




WELCOME 

Dear Colleagues and Friends, 

It is a great pleasure for me to host you in my home city, Barcelona for the Allergy School on 
Immunotherapy in Children for the Treatment of Respiratory and Food Allergy. We have 
prepared a programme which I hope you will enjoy. The Pediatric Section, the Immunotherapy 
and Food Allergy Interest Groups and the Working Group on Eosinophilic Esophagitis with the 
great collaboration of the juniors, have been and are continuously going to work hard for the 
success of the upcoming days.  

Some of the best speakers within EAACI and, for sure, the most current topics in food allergy 
will be “dissected”. Immunotherapy, our differential treatment, will be addressed by some of 
the best specialists in Europe. We are interested in the mechanisms of action which will lead to 
immunomodulation and immunotolerance, tolerance not only being one of the nicest words 
related to allergy but also to life. We shall be dealing with the new insights in immunotherapy 
for respiratory diseases, including its role in prevention, and for food allergy. Eosinophilic 
Esophagitis will be also treated as an adverse event in food allergy immunotherapy. 

An important part of our course will be the workshops in reduced groups. We hope that you can 
all ask questions and make contributions in a relaxed atmosphere. Innovation and research are 
the cornerstones in medicine and immunotherapy is one of the subjects’ most explored 
nowadays. The oral presentations and posters offered by our young researchers will add new 
concepts to our knowledge. 

I want to sincerely thank you all for coming to Barcelona to take part in the Allergy School on 
Immunotherapy in Children for the Treatment of Respiratory and Food Allergy, to our speakers 
who have been chosen not only for their scientific background but also for their personal 
communication skills. Thank you for accepting! Also a big thank to our headquarters specialists 
who have been working very hard for the success of this Allergy School, not only from the 
scientific point of view but also from the social perspective. 

And last but not least I would like to thank the industry who has collaborated with us in a very 
friendly way. Kind thank you to our diamond sponsor, Merck, our platinum collaborators 
Aimmune and DBV, to our gold sponsors Inmunotek and Diater, and to our silver sponsors Hal 
Allergy, Stallergenes, ALK, Leti and Allergy Therapeutics.

Montserrat Alvaro 
Local Organising Chair 
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GENERAL INFORMATION 

 
CME Accreditation 
An application has been made to the UEMS-EACCME® for CME accreditation of this EAACI 
Allergy School. The CME letter and the Certificate of Attendance can be downloaded after 
completing the survey which will be sent to you by e-mail after the school. Please make 
sure you scan your badge before entering each session room, in order to obtain 
the CME credits. 
Potential Conflicts of Interest Declaration 
Please refer to the relevant event page under the “Meetings” tab on www.eaaci.org 
for a full conflict of interest declaration, provided by the organising committee and faculty 
members. 
 
Organising Committee 
Montserrat Alvaro Lozano, Organising Chair 
Carmen Riggioni, Organising Secretary 
Lars Jacobsen, IG Immunotherapy Chair 
Margitta Worm, IG Food Allergy Chair 
Antonella Cianferoni, WG Eosinophilic Esophagitis Secretary 
 
Poster Information 
Posters can be mounted from 11:00 on Thursday, 20 September 2018 and should be 
removed after the last poster session on Saturday, 22 September 2018.  
 
Please make sure to remove the poster and all poster-mounting material from the board. 
The organisers will remove posters not taken down on time and will not take any further 
responsibility for the material. 
 

 Meeting venue and accommodation
Hotel Barcelona Center
Calle de Balmes, 103-105
08008 – Barcelona
Spain
Phone: +34 93 273 00 00
Website
 
Contact Details 
EAACI Headquarters 
Hagenholzstrasse 111, 3rd Floor 
8050 Zurich 
Switzerland 
Email: events@eaaci.org  
Thomas Greif, M +41 76 383 06 51 
Enna Heller, M +41 79 892 88 41 
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FLOOR PLAN 
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SCIENTIFIC PROGRAMME 
 
 
Thursday, 20 September 2018 
 
 
13:00 - 15:00 Registration 
 
15:00 - 15:05 Welcome address 
   Montserrat Alvaro, Spain 
 
15:05 - 16:30 Session I - Basic science in allergen immunotherapy (AIT) 
   Chairs: Montserrat Alvaro, Spain / Lars Jacobsen, Denmark 
 
15:05 - 15:25 Immunotherapy: are there any differences between adults and children?  
   Mohamed Shamji, United Kingdom 
 

15:25 - 15:45 New strategies in AIT biomarkers based on metabolomics 
   Domingo Barber, Spain     
 

15:45 - 16:05 Biomarkers of desensitation/tolerance in food allergy AIT 
   Carmen Riggioni, Spain 
 

16:05 - 16:30 Open debate with speakers 
 
16:30 - 17:00 Coffee break 
 
17:00 - 18:30 Session II - Uses of AIT in respiratory allergy  
   Chairs: Oliver Pfaar, Germany / Mohamed Shamji, UK 
 
17:00 - 17:20 Preventive effect of AIT over the atopic march 
   Susanne Halken, Denmark 
 

17:20 - 17:40 What is the evidence in AIT for allergic rhinitis in children?  
   Graham Roberts, United Kingdom 
 

17:40 - 18:00 What is the evidence in AIT for asthma in children? 
   Pablo Rodríguez del Río, Spain 
 

18:00 - 18:30 Open debate with speakers 
 
20:00 - 23:00 Welcome reception 
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Friday, 21 September 2018 
 
 
08:30 - 10:00 Session III - Present and future of respiratory AIT  
   Chairs: Graham Roberts, United Kingdom / Carmen Riggioni, Spain 
 
08:30 - 08:50 Advances in adjuvants for AIT 
   Mohamed Shamji, United Kingdom 
 

08:50 - 09:10 The role of placebo effect in AIT 
 Lars Jacobsen, Denmark 
 

09:10 - 09:30 Current standards in AIT clinical trial design and future needs 
   Oliver Pfaar, Germany 
 

09:30 - 10:00 Open debate with speakers 
 
10:00 - 10:30 Coffee break 
 
10:30 - 12:20 Practical workshops I 
 
Sevilla   Topic 1: Mixing allergens / Treating the polysensitized patient 
   Chairs: Domingo Barber, Spain; Lars Jacobsen, Denmark 
 

Cordoba   Topic 2: Provocation tests to inhalant allergens 
Chairs: Oliver Pfaar, Germany; Ozlem Cavkaytar, Turkey 

 

Granada  Topic 3: How to set up an inhalant immunotherapy service  
   Chairs: Graham Roberts, United Kingdom; Alberto Alvarez-Perea, Spain 
 
12:20 – 13:45 Lunch 
 
13:45 - 14:45 Poster discussion Session I 
   Chairs: Margitta Worm, Germany / Pasquale Comberiati, Italy 
    

P01 - Fraction Of Exhaled Nitric Oxide In Children Undergoing Allergen 
Immunotherapy For IgE-Mediated Food Allergy: Towards Precision Medicin 
Stefania Arasi, Italy 
 

P02 – Macroarray Diagnostic And Sublingual Allergen Specific 
Immunotherapy Of Polysensitization Children 

   Olena Viktorivna Sharikadze, Ukraine 
    

P03 – Adherence To Sublingual Immunotherapy In Real-Life 
Polina Y. Shahid, Bulgaria 

    

 P04 -  Oral Immunotherapy On Children With Cow’s Milk Allergy 
 Alexandra Rodrigues, Portugal 
  

P05 – Sublingual Immunotherapy with Pru P 3 – Review of 7 Cases 
Maria Joao Vasconcelo, Portugal 
 

P06 – Steroid Sparing Effect Of Sublingual Immunotherapy: Real Life Study 
In Mono/Polisensitized Children With Asthma 
Nilufer Galip, Cyprus 
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P07 – Sensitization Pattern To Aeroallergens And Food Allergens Among 
Pediatric Patients With Common Allergic Diseases 
Pauline Florence Robles Santos Estrella, Spain 

 
 Session IV - Strategies for treating food allergy 

Chairs: Antonella Muraro, Italy / Montserrat Alvaro, Spain 

The five Ws in food AIT: who, what, when, where and why? 
Marta Vazquez-Ortiz, United Kingdom 

Challenges in developing IT in Non-IgE mediated food allergies 
Antonella Cianferoni, United States 

Food AIT, beyond the oral route 
Giovanni Pajno, Italy 

Open debate with speakers 

Coffee break 

 Pro-con debate - To treat or not to treat. Food AIT: is it worth it? 
Chairs: Alberto Alvarez-Perea, Spain / Carmen Riggioni, Spain 

Pro: Pablo Rodríguez del Río, Spain 
Con: Margitta Worm, Germany 

 Oral abstract presentation from participants 
Chairs: Antonella Cianferoni, United States / Susanne Halken, Denmark 

O01 - Intensity Of Pain Associated With Subcutaneous Administration 
Immunotherapy In Pediatric Age 
Cristiana Cancela Ferreira, Portugal 

O02 - Up-Dosing Phase Of A Cooked-Egg Oral Immunotherapy Protocol: 
Improving Security 
Daniella Gereda Martinez, Spain 

O03 - Deep Immunophenotyping Of Early And Late Cellular Events Shows 
Tolerance Induction By Successful High Dose CpG-Based Immunotherapy 
In A Murine Asthma Model 
Guillem Montamat, Luxembourg 

O04 - Eosinophilic Esophagitis In Paediatric Patients Undergoing Oral 
Immunotherapy For IgE-Mediated Milk Allergy 
Mireia Arnan, Spain 

O05 - Immunological Changes On Maintenance Phase Of Oral 
Immunotherapy With Cooked Hen´s Egg In Pediatric Patients 
Jorge Alejandro Mauledoux, Spain 

O06 - 1,25-Dihydroxy Vitamin D3 Adjuvant Enhances Sublingual 
Immunotherapy Efficiency In Pediatric Asthma: A Controlled Clinical Trial 
Lobna Abdelaziz Abdelazim Abdelaziz El-Korashi, Egypt 

14:45 - 16:15

14:45 - 15:05

15:05 - 15:25

15:25 - 15:45

15:45 - 16:15

16:15 - 16:45

16:45 - 17:45

17:45 - 19:15

17:45 – 18:00

18:00 – 18:15

18:15 – 18:30

18:30 – 18:45

18:45 – 19:00

19:00 – 19:15

20:00 - 24:00 Dinner with guided tour 
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Saturday, 22 September 2018 
 
08:30 - 10:20 
 
Sevilla   
   
 

Cordoba  

 

Granada  

 
10:20 - 10:45 
 
10:45 - 11:45 

 

   
 

   

 

Practical workshops II

Topic 4: Oral immunotherapy (OIT) in milk allergy 
Chairs: Antonella Muraro, Italy; Giovanni Pajno, Italy

Topic 5: OIT in egg allergy
Chairs: Alberto Alvarez-Perea, Spain; Carmen Riggioni, Spain

Topic 6: AIT in peanut allergy 
Chairs: Pasquale Comberiati, Italy; Marta Vazquez-Ortiz, United Kingdom

Coffee break

Poster discussion Session II
Chairs: Ozlem Cavkaytar, Turkey / Domingo Barber, Spain

P08 - Evaluation Of IL-10/IL-17 Ratio As A Predictor Of Response To 
Allergen Immunotherapy In Children With Allergic Rhinitis
Catalina Cojanu, Romania

P09 - Oral Immunotherapy for milk allergy using omalizumab: A Case 
Report
Yadira Y Gordón Trigueros, Spain

P10 – Pediatric Anaphylaxis Cases Due To Allergen Immunotherapy In 
Tartu: A Single-Center Experience
Anneli Larionova, Estonia

P11 – The Efficacy Of SLIT With Ambrosia And Artemisia In Children With 
Allergic Rhinoconjunctivitis
Hanna Kasianenko, Ukraine

P12 – Factors That May Influence The Adherence On Specific 
Immunotherapy For The Treatment Of Allergic Respiratory Disease: A Pilot 
Study
Ingrid Johana Gil-Serrano, Spain

P13 - Utility Of Specific Allergen Immunotherapy On Physician’s 
Prescription Of Medication Among Children With Allergic Rhinitis
Prapasri Kulalert, Thailand

P14 - Acceptance Of Sublinguial Immunotherapy By Parents For Their 
House Dust Mite Sensitive Children With Recurrent Wheeze And Or 
Nocturnal Cough
Purushotam Dan, India

P15 - Evaluation Of PD-1 Expression On Different Subpopulations Of T-
Lymphocytes In Donors And Patients With Allergic Rhinitis
Nadezhda Knauer, Russia
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11:45 - 13:15 Session V - Present and future of food allergy AIT 
   Chairs: Giovanni Pajno, Italy / Pablo Rodríguez del Río, Spain 
 
11:45 – 12:05 The increasing interest of industry in food immunotherapy 
   Antonella Muraro, Italy 
 

12:05 - 12:25 Eosinophilic esophagitis as an adverse event after OIT. How to deal with it 
   Antonella Cianferoni, United States 
 

12:25 - 12:45 The future of food allergy IT 
   Marta Vazquez-Ortiz, United Kingdom 
 

12:45 - 13:15 Open debate with speakers 
 

13:15 - 13:30 Closing remarks 
   Montserrat Alvaro, Spain 
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ABSTRACTS 
 
 
Friday, 21 September 2018 
Poster Discussion Session I 
13:45 – 14:45 
 
 
P01 - Fraction Of Exhaled Nitric Oxide In Children Undergoing Allergen 
Immunotherapy For IgE-Mediated Food Allergy: Towards Precision Medicine  

Stefania Arasi, Lucia Caminiti, Giuseppe Crisafulli, Laura Cannavò, Giulia Cafarella, 
Giovanni B Pajno 
University of Messina, Messina, Italy 

Background 

The fraction of exhaled nitric oxide (eFeNO) is a non-invasive tool correlating to 
allergic airways inflammation and has been independently associated with increased 
food-specific IgE and the outcome of a food challenge. Oral immunotherapy (OIT) is 
the only active effective treatment for food allergy (FA). However, there are stil many 
gaps in OIT treatment. Furthermore, asthma is one of the major risk factors for OIT 
outcome. To our best knowledge this is the first study reporting the longitudinal 
evaluation of eFeNO in a pediatric cohort undergoing OIT. 

Materials and methods 

Prospective evaluation of eFeNO and sIgE with/without spirometry in collaborating 
children suffering from severe persistent IgE-mediated FA: before, during (half of the 
mantainance dose) and after a consolidate OIT protocol to cow’s milk (CM) or hen’s 
egg (HE). Informed written consent was obtained by parents before the treatment. 

Results 

We have so far enrolled 14 children (n male=10), aged  8 ± 4 (mean±SD) before the 
beginning of OIT with CM  (n=9) and HE (n=5). Ten children have concomitant allergic 
asthma (A). eFeNO values have been successfully collected before, during and after 
OIT in each patient who completed the desensitization protocol (n=9). OIT is currently 
ongoing in the remaining 5 patients. Preliminary data show no significant differences 
in eFeNO values among the three time points. However, eFeNO values related with 
OIT outcomes. The highest FeNO values (>35 ppb) have been assessed in the 2 
children who interrupted OIT during the build- up phase for concomitant severe A: 
one at the increasing dose of 17 ml and one at 150 ml of CM. 

Conclusion 

This preliminary data show the potential role of eFeNO in managing the up-dosing of 
OIT protocols in patients with bronchial hyperreactivity. This biomarker might be a  
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step forward in the perspective of a precision OIT, tailored on the single patients. 
However, this promising data need to be confirmed. 

