of allergy. 

Definition of Allergy
Allergy is an exaggerated response of 
the human defense system against gen-
erally harmless substances. 

Facts about Allergies
– Allergies usually start in childhood and 
persist for many years, often for life. How-
ever, allergies can develop at any age. 

– Allergies are the most frequent chronic 
diseases in children and young adults. 

– Patients with one allergic disease have 
a high risk to develop more allergies.

– In children very often one allergic dis-
ease follows another (allergic march). 
Atopic eczema appears first, affecting 
more than 10% of babies in Europe.

– Allergies run in families, but most new 
cases appear in people without a previ-
ous family history of allergy.

– Asthma and allergic rhinitis very fre-
quently co-exist in the same person; 
they are together called respiratory al-
lergy.

Asthma and allergies 
strike 1 out of 4 Europeans

Allergies are the most frequent 
chronic diseases
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Parkinson’s > 3 million

Alzheimer’s > 5 million

Stroke > 6 million

Coronary Heart Disease > 7 million

Cancer > 10 million

Diabetes > 17 million

Asthma & Allergies > 60 million

A European Declaration on Immunotherapy

Allergy Today: 
A Public Health Threat 
of Pandemic Proportions

At the beginning of the 20th century, allergy was viewed as a rare disease. 
Since then, several factors triggered an increase that has gradually be-
come dramatic over the last four decades. It is currently estimated that 
up to 30% of Europeans suffer from allergic rhinitis or conjuncti-
vitis, while up to 20% suffer from asthma and 15% from allergic 
skin conditions, while for many regions the prevalence is increasing1. 
The burden peaks at the 20-40 year old age group with clinical symptoms 
of rhinitis reaching 45%. The worldwide numbers are equally worrying. 
Almost half a billion people suffer from rhinitis2,3 and approximately 300 
million from asthma4. Food allergies are also becoming more frequent and 
severe. Occupational allergies, drug allergies and allergies to the venom of 
stinging insects (often fatal) add further complexity and concerns. Finally, 
new types of allergic diseases and allergies against previously non-aller-
genic substances are being increasingly reported. 

The History of Allergy
Allergies were rare diseases before the 
20th century. In 1906, when vaccination 
research was at the peak of attention, a 
pediatrician from Vienna, Clemens von 
Pirquet, noticed that patients who had 
received injections of horse serum or 
smallpox vaccine usually had quicker, 
more severe reactions to second injec-
tions. It was, in the mind of von Pirquet, 
an altered reaction, an ‘allos ergon’, 
(from Greek ‘άλλος’: different and ‘έργον’: 
action), who thus coined the term ‘aller-
gy’. Subsequently, the different forms of 
allergic reactions and diseases started 
to unravel and terms, such as anaphy-
laxis (1908), and atopy (1923) came up. 
Major diagnostic and therapeutic ad-
vances came early with the form of the 
skin tests and immunotherapy (1911). 
The key antibody of allergic reactions, 
IgE, was discovered in 1960. The reali-
sation that allergy is a form of inflamma-
tion has guided advances in treatment; 
antihistamines (1930), corticosteroids 
(1950) and antileukotrienes (1990) are 
the main drugs still used today. Cur-
rently, better understanding of molecu-
lar mechanisms of allergy holds promise 
for revolutionising the field.

The rapid increase of allergies during recent times
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PRACTALL consensus report

Update on allergy immunotherapy: American Academy of
Allergy, Asthma & Immunology/European Academy of
Allergy and Clinical Immunology/PRACTALL consensus
report

A. Wesley Burks, MD,a Moises A. Calderon, MD, PhD,b Thomas Casale, MD,c Linda Cox, MD,d Pascal Demoly, MD, PhD,e

Marek Jutel, MD,f Harold Nelson, MD,g and Cezmi A. Akdis, MDh Chapel Hill, NC, London, United Kingdom, Omaha, Neb,

Davie, Fla, Montpellier, France, Wroclaw, Poland, Denver, Colo, and Davos, Switzerland