 

P02 - Macroarray Diagnostic And Sublingual Allergen Specific 
Immunotherapy Of Polysensitization Children 

Olena Viktorivna Sharikadze 
Shupyk National Medical academy of postgraduate education, Kiev, Ukraine 

Background 

The efficacy of allergen- immunotherapy in polysensitization children has not yet been 
fully resolved. The possibility of evaluating the full patient's sensitivity profile for 
making a decision about choosing a therapy regimen until recently was limited. The 
emergence of new diagnostic methods - gives the opportunity to review the old 
algorithms in the appointment of therapy. This is especially important in children. 

Materials and methods 

To evaluate the efficacy of the use of macro diagnostics for the appointment of an 
allergen immunotherapy in children.250 children aged 1-17 years with atopic 
dermatitis, allergic rhinitis and asthma were measured by MAD ALEX for the 
determination of the spectrum of sensitization to allergic components and extracts of 
the inhalation and food allergens to solve the issue of tactics of management and 
selection of the allergen of immunotherapy. 

Results 

In 250 examined patients, Ig E dependent reactions were found in 244 (97.6%). 25% 
of patients had a total IgE more than 1000 (kU/L). Sensitization to food allergens was 
found in 62% of which the most common were allergens - proteins of milk, eggs, fish, 
nuts. In 187 children, sensitization to inhalant allergens was detected. 
Polysensitization occurred in 165 children. Molecules of house dust mites p Der p23, 
Der p 7, r Der p 11 were found in 30% of patients. 15 % children has polysensitization 
which was associated with sensitization to minor timothy allergens Phl p7, Phl p 12. 

Conclusion 

The use of macro-diagnostics makes it possible to take into account the possibility of 
sensitization to molecules of allergens, which are crucial in the development of allergic 
symptoms, but are not decisive in extracts used for therapy. Knowledge of the profile 
of the child's sensitization allows for timely initiation of therapy taking into account 
the possible risks of developing side-effects and taking into account the reasons for 
the lack of effectiveness. 
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P03 - Adherence To Sublingual Immunotherapy In Real-Life 

Polina Y. Shahid, Tihomir B. Mustakov 
Departement of Clinical Allergy, UMHAT Alexandrovska, Sofia, Bulgaria 

Background 

Allergen immunotherapy (AIT) modifies the natural course and complications of 
allergic diseases. Adherence to therapy is important for its effectiveness, however 
such data is limited. Sublingual immunotherapy (SLIT), as any other long-term 
treatment, faces the problem of adherence and patient compliance is a major barrier 
to achieving optimal outcomes. The aim of our real-life study was to retrospectively 
evaluate adherence to sublingual immunotherapy across children of different ages. 

Materials and methods 

Our study population consisted of 81 children (50♂, 31♀) aged between 4 and 15 years 
(mean age 7.5y). AIT was indicated for respiratory allergic disorders. Sensitivity to 
aeroallergens such as pollens (38 children), mites (32) and molds (11) was confirmed 
by a positive skin prick test and specific IgE assay. Patients were divided into three 
groups based on their age: group A (4-6y), group B (7-12y) and group C (13-18y). 

Results 

Among 81 children who initiated SLIT, 47% completed 3 years of treatment and only 
15% - 4 years. The total dropout rate was 53% (3rd year) and 85% (4th year). Group 
C showed a higher dropout rate (50%) than group A (44%) and group B (27%) did. 
Optimal adherence with SLIT was reached in children aged six and seven. The most 
common reasons for discontinuing SLIT were the inability to take the medication as 
scheduled, cost, concurrent illness, and adverse effects. 

Conclusion 

Allergen immunotherapy is relatively time-consuming and patients should receive 
adequate initial education about treatment duration and adherence benefits. 
Compliance measures such as electronic reminders and more frequent visits may be 
beneficial. Unsurprisingly, young children demonstrate better adherence probably due 
to parental involvement. 

 

P04 - Oral Immunotherapy On Children With Cow’s Milk Allergy 

António Jorge Cabral, Alexandra Rodrigues, Carolina Freitas Fernandes, Graça 
Araújo, Ana Marques 
Hospital Central do Funchal, Funchal, Portugal 
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Background 

Cow's milk allergy (CMA) is the most common food allergy in young children and up 
to 20% maintain it until the second decade of life, representing a heavy burden for 
patients and their families. No cure is available and strict avoidance of the food 
allergen is the only therapeutic option to prevent anaphylactic reactions and to resolve 
chronic associated symptoms. However, the natural history is left unchanged with 
likely increased sensitization as well as lowering of the threshold of reactivity. 
Therefore an active treatment is required and oral immunotherapy (OIT) seems to be 
a promising treatment. 

Materials and methods 

Thirty nine patients with documented CMA underwent OIT according to a standardized 
protocol that consists in increasing doses during the day in a hospital setting. A 
maintenance dosage is then continued at home for roughly two weeks and, at that 
time, new increase in dosage is made, under medical surveillance. The final desired 
dosage is 200mL per day that is ideally achieved after a 12 weeks period. 

Results 

Compliance to treatment was satisfactory, since only 3 patients didn’t complete the 
protocol. One refused continuation after the initiation, 2 showed symptoms during the 
protocol, at 5mL and 7,5mL, severe enough to prevent dose increase. Two patients 
are completing procedure at the time of this abstract. The remaining cases completed 
the program and all are now able to tolerate cow’s milk without any untoward effects 
or need for preventive drugs. Of these, one had suspended the protocol due to allergic 
symptoms, but was able to finish it one year later. Allergic reactions were common 
during the treatment, particularly when increasing the dose, with over half of the 
patients showing side-effects, usually requiring medication. 

Conclusion 

As shown in other studies, OIT helped these patients overcome their food allergy. The 
protocol used represents a safe and effective alternative approach in the management 
of milk allergic patients. Further attempts to standardize these procedures are 
necessary. 

 

P05 - Sublingual immunotherapy with Pru P 3 –review of 7 cases 

Maria João Vasconcelos, Alice Coimbra, Diana Silva 
Serviço de Imunoalergologia, Centro Hospitalar de São João, EPE, Porto, Portugal 
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Background 

In the Mediterranean area, lipid transfer protein (LTP) is a pan-allergen often 
associated with persistent severe systemic reactions. In this region, a large 
percentage of patients with food-dependent exercise induced anaphylaxis (FDEIA) are 
sensitized to LTP. The risk of severe reactions and the potential to react to a 
progressive number of LTP containing food makes this an important target for specific 
sublingual immunotherapy (SLIT) with the presumed primary culprit sensitizer - Pru 
p 3. 

Aim 

Evaluation of the management of patients with confirmed LTP food allergy treated 
with SLITPru p 3 and assessment of its efficacy and safety. 

Materials and methods 

A review of all patients treated with SLIT Pru p 3 between 2013 and 2016. The protocol 
was used according to the manufacturer's recommendations (Bioportugal®, ALK-
Abelló). Efficacy was defined as negative peach challenge between 6 and 12 months 
of treatment and/or by negative oral challenges with previously allergic food. Adverse 
reactions were classified according to WAO grading system. 

Results 

Seven patients, 57% female, all with anaphylaxis to fresh fruits (peach, apple, orange) 
and/or walnuts and with positive LTP skin tests and/or specific IgE,  (median of Pru p 
3of 8.8 interquartile range [4.2-18.5] ISU) were included. The median age of onset of 
symptoms was 15 [12-19] years. During the 4-day build-up phase, 86% presented 
oral pruritis and/or angioedema and one presented a grade 2 systemic reaction. 
During the maintenance phase, no systemic reactions were reported. One patient 
completed the treatment successfully (36 months), 3 are currently under SLIT (12, 
22 and 27 months of treatment) and 4 patients discontinued treatment (8, 12, 14 and 
17 months). Two reported adherence difficulties, 1 emigrated and 1 stopped due to 
persistent symptoms. Tolerance to other LTP containing foods such as apple, 
strawberry, walnut, and hazelnut was achieved. Even in those who did not complete 
the treatment, tolerance to peach and other foods was maintained, even with exercise. 

Conclusion 

Immunotherapy with peach allergen extract was an effective and safe therapeutic 
option, even after twelve months of treatment, in this group of patients with Pru p 3 
sensitization. Peach and other fresh fruits or walnuts that previously caused symptoms 
were tolerated. Oral tolerance induction was not confirmed, but desensitization was 
maintained even after stopping treatment 
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P06 - Steroid Sparing Effect Of Sublingual Immunotherapy: Real Life Study 
In Mono/Polisensitized Children With Asthma  

Nilufer Galip(1), Arzu Babayigit(2), Nerin Nadir Bahceciler(2) 
1. University of Kyrenia, Kyrenia, Cyprus 
2. Near East University, Nicosia, Cyprus 

Background 

Retained modifying effect of AIT is tempting especially for pediatric allergists, as their 
major goal is to prevent asthma or cure asthma in the long-term. Based on the fact 
that, one of the major concerns of parents is corticophobia, avoidance or successful 
discontinuation of ICS for at least one year might be recommended as an objective 
parameter in evaluating the long-term success of AIT in childhood allergic respiratory 
diseases. Hereby, in this real life study we aimed to determine the impact of SLIT 
retrospectively in children with mild-moderate persistent asthma in terms of 
successful ICS discontinuation. 

Materials and methods 

All children up to 18 years of age with the diagnosis of allergic asthma with or without 
allergic rhinitis, followed by the Division of Paediatric Allergy and Immunology of Near 
East University Hospital and who were initiated allergen-specific (SLIT) between 2010-
2014 were included in the study. Data on age, gender, duration of symptoms, 
diagnosis, number/type of allergens sensitized and mean daily dose of ICSs at 
initiation of IT were recorded from the Hospital database system, retrospectively. 
Children with maintained asthma control  with no need of ICSs as controller medication 
for at least 6 months were defined as “ICS avoidance” patients. 

Results 

Ninety-children (mean±SD age 8,92±4,17yrs) were enrolled, 56,7%(n=60) being 
poly-sensitized. Mono, 2-simultaneous and multiple-pollen-mix allergen SLIT were 
prescribed in 84.4%, 17,8%, 7,8%, respectively. ICS was avoided in 70%, with no 
significant difference in mono/vs/poly-sensitized patients. ICS-avoidance rates in 
mono-allergen, pollen-mixture and 2-simultaneous-allergen SLIT were 93,6%, 
83,3%, 73,7%, respectively. Longer-duration SLIT resulted in significantly more ICS-
avoidance(p:0,0001). 

Conclusion 

SLIT with mono/multiple-mixed/simultaneous allergens in childhood asthma resulted 
in retained-avoidance of ICS. Steroid-sparing effect of SLIT in polysensitized children 
warrants further investigation. 

Characteristics of the study population. 
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Table 1.  

Age (Mean ±SD) 8,92±4,17 
  

Gender (M/F) (%) 65.3/34.4 
  

DIagnosis (%) 

Asthma 

Asthma/Rhinitis 

 25.6 

74.4 

  

   Sensitization patterns (%) 

   HDM 

   HDM+other 

   One pollen 

   >1 pollen 

   Other 

   Sensitization Status (%) 

   Monosensitized 

   Polisensitized 

28.9 

50 

12.2 

6.7 

2.2 

  

43,3 

56,7 

  

Treatment 

    ICS Use (%) 

    Dose of ICS  (mcg) (Mean /range) 

    IT regimen (%) 

      Multiple 

       Indoor+ Outdoor (Simultaneous) 

       Mixture pollen 

      Mono 
  

  

64,4 

426,72 (200-500) 

  

27,8 (2-36) 

17,8 

7,8 

74,4 

Compliance to the SLIT (%) 

Completed 

Interrupted by self decision 

Compulsarily interrupted* 

  

65 

2.2 

32.2 
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P07 - Sensitization Pattern To Aeroallergens And Food Allergens Among 
Pediatric Patients With Common Allergic Diseases 

Pauline Florence Robles Santos Estrella(1), Marysia Stella Tiongco Recto(2), 
Madeleine W Sumpaico(2), Mary Ann Roldan Castor(2) 
1. St. Luke's Medical Center, Quezon City, Philippines 
2. UP-PGH, Quezon City, Philippines 

Background 

Aeroallergens and Food allergens associated with common allergic diseases may have 
change through the years. 

Materials and methods 

Cross sectional study of pediatric patients from January 2006 to December 2011 
diagnosed with allergic rhinitis, bronchial asthma, atopic dermatitis and/or urticaria to 
determine the frequency of aeroallergens and/or food allergens. 

Results 

Two hundred eighty nine patients were included in the study. There were 180 male 
(62%) and 109 female (38%).  The mean age was 9.07 years + 4.4 SD. Some patients 
were tested for aeroallergens or food allergens only. The frequency of common 
aeroallergens were as follows: Indoor – housedustmite 215/289 (74%), cockroach 
147/289 (51%) and cat’s hair 32/289 (11%). Outdoor allergens were grouped into 
grasses, weeds and tree pollens. Most common were as follows respectively: Johnson 
grass (Sorghum jalepense) 33/289 (11%), pigweed (Amaranthus spinosus) and 
mango tree pollen (Mangifera indica) 15/289 (5%). Food allergens were as follows: 
crabmeat and bagoong alamang 18/110 (16%), squid 13/110 (12%), shrimp 12/110 
(11%),  eggwhite 7/110 (6%), mussel 6/110 (5%), peanut and oyster 5/110 (4.5%), 
chocolate, cow’s milk, chicken and rice grain 4/110 (4%). 

Conclusion 

Compared to previous studies, dustmite remains to be the most common indoor 
aeroallergen. There were no changes in the frequency of allergens associated with 
common allergic condition through the years. 
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Friday, 21 September 2018 
Oral Abstract Presentation 
17:45 – 19:15 
 

O01 - Intensity Of Pain Associated With Subcutaneous Administration 
Immunotherapy In Pediatric Age 

Cristiana Ferreira(1), Isabel Rezende(2), Arminda Guilherme(1), Ines Lopes(1) 
1. CHVNG/E, Gaia, Portugal 
2. CHPORTO, Porto, Portugal 

Background 

Allergen immunotherapy is the only treatment that can safely and effectively change 
the natural history of allergic diseases. In the literature, there are few studies 
evaluating the perception of pain associated with the administration of subcutaneous 
immunotherapy with allergens. 

Materials and methods 

To evaluate the intensity of pain associated with the subcutaneous injection of allergen 
immunotherapy in a paediatric population with respiratory allergy treated with 
allergen subcutaneous immunotherapy, followed in an Immunoallergology outpatient 
clinic. Possible correlations between the intensity of pain with demographic and clinical 
factors and/or manifested adverse reactions were also analysed. 

During 4 consecutive weeks, nurses performed the evaluation of pain associated with 
subcutaneous injections of allergen immunotherapy in children (7 to 16 years-old), 
trought an anonymous questionnaire. This questionnaire used 2 different pain 
evaluation scales, according to the children’s age: the selfreporting faces scale (score 
0 to 10; 5 to 8 years of age) and the numeric scale (score 0 to 10; >8 year-old) and 
also identify any relation with demographic data, clinical data and with the occurrence 
of any adverse reactions. 

Results 

Of the fourty six patients included most were males, with rhinitis/rhinoconjuntivitis, 
receiving subcutaneous immunotherapy with mites. Doses varied between 0.25 and 
0.5 mL. Seven local adverse reactions were recorded, all of them mild. 22% of patients 
did not mention any pain. Of the 36 patients that mentioned some pain, 33 indicated 
mild pain and only 3 rated pain as moderate. The median pain referred was 1 and the 
mean was 1.5. The maximum pain reported was of 6. No other significant differences 
in pain scores were noted between different groups of patients even considering 
patients with and without local reactions or in patient receiving divided injections in 
both arms. 
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Conclusion 

In this study, subcutaneous allergen immunotherapy was shown to be only a mildly 
painful procedure, associated with only a few local reactions and therefore being a 
safe option for most of our allergic pediatrics patients. 

 

O02 - Up-Dosing Phase Of A Cooked-Egg Oral Immunotherapy Protocol: 
Improving Security 

Daniella Gereda, Adrianna Machinena, Jorge Mauledoux, Jaime Lozano, Davinia 
Vasquez, Mar Folque, Ana Maria Plaza, Montserrat Alvaro 
Hospital Sant Joan de Deu, Barcelona, Spain 

Background 

Our group has previously published data regarding safety in a raw egg-OIT protocol, 
reporting adverse reactions in 7.6% of doses and many studies reported early 
discontinuation due to severe adverse events. More information about cooked egg 
(CE) Oral immunotherapy (OIT) safety is needed. 

Aim 

To evaluate the safety of the up-dosing phase of a CE-OIT protocol. 

Materials and methods 

Retrospective study. Children over 5 years with egg-allergy, clinical history, positive 
skin prick test (SPT ≥ 3 mm) and specific IgE (s-IgE > 0.35 KU/L) with a confirming 
oral food challenge (OFC) were included. All underwent a 28 step CE-OIT protocol, 
beginning with a 4-day initial schedule (18 steps) following up-dosing weekly intervals 
(10 steps) reaching a total dose of one well-done omelette (7.5g of egg protein). 
Patients did not receive pre medication. Data were collected for demographics, s-IgE, 
SPT, adverse events at OFC, and all dose-related reactions were registered during the 
up-dosing phase. 

Results 

43 children, 70% boys. Median age at OFC: 9 years (7-12). 53.5% had other food 
allergies, 46.5% atopic dermatitis, 42% asthma, 21% allergic rhinitis. Median at 
baseline: total IgE 612 KU/L (243-1611), egg-white s-IgE 6.22 (1.87, 24.85), 
ovomucoid s-IgE 3.8 (1.8- 14.1), egg-white SPT 10.4 mm (7.4-12.6) and ovomucoid 
SPT 9.6 mm (7.3-11.7). 55.8% were anaphylactic before beginning our protocol. At 
OFC 51% of patients presented anaphylaxis (39.5% mild, 11.5% moderate), 41.9% 
urticaria, and 4.7% gastrointestinal symptoms. Only 2 patients did not perform OFC 
because of recent anaphylaxis. 76.7% of patients managed to finish the up-dosing 
phase, 23.3% withdrew. 6044 doses were administrated and adverse events occurred  
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in 3% of the doses. 7.3 % of adverse events/dose occurred within withdrawals while 
1.4% occurred in patients who finished up-dosing phase. 28% had 1 anaphylaxis, 
11.6% presented 2 or more anaphylaxis. Epinephrine was required in 14% of children. 
100% of patients, who needed 2 or more epinephrines, dropped off our protocol. Only 
1 patient required 4 epinephrines. From withdrawals 90% were anaphylactic at the 
initial OFC. 1 patient (4%) dropped off because he moved away. No significant 
difference was found in total IgE, s-IgE nor SPT between withdrawals and active 
patients.  

Conclusion 

We find our protocol a safer procedure than raw egg OIT, given the lower 
reaction/dose ratio. Discontinuation was associated with frequent mild- moderate 
reactions and anaphylaxis at OFC. All children who needed two or more epinephrines 
dropped off our CE-OIT protocol. 

 

O03 - Deep Immunophenotyping Of Early And Late Cellular Events Shows 
Tolerance Induction By Successful High Dose CpG-Based Immunotherapy In 
A Murine Asthma Model 

Guillem Montamat, Cathy Leonard, Olivia Domingues, Caroline Davril, Justine 
Heckendorn, Coralie Guerin, Markus Ollert 
Luxemboug Institute of Health, Esch-Sur-Alzette, Luxembourg 

Background 

Allergen-specific immunotherapy (AIT) is the only curative treatment for perennial 
allergic rhinitis/asthma which can restore allergen immune tolerance with long term 
effects. CpG oligodeoxynucleotides (CpG-ODN) is a promising adjuvant for AIT shown 
to induce immune tolerance at high doses. Applying these properties to an AIT model, 
a successful high dose CpG-based AIT (hCpG-AIT) has been established in a murine 
allergic asthma model to the major cat allergen Fel d 1. This study aims to deeply 
phenotype cellular events at two crucial steps of this immunotherapy. 

Materials and methods 

Mice were sensitized by three i.p. injections containing a mixture of Fel d 1 and alum. 
Subsequently, the animals received three i.p injections of immunotherapy using a 
solution of Fel d 1 and CpG-ODN (1.05mg/kg). Finally, an allergen airway challenge 
was performed through nasal instillation. Twenty-four hours after the first AIT 
injection, spleen, mediastinal lymph nodes (MLN) and peritoneal cavity cells were 
isolated. Cells were also extracted from lungs, MLN and spleen after the complete 
course of hCpG-AIT and subsequent challenge. All the samples were 
immunophenotyped by mass cytometry. Three groups of animals were analyzed: 
allergic, hCpG-AIT treated and control. 
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Results 

After the first CpG-AIT injection, the percentage of plasmacytoid dendritic cells (pDCs) 
was increased by 3-fold in the spleen and by 20-fold in the MLN in the hCpG-AIT 
group. Upon complete hCpG-AIT, a clear improvement of allergic parameters was 
found in the lungs, among which the relative numbers of eosinophils and mast cells 
were reduced by 20- and 10-fold respectively. High CpG-AIT also reduced the IL-13 
expression from lung Th2 cells by 2-fold. In MLN, hCpG-AIT diminished the relative 
number of B cells by 20% and their CD69 expression by 50%. In addition, hCpG-AIT 
decreased the Gata3 expression in MLN Th2 cells by 50%. In the spleen, hCpG-AIT 
induced a 25% increase of the Treg ratio and a 15% increase of FoxP3 expression in 
these cells. 

Conclusion 

Using mass cytometry, a single cell high throughput immunophenotyping technology, 
we studied the early and late immune cell events in a high dose CpG-based AIT model. 
The analyses of the early events showed that hCpG-AIT caused pDCs upregulation in 
lymphoid organs. The characterization of the late events revealed a reduction of the 
allergic effector cells and Th2 response as well as the induction of systemic tolerance. 
These results will help to further understand how high dose CpG AIT modulates the 
immune system towards tolerance. 

 

O04 - Eosinophilic Esophagitis In Paediatric Patients Undergoing Oral 
Immunotherapy For IgE-Mediated Milk Allergy 

Mireia Arnan, Rosa Jiménez, Carmen Riggioni, Olga Dominguez, Monica Piquer, 
Yadira Gordon, Ana Maria Plaza, Montserrat Alvaro 
Hospital Sant Joan de Déu, Barcelona, Spain 

Background 

Oral immunotherapy (OIT) has emerged as a promising allergen-specific therapy for 
patients with IgE-mediated food allergy, however it´s possible adverse events such 
as eosinophilic esophagitis (EoE)  are still under investigation. Our aim was to describe 
clinical characteristics, evolution and treatment of children diagnosed with EoE during  
milk-OIT for IgE-mediated milk allergy. 

Materials and methods 

Retrospective study including IgE-mediated milk allergic  patients, under 18 years of 
age, who underwent milk–OIT from 2007 to 2015. Follow-up was based on hospital 
protocol (approved by the ethics committee) and endoscopy was performed in all 
children who showed symptoms compatible with EoE. EoE diagnosis and treatment 
response was assessed histologically according to EAACI criteria 2011. 
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Results 

178 children that underwent milk-OIT were recruited. EoE was confirmed in 3.37% of 
patients (n=6 /178), 50% were male. 50% of patients had multiple food allergies, 
83% were  sensitized to pneumoallergens and 33% had asthma. Median age at milk-
OIT onset was 7.3yrs (range 4.4-13.8yrs). Median time between beginning milk-OIT 
and symptoms suggesting EoE was 6.63yrs (range 1-month to 9.29yrs). Median time 
between starting milk-OIT and EoE diagnosis was 7.9yrs (range 3.4 months to 9.8yrs). 
Most common symptoms were abdominal pain (4/6), dysphagia (3/6), impaction (2/6) 
and vomit (2/6). All patients who presented abdominal pain associated other 
symptoms. 

With regards to treatment: 

Three patients were PPI (proton pump inhibitor) responsive and none required 
withdraw of daily dose of milk to  control EoE. Other two patients (also continuing milk 
doses), have responded to swallowed corticosteroids, and are currently undergoing 
treatment with PPI and waiting a re-evaluation. Dietary therapy was followed by the 
last patient (milk exclusion, 6-food and elemental diet) after trying PPI without  
response, and EoE resolution was only achived with swallowed corticosteroids. 

Conclusion 

In our population, milk-OIT children were diagnosed with EoE in 3.7% of patients. 
PPIs were a usefull first line treatment for patients with EoE+OIT. None of these 
patients required milk exclusion diet to control their esophagitis, being able to 
continue the treatment with milk in all cases. Our results confirm the need for long-
term follow-up of patients undergoing milk-OIT. Whenever gastrointestinal symptoms 
are present, EoE should be ruled out. The exact role of milk-OIT as a trigger for EoE 
needs to be further investigated using prospective, longitudinal properly designed 
trials. 

 

O05 – Immunological Changes On Maintenance Phase Of Oral 
Immunotherapy With Cooked Hen´s Egg In Pediatric Patients 

Jorge Alejandro Mauledoux, Adriana Machinena, Daniella Gereda, Jaime Lozano, 
Mar Folque, Marcia Dias, Ana Plaza, Montserrat Alvaro 
Hospital Sant Joan de Deu, Barcelona, Spain 

Background 

Strict avoidance diet is the only accepted management for egg allergic children. Oral 
immunotherapy (OIT) might be an optional treatment, in order to achieve egg 
desensitization. Immunological positive markers of desensitization development might 
be measured as a predictor of success in OIT. 
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OBJETIVES: To describe immunological changes during, at least, a six month period 
of maintenance phase. 

Materials and methods 

Retrospective study and follow-up of egg allergic patients included in oral 
immunotherapy (OIT) with cooked hen´s egg. Allergic children over 5 years with a 
positive clinical history and skin prick test (SPT ≥ 3 mm) and/or specific IgE (sIgE > 
0.35 KU/L) and a positive oral food challenge (OFC) were included. Clinical symptoms 
at OFC and in maintenance phase were registered. Measurement of s-IgE and SPT for 
hen´s egg and components: ovalbumin, ovomucoid, egg-white and yolk were 
obtained before the up-dosing phase (T0) and after 6 months period of maintenance 
phase (T1), taking 1 whole egg in a well-cooked omelet (7.5 gr  of protein) 3 times a 
week by protocol. Non-parametric wilcoxon test was done for analysis. 

Results 

22 patients were included, 63.6% male. 54.5% had other food allergies, 50% atopic 
dermatitis, 31.8% asthma and 13.6% allergic rhinitis. Median age at the beginning of 
the protocol was 8y (SD 2.71). All patients underwent an OFC and 50% had 
anaphylaxis; epinephrine was administrated in 11.1% of them. The first control in 
maintenance phase (T1) was done at a mean time of 10.6 months (SD 2.76). In this 
period of OIT, 31.8% (n=7) had suffered anaphylaxis (6 mild, 1 moderate), no 
epinephrine was administrated, 30% had needed oral antihistaminic and 20% inhaled 
salbutamol. Statistical significance between s-IgE at T0 vs T1 was obtained: egg-white 
(80.2 vs 6.3 KU/L (p <0.001)); ovomucoid (20.3 vs 14.1 (p <0.001)); ovoalbumin 
(42.5 vs 2.1 (p <0.001)). Likewise for SPT: egg-white (9.9 vs 6.5 mm (p 0.009)); 
ovoalbumin (7.5 vs 4.3 mm (p 0.005)); ovomucoid (9.2 vs 6.4 (p 0.003)). 

Conclusion 

Immunological changes were obtained in both s-IgE and SPT for components of hen’s 
egg with significant differences after, at least, 6 months of maintenance phase cooked 
egg OIT. By contrast on previous studies with raw egg OIT, no statistically significant 
results were obtained. It is necessary to continue a prolonged follow-up of these 
patients to determine the success of OIT. 

 

O06 - 1,25-Dihydroxy Vitamin D3 Adjuvant Enhances Sublingual 
Immunotherapy Efficiency In Pediatric Asthma: A Controlled Clinical Trial 

Lobna Abdelaziz Abdelazim Abdelaziz El-Korashi, Ola Elsayed Nafae, Lamiaa Gaber 
Zake, Nana Abdelrahman Mohamed 
Zagazig University, Zagazig, Egypt 
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Background 

Sublingual immunotherapy (SLIT) is an efficient and safe treatment for bronchial 
asthma which its immune mechanisms have been well investigated in the last few 
years. In this approach, gradually cumulated doses of the allergen are required to 
achieve clinical efficiency. 1,25-dihydroxy vitamin D3 is one of SLIT adjuvants that 
have been considered in improving the allergen availability to the immune system in 
order to enhance the SLIT efficiency and decrease the allergen dosing. Some murine 
models proved the role of 1,25-dihydroxy vitamin D3 in enhancing SLIT efficiency (1), 
although few clinical studies have been conducted in small cohorts of patients to test 
it in humans. Therefore, we evaluated the effect of combining 1,25-dihydroxy vitamin 
D3 with natural allergen extract of mixed grass pollens-specific SLIT in asthmatic 
children. 

Materials and methods 

Forty children, aged 5-18 years, with bronchial asthma were included in 6 months, 
randomized, placebo-controlled trial. The case group (n=20) received mixed grass 
pollen- specific SLIT adjuvanted with vitamin D while the placebo group (n=20) 
received natural allergen extract of mixed grass pollens-specific SLIT without any 
adjuvant. We assessed serum level of IL10 and IL17 before and after SLIT in both 
groups. Secondary outcomes including lung function, and serum level of Calcifediol 
were also measured. 

Objectives: To compare the clinical efficiency and the serum level of IL10 and IL17 in 
children with bronchial asthma received mixed grass pollens -specific SLIT adjuvanted 
with 1,25-dihydroxy vitamin D3 with placebo group. 

Results 

When compared with the placebo group, SLIT adjuvanted with vitamin D group 
therapy showed more significant reduction of asthma symptoms and the medication 
score (P < 0.001 We also observed more significant reduction in serum level IL-17 
(case group, P = 0.032; placebo group, P = 0.021) and more significant elevation in 
serum IL-10 level in the case group (case group, P < 0.001; placebo group, P = 
0.001). We reported a significant improvement of forced expiratory volume in one 
second in the both groups (case group, P = 0.012; placebo group, P =0 .017) and 
there was a significant increase in serum level of Calcifediol in the case group (P = 
0.046). 

Conclusion 

SLIT adjuvanted with vitamin D is an effective and safe modality of immunotherapy 
in treating pediatric asthma. 
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P08 - Evaluation Of IL-10/IL-17 Ratio As A Predictor Of Response To Allergen 
Immunotherapy In Children With Allergic Rhinitis 

Catalina Cojanu(1), Liliana Rogozea(2), Ioana Agache(3) 
1. Theramed Medical Center, Brasov, Romania 
2. Transylvania University, Brasov, Romania 
3. Faculty of Medicine, Brasov, Romania 

Background 

Allergic rhinitis (AR) is efficiently treated using allergen immunotherapy (AIT). No 
clinical or immunological biomarkers are validated as predictors of successful AIT. 
Increased serum IL-17 was suggested as a predictor of poor response to AIT in 
children with AR. IL-10 is described as a biomarker of induction of immune tolerance 
via AIT. Our hypothesis was that high IL-10/low IL-17 ratio is related to response to 
AIT. 