Allergy immunotherapy (AIT) is an effective treatment for
allergic asthma and rhinitis, as well as venom-induced
anaphylaxis. In addition to reducing symptoms, AIT can change
the course of allergic disease and induce allergen-specific
immune tolerance. In current clinical practice immunotherapy
is delivered either subcutaneously or sublingually; some
allergens, such as grass pollen, can be delivered through either
route, whereas others, such as venoms, are only delivered
subcutaneously. Both subcutaneous and sublingual
immunotherapy appear to have a duration of efficacy of up to 12
years, and both can prevent the development of asthma and new
allergen sensitivities. In spite of the advances with AIT, safer
and more effective AIT strategies are needed, especially for
patients with asthma, atopic dermatitis, or food allergy. Novel
approaches to improve AIT include use of adjuvants or
recombinant allergens and alternate routes of administration.
As part of the PRACTALL initiatives, the European Academy
of Allergy and Clinical Immunology and the American
Academy of Allergy, Asthma & Immunology nominated an
expert team to develop a comprehensive consensus report on the

mechanisms of AIT and its use in clinical practice, as well as
unmet needs and ongoing developments in AIT. This resulting
report is endorsed by both academies. (J Allergy Clin Immunol
2013;131:1288-96.)

Key words: Allergen immunotherapy, atopic disease, immune
tolerance

Various terms have been used to describe immunotherapy for
treating allergy. Examples are allergen-specific immunotherapy,
specific immunotherapy, allergen immunotherapy, and allergy im-
munotherapy (AIT). Because there is a need for uniformity in
naming, and because immunotherapy can include both allergen-
specific and nonspecific approaches, we propose that the term al-
lergy immunotherapy be universally used to refer to the class of
therapies that aim to induce immune tolerance to allergens.
A key feature of AIT is that it can change the course of disease

by altering the underlying natural history. Currently, 2 types of
AITare in clinical practice: subcutaneous immunotherapy (SCIT)
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don–National Heart and Lung Institute, Royal Brompton Hospital, London; cthe Divi-
sion of Allergy/Immunology, Creighton University, Omaha; dthe Department of
Medicine, Nova Southeastern University, Davie; ethe Allergy Department, Hôpital Ar-
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• Extractes al·lèrgens: són solucions d'al·lèrgens extrets de la 
matèria primera (pol·lens, epitelis d'animals, fongs, insectes, 
àcars…) eliminant materials irrellevants. Barreja complexa de 
components al·lèrgens on estan presents tots els al·lergens 
potencials de la mateixa. 

• Al·lergen: proteïna o glicoproteïna ben caracteritzada i altament 
purificada, procedent d'un extracte al·lergen amb capacitat de 
generar una resposta immune mediada per IgE. L'al·lergenicitat 
està relacionada amb l'estructura tridimensional de la proteïna 
capaç de ser reconeguda per la porció Fab de la molècula de IgE .  

• Al·lergen principal o major: aquell que fa reaccionar a més del 
50% dels individus sensibilitzats.

Glossari
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• Productes al·lèrgens: preparats farmacèutics, 
inclosos els extractes al·lèrgens, destinats al diagnòstic 
in vivo i/o el tractament de les malalties al·lèrgiques. 

• Vacuna al·lèrgena: extracte al·lergen que modifica o 
regula la resposta immune de les malalties al·lèrgiques i 
forma part de l'àmplia categoria de tractaments que 
s'estan desenvolupant i utilitzant en el moment actual 
per al tractament d'altres malalties immunològiques i 
infeccioses. 

Glossari
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• Activitat biològica. “in vivo” i 
“in vitro”. 

• En unitats massa d’al·lergen 
amb quantificació al·lèrgens 
majoritaris.

Caracterització dels extractes

Comité de Inmunoterapia SEAIC 2010    7

Inmunoterapia con alérgenos en el tratamiento de las enfermedades alérgicas

Desde la utilización de los primeros extractos aler-
génicos cuantifi cados en unidades Noon (cantidad de 
sustancia activa que se podía extraer a partir de un mi-
crogramo de polen fresco) para el tratamiento etioló-
gico de las enfermedades alérgicas (por aquellos años 
denominada “fi ebre del heno”), la fabricación de estos 
extractos ha experimentado una evolución muy impor-
tante en lo que respecta a los métodos de purifi cación, 
formas de presentación, excipientes y sobre todo en el 
campo de la estandarización biológica, proceso funda-
mental para conseguir extractos alergénicos reprodu-
cibles y consistentes en el tiempo y requisito legal, hoy 
en día, para el registro de productos de ITA en la Unión 
Europea (UE)1,7,18. El proceso de caracterización de un 
extracto para diagnóstico y tratamiento con alérgenos 
se basa en el esquema de la Figura 2.1. 

Según la actual normativa y experiencia acumula-
da en la elaboración de alérgenos para diagnóstico y 
tratamiento queda claro que estos deben seguir unas 
normas claras y estrictas y que no vamos a pormenori-
zar, pues en las referencias señaladas pueden ser con-
sultadas. En el proceso de caracterización se emplean 
diferentes métodos, y con ella se ha de evaluar la: 

• Potencia total del alérgeno 
• Actividad biológica 
• Cuantifi cación de alérgeno/s mayoritario/s 
Para solventar los problemas derivados del uso de 

distintos procedimientos en Europa de estandariza-
ción y caracterización, surgió como hemos indicado 
anteriormente en el año 2002 el proyecto CREATE8,19 
cuyos objetivos establecen: 

–  Evaluar el uso de alérgenos recombinantes o natu-

2. CARACTERIZACIÓN DE LOS EXTRACTOS 
PARA ITA

Pedro Guardia Martínez, Virginia de Luque Piñana, Mª Estrella Llamas Huerta,
Carmen Moreno Aguilar, Amparo Conde Alcañiz

Figura 2.1. Pasos generales en la elaboración de un extracto alergénico

MATERIA PRIMA (pólen, ácaros, epitelios...)

  Recolección     Identidad y Pureza

 Deshidratación

MATERIAL ALERGÉNICO DE PARTIDA

  Trituración       Desgrasado     Extracción        Purifi cación   Concentración           Esterilización

EXTRACTO ALERGÉNICO

                 Solución            Suspensión                    Liofi lizado

Estandarización

¢
¢

¢
¢

Estandarització del extractes

Estandarditzats: obtinguts a partir d'una matèria primera adequada, de composició 
coneguda, que és constant lot rere lot. 
Potència biològica o activitat biològica: resposta que produeix en l'individu al·lèrgic, 
expressada en unitats d'activitat biològica. L'activitat biològica es calcula comparant 
l'extracte amb un altre d'activitat coneguda.  
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• En l'actualitat no existeix un extracte únic de referència ni 
un sistema únic de mesures internacionals pel que els 
preparats de les diferents cases comercials no són 
equiparables.  

• Tampoc estan igualment caracteritzats tots els al·lèrgens. 
• Formulació de les vacunes al·lèrgenes i mescles 

d’al·lergògens:  
• Dilució dels al·lèrgens pot portar a dosis subòptimes. 
• Risc de desaparició d’alguns per l’activitat proteasa 

d’alguns altres. 
• Considerar la reactivitat encreuada entre al·lèrgens.

Caracterització dels extractes
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Actualment les extractes IT són per definició productes immunològics, subjectes a 
modificacions per part del metge prescriptor, com si es tractara de fórmules 
magistrals. També el fabricant pot introducir canvis en la concentració, posologia i 
pauta sense requisits establerts.  

Regulats per: 

1- Lleis pròpies, Lleis de la UE d’obligat compliment: 
Directiva 2001/83/CE i 1901/2006 del Parlament Europeu, “Ley  29/2006 de 26 de 
julio de garantías y uso racional de los medicamentos y productos sanitarios” i 
Farmacopeia Europea 6.6 (01/2010:1063). 
2- Guies de la EMA (European Medicine Agency) i ICH (International Conference on 
Harmonization for Registration of Pharmaceuticals for Human Use) orientatives però 
no d’obligat compliment. 

L’ AEMPS està preparant el procés de registre dels extractes diagnòstics i vacunes 
al·èrgenes, com qualsevol medicament, i els laboratoris estan preparant la 
informació sobre els seus productes per aquest procés. 

Legislació vacunes
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• La IT ha de ser considerada en 
pacients que tenen una 
evidència demostrable 
d'anticossos IgE específics 
(proves cutànies i/o IgE 
específica in vitro) a al·lèrgens 
clínicament rellevants.

Indicacions
Document de posicionament 

sobre immunoteràpia específica 
amb al·lèrgens (vacunes de l'al·lèrgia)  

de la Societat Catalana 
d'Al·lergologia i Immunologia Clínica

Junta Directiva de la SCAIC

Comissió d'Immunoteràpia

Estrella Llamas, 
Hospital General de Granollers 

(Fundació Sant Pere Claver)

Esther Muñoz, 
Hospital Municipal de Badalona

Albert Roger, 
Hospital Universitari Germans Trias i Pujol de Badalona

Victòria Cardona (Coordinadora),
Hospital Universitari de la Vall d'Hebron de Barcelona

Barcelona Abril 2009

President: Antonio Valero 
Vice-President: Lluís Marquès 
Tresorer: Cesar Alías 
Secretària: Olga Luengo 
Vocal: Joan Bartra 
Vocal: Maria Basagaña

www.scaic.cat
Apartat de Correus, 7029

08080 Barcelona
Tfno.: 93 431 88 33
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• Pacients amb símptomes provocats majoritàriament per l'exposició 
a l’al·lergen. 
• Pacients amb símptomes clínics deguts a un únic o pocs 
al·lèrgens. 
• Pacients al·lèrgics a pol·lens amb una llarga pol·linització o amb 
símptomes causats per pol·linitzacions successives. 
• Pacients amb rinitis i/o símptomes de la via area inferior. 
• Pacients als quals els antihistamínics i dosis moderades de 
glucocorticoides tòpics no controlen els símptomes suficientment. 
• Pacients que no volen seguir farmacoteràpia constant o a llarg 
termini. 
• Pacients als qui la farmacoteràpia indueix efectes secundaris 
indesitjables.