Materials and methods 

We evaluated 16 children with AR (mean age 8.13 ± 3.07 years old) ,13 (81%) boys, 
undergoing subcutaneous AIT (SCIT) for at least 2 years with house dust mites (14 
cases, 87.5%) and grasses (2 cases, 12,5%). SCIT responders were defined as having 
no symptoms after natural allergen exposure, negative skin prick test and negative 
nasal provocation test for the SCIT allergen. Serum levels of IL-17 and IL-10 were 
measured using commercially available quantitative sandwich enzyme immunoassays. 
High IL-10/low IL-17 ratio at the end of SCIT was evaluated as a predictor of SCIT 
success in multiple regression analysis together with age at SCIT start, duration of 
SCIT, sensitization pattern (mono-/polysensitized), lack of asthma association, 
allergen type (seasonal/perennial), allergen avoidance, compliance to SCIT schedule, 
level of sensitization (low/high), low levels of serum IL-17. 

Results 

5 (31.3%) AR children fulfilled the criteria for SCIT responder. Serum IL-10 levels 
were increased in all patients receiving SCIT but with mean values higher in 
responders. 4 children had high serum IL-17, and all were non-responders. 12 children 
had a high IL-10/low IL-17 ratio, 5 of which were responders and 7 non-responders. 
All 4 cases with high IL-10/high IL-17 were encountered only in non-responders. 
However in the multiple regression analysis high IL-10/low IL-17 ratio did not reach 
statistical significance. 
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Conclusion 

High IL-10/low IL-17 ratio did not predict response to SCIT in children with allergic 
rhinitis 

 

P09 - Oral Immunotherapy for milk allergy using omalizumab: A case report 

Yadira Y Gordón Trigueros, Carmen Riggioni Viquez, Olga Domínguez, Monica 
Piquer, Davinia Vásquez, Rosa Jiménez Feijoo, Ana M Plaza, Montserrat Alvaro Lozano 
Hospital Sant Joan De Deu, Barcelona, Spain 

Background 

Omalizumab (OMZ) is a recombinant humanized monoclonal antibody that binds IgE. 
Currently it’s approved for treating allergic asthma and chronic spontaneous urticaria. 
OMZ has also been used off-label for other allergic conditions including food allergy. 
Studies suggest that OMZ used during oral immunotherapy (OIT) for cow's milk allergy 
(CMA) can decrease the time required to reach maintenance dosing and adverse 
events, however the length of the OMZ treatment maintenance phase is still under 
debate. 

Case report 

A 13 years old female with the diagnosis of CMA at 8 months of age, after a moderate 
anaphylaxis with milk formula.  She followed a strict cow’s milk (CM) elimination diet 
but suffered adverse events with hidden CM allergen resulting in 2 moderate 
anaphylaxis. She was first seen by our pediatric allergy team at 5 years old, when she 
was diagnosed with CMA, severe allergic asthma and sensitization to cat dander and 
house dust mites. At 6 years old, she had persisting symptoms of asthma and 
exacerbations despite high-dose of long acting beta agonists in combination with 
corticosteroids, so it was prescribed OMZ showing clinical and spirometrical 
improvement. Six months after beginning treatment with OMZ, she started CM-OIT 
following a step-up protocol. The up-dosing phase lasted 5 months, no adverse events 
were reported and she was able to tolerate 200 ml of CM. During the first 4 years of 
maintenance phase, our patient had 200 ml CM daily as well as products containing 
CM protein. She only presented one mild adverse reaction associated with exercise as 
a cofactor in the first year of maintenance phase. OMZ was finally stopped at fifth year 
of treatment (11 years old), at that moment she had well controlled asthma without 
any maintenance treatment. During the first 6 months, she had no reactions with CM. 
After that, she started frequent mild reactions and 3 moderate anaphylaxis to CM (1 
associated with cofactor) during the next 10 months. This required gradual 
adjustments of the CM-OIT. Finally, the patient was able to tolerate 100 ml CM without 
serious adverse events for the past 4 months. 
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Conclusion 

OMZ is effective in protecting from adverse events during OIT. This effect disappears 
after the discontinuation even though having been used for 5 years. Thus, patients 
need to be carefully monitored after OMZ withdrawal. Large clinical trials are needed 
with the follow-up of patients who have received combined treatment with OMZ and 
CM-OIT to determine the effectiveness and length of treatment. 

 

Table 1. Evolution of specific CM-IgE and fractions 

Laboratory findings 
Initial (without 
OMZ) 

Year 1 

(OMZ + CM-
OIT) 

  

Year 4 

(OMZ + CM-
OIT) 

Year 6 

(1 year after 
stopping OMZ) 

Total IgE 

(KUI/L) 
1477,00 1012,00 796,00 367,00 

Specific CM-IgE 
(KU/L) 

1022,00 474,00 86,90 >100 

α-lactalbumin 

(KUI/L) 
20,20 - 17,00 36,50 

β-lactoglobulin 

(KUI/L) 
41,50 - 11,80 25,90 

Casein 

(KUI/L) 
1856,00 676,00 >100 >100 

 

 

P10 - Pediatric Anaphylaxis Cases Due To Allergen Immunotherapy In Tartu: 
A Single-Center Experience 

Anneli Larionova, Mari Kivivare, Maire Vasar, Kaja Julge, Tiia Voor 
Children' s Clinic of Tartu University Hospital, Tartu, Estonia 

Background 

Allergen immunotherapy is considered an effective treatment method that has been 
used on rhinitis, asthma and venom anaphylaxis, but its’ use is limited due to potential  
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of producing systemic reactions (SRs). The estimated frequency of subcutaneous 
immunotherapy (SCIT) related SRs is 0.1-4 % of all injections. Our aim was to assess 
anaphylaxis cases due to allergen immunotherapy (AIT) in our center. 

Materials and methods 

A retrospective review of anaphylaxis cases (ICD-10 codes T78.0 – T78.2) consulted 
and admitted in Children' s Clinic of Tartu University Hospital between 2010 – 2014. 

Results 

During the study period, there were 3 patients diagnosed AIT-associated anaphylaxis. 
Interestingly all three cases occurred in December 2014, which was the third month 
of treatment (out of pollen season) and they all had reached the same phase of 
treatment. All patients were male, treated with standardized depot alum – adsorbed 
pollen (2 tree pollen, 1 grass pollen) extracts. Injections were applied subcutaneously 
by the same experienced nurse. We had a total of 63 anaphylaxis patients (68% male, 
M:F ratio  2:1). Main anaphylaxis triggers were food (65%), insect stings (17.5%) and 
idiopathic anaphylaxis (6.3%), followed by less frequent cause SCIT (4.8%). 
According to WAO subcutaneous immunotherapy systemic reaction grading system all 
reactions were classified as Grade 2, involving upper and lower respiratory symptoms 
and cutaneous symptoms in all and gastrointestinal symptoms in one patient. All 
patients stopped AIT because of systemic reactions. The total number of injections of 
SCIT during year 2014 was 527, according to this the frequency of SCIT related 
systemic reactions was 0.5%. No SRs have been reported on subcutaneous 
immunotherapy after this period. 

Conclusion 

The incidence of severe systemic reactions due to SCIT is rare in our center. Although 
the risk factors for severe systemic reactions were absent, three anaphylactic 
reactions arose in a certain particular time period, which might have been caused by 
the properties of the allergen extract. 

 

P11 - The Efficacy Of SLIT With Ambrosia And Artemisia In Children With 
Allergic Rhinoconjunctivitis 

Hanna Kasianenko, Serhii Goncharuk, Yurii Bazhora 
Odessa National Medical University, Odessa, Ukraine 

Background 

The aim of the study was to investigate the efficacy of the initial course of sublingual 
immunotherapy (SLIT) with ambrosia and artemisia in children with allergic 
rhinoconjunctivitis (ARC). 
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Materials and methods 

We examined 330 children aged 5 to 18 years living in the southern regions of Ukraine, 
with ARC. Sensitization to major and minor components of weed allergens (ambrosia, 
artemisia) was determined using ImmunoCAP (Phadia) technology. Sensitization to 
the major component of ambrosia (w230 - nAmb a 1) was detected in 188 patients 
(58.93%), to the major component of artemisia (w231 - nArt v 1) in 48 (15.04%) 
patients. Combined sensitization was noted in 83 (26.01%) patients. Only 5 patients 
(1.52%) have sensitization to the major component of grass (g213-rPhlp1, rPhlp 5b), 
and 6 (1.82%) have sensitization to the minor component of grass (g214-rPhlp7, rPhlp 
12). All patients with sensitization to the major components of ambrosia and artemisia 
(319 children) received the initial course of SLIT (Diater, Spain) after the flowering 
season. Criteria for exclusion from the group were: the presence of adenoid 
vegetations, complicated rhinosinusitis and conjunctivitis, wheezing. 

Results 

The efficacy of the treatment was assessed by the laboratory data after the completion 
of the SLIT course (sIgE, sIgG4, IgE total, ECP) in 186 patients. A decrease in sIgE 
was noted in 82.8%, a decrease in total IgE in 89.4%, ECP in 90.3% of patients. The 
increase was observed in sIgG4 in 74.7% of the subjects. 
The dynamics of clinical symptoms was evaluated after one year of treatment 
according to the criteria: has not changed; episodic symptoms; decrease in the 
duration of seasonal symptoms; absence of symptoms. The initial treatment 
significantly reduced the symptoms of ARC and their duration in 254 children (79.6%); 
12 (3.76%) episodes were occasional and 37 (11.6%) had no symptoms completely. 
Only in 16 (5.02%) clinical symptoms remained of the same intensity. 
The amount of drug therapy (dosage of the drugs used during the flowering season) 
was evaluated according to the criteria: it did not change; decreased; drugs were not 
used. The amount of therapy did not change in 53 children (16.6%), decreased in 223 
(69.9%). 41 children (12.6%) did not use medications. 

Conclusion 

The initial SLIT course is an effective method of treating children with seasonal ARC, 
which reduces the clinical symptoms, accompanied by the positive dynamics of 
laboratory indices, and contributes to a significant reduction in the amount of drug 
therapy in patients. 
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P12 - Factors That May Influence The Adherence On Specific Immunotherapy 
For The Treatment Of Allergic Respiratory Disease: A Pilot Study 

Ingrid Johana Gil-Serrano, Cristina Blasco Valero, Blanca Vila-Indurain, Teresa 
Garriga Baraut 
Pediatric allergy unit. Pediatric Pneumology section. Hospital Universitari Vall 
d’Hebron, Barcelona, Spain 

Background 

The allergic respiratory disease represents one of the most prevalent chronic disease 
in children; although allergen immunotherapy (AIT) has been demonstrated to be an 
effective treatment for the disease, there is not always a good adherence to this 
treatment. The aim of this study is to determine which factors may influence the 
adherence to AIT for allergic respiratory disease in our patients. 

Materials and methods 

Retrospective evaluation of 110 patients diagnosed of allergic rhinitis (AR) and/or 
allergic asthma (AA) on which subcutaneous AIT was first prescribed, with an inclusion 
period of one year. Demographical characteristics, allergological evaluation, and 
factors by which AIT was not initiated or not continued were evaluated. 

Results 

Mean age was 10 years (range=3-17), 60% (n=66) patients were males. Thirty-two 
percent (n=35) of the patients had AR, and 66.3% (n=73) had AA and AR. From the 
total patients, 9% (n=10) did not initiated AIT due to economic issues, and 6.3% 
(n=7) of patients did not initiated because of improvement of symptoms with 
conventional treatment (n=3) or parents didn’t want to start this specific treatment 
(some of them had doubts on the efficacy of the treatment, n=4). On the other hand, 
10% (n=11) of the patients who initiated the AIT did not continued the treatment, 
from which 1.8% (n=2) were due to economic issues, 1.8% (n=2) because of adverse 
events (both of them had bronchospasm), 4.5% (n=5) due to personal problems 
(most frequent was to have an unstable family for example divorced parents who were 
not able to go to each appointments), and 1.8% (n=2) for lack of response. One of 
the patients suspended AIT for improvement of symptoms after 8 months of 
treatment. As secondary findings: From all the patients, the most common 
composition of the AIT was House Dust Mite in 84.5% (n=93) children.  Fifty-eight 
percent (n=64) of the patients had a complete response to AIT after a year 
(asymptomatic and/or needed promptly rescue medication), 13.6% (n=15) had 
partial response to AIT (still had some symptoms or need some rescue medication) 
and 5.4% (n=6) children had not responded (still had all symptoms and need all 
rescue medication). 
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Conclusion 

The most influential factor for not starting AIT in our patients is due to economic 
problems. For patients who started AIT, the most influential factor for not continuing, 
was personal problems as not having a supportive family, economic issues and the 
presence of adverse reaction. 

 

P13 - Utility Of Specific Allergen Immunotherapy On Physician’s Prescription 
Of Medication Among Children With Allergic Rhinitis  

Prapasri Kulalert 
Division of Allergy and Immunology, Department of Pediatrics, Faculty of medicine, 
Thammasat University, Pathumthani, Thailand 

Background 

Allergic rhinitis is the common allergic disease in children. Intranasal corticosteroid, 
oral H1 antihistamine and antileukotirene are commonly prescribe in these children. 
Subcutaneous immunotherapy (SCIT) has been widely used for the treatment of 
allergic rhinitis in children. In daily practice, physicians usually step down medications 
in children who underwent immunotherapy if their clinical symptoms have well 
controlled. Physician’s prescription patterns for allergic rhinitis medication is the 
appropriate parameter to show efficacy of immunotherapy. The aim of this study was 
to compare physician’s prescription of medication before and after treatment with 
immunotherapy in children with allergic rhinitis. 

Materials and methods 

This study was a one-group, before-after design (self-controlled design) in children 
under 15 years old who was diagnosed allergic rhinitis and underwent allergen specific 
immunotherapy at the Pediatric Allergy Clinic of Thammasat Hospital, Pathumthani, 
Thailand. Total amount of allergic rhinitis medication 1 year before and 1 year after 
underwent immunotherapy were collected. The primary outcome was to compare 
amount of medication before and after immunotherapy. Outcome measures were 
analyzed using paired t-tests for normally distributed data and Wilcoxon signed-rank 
test for skewed data. 

Results 

A total chart of 10 children were reviewed, of which 7 (70%) were male. The mean 
age was 12.7 ± 1.6 years. 6 (60%) children were treated with mite immunotherapy, 
3 (30%) children were treated with mite and cockroach immunotherapy, and 1 (10%) 
were treated with cockroach immunotherapy, respectively. Intranasal steroid was 
prescribed 8.4 ± 3.9 bottles before initiation immunotherapy and 4 ± 3.7 bottles after 
initiation immunotherapy, p-value < 0.01. Oral H1-antihistamine was prescribed  
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265.5 ± 92.9 tablets before initiation immunotherapy and 171.5 ± 94.2 tablets after 
initiation immunotherapy, respectively, p-value = 0.02. Oral antileukotrienes was 
prescribed 257.5 ± 105.8 tablets before initiation immunotherapy and 99.4 ± 90.3 
tablets after initiation immunotherapy, respectively, p-value =0.01. 

Conclusion 

Immunotherapy is effectiveness in children with allergic rhinitis. Our studies showed 
pattern of physician’s prescription of medication was significant decrease after 
treatment with immunotherapy. 