Indicacions 
Rinoconjuntivitis i asma:
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• La indicació s’ha de basar en: 

• Patologia i gravetat. 

• Rellevància de l’al·lergen i la sensibilització. 

• Necessitat de tractament simptomàtic. 

• Balanç risc-benefici. 

• Factors psicològics. 

• Implicació del pacient en el control i el tractament de la seva 
malaltia.

Indicacions 
Rinoconjuntivitis i asma:
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• Adults i nens amb història de reacció al·lèrgica sistèmica greu 
incloent símptomes respiratoris o cardiovasculars. 
• Per reaccions sistèmiques sense risc vital, s'ha de condiderar la IT 
valorant: la possibilitat de accés immediat a assistència mèdica, 
treball o aficions amb risc de exposició elevat com apicultors, 
malalties cardiovasculars concomitants i factors psicològics derivats 
de l'ansietat que poden afectar la qualitat de vida. 
• No està recomanada per grans reaccions locals. 

Durada del tractament: 5 anys.

Indicacions 
Verí d’himenòpters 
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Contraindicacions absolutes: 

• Malalties immunològiques greus, infeccions cròniques i càncer. 
• Malaltia cardiovascular important (excepte en el cas d'al·lèrgia 
greu a verí de insectes). 
• Asma greu amb FEV1 <70% malgrat el tractament farmacològic. 
• Tractament amb beta-bloquejants. 
• Manca de compliment i desordres psicològics greus. 

Contraindicacions relatives: 

• Dermatitis atòpica greu. 
• Embaràs: no iniciar cap tipus d'IT. Si el tractament amb IT es troba 
en fase de manteniment sense complicacions pot ser continuat.

Contraindicacions
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• Natius: Són formulacions tamponades parcialment 
purificades gràcies a l'eliminació de substàncies no 
al·lergèniques. En solució o liofilitzades. Administració 
per via subcutània i per via sublingual. 

• Modificats: Per reduir o eliminar l'al·lergenicitat 
(capacitat d'induir la reacció mediada per IgE) 
conservant o augmentat la immunogenicitat (capacitat 
per a activar el sistema immune i induir tolerància).

Tipus d’extractes
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Avantatges en ITSC: 
- Escassa aparició de nòduls subcutanis en les zones d'aplicació. 
Inconvenients en ITSC: 
- Requereix major nombre de dosis en la fase d'inici 
- Ràpida degradació dels al·lèrgens (pèrdua de potència) 
- Major freqüència de reaccions adverses sistèmiques. 

Són els utilitzats en la ITSL. Avantatges: 
-Menor risc de reaccions sistèmiques, administració domiciliària. 
Inconvenients ITSL: 
-Adherència. 
-Major cost en general. 

Tipus d’extractes: Natius
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• Modificacions físiques:
Adsorció amb substàncies denominades adjuvants 
(hidròxid d'alumini, fosfat càlcic, tirosina) donant lloc 
als extractes alentits o "depot".  

• Modificacions químiques:
Els productes naturals es sotmeten a modificacions 
químiques amb formaldehid o glutaraldèhid, produint 
agregats d'alt pes molecular, extractes polimeritzats o 
“al·lergoides". 

• Modificacions combinades.

Tipus d’extractes: Modificats 
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Administració exclusiva subcutània. 
Avantatges: 
- Permet un alliberament més lent en el lloc de l'aplicació. 
- Disminueix el nombre de dosis en la fase d'inici. 
- Degradació lenta. 
- Disminueix la freqüència i gravetat de les reaccions 
adverses sistèmiques. 

Inconvenients: 
- Afavoreix l'aparició de nòduls subcutanis, sobretot si 
s'utilitza com adjuvant l'hidròxid d’alumini. 

Tipus d’extractes: Modificats  
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Via d’administració

• IT subcutània: la vacuna s'administra per via 
subcutània, en dosis creixents, de forma periòdica, 
generalment setmanal (fase d'inici) fins a arribar a la dosi 
màxima o de manteniment, que es repeteix de forma 
mensual (fase de manteniment). S'ha d'administrar en un 
centre sanitari. 

• IT sublingual: la vacuna s'administra en forma de 
solució i recentment en comprimits, mantenint-se sota la 
llengua durant 2-3 minuts sent posteriorment deglutida. El 
tractament es realitza en el seu propi domicili. 

Tipus de vacunes
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Inmunoterapia con alérgenos en el tratamiento de las enfermedades alérgicas

 • Polen de árboles caducifolios (Alnus glutinosa, 
Betula verrucosa, Corylus avellana y otros). 

 • Ácaros relacionados (Dermatophagoides pte-
ronyssinus, Dermatophagoides farinae). 

– Mezclas de otros alérgenos no relacionados, en caso 
de que pudiera disponerse de los datos de estabili-
dad y de efi cacia clínica, indicando la cantidad rela-
tiva de cada uno de los componentes. 

2.2 Situación actual del empleo de 
inmunoterapia en España

 
Nuestro país presenta una característica en lo refe-

Tabla 2.2 

rente a la práctica alergológica en relación con otros 
países, como es el de tener reconocida la especialidad 
de alergología, con una adecuada formación de espe-
cialistas en esta materia, lo cual repercute de forma 
substancial en el uso de la IT. 

Tabla 2.1 

 TOTAL prescripción 2009 %

PÓLENES 55,06
ÁCAROS 38,86
HONGOS 4,37
EPITELIOS 1,71

Vía de administración Alérgenos Formulación Observaciones

 Nativos Acuosos   Aeroalérgenos • En desuso
                     • Tasa h EEAA (*)
   • Dosis frecuentes requeridas

                      Himenópteros • También existe estudio con
       extractos depot

   • Amplia documentación
  Depot22 • Los más utilizados
   • Buena tolerancia
V. Subcutáneas

 Modifi cados Depot23,24,25,26 • Empleo creciente
   • Dosis inicio similar/la misma
       a mantenimiento
   • Óptimo perfi l de seguridad
   • Deberá aportar datos de
       cuantifi cación de alérgenos

  Líquida27 Documentada su efi cacia y
   seguridad.
   Dosis requeridas superiores a
   la ITSc.
 Nativos
V. Sublinguales  Comprimidos28,29 El procedimiento seguido en el
   desarrollo clínico de esta inmu-
   noterapia, idéntico al de cualquier 

fármaco “normal” antes de ser 
comercializado, ha marcado en el 
uso de extractos alergénicos para 
tratamiento de enfermedades 
alérgicas un antes y un después.
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Època d’administració
  
• IT perenne: la dosi de manteniment és administrada de 
forma continuada durant els anys que duri el tractament. 

• IT preestacional/coestacional: en l'al·lèrgia a pol·lens, 
s’arriba a la dosi de manteniment abans de la 
pol·linització i es manté només fins que aquesta comença 
(preestacional) o durant els mesos que dura la mateixa 
(coestacional). Repeteix tots els anys la fase d'iniciació.

Tipus de vacunes
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Fases d'administració: 
• Fase d'iniciació: l'extracte al·lergènic s'administra en dosis creixents, 
segons una pauta. 
• Fase de manteniment: quan s'arriba a la dosi màxima o de manteniment, 
que es repeteix generalment de forma mensual. 

• Pauta convencional: s'arriba a la dosi de manteniment en 
general entre les 5-12 setmanes 
• Pautes “cluster” o agrupades: s'administra més d'una 
dosi per dia, escurçant la fase d’inici. 
• Pautes “rush” o ràpides: s'arriba a dosi de manteniment en 
24-48h; s'utilitza amb extractes polimeritzats o amb verí d'himenòpters quan 
es requereix un efecte molt ràpid.

Pautes d'administració



Mecanismes d’acció de la ITA
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1. Fase precoç: sensibilització i desenvolupament de 
respondes de memoria de cèl·lules T i B i IgE. 

2. Fase tardana: funcions efectores relacionades amb la 
inflamació i el dany tissular.

Mecanismes reacció al·lèrgica

Durham SR. Clinical experimental Allergy, 2011 (41) 1235-1246.



Mecanismes d’acció de la ITA

Durham SR. Clinical experimental Allergy, 2011 (41) 1235-1246.
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• Mecanisme no únic i complexe. 

• Actúa en diferents nivells, però es desconeix la interrelació 
entre ells i si varia en funció del pacient o la vacuna. 