 

P14 - Acceptance Of Sublinguial Immunotherapy By Parents For Their House 
Dust Mite Sensitive Children With Recurrent Wheeze And Or Nocturnal Cough 

Purushotam Dan 
Mandore sattelite hospital, Jodhpur, India 

Background 

Allergen immunotherapy is  known for more than 100 years and  it is only treatment 
strategy having disease modifying capability .But traditional subcutaneous 
immunotherapy is less popular in paediatric patients because of potential side effects 
and painful injections.We did a survey at our out patient clinic to know acceptibility of 
sublingual immunotherapy in parents for their symptomatic mite sensitive children. 

Materials and methods 

Between january 2017 to december 2017 children between age of 6 to 10 years 
attending our clinic with history of recurrent wheeze and nocturnal cough were tested 
for selected indoor allergens.Parents of house dust mite sensitive children were 
counselled about specific avoidance measures.They were told about potential disease 
modifying capability of sublingual immunotherapy,its potential benifits and short 
comings and then they were given option to  enroll for sublingual immunotherapy for 
their symptomatic children.In sublingual immunotherapy we used here glycerinated 
extract of house dust mite.Parents were demonstrated how drop should be held under 
the tongue for a specific period of time,and then residual swallowed. 

Results 

Total 30 children tested positive for house dust mite.Out of 30 symptomatic children 
who were tested  positive for house dust mite,  12 had parentral history of asthma or 
allergic rhinitis,among these parents when asked to enroll for sublingual 
immunotherapty, 10 out of 12 parents[>80%] enrolled for subligual immunotherapy 
for their children.Rest 18 parents of mite sensitive symptomatic children without 
parentral history of allergic disease when asked to enroll for sublingual 
immunothwerapy,7[>35%]chose for sublingual immunothjerapy. Overall more than  
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50%,17 out of 30 parents were ready to be enrolled for sublingual immunopthjerapy 
for their children. 

Conclusion 

Sublingual immunotherapy is well accepted by parents for their house dust mite 
sensitive symptomatic children specially more with  positive parentral history. 

 

Symptomatic house dust mite children 
with negative parentral history of allergic 

disease. 
  

Symptomatic house dust mite children 
with negative parentral history of allergic 

disease. 
  

        

        

 

 

P15 - Evaluation Of PD-1 Expression On Different Subpopulations Of T-
Lymphocytes In Donors And Patients With Allergic Rhinitis 

Nadezhda Knauer, Ekaterina Pashkina, Yulia Konyakhina, Daria Demina, Vera 
Nepomnyaschikh, Marina Leonova, Vladimir Kozlov 
Research institute of fundamental and clinical immunology, Novosibirsk, Russia 

Background 

The pathogenesis of allergy includes different mechanisms, such as increasing of 
number of activated effector cells or decreasing of number of cells with suppressive 
activity. Thus, the evaluation of markers of activation and suppression such as PD-1 
and CD25 on T-lymphocytes in healthy donors and patients with allergy before and 
after the allergen-specific immunotherapy (ASIT) can be interesting. 

Materials and methods 

There were 5 groups 6 persons each included in the study: healthy volunteers (group 
I, age 21,5 (20;28)); naïve patients with allergic rhinitis (AR) before and after the first 
course of ASIT (groups II and III respectively, age 32 (19;46)); patients who had 
previous courses of ASIT before and after the new course (groups IV and V 
respectively; age 36 (20;52)). All patients had sensitization to birch pollen allergens 
of dust mite allergens confirmed by skin prick tests. Peripheral blood mononuclear 
cells were extracted from heparinized blood, then they were stained for flow 
cytometry. Statistical analysis was made by using Mann-Whitney and Wilcoxon 
criteria, the result was considered as significant in the case p<0,05. 
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Results 

We found the significant decrease of CD4+CD25+cells after the therapy in patients 
with several courses of ASIT in the past. Donors had higher amount of 
CD4+CD25hiPD-1+cells than patients before the first course of ASIT and patients with 
ASIT in the past before and after the new course. There was the significant increasing 
of CD4+PD-1+ cells after therapy in both groups (groups III and V). Donors had the 
lower amount of CD8+CD25+cells than patients. The level of CD8+CD25+PD-1+cells 
is less in the donors group than in patients after therapy, the amount of these cells 
increases significantly after therapy. 

Conclusion 

We found the decreasing of CD4+lymphocytes expressing CD25, which can be 
considered as the marker of activation, after the therapy, however the number of 
CD8+CD25+ cells increases in patient groups. In the same time, the number of 
CD4+CD25hi cells associated with the population of T-regulatory cells had higher level 
of PD-1-expression in donor group than in patient groups. The number of cells 
expressing PD-1, which can regulate negatively the immune response, increases after 
therapy. These results can confirm the hypothesis that allergic diseases can be 
associated not only with increasing the number of activated effector cells, but with 
reduction of subpopulations with suppressive activity. The data also demonstrate the 
changing of balance between activating and suppressing of immune response after 
the immunotherapy. 
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This Guideline published by the European

Academy of Allergy and Clinical Immunology

(EAACI) has drawn on data from a

systematic review of the literature, more

recent published studies and multi-

stakeholder expert clinical opinion. This

Guideline is aimed at healthcare

professionals who are encouraged to take

the recommendations into account in the

context of delivering clinical care. This

Guideline is not a substitute for professional

clinical judgment, which professionals need

to exercise in the context of delivering

personalised healthcare.

Abstract

Allergic rhinoconjunctivitis (AR) is an allergic disorder of the nose and eyes affecting

about a fifth of the general population. Symptoms of AR can be controlled with

allergen avoidance measures and pharmacotherapy. However, many patients con-

tinue to have ongoing symptoms and an impaired quality of life; pharmacotherapy

may also induce some side-effects. Allergen immunotherapy (AIT) represents the

only currently available treatment that targets the underlying pathophysiology, and

it may have a disease-modifying effect. Either the subcutaneous (SCIT) or sublingual

(SLIT) routes may be used. This Guideline has been prepared by the European Acad-

emy of Allergy and Clinical Immunology’s (EAACI) Taskforce on AIT for AR and is

part of the EAACI presidential project “EAACI Guidelines on Allergen Immunother-

apy.” It aims to provide evidence-based clinical recommendations and has been

informed by a formal systematic review and meta-analysis. Its generation has fol-

lowed the Appraisal of Guidelines for Research and Evaluation (AGREE II) approach.

The process included involvement of the full range of stakeholders. In general,

broad evidence for the clinical efficacy of AIT for AR exists but a product-specific

evaluation of evidence is recommended. In general, SCIT and SLIT are recom-

mended for both seasonal and perennial AR for its short-term benefit. The strongest

evidence for long-term benefit is documented for grass AIT (especially for the grass
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tablets) where long-term benefit is seen. To achieve long-term efficacy, it is recom-

mended that a minimum of 3 years of therapy is used. Many gaps in the evidence

base exist, particularly around long-term benefit and use in children.

K E YWORD S

allergen immunotherapy, allergic conjunctivitis, allergic rhinitis, allergy, rhinoconjunctivitis

1 | INTRODUCTION

Allergic rhinoconjunctivitis (AR) is an allergic disorder of the nose

and eyes, resulting in a chronic, mostly eosinophilic, inflammation

of the nasal mucosa and conjunctiva.1,2 Allergic rhinitis, with or

without conjunctivitis, is one of the most prevalent allergic diseases

affecting around a fifth of the general population.3-5 It is associated

with considerable loss of productivity and impaired school perfor-

mance.6

Allergic rhinoconjunctivitis can usually be diagnosed from its typ-

ical presentation (Figure 1). Symptoms include itching, sneezing,

watery nasal discharge, and nasal congestion.2 Commonly, there are

associated ocular symptoms (watery, red and/or itchy eyes). Symp-

toms may be described as seasonal and/or perennial; as intermittent

or persistent; or mild, moderate or severe according to their impact

on the quality of life.8 Symptoms are related to exposure to the

offending allergen as well as to nonspecific triggers such as smoke,

dust, viral infections, strong odors, and cold air.2 Symptoms on expo-

sure to 1 or more aeroallergens supported by evidence of allergen-

specific IgE sensitization to the relevant allergens confirm the diag-

nosis. AR may co-exist with other forms of rhinitis (Figure 1).

Additionally, AR may be associated with symptoms of sinusitis, hear-

ing problems, and asthma.2

The aims of AR management are to control symptoms and

reduce inflammation. Where possible, allergen avoidance can be rec-

ommended. Effective allergen avoidance is, however, often not feasi-

ble.9,10 Many patients rely on pharmacotherapy with, for example,

oral or topical antihistamines, intranasal corticosteroids, topical cro-

moglycate, or leukotriene receptor antagonists.2 However, these

therapies do not alter the natural history of AR and may also induce

side-effects. Additionally, despite medication, a significant number of

patients continue to experience symptoms that impair their quality

of life. Allergen immunotherapy (AIT) with the subcutaneous (SCIT)

or sublingual (SLIT) administration of the culprit allergen(s) may not

only desensitize a patient, thereby ameliorating symptoms, but also

deliver long-term clinical benefits that may persist for years after dis-

continuation of treatment.11-13

This Guideline has been prepared by the European Academy of

Allergy and Clinical Immunology’s (EAACI) Guideline on Allergen

Immunotherapy: Allergic Rhinoconjunctivitis Taskforce and is part of

the EAACI Guidelines on Allergen Immunotherapy. This Guideline

aims to provide evidence-based recommendations for the use of AIT

Rhini�s/rhinoconjunc�vi�s

Allergic rhinoconjunc�vi�s
• Symptoms (nasal itch/sneeze, 

watery discharge) on allergen 
exposure
• Conjunc�vi�s o�en associated 

with rhini�s symptoms 
• Posi�ve skin prick test or 

serum-specific IgE to allergens
that are relevant according to 
the history

Nonallergic, non
infec�ous rhini�s

• Structural       
• Neurogenic     
• Hormonal
• Drug induced
• Irritant
• Other

AIT is only indicated for 
allergic rhini�s 
/rhinoconjunc�vi�s, not 
for other forms of rhini�s

Different forms of rhini�s may co-exist and may alter the clinical presenta�on and 
prevent op�mal treatment response

Infec�ous rhini�s 
• Usually secondary to 

a viral infec�on
• Conjunc�vi�s may be 

associated with 
rhini�s symptomsF IGURE 1 Differential diagnosis of

allergic rhinoconjunctivitis. Adapted from
Roberts et al 2013.7 Local allergic rhinitis
may be seen where there is only evidence
of local nasal allergic sensitization.15,16,26

There are numerous other causes of
nonallergic, noninfectious rhinitis, an
example is nonallergic rhinitis with
eosinophilia syndrome (NARES). In
individual patients, symptoms may be
driven by more than one trigger.
Rhinosinusitis is not included in the scope
of this Guideline

ROBERTS, PFAAR ET AL. | 767

38



for patients of all ages with allergic rhinitis with or without conjunc-

tivitis. The term AR will henceforth be used to denote either allergic

rhinitis or Allergic rhinoconjunctivitis (see Box 1 for definitions of

key terms). The primary audience are clinical allergists (specialist and

subspecialists); the document may also provide guidance to other

healthcare professionals (e.g, physicians from other disciplines,

nurses, and pharmacists working across a range of primary, sec-

ondary, and tertiary care settings) dealing with AR. The development

of the Guideline has been informed by a formal systematic review

(SR) and meta-analysis of AIT for AR,14 with systematic review prin-

ciples being used to identify additional evidence, where necessary.

2 | METHODOLOGY

This Guideline was produced using the Appraisal of Guidelines for

Research & Evaluation (AGREE II) approach,17,18 a structured

approach to guideline production (see Table S1). This is designed to

ensure appropriate representation of the full range of stakeholders, a

careful search for and critical appraisal of the relevant literature, a

systematic approach to the formulation and presentation of recom-

mendations and steps to ensure that the risk of bias is minimized at

each step of the process. The process started on April 2015 begin-

ning with detailed face-to-face discussions agreeing on the process

and the key clinical areas to address, followed by face-to-face meet-

ings, and regular web conferences in which professional and lay rep-

resentatives participated.

2.1 | Clarifying the scope and purpose of the
guidelines

The scope of this EAACI Guideline is multifaceted, providing state-

ments that assist clinicians in the optimal use of AIT in the manage-

ment of patients with AR and identifying gaps for further research.

2.2 | Ensuring appropriate stakeholder involvement

Members of the EAACI Taskforce on AIT for AR represented a range

of 18 countries and disciplinary and clinical backgrounds, including

allergists (specialist and subspecialists), pediatricians, primary care

specialists, ophthalmologists, otolaryngologists, pharmacists, immu-

nologists, nurses, and patient representatives. Methodologists took

the lead in undertaking the underpinning SR, while clinical academics

took the lead in formulating recommendations for clinical care. Rep-

resentatives of immunotherapy product manufactures were given

the opportunity to review and comment on the draft guidelines as

part of the peer review and public comment process at the final

stage. These comments were considered by Taskforce members,

and, where appropriate, revisions were made.

2.3 | Systematic reviews of the evidence

The initial full range of clinical questions that were considered

important was rationalized through several rounds of iteration to

agree on 1 key question: What are the effectiveness, cost-effective-

ness, and safety of AIT in patients with AR? This was then pursued

through a formal SR of the evidence by independent methodologists

as previously published14,19; only double-blind RCTs were included

in the effectiveness analyses. We continued to track evidence pub-

lished after our SR cutoff date of October 31, 2015, and, where rel-

evant, studies were considered by the Taskforce chairs. This

evidence will formally be considered in the systematic review update

that will precede the update of this Guideline (discussed below).

2.4 | Formulating recommendations

We graded the strength and consistency of key findings from the SR

and performed meta-analyses, using a random-effects model to take

into account the heterogeneity of findings.14 These were used to

formulate evidence-based recommendations for clinical care20

(Box 2). This involved formulating clear recommendations with the

strength of evidence underpinning each recommendation. Where the

BOX 1 Key terms

Allergen

immunotherapy

(AIT)

Repeated allergen administration at regular

intervals to modulate immune response in

order to reduce symptoms and the need of

medication for clinical allergies and to

prevent the development of new allergies

and asthma. This is also sometimes known

as allergen-specific immunotherapy,

desensitization, hyposensitization, or

allergy vaccination.

Conjunctivitis Inflammation of the conjunctiva

characterized by watery, itchy, red eyes.

Efficacy Short-term treatment efficacy: clinical

benefit to the patient while they are

receiving AIT.

Long-term treatment efficacy: clinical benefit

to the patient for at least 1 y after

cessation of the AIT course.14

Rhinitis Inflammation of the nasal mucosa resulting

in at least 2 nasal symptoms: rhinorrhea,

blockage, sneezing, or itching.

Sensitization Detectable allergen-specific IgE antibodies,

either by means of skin prick test (SPT)

and/or specific-IgE antibodies in a serum

sample.

Subcutaneous

immunotherapy

(SCIT)

Form of AIT where the allergen is

administered as subcutaneous injections.

Sublingual

immunotherapy

(SLIT)

Form of AIT where the allergen is

administered under the tongue with

formulation as drops or fast-dissolving

tablets which are administered through

the sublingual route.
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systematic review did not cover the clinical area, we took a hierar-

chical approach reviewing other evidence until we could formulate a

recommendation, that is: (i) other systematic reviews on the subject

to see whether these provided any clarity on the topic; (ii) RCTs

within these systematic reviews; (iii) other RCTs known to Taskforce

members; and (iv) a consensus-based approach within the Taskforce.

This evidence was graded as described in Box 2 using the SR

results14 and clearly labeled in the recommendation tables. Recom-

mendations apply to all ages unless otherwise indicated in the tables.

When there were insufficient pediatric data, we extrapolated from

the adult recommendation where it was biologically likely that the

intervention would also be effective in children, but downgraded the

recommendation by at least 1 level. Taskforce members identified

the resource implications of implementing the recommendations,

barriers, and facilitators to the implementation of each recommenda-

tion, advised on approaches to implementing the recommendations,

and suggested audit criteria that can help with assessing organiza-

tional compliance with each recommendation.

2.5 | Peer review and public comment

A draft of these guidelines was externally peer-reviewed by invited

experts from a range of organizations, countries, and professional

backgrounds. Additionally, the draft guideline was made available on

public domain on the EAACI Web site for a 3-week period in May

2017 to allow a broader array of stakeholders to comment. All feed-

back was considered by the Taskforce members and, where appro-

priate, final revisions were made in light of the feedback received.

We will be pleased to continue to receive feedback on this guideline,

which should be addressed to the corresponding author.

2.6 | Identification of evidence gaps

The process of developing this Guideline has identified a number of

evidence gaps which are prioritized (Table 10).

2.7 | Editorial independence and managing conflict
of interests

This Guideline was funded and supported by EAACI. The funder did

not have any influence on the guideline production process, on its

contents or on the decision to publish. Taskforce members’ conflicts

of interest were declared at the start of the process and taken into

account by the taskforce chairs as recommendations were formu-

lated. Final decisions about strength of evidence for recommenda-

tions were checked by the methodologists who had no conflict of

interests in this area.

2.8 | Updating the guidelines

European Academy of Allergy and Clinical Immunology plans to

update this guideline in 2022 unless there are important advances

before then.

3 | GENERAL CONSIDERATIONS BEFORE
INITIATING AIT FOR AR

3.1 | General considerations

Allergen immunotherapy is only indicated in the presence of symp-

toms strongly suggestive of AR, with or without conjunctivitis

(Table 1).8,14,21 Many patients will also have co-existing asthma.

There should be symptoms on aeroallergen exposure with evidence

of allergen-specific IgE sensitization (positive SPT or serum-specific

IgE).14 Identification of the allergen(s) driving symptoms is the first

level of patient stratification ensuring that the correct allergen

solution is used for AIT. Occasionally, SPT or specific IgE results may

BOX 2 Assigning levels of evidence and strength of

recommendations

Level of evidence

Level I Systematic reviews, meta-analysis, randomized

controlled trials

Level II Two groups, non-randomized studies

(e.g., cohort, case–control)

Level III One group, non-randomized (e.g., before and

after, pretest, and post-test)

Level IV Descriptive studies that include analysis of

outcomes (single-subject design, case series)

Level V Case reports and expert opinion that include

narrative literature, reviews, and consensus

statements

Grades of recommendation

Grade A Consistent level I studies

Grade B Consistent level II or III studies or extrapolations

from level I studies

Grade C Level IV studies or extrapolations from level II

or III studies

Grade D Level V evidence or troublingly inconsistent or

inconclusive studies at any level

Strength of recommendations

Strong Evidence from studies at low risk of bias

Moderate Evidence from studies at moderate risk of bias

Weak Evidence from studies at high risk of bias

Recommendations are phrased according to the strength of

recommendation: strong: “is recommended”; moderate: “can be

recommended”; weak: “may be recommended in specific

circumstances”; negative: “cannot be recommended”.

Approach adapted from Oxford Centre for Evidence-based

Medicine—Levels of Evidence and Grades of

Recommendations.20 The adaptation involved providing an

assessment of the risk of bias, based on the Cochrane risk

of bias tool, of the underpinning evidence and highlighting other

potentially relevant contextual information.
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not clearly identify the key allergen(s) causing the AR symptoms in

polysensitized patients. Component resolved diagnostics may have a

role in deciding which aeroallergen(s) should be chosen but definitive

trials are awaited. An alternative approach is to use nasal or conjunc-

tival provocation testing to prove the clinical relevance of the allergic

sensitization in the relevant (target) organs before initiation of AIT

but again definitive evidence is awaited.

Allergen immunotherapy is indicated in those patients with mod-

erate-to-severe symptoms (e.g, Allergic Rhinitis and its Impact on

Asthma (ARIA) categories moderate-to-severe intermittent or persis-

tent22), despite avoidance measures and pharmacotherapy, that

interfere with their usual daily activities or sleep. AIT may also be

considered in cases with less severe AR where the patient wishes to

have the benefit of its long-term effect on rhinitis and a potential

disease-modifying effect to prevent asthma.23 AIT products with evi-

dence of efficacy for AR should be used when available.11,24

3.2 | Absolute and relative contraindications

Even when AIT is suitable for a patient with AR, clinicians must con-

sider whether there are any specific patient-related absolute or rela-

tive contraindications (Table 2), where the risk from AIT may

outweigh the expected benefits. The summary of product character-

istics (SmPC) should be reviewed for specific contraindications for

individual preparations.

4 | AIT FOR AR: EVIDENCE-BASED,
CLINICAL RECOMMENDATIONS

To underpin this guideline, a SR of the AIT literature was under-

taken.14 In general, the meta-analysis suggested that both SCIT and

SLIT are effective for AR. They were associated with reductions in

symptoms and with medication use. There were insufficient data to

determine which of SCIT and SLIT are most effective.

Moderate to substantial heterogeneity was observed in some

outcomes evaluated in the meta-analysis.14 This heterogeneity can

be explained by the study design (particularly the different outcomes

used), study population and the products evaluated. There are data

to indicate which preparations are most likely to be effective, so an

individual product-based evaluation of the evidence for efficacy is

strongly recommended before treatment with a specific product is

initiated. Not all AIT products provide sufficient data to support their

efficacy in clinical practice.14 As a result of this, the recent German,

Austrian and Swiss guideline has followed a product-specific

approach.11 This approach is more difficult across Europe with dif-

fering local regulations47 and availability of products.48 The specific

recommendations in this guideline need to be seen in this context;

only standardized AIT products with evidence of efficacy in the

clinical documentation should be prescribed. The only exception

should be orphan allergens where only a few patients are affected;

these are discussed below in the specific allergen section.

Subcutaneous immunotherapy is in general recommended for the

treatment of AR in children and adults with moderate-to-severe dis-

ease that is suboptimally controlled despite pharmacotherapy14

(Table 3). The evidence for short-term benefit for continuous SCIT is

stronger for seasonal rhinitis (Grade A for adults) than for perennial

rhinitis (Grade B for adults), where fewer studies have been per-

formed and results are more heterogeneous (Table 3). SCIT is recom-

mended for seasonal disease whether pre- or pre/coseasonally

(Table 3, Grade A for adults). Pre/coseasonal therapy benefits from a

shorter course of treatment but the 1 head-to-head trial suggests

that continuous therapy may be more effective.49

Subcutaneous immunotherapy may be administered in aqueous

formulation (rarely in Europe) or as a depot adsorbed on aluminum

hydroxide or tyrosine. SCIT using either unmodified or modified

TABLE 1 General considerations for allergen immunotherapy (AIT) for allergic rhinoconjunctivitis

General indications Key references Contextual considerations

AIT should be considered when all of these criteria are met:

• Symptoms strongly suggestive of AR, with or without conjunctivitis

• There is evidence of IgE sensitization (positive SPT and/or

serum-specific IgE) to one or more clinically relevant allergen

• Experience moderate-to-severe symptoms which interfere with usual

daily activities or sleep despite regular and appropriate

pharmacotherapy and/or avoidance strategies

Dhami14 A diagnosis of AR and evidence of IgE sensitization were

entry criteria for RCTs in the systematic review.

AIT may also be considered in less severe AR where a patient

wishes to take advantage of its long-term effect on AR and

potential to prevent asthma with grass pollen AIT

Kristiansen25

Halken23
AIT has the potential to alter the natural history of

disease reducing AR symptoms after completing an

adequate period of immunotherapy and preventing the

development of asthma in the short term, up to 2 y

post-AIT.

Standardized AIT products with evidence of efficacy in the

clinical documentation should be used

Dhami14 These products have consistent formulations, and so

different batches are likely to have similar effects.

The meta-analysis14 reveals a considerable heterogeneity

in effectiveness between products, and therefore, a

product-specific evaluation of efficacy is recommended.

The Summary of Product Characteristics (SmPC) should be checked for licensed indications which may differ between preparations.
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allergen extracts is recommended for treatment of AR and provides

short-term benefit (Table 3, Grade A for adults). This is based on evi-

dence from the meta-analysis14 that showed both unmodified allergen

extracts (SMD [95% CI] �0.65 [�0.93, �0.36]) and allergoids/poly-

merized extracts (�0.60 [�0.89, �0.31]) to be effective in reducing

symptoms compared to placebo, with additional support from reduced

medication requirements and combined symptom-medication scores.

Although clinical trials of modified allergens involved shorter courses

of treatment, there have been no head-to-head comparisons with

unmodified preparations evaluating efficacy or adverse events using a

placebo-controlled, randomized design.

In general, SLIT can be recommended for the treatment of sea-

sonal AR in adults and children. SLIT has been shown to provide

short-term benefit during therapy with moderate-to-severe disease

that is suboptimally controlled despite pharmacotherapy (Table 3).14

SLIT is recommended to be taken either continuously or pre-/cosea-

sonally commencing a minimum of 2 months and ideally 4 months

prior to the start of the pollen season (Grade A for adults).

Sublingual immunotherapy may be taken daily either as fast

tablets or drops that are retained under the tongue for at least

1 minute and then swallowed (the summary of the SmPC should also

be checked for product specific recommendations). Both are recom-

mended (grades A and B, respectively, for adults) based on short-

term reductions in symptoms and rescue medication for sublingual

tablets for seasonal AR (Table 3). There are only convincing evidence

for effectiveness of SLIT tablets in perennial AR (Grade A) (Table 3).

Sublingual grass pollen tablet immunotherapy for at least 3 years

is recommended (Grade A) for the short-term treatment of grass pol-

len-driven AR in adults.86,87,108,109 Sublingual house dust mite

(HDM) tablet immunotherapy for at least 1 year is recommended

(Grade A) for the short-term treatment of perennial HDM AR in

adults.50-55

While higher doses and/or increased cumulative doses may be

more effective, they may be associated with more side-effects56-58;

decisions on dose in AIT must be made balancing efficacy and side-

effects.59

4.1 | Other approaches of AIT for AR

Other approaches aim to improve patient convenience and adher-

ence with shorter courses, while improving or maintaining efficacy

and reducing the risk of systemic side-effects (Table 4). As such,

adjuvants to AIT extracts are possible candidates.112 For example,

TLR-4 agonists (Th1-inducing adjuvant monophosphoryl lipid A) in

combination with a grass allergoid have demonstrated effective-

ness,113 although in a phase 3 trial, efficacy was modest114 (Grade A

TABLE 2 General contraindications for allergen immunotherapy (AIT) for allergic rhinoconjunctivitis

Key references Contextual considerations

The following are considered to be contraindications:

Uncontrolled or severe asthma Bernstein31, Bousquet29,

Calderon34, Cox28, CSM 198632,

Lockey30, Normansell33,

Pfaar11; Pitsios27

Weak evidence of risk with uncontrolled asthma, active systemic

autoimmune disease, and malignancy from case reports or case

series of adverse events with AIT. Taskforce considered that

these were contraindications to AIT.

Though initiation of AIT is contraindicated during pregnancy, an

ongoing AIT is permissible when having been well tolerated by

the patient in the past

Active, systemic autoimmune disorders

(unresponsive to treatment)

Cabrera35, Fiorillo37, Pfaar11,

S�anchez-Morillas36; Pitsios27

Active malignant neoplasia Larenas-Linnemann39,

Pfaar11; W€ohrl38

AIT initiation during pregnancy Metzger40, Pfaar11

With the following, AIT should only be used with caution when benefits outweigh potential risks in an individual patient:

Partially controlled asthma Virchow41 One trial with SLIT tablet41 included some subjects with partially

controlled asthma without compromising safety; it is important

that confirmatory evidence is acquired.

Beta-blocker therapy (local or systemic) Cleaveland44, Hiatt42,

Lang45; Pfaar11
Weak evidence of risk. May compromise a patient’s ability to

tolerate an episode of anaphylaxis. This must be considered when

deciding whether AIT is appropriate.Severe cardiovascular diseases, for

example, coronary artery disease

Larenas-Linnemann39;

Linneberg46

Systemic autoimmune disorders in

remission or organ specific

Larenas-Linnemann39,

Pitsios27
Weak evidence of risk from case reports, case series of adverse

events with AIT or expert opinion based on clinical experience.

Taskforce considered that careful consideration on a case-by-case

basis with discussion between patient and the treating physician

is required before deciding whether or not to commence AIT.

Severe psychiatric disorders Pitsios27

Poor adherence Pitsios27; Pfaar11

Primary and secondary

Immunodeficiencies

Larenas-Linnemann39;

Pitsios27

History of serious systemic

reactions to AIT

Calderon34; Pfaar 201411

The Summary of Product Characteristics (SmPC) should also be checked for product-specific contraindications which may differ between preparations.
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for adults, B for children) and there are no head-to-head compar-

isons with conventional preparations. There is also 1 trial demon-

strating efficacy for this approach with ragweed pollen172 and one

with tree pollen.95 The TLR-9 agonist (Bacterial DNA oligonu-

cleotides containing a CpG motif) fused to Amb a 1, the major aller-

gen of ragweed showed efficacy in a phase 2 trial115 although this

was not observed in a subsequent phase 3 trial. The combination of

anti-IgE injections with conventional and rush AIT with nonmodified

extracts has been proven to be effective with a marked reduction in

systemic side-effects in studies of children116 and adults117 (Grade A

recommendation). This is an expensive approach, and there is con-

cern as to when and how to discontinue the anti-IgE when AIT

maintenance therapy is achieved.118

Recombinant AIT is attractive as it allows accurate standardiza-

tion of allergen products, has potential for personalized therapy

based on individual allergen sensitivities and a hypothetical lower

risk of inducing new sensitizations. Subcutaneous recombinant birch

(Bet v 1)119 and a five-recombinant grass allergen mix75 have been

shown to be efficacious with no safety concerns (Grade A for adults,

B for children). However, there are no commercially products avail-

able at present. A recombinant B-cell epitope-based vaccine, com-

prising a recombinant hybrid grass allergen mix combined with a

hepatitis B domain surface Pre-S protein as an immunologic carrier

has shown efficacy in a phase 2 trial.120 T-cell peptide immunother-

apy for cat allergy using mixtures of short T-cell epitopes via the

intradermal route had promising results in environmental chamber

phase 2 studies121; however, it has been reported that a subsequent

phase 3 study did not demonstrate effectiveness.122 Studies with

other allergen peptide approaches are in progress.124

There has been recent interest in the use of alternative modali-

ties of delivery including the epicutaneous, intradermal and intralym-

phatic routes. In RCTs, epicutaneous grass pollen immunotherapy

(EPIT) has shown modest benefit125 although accompanied by local

eczematous reactions at the patch application site. Intradermal grass

pollen immunotherapy inhibited allergen-induced cutaneous late

responses although in a subsequent RCT, it was ineffective and

there was evidence of exacerbation of seasonal outcomes and Th2

inflammation in the skin.126 The intralymphatic route, using a grass

pollen extract and a modified cat allergen extract, showed efficacy in

some trials127,128 but not in others.129

5 | ALLERGEN FACTORS THAT MAY
AFFECT THE EFFICACY OF AIT FOR AR

5.1 | Standardization of allergen extracts

For the common allergens, many companies now provide character-

ized, standardized, stable preparation for AIT as recommended by

EMA.47,132 For others, such as molds, there are problems with the

complexity, variability, and stability of the allergens.133 The lack of

standardized extracts may hamper the diagnosis of eligible patients

for AIT and may impede the effectiveness of AIT.133,134 Additionally,

nonstandardized preparations may vary between batches increasingT
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the potential for side-effects. Further purification and characteriza-

tion of such allergens134-136 may result in better extracts for the

future. Where possible, standardized allergen products should be

used for AIT. Further discussion is available in a position paper on

regulatory aspects of AIT.47

5.2 | Formulation of SLIT preparations

In deciding on the appropriate preparation to use for AIT, the formula-

tion should be taken into account. For example, 3 large studies have

shown efficacy for HDM SLIT tablets,52,53,54 whereas 3 HDM SLIT

studies with sublingual drops were negative,107,140,146 and another

only demonstrated efficacy in the first and not the second year.50

However, many factors such as differences in allergen content,141

administered volume, number of participants, and statistical power of

the study may explain the differences between tablets and drop trials.