• S’ha demostrat la modificació de la resposta immunitària 
en tres nivells:  

• Producció d’anticossos. 

• Cèl·lules efectores. 

• Cèl·lules T  reguladores.

Mecanismes d’acció de la ITA
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contraction of smooth muscles.19 The commonly observed TH2
profile in patients with atopic diseases might be a result of (1) in-
creased differentiation and clonal expansion of TH2 cells

20 or (2)
increased tendency to activation-induced cell death of high IFN-
g–producing TH1 cells.21 TH1 cells also efficiently contribute to
the effector phase of allergic diseases with their role in apoptosis
of the epithelium in patients with asthma and atopic dermati-
tis22-24 and apoptosis of smooth muscle cells in patients with fatal
asthma.25

The discovery of TH17 cells fills an essential gap in our under-
standing of inflammatory processes. TH17 cells are characterized
by IL-17A, IL-17F, IL-6, IL-8, TNF-a, IL-22, and IL-26 expres-
sion.26-32 Neutralization of IL-17 and TH17-related functions re-
solves tissue pathology in autoimmunity models, improves joint
destruction in experimental arthritis, and reduces neutrophil infil-
tration in an experimental asthma model while increasing eosin-
ophil infiltration.33-36 It was shown in 2 recent studies that TGF-b
in the presence of IL-4 reprograms TH2 cell differentiation and
leads to the development of a new population of TH9 cells that
produce IL-9 and IL-10.37,38

AT-cell subset known as TH22 cells has been demonstrated in T
cells that independently express IL-22 with low expression levels
of IL-17, and these cells play a role in atopic dermatitis.39 All of
these T-cell subsets and related events represent targets in the treat-
ment of allergic diseases and the induction of regulatory T (Treg)
cells, and allergen tolerance can balance their overactivation.

The pivotal role of Treg cells in inducing and maintaining
immune tolerance has been demonstrated during the last 15 years,
during which their adoptive transfer was shown to prevent or cure
several T cell–mediated disease models, including asthmatic lung
inflammation, autoimmune diseases, and allograft rejection.40 In
the clinical setting both injection and sublingual versions of
allergen-specific immunotherapy (SIT) have been shown to in-
duce allergen-specific Treg cells in human subjects (Box 1). In
addition to Treg cells, several other factors appear to play a mech-
anistic role in allergen SIT (Fig 1).

SEQUENTIAL EVENTS IN ALLERGEN SIT AND
THEIR UNDERLYING MECHANISMS
Very early mast cell and basophil suppression–
related desensitization effect

Although decreases in IgE antibody levels and IgE-mediated
skin sensitivity normally require years of SIT, most patients are
protected against bee stings or tolerate skin late-phase response
challenges at early stages of respective venom or grass pollen
SIT.41,42 An important observation starting from the first injection
is an early decrease in mast cell and basophil activity for degranu-
lation and systemic anaphylaxis (Fig 1). There is surprisingly little
information about the mechanisms by which SIT modifies,

FIG 1. Immunologic changes during the course of allergen SIT. Although
there is significant variation between subjects and protocols, right after the
first administration of allergens with native-like structures, an early de-
crease in mast cell and basophil degranulation and a decreased tendency
for systemic anaphylaxis are observed. This is followed by generation of
allergen-specific Treg cells and suppression of both allergen-specific TH1,
TH2, and maybe other effector cells. An early increase and a very late de-
crease in specific IgE levels is observed. In particular, the IgG4 level shows
a relatively early increase that is dose dependent. In some studies allergen-
specific IgG1 and IgA levels also increase. A significant decrease in the
allergen-specific IgE/IgG4 ratio occurs after several months. A significant
decrease in type I skin test reactivity is also observed relatively late in the
course of SIT. A decrease in tissue mast cell and eosinophil numbers and
a release of their mediators and decrease in the late-phase response is ob-
served after a few months. These effects are partially demonstrated in SLIT
and are rather weak compared with those seen in injection SIT. Novel aller-
gen SIT approaches might or might not show these effects, although they
still can be effective.