We recommend that AIT products with evidence of efficacy in the

clinical documentation should be used when they are available.

5.3 | Allergen mixtures

Both mixtures of grass pollen and mixtures of tree pollen are fre-

quently used in AIT and such an approach is effective.14 The use of

different, nontaxonomically related allergens mixed in 1 AIT product

has been evaluated in a very limited number of studies. One SCIT

study showed that a depigmented-polymerized mixed grass/birch

pollen extract was effective over placebo.142 A small study in chil-

dren demonstrated efficacy using a mixture of grass pollen and

HDM SLIT.143 SLIT drops that employed a monomeric Phleum pra-

tense grass pollen extract was more effective when given alone com-

pared to when given in an equivalent dose as part of a combination

with a 9-pollen, multi-allergen, sublingual extract.100

There are a number of potential drawbacks of mixing allergens

including a dilutional effect, potential allergen degradation due to

enzymatic activity of some allergens and the difficulties of ade-

quately demonstrating efficacy of a high number of allergen combi-

nations and/or different products. The EMA has recommended that

only homologous allergens (usually ones that are taxonomically

related132, for example, a mixture of grass pollen extracts56) should

be mixed and that allergens with enzymatic activity (e.g, HDM)

should be never used in a mixture. We therefore recommend only

homologous allergens to be mixed in AIT preparations until further

evidence is available substantiating the efficacy of other mixtures

(Grade A) (Table 5) (Table S1). Alternatively, extracts should be given

separately.

5.4 | Specific allergens

In the recent meta-analysis, there were sufficient SCIT and SLIT stud-

ies for subgroup analyses by specific allergens.14 Short-term effective-

ness was demonstrated for HDM (symptoms score SMD �0.73; 95%

CI �1.37, �0.10), grass pollen (�0.45; �0.54, �0.36), tree pollen

(�0.57; �0.92, �0.21), and weed pollen (�0.68; �1.06, �0.30).

However, there was substantial heterogeneity for all allergens, particu-

larly molds (�0.56; �2.29, 1.18), suggesting that different preparations

may be more or less effective. Before a product is used, an individual

product-based evaluation of the evidence for efficacy is recom-

mended.

There are some orphan allergens where robust data from RCTs

are sparse or nonexistent. Where there is a clinical need, the avail-

able evidence of efficacy and safety needs to be weighed against

the needs of the individual patient. Where therapy is considered in

the patient’s best interest, an early evaluation of its impact on the

patient’s clinical symptoms is required to determine whether or not

therapy should be continued. The generation of controlled clinical

trial data to assess efficacy and safety of these orphan products

should be encouraged. There will always be orphan allergens where

such studies are uneconomic and have to be regulated as named

patient products.47

6 | PATIENT FACTORS THAT MAY IMPACT
ON THE EFFICACY OF AIT FOR AR

The approach to immunotherapy is a good example of patient strati-

fication. Immunotherapy will only work when directed to the specific

allergen(s) driving symptoms. So identifying the driving allergen(s)

with a thorough history and assessment of allergic sensitization is an

essential example of patient stratification. Not all patients benefit

from AIT14 and further stratification approaches to identify the

responders would be useful.

6.1 | Polysensitized patients

Epidemiological data indicate that most patients with AR are poly-

sensitized.148 Consequently, consideration needs to be given as to

whether patients are (i) clinically monoallergic (where only 1 allergen

is driving symptoms) and polysensitized or (ii) poly-allergic (symp-

toms with overlapping exposure to multiple different allergens) and

polysensitized. Immunotherapy with a single allergen extract is effec-

tive in the first,149 while immunotherapy has been shown to be inef-

fective150 or less effective in the last situation.151 This may be

apparent from the history or may need investigation with compo-

nent-resolved diagnostics or assessment with nasal or conjunctival

provocation challenges where the clinician is experienced in these

diagnostic procedures.137 Polysensitized patients who are monoaller-

gic are recommended to receive AIT for the specific allergen that is

driving their AR symptoms (Grade A).

For a polysensitized patient who is poly-allergic for homologous

(biologically related) allergens (e.g, 2 grass pollens), a single allergen

preparation or a mixture of 2 homologous allergens is recommended

(Grade B).137 For poly-allergic patients where allergens are not

homologous, separate AIT preparations for 1 or 2 of the clinically

most important allergens might be recommended with doses given

30-60 minutes apart at separate locations when 2 are selected

(Grade C).32,137 This represents a trade-off between efficacy and
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safety as both seem to be dose-dependent. More studies are needed

to further address this important clinical challenge.

6.2 | Co-existing asthma

Co-existing asthma is seen in many participants in the published AR

AIT studies.14 Co-existing asthma has no impact on the efficacy of

AIT for AR103 and may also lead to improvement in asthma.43 When

controlled, mild-to-moderate asthma does not seem to be a safety

issue with AIT (Grade A recommendation).41,43 In 1 large recent

asthma SLIT trial, participants with not well-controlled asthma based

on an Asthma Control Questionnaire (ACQ-6) were included safely

in the study.41 We await confirmatory evidence and emphasize that

efforts should be taken to control asthma before commencing AIT.

Uncontrolled or severe asthma are definitely considered to be an

absolute contraindication to AIT.25-31

6.3 | Specific pediatric issues

Similar to adults, AIT should be considered in pediatric patients with

AR with evidence of IgE sensitization to clinically relevant allergens

(Grade A) (Tables 1 and 3).

The evidence for the efficacy of AIT for AR is limited in children

younger than 5 years of age. Some clinical studies have shown the

efficacy and safety of both SCIT and SLIT in preschool chil-

dren,88,152-155 and children were included from 5 years onward in

several of the well-powered SLIT tablet trials.98,156 Experience sug-

gests that repeated injections of SCIT may be stressful in preschool

children. It is recommended that the decision to start the treatment

has to be taken on a case-by-case basis together with the patients

and their family (Grade D). The decision should depend on several

factors, such as the severity of the allergic disease, the clear expo-

sure-symptoms pattern supported by allergic sensitization testing,

the impairment of the health-related quality of life and the expected

acceptance and adherence to the AIT.

There are more data to drive recommendations for school age

children and adolescents although major gaps still exist (Table 3).

Many of the SCIT trials are now relatively old, many enrolled only a

few children and/or did not present pediatric only analyses. Continu-

ous and pre- and pre/coseasonal SCIT can be recommended (Grade

B) for children with seasonal AR (Table 3). Continuous SCIT is also

recommended for perennial AR but with a weaker grade due to the

lack of exclusive pediatric data (Grade C) (Table 3). There are no

exclusive pediatric, placebo-controlled data for allergoid preparations,

but 1 controlled trial with a preseasonal treatment regimen has indi-

cated long-term efficacy of preseasonal grass pollen immunotherapy

in this age group.157 Two further open RCTs also suggest that SCIT

for grass pollen-driven AR does have a long-term benefit.63,158

For SLIT, there are more recent pediatric trial data to support

this approach. In general, pre-/coseasonal and continuous SLIT is

recommended for seasonal AR (Grade A) (Table 3). Both tablet and

aqueous formulations are recommended (Grade A) (Table 3). There is

now one recently published trial supporting the long-term

effectiveness for a grass pollen tablet and reduction in asthma symp-

toms110,111 (Grade A). For perennial allergic rhinitis, the evidence is

not as good. There are no consistent data to recommend SLIT with

aqueous solutions for perennial allergic rhinitis, but the SLIT tablet

approach has been demonstrated to be effective in the short term in

mixed adult/adolescent studies51,55 (grade A).

6.4 | Elderly

A detailed allergy history is especially important when evaluating

older adults suffering with rhinitis as other types of rhinitis may

mimic AR symptoms. There are very few studies specifically evaluat-

ing the use of AIT in the elderly (defined here as >65 years as this is

usually exclusion criteria in AIT trials) but SLIT with grass pollen and

HDM has been demonstrated to be effective and safe in 2 stud-

ies.159,175 AIT elicits clinical responses comparable to studies with

younger patients. Another important consideration in this age group,

when contemplating treatment with AIT, is the higher prevalence of

comorbidities. Examples are hypertension, coronary artery disease,

cerebrovascular disease, malignancy and/or cardiac arrhythmias. Also,

treatment with medication such as beta-blockers may impair the

treatment of anaphylaxis with adrenaline (epinephrine) (see Table 2).

AIT can be recommended in otherwise healthy elderly patients with

AR whose symptoms cannot be adequately controlled by pharma-

cotherapy (Grade A for SLIT, B for SCIT).

6.5 | Pregnancy

There is 1 prospective study investigating the safety of AIT in preg-

nancy161 and several retrospective studies that suggest that there is

no greater risk of prematurity, fetal abnormality, or other adverse

pregnancy outcome in women who receive AIT during pregnancy.39

Observations about anaphylaxis in pregnant and breastfeeding

women are largely derived from case reports and are generally reas-

suring.162 However, the balance between benefits and potential

risks in pregnant patients needs to be discussed with the patient.

Systemic reactions and their resultant treatment can potentially

harm the baby and/or mother. It is therefore recommended that

AIT is not initiated during pregnancy (Grade D) but, if already initi-

ated, AIT may be continued during pregnancy or breastfeeding in

agreement with the patient’s general practitioner (GP) and obstetri-

cian if former AIT treatment has previously been tolerated well

(Grade C).

6.6 | Adherence

There is a great variance between studies (both real-life studies and

clinical trials) in the criteria used for evaluating adherence and in the

rates of adherence.163-169 The range of reported adherence varied

from 18% to over 90%, higher in clinical studies than real-life sur-

veys with overlapping ranges for SCIT and SLIT. The main causes for

poor adherence are reported to be side-effects, inconvenience, lack

of efficacy or forgetting to use.163-165,167,168,170 A few other factors
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have been associated with poor adherence, for example, age and

patient’s educational level. Potential ways to improve adherence are

the use of reminder mechanisms (e.g, alarm on mobile phone, Inter-

net-based tools, short message service (SMS) electronic reminders,

social networks, mobile applications (apps), and monitoring systems

—this approach should be tailored to the patient (Grade C). Patient

education and good communication between physician and patient

are key (Grade C).169 One randomized study suggests that adherence

is much better with 3-monthly follow-up appointments compared to

6 or 12-monthly follow-up (Grade B).171 Recommendations are sum-

marized in Table 6.

7 | HOW LONG AIT SHOULD BE
CONTINUED FOR IN AR?

Most clinical studies evaluating the efficacy of AIT follow partici-

pants for 1 or 2 years on therapy. The EMA currently recommends

an experimental, randomized, controlled design involving 3 years of

therapy with a 2-year follow-up period off treatment. These studies

demonstrate a sustained benefit for 3 years of SLIT-tablet grass pol-

len therapy for 2 years off therapy.94,109,111,176 There are some data

to suggest that HDM SLIT tablets give sustained benefit for at least

1 year after 1 year of therapy in 1 RCT53 and also after 3 years of

therapy in a SLIT drop RCT.177 More data are required for HDM,

and evidence is required on the optimal duration of therapy. Grass

pollen SCIT for 3-4 years has been shown to result in long-term effi-

cacy for 3 years after discontinuation.83 In a recent study, either

SCIT or SLIT tablets were effective compared to placebo over

2 years, but 2 years were insufficient for long-term efficacy as mea-

sured 1 year off treatment.65 In another adult study, participants

randomized to 3 years of ragweed continued to benefit after 2 years

post-SCIT.178 Similarly, children randomized to 3 or 5 years HDM

SCIT had similar outcomes at 5 years.179 So, in summary, for

patients with AR, a minimum of 3 years of AIT is recommended to

achieve long-term efficacy after treatment discontinuation (Grade A)

(Table 7).

8 | ADVERSE EVENTS WITH AIT FOR AR

8.1 | SCIT

Subcutaneous immunotherapy is a safe and well-tolerated treatment

when the injections are given in a medical setting by experienced

personnel trained in the early recognition of systemic reactions and

how to manage them (Table 8).11,180-182 There must be immediate

access to resuscitation equipment and a physician trained in the

management of anaphylaxis (Grade C).

Systemic allergic adverse reactions to SCIT can range between

mild-to-severe adverse reactions of the skin, upper and lower air-

ways, gastrointestinal tract, or the cardiovascular system (see

Table S2 in online supplement for details of classification).123 In a 3-

year real-life US survey study that included over 20 million injectionT
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visits, systemic reactions were reported in 0.1% of injections; there

were no fatalities182 although 4 were reported in a follow-up survey

by the same group.183 Fatal allergic adverse reactions have though

been reported in earlier surveys.30,31 Over 80% of reactions

occurred within 30 minutes after injection; very few of the delayed

ones were severe. It is therefore recommended that patients stay in

clinic for at least 30 minutes after an injection (Grade C).

A European real-life, prospective, survey performed by members

of the Immunotherapy Interest Group of EAACI on 4316 patients in

France, Germany, and Spain was published after our SR was com-

pleted.184,185 It demonstrated that SCIT and SLIT for respiratory

allergy are safe in general in the pediatric and adult population and

found only a low number of systematic reactions (SRs). For SCIT,

SRs were found in 2.1% of all SCIT-treated patients. Independent

risk factors for SRs during SCIT were the use of natural extracts, the

absence of symptomatic allergy medications, asthma diagnosis, sensi-

tization to animal dander or pollen, cluster regimens (vs rush), and a

previous episode of anaphylaxis. Further possible risk factors for sys-

temic adverse reactions have been described (Box 311). When 1 or

more severe adverse reactions occur, the allergist (specialist and sub-

specialists) should re-evaluate the benefits and risks of SCIT therapy

with the patient and decide whether or not treatment should be

continued (Grade D). In any case, cessation of treatment or adapta-

tion of the dosing schemes for the next injection should follow the

summary of product characteristics (SmPC).

Redness, itching, or swelling represents local reactions at the

injection site and occurs frequently after around half of injections.14

Local measures (e.g, cooling or topical glucocorticoids) or oral antihis-

tamines may be helpful for these reactions. Increased local adverse

reactions do not predict an increased individual risk of a systemic

adverse reaction.186 In case of enlarged local adverse reactions (red-

ness and/or swelling >10 cm in diameter) occur at the injection site,

the SmPC provides adaptation of the dosing schemes for the next

injection. When local adverse effects occur, premedication with an

H1-antihistamine can be used to reduce the frequency and severity

of adverse reactions (Grade A recommendation), but this prophy-

lactic treatment does not prevent the onset of SRs or anaphy-

laxis.187,188 Also, studies indicate that modified allergen extracts are

associated with less adverse effects.189-192 For aluminum hydroxide

containing SCIT products, granulomas have been described from a

foreign body reaction mainly caused by incorrect intradermal admin-

istration as well as contact allergic reactions, new onset of protein

contact dermatitis, or a vasculitis inflammatory reactions have been

reported.193-195 If these reactions to SCIT occur, treatment with

another aluminum hydroxide-free product is preferred (Grade D).11

8.2 | SLIT

Sublingual immunotherapy is regarded to be a safe and well-toler-

ated treatment (Table 8).11,14,196,197,198

Severe SRs with SLIT appear to be much less likely than with

SCIT although the overall rate of any adverse reactions is similar in

both SCIT and SLIT14,184 (see Tables S2 and S3 in online supplement

for details of classification123,199). In a review of 66 SLIT studies

(over 4000 patients who received over a million doses), there was 1

SR for approximately every 4 years of treatment and only 1 severe

SR per 384 treatment years.198 There are no new safety concerns in

more recent studies.14 Several severe reactions—in some cases with

anaphylaxis—are described in the literature occurring within 30 min-

utes of sublingual administration of allergens in droplet or tablet

form.34 In these cases, SLIT was not administered according to the

standards (nonstandardized extracts, rush protocols, excessive aller-

gen dose, patients in whom SCIT had previously been interrupted

due to severe reactions). Patients should be observed for at least

30 minutes after the first dose (Grade C) and supervised by staff

able to manage anaphylaxis (Grade C). As in SCIT, concomitant,

uncontrolled asthma has been reported to be associated with severe

systemic reactions after SLIT.34 In the recently published European

Survey, the rate of SRs under SLIT was also reported to be low

(1.1% of all SLIT-treated patients).184,185

The majority of adverse events in SLIT develop at home without

any medical observations. Patients should therefore be thoroughly

informed about how to recognize and manage reactions, particularly

severe ones (Grade D). Patients also need education on what to do

if a dose is forgotten and when SLIT should be temporarily inter-

rupted (e.g, oropharyngeal lesions) (Grade D).11 When 1 or more

TABLE 7 Recommendations: how long should AIT for allergic rhinoconjunctivitis be continued?

Recommendation
Evidence
level

Grade of
recommendation Strength of recommendation

Contextual
comments Key references

AIT is recommended as benefit is seen

from the first year of therapy

I A Strong recommendation based on

low risk of bias studies

(e.g53,56,58,69,72,74,85,94)

Generally

consistent

data

Dhami14, Bergmann53,

Bousquet74, Didier94,

Dahl85, Frew58

It is recommended that to achieve

long-term benefits, immunotherapy

should be continued for a minimum

of 3 y

I A Strong recommendation based on

low risk of bias long-term adult

studies,56,56,83,84,94,108,109,145 one

high risk of bias pediatric study

(due to its open design although

it was randomized)63 plus one

recently published low risk of

bias pediatric study.111

Consistent

data

Adult: Arroabarren179,

Didier56, Didier108,

Didier94, Durham83,

Durham109, James84,

Lin177, Naclerio178, Ott145,

Scadding65

Pediatric: Jacobsen63,

Stelmach223, Valovirta111
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severe adverse reactions occur, the allergist (specialist and subspe-

cialists) should rediscuss the benefits and risks of SLIT with the

patient and decide whether or not treatment should be continued

(Grade D). As for SCIT, cessation of treatment or adaptation of the

dosage should follow the summary of product characteristics

(SmPC).

The frequency of local adverse events during SLIT correlates

with the dosage and has been reported to be 40-75%, for example,

temporary local mucosal reactions (oral pruritus or dysesthesia,

swelling of the oral mucosa, throat irritation) or abdominal

pain.34,197-199 Most of these reactions occur during the initial phase

of the treatment course (commonly in the first 3 weeks). They are

commonly considered to be of mild intensity and self-limiting.34,97

Nevertheless, these reactions may lead to cessation of treatment,

as observed in 4-8% of cases reported in recent trials of SLIT

tablets.56,85,99,138 (see section “adherence”). As in SCIT, local

adverse reactions may be diminished by the intake of oral antihis-

tamines (Grade A).

For SLIT, temporary cessation of therapy may be advised in a

number of situations to reduce the potential for adverse effects. For

example, for 7 days following dental extraction or oral surgery or fol-

lowing shedding of a deciduous tooth; while an oral ulcer or open

wound in the mouth heals; or during an upper respiratory tract

infection in patients with asthma. Individual product SmPCs may list

additional advice.

9 | PREVENTIVE EFFECTS OF AIT FOR AR

A 3-year course of AIT reduces the likelihood that children and ado-

lescents with allergic rhinitis driven by pollen allergy go on to

develop asthma up to 2 years post-AIT.23 There is currently no con-

vincing evidence for a preventive effect of HDM AIT or for preven-

tion of new sensitivities.23 This is further discussed in the EAACI AIT

Prevention Guidelines.23

10 | PHARMACOECONOMIC ASPECTS OF
AIT VERSUS PHARMACOTHERAPY FOR AR

Pharmacoeconomic studies that only analyze costs in monetary units

have reported beneficial healthcare expenditure of AIT in the long-

run although savings are not expected in the first year. The majority

of pharmacoeconomic studies support the viewpoint that AIT gives

value for money, with cost-effectiveness within 6 years of treatment

initiation.201 Retrospective and prospective observational studies

have shown that SCIT and SLIT positively affect healthcare expendi-

ture in pharmacotherapy with a reduction in expenditure of 12% to

80%.202-206 A reduction in medical costs in the AIT vs placebo

groups has been repeatedly reported, but these savings did not com-

pensate the costs of AIT.202,207,208

In contrast to cost-only studies, cost-effectiveness and cost-uti-

lity analysis evaluate the effects of treatment in terms of clinical

benefits or health-related quality of life (i.e, quality-adjusted life

years [QALYs]). An incremental cost-effectiveness ratio (ICER), which

is defined as costs divided by benefits, can be calculated to estimate

the costs of a certain gain. Several health economics studies that

include cost-effectiveness and cost-utility calculations have demon-

strated that SCIT and SLIT are economically advantageous to phar-

macotherapy.209-212

Seven studies based on RCT data conducted from a health sys-

tem perspective and using QALYS as their outcome measure sug-

gests that SLIT and SCIT would be considered cost-effective in this

patient population in United Kingdom at the standard National Insti-

tute for Health and Care Excellence (NICE) cost-effectiveness

threshold of £20 000 (€24 616) per QALY.213-219 The studies com-

paring SCIT and SLIT have given mixed results and do not allow us

to conclude whether either treatment is more cost-effective.220

ICERs for cost evaluations of AIT seem to vary substantially between

different health systems suggesting that straightforward conclusions

may not be generalizable even across seemingly similar countries.215

Finally, the quality of the studies and the general lack of attention to

characterizing uncertainty and handling missing data should be taken

into account when interpreting these results.

11 | SUMMARY, GAPS IN THE EVIDENCE
AND FUTURE PERSPECTIVES

The EAACI Taskforce on AIT for AR has developed this guideline as

part of the EAACI AIT Guidelines Project. This guideline has been

informed by a formal SR and meta-analysis of AIT for AR.14 The

guidelines provide evidence-based recommendations for the use of

AIT for patients with AR with or without allergic conjunctivitis. A

comparison of SCIT and SLIT is provided in Figure 2. Practical guid-

ance is provided in Box 4 and a summary of the guidelines is pro-

vided in Box 5. An approach to the use of AIT for AR across the

healthcare system is summarized in Figure 3. The recommendations

should be of value to all healthcare professionals involved in the

management of patients with AR. There are barriers to the wider

use of AIT but equally there are facilitators that could be put into

place to widen access to AIT (Table 9).

The key limitation of this guideline is the considerable hetero-

geneity seen in elements of the underpinning meta-analysis. For

newer products, such as the SLIT grass pollen and house dust mite

tablets, we have consistent low risk of bias data and very secure rec-

ommendations. For older products, such as house dust mite SCIT

products, there is considerable heterogeneity in the meta-analysis

weakening the strength of recommendations around those products.

Many of these older studies were poorly designed and reported; for

example, it is often not clear whether intention-to-treat or per-pro-

tocol analyses were being reported making it impossible to combine

similar analyses in the meta-analysis. Indirect comparisons within the

meta-analysis strongly suggest that some products are more effec-

tive than others. A network analysis approach, which allows indirect

comparisons across trials based on a common comparator (usually
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the placebo group), would allow us to improve our comparative esti-

mates between products.221 This would allow product-specific rec-

ommendations to be made. The different local regulations47 and

availability of products48 makes this difficult at a European level. So

before treatment with a specific product is initiated, clinicians need

to undertake an individual product-based evaluation of the evidence

for efficacy, focusing on low risk of bias studies which are generally

the larger, more recent ones.11

There are a number of areas in this guideline where there is no

low risk of bias evidence, and these signify the gaps in the current

evidence base. The key ones are highlighted here and in Table 10.

There is a major gap in the evidence base for the clinical effective-

ness of AIT in children and adolescents with recommendations at

least 1 grade lower than for adults in most areas. As AR usually

starts in childhood and AIT has the potential to change the natural

course of the disease and prevent the development of asthma, this

age group has most to benefit. Once safety is established in adult

studies, pediatric studies need to be commenced using validated,

common outcome measures.11 There are also little data in the

ConsPros

Pre-, pre-/coseasonal and 
con�nuous SCIT are effec�ve in 
short term for seasonal and 
perennial AR
Pre/coseasonal SCIT therapy is
shorter but con�nuous SCIT may 
be more effec�ve
3-y con�nuous SCIT is effec�ve 
in long term for grass pollen-driven 
AR

Need for injec�ons (usually 
monthly on maintenance, more 
on updosing)
Need to be observed for at least 
30 minutes in clinic a�er each 
injec�on
Moderate-to-severe systemic 
allergic reac�ons: 1:2000 chance 
per injec�on, less with allergoids
Frequent minor, local adverse 
effects

Pre, pre-/coseasonal and con�nuous
SLIT tablets or drops are effec�ve in 
short term for seasonal AR
Con�nuous SLIT tablet is effec�ve           
in short term for perennial AR
3-y con�nuous SLIT is effec�ve     
in long term for grass pollen (tablets
or drops) and HDM (tablets only)
No injec�ons
Able to take at home a�er first dose

AIT should be considered if all are present:
Moderate-to-severe symptoms of allergic rhini�s, +/– conjunc�vi�s, on exposure to clinically relevant allergen(s)
Confirma�on of IgE sensi�sa�on clinically relevant allergen(s)
Inadequate control of symptoms despite an�histamines and/or topical cor�costeroids and allergen avoidance 
measures and/or unacceptable side-effects of medica�on

Pros and cons of the various op�ons need to be considered when choosing the best approach for each pa�ent: 

Discuss with pa�ent: 
Efficacy of each approach
Safety  of each approach
Cost of each approach
Need for adherence
Frequency of clinic visits 
including travel
Which approach pa�ents 
feels is best for them

Clinicians should:
Consider availability of 
products with documented 
clinical effec�veness
Ensure availability of staff 
to undertake SCIT injec�ons 
and maintain regular 
contact with pa�ents on 
SLIT  
Ensure good 
communica�on and 
rela�onship with pa�ent to 
facilitate good decisions 
making on star�ng correct 
therapy and maintaining 
adherence

Need for observa�on in clinic 
a�er first dose
Rare moderate to severe 
systemic reac�ons (<1:500 
chance over 3 y)
Most experience minor, local 
adverse effects, usually self- 
limited
Need to remember to take daily 
doses at home

SCIT

SLIT

F IGURE 2 Schematic approach to deciding which approach to allergen immunotherapy (AIT) is best to use in individual patients. For details
to specific recommendations, see table 3. For details about local and systematic adverse reactions, see adverse event section above

BOX 3 Risk factors for systemic reactions during AIT

Current allergy symptoms and potential allergen exposure

Current infections

Mast cell disease

Previous systemic reaction to SCIT or SLIT

Uncontrolled or severe asthma

A high degree of sensitization

Excess dose escalation during initiation

Beta-blockers use

Poor injection technique

Overdose of allergen extract

Failure to follow manufacturer’s recommendation for dose

reduction when change to new production batch

High-intensity physical exercise

Adapted from Pfaar et al.11.
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elderly particularly for patients with multimorbidity. Additionally,

more RCTs need to follow participants postcessation of therapy to

establish long-term clinically effectiveness, especially for HDM respi-

ratory allergy. Dose-finding studies are needed. Agreement about

the clinically meaningful effect size of AIT treatment would assist in

the interpretation of clinical trial data and help facilitate stratification

studies to help predict which patients will respond best to which

forms of AIT. The collection of patent-reported outcomes in studies

would ensure the patient experience is captured. Additionally, we

need data from randomized cost-effectiveness and cost-utility stud-

ies to use in discussions with healthcare funders. We need biomark-

ers to predict and quantify the effectiveness of AIT to assist in

patient selection.222 Suboptimal adherence with AIT is likely to

impact on its effectiveness; novel approaches to improve effective-

ness should be developed in partnership with patients. Also, to allow

better comparison of safety between approaches, studies need to

use a unified approach to classifying side-effects is required. A com-

mon and international recognized language should be used when

reporting severe adverse reactions, such as the MedDRA classifica-

tion and AIT-related local and systemic reactions should be reported

in line with internationally standardized classification such as the

WAO-grading system.123,199 Filling these gaps would allow the gen-

eration of much clearer guidelines for clinicians allowing them to

stratify patients to the best therapy. It may not be possible to

achieve this with only randomized, controlled prospective data; large,

real-life, controlled data need to be examined although the potential

for bias and confounding needs to be acknowledged.

Despite all these gaps, we have clear evidence for the clinical

effectiveness of AIT, for SCIT, SLIT tablets, and SLIT drops, for

adults and children with moderate-to-severe AR that is otherwise

uncontrolled despite pharmacotherapy. We have evidence-based

recommendations for specific patient groups and specific

approaches. There is now a need to ensure that primary care

healthcare professionals know which patients might benefit from

AIT (Box 6), that national healthcare providers understand that AIT

is cost-effective and that patients and patient support groups are

aware of this approach. This will be supported by the implementa-

tion strategy for this guideline with efforts being put into dissemi-

nating the guideline. This will be supported with materials such as

schedules and country-specific product evaluations as exemplified

by the German, Austrian, and Swiss guideline.11 Finally, as new

evidence is published, these guidelines will need to be

updated with revision of specific recommendations to reflect the

new data.
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BOX 4 Practical considerations for healthcare profes-

sionals delivering AIT

� Training and facilities

○ Expertise in the diagnosis and differential diagnosis of

AR by history and supporting SPT or specific IgE testing.

○ Training in recognition and management of severe

allergic reactions including anaphylaxis.

○ Availability of equipment and trained personal to

manage severe allergic reactions.

○ Training in administration of specific AIT products.

○ Facilities to observe patient for at least 30 minutes

with SCIT injections and initial dose of SLIT.

� Assessing patient and deciding on best approach

○ Effective communication with patients and/or family

about practicalities of AIT, expected benefits and

potential adverse effects.

○ Identification of clinical contraindications to AIT.

○ Select an AIT product with documented evidence for

efficacy and safety, for the patient's specific presen-

tation, wherever possible.

� Undertaking AIT

○ Start AIT for seasonal AR at least 4, and preferably

2, months before the pollen season.

○ Preferably start AIT for perennial AR when allergen

exposure is lowest and avoidance measures are in

place.

○ Dose reductions (usually 50%) or split doses for

adverse effects, intercurrent illness, or delayed dos-

ing as recommended by SmPC for SCIT.

○ Dose interruption with oral lesions and other issues

as recommended by SmPC for SLIT.

○ Facilities to regularly follow up patient promoting

adherences to therapy and watching for adverse

effects.
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BOX 5 Summary of the EAACI Rhinoconjunctivitis AIT Guidelines

� AIT should be considered with symptoms strongly suggestive