BOX 1: Components of the immune response to allergens in

healthyandallergic subjectsand the response toallergenSIT

Allergen-specific T-cell response
Healthy
nonallergic subjects

No or very low-dose exposure: no
T-cell proliferation or cytokine
response, no sensitization

Low-dose exposure: TH0 response in
PBMCs and specific T-cell clones
with low frequency

High-dose exposure: TR1, particularly
IL-10–dominating response with
relatively high frequency

Allergic subjects TH2 response with varying quantities
of IL-4, IL-5, and IL-13 in the
presence of relatively low but
detectable IL-10 and IFN-g levels

Allergen SIT Decreased allergen-induced T-cell
proliferation and TH1 and TH2
cytokines, induction of Treg cells,
increased suppression by Treg cells

Specific antibodies in serum
Healthy
nonallergic subjects

No or very low-dose exposure: not
detectable, no sensitization

Low-dose exposure: detectable IgG1,
IgG4, and IgA

High-dose exposure: high amounts of
IgG4, detectable IgG1, IgA, and IgE

Allergic subjects Relatively high amounts of IgE together
with low or high amounts of IgG1,
IgG4, and IgA

Allergen SIT Induction of specific IgG4, very late
decrease in specific IgE levels
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Mechanisms of allergen-specific immunotherapy
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Allergen-specific immunotherapy has been used for 100 years as
a desensitizing therapy for allergic diseases and represents the
potentially curative and specific method of treatment. The
mechanisms of action of allergen-specific immunotherapy
include the very early desensitization effects, modulation of
T-and B-cell responses and related antibody isotypes, and
migration of eosinophils, basophils, and mast cells to tissues, as
well as release of their mediators. Regulatory T (Treg) cells have
been identified as key regulators of immunologic processes in
peripheral tolerance to allergens. Skewing of allergen-specific
effector T cells to a regulatory phenotype appears as a key event
in the development of healthy immune response to allergens and
successful outcome in patients undergoing allergen-specific

immunotherapy. Naturally occurring forkhead box protein
3–positive CD41CD251 Treg cells and inducible TR1 cells
contribute to the control of allergen-specific immune responses
in several major ways, which can be summarized as suppression
of dendritic cells that support the generation of effector T cells;
suppression of effector TH1, TH2, and TH17 cells; suppression of
allergen-specific IgE and induction of IgG4; suppression of mast
cells, basophils, and eosinophils; and suppression of effector
T-cell migration to tissues. New strategies for immune
intervention will likely include targeting of the molecular
mechanisms of allergen tolerance and reciprocal regulation of
effector and Treg cell subsets. (J Allergy Clin Immunol
2011;127:18-27.)

Key words: Regulatory T cells, immunotherapy, anergy, IgE, T cells,
IL-10, TGF-b, allergen immunotherapy, TH cells, immune tolerance,
IgE, IgG, T cells, B cells, mast cells, basophils, eosinophils

The immune system forms an interactive network with tissues
and makes its decisions on the basis of signals coming from
resident tissue cells, infectious agents, commensal bacteria, and
almost any environmental agents.1,2 In recent years, induction of
immune tolerance has become a prime target for prevention and
treatment strategies for many diseases in which dysregulation of
the immune system plays an important role. Immune tolerance to
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Abbreviations used
DC: Dendritic cell

FOXP3: Forkhead box protein 3
HR: Histamine receptor

ICOS: Inducible costimulator
SHP: Src homology 2 domain-containing tyrosine phosphatase
SIT: Specific immunotherapy

SLIT: Sublingual immunotherapy
Treg: Regulatory T
TLR: Toll-like receptor

allergens can be defined as establishment of a long-term clinical
tolerance against allergens, which immunologically implies
changes in memory-type, allergen-specific T- and B-cell re-
sponses, as well as mast cell and basophil activation thresholds
that do not cause allergic symptoms.3-6 In addition, prevention of
new allergen sensitizations7 and progression to more severe dis-
ease, such as development of asthma8 after allergic rhinitis or de-
velopment of systemic anaphylaxis, are essential clinical
implications of immune tolerance.

The immunologic basis of allergic diseases is observed in 2
phases: sensitization and development of memory T- and B-cell
responses and IgE (early phase) and effector functions related to
tissue inflammation and injury (late phase).5 The differentiation

and clonal expansion of allergen-specific CD41 TH2 cells pro-
ducing IL-4 and IL-13 are essential to induce class switching to
the e immunoglobulin heavy chain in B cells and the production
of allergen-specific IgE antibodies during the sensitization phase.
Allergen-specific IgE binds to the FceRI on the surface of mast
cells and basophils, thus leading to the patient’s sensitization.9

When a new encounter with the allergen causes cross-linking of
the IgE-FceRI complexes on sensitized basophils and mast cells,
they are activated and subsequently release anaphylactogenic me-
diators responsible for the classical symptoms of the immediate
phase (type 1 hypersensitivity).

Depending on the innate immune response activating capacity
of the substances coexposed with the antigen, cosignals for
cell differentiation, and status of the cells and cytokines in the
microenvironment, CD41 naive T cells can differentiate into
TH1-, TH2-, TH9-, TH17-, or TH22-type memory and effector
cells. Based on their respective cytokine profiles, responses to
chemokines, and interactions with other cells, these T-cell subsets
can promote different types of inflammatory responses. During
the development of allergic disease, effector TH2 cells produce
IL-4, IL-5, IL-9, and IL-13,3-5,10,11 and probably other recently
identified cytokines, such as IL-25, IL-31, and IL-33, contribute
to TH2 responses.

12-18 These cytokines play a role in the produc-
tion of allergen-specific IgE, eosinophilia, permissiveness of
endothelium for the recruitment of inflammatory cells to inflamed
tissues, production of mucus, and decreased threshold of

GLOSSARY

ADJUVANTS: Substances that need to be administered together with
protein antigens to elicit maximal T cell–dependent immune responses.

CD25: CD25 is the IL-2 receptor a chain. IL-2 plays a role in the generation
and survival of Treg cells.

CHEMOKINES: Cytokines that induce themigration of cells, chemokines
act by binding to G protein–coupled receptors. Their function in the
immune system is to coordinate leukocyte trafficking and activation.

CLONAL EXPANSION: An increase in the number of cells that express
identical receptors for the antigen.

CYTOKINES: Proteins secreted by the cells of the innate and adaptive
immune system. Cytokines can stimulate the growth and differentiation
of lymphocytes, activate different effector cells to eliminate microbes,
and stimulate the development of hematopoietic cells. Cytokines are
important as targets for therapeutic agents.

CYTOTOXIC T LYMPHOCYTE–ASSOCIATED ANTIGEN 4 (CTLA-4):
CTLA-4 is structurally homologous to CD28, but CTLA-4 is expressed
on recently activated CD41 and CD81 T cells, and its function is to inhibit
T-cell activation.

BOVINE b-LACTOGLOBULIN: Bovine b-lactoglobulin is a whey protein
allergen (Bos d 5). Sequential (linear) allergenic (IgE) epitopes have been
mapped on the caseins b-lactoglobulin and a-lactalbumin and have
been correlated with the persistence of cow’s milk allergy.

DENDRITIC CELLS: Hematopoietic cells that function as antigen-
presenting cells for naive lymphocytes. Their name is derived from
their multiple, thin membranous projections.

EPITOPE: A molecular region on the surface of an antigen capable of
eliciting an immune response and for binding of the specific antibody
produced by such a response.

IMMUNORECEPTOR TYROSINE-BASED INHIBITORY MOTIF (ITIM):
Located in the cytoplasmic tails of inhibitory receptors, ITIMs are
essential for the signaling functions of these molecules. ITIMs recruit

phosphatase enzymes that counteract the effect of kinases in the
signaling cascades initiated by activating receptors.

INDUCIBLE COSTIMULATOR (ICOS): ICOS is a member of the CD28
family of costimulatory receptors on T cells. ICOS binds to ICOS ligand
on antigen-presenting cells.

ISOTYPE: Isotypes are a class of antibody. There are 5 different antibody
isotypes (IgM, IgD, IgG, IgA, and IgE) that are determined by the type of
heavy chain present.

LANGERHANS CELLS: A subset of dendritic cells found in the epithelia
and skin-draining lymph nodes. Because of their long cytoplasmic
processes, Langerhans cells occupy as much as 25% of the surface
area of the epidermis, even though they constitute less than 1% of the
cell population.

MUCUS: A substance lining mucous membranes that functions to
preserve the membranes, to act as a barrier, and to transport trapped
material (in conjunction with cilia). Normal airway mucus is 90% water,
and the remaining 10% is composed of protein, carbohydrate, and lipid.

PEPTIDE IMMUNOTHERAPY: Immunotherapy with allergen-derived
peptides representing T cell–activating epitopes, which do not react
with IgE antibodies.

PHLEUM SPECIES ALLERGEN MIXTURES: A genera of grasses that
contains timothy grass.

PIECEMEAL RELEASE: An induced vesicular transport of granular
content that does not involve direct granule extrusion.

SMOOTH MUSCLE: Muscle tissue that lacks cross-striations and is
found especially in vertebrate hollow organs and structures (eg, the
bronchus, intestine, and bladder) as thin sheets performing functions
not subject to direct voluntary control.

TOLERANCE: Unresponsiveness, noninflammatory response, or non-
anaphylactogenic response to anantigen that is inducedby immunologic
mechanisms that develop because of previous exposure to that antigen.

The Editors wish to acknowledge Daniel Searing, MD, for preparing this glossary.
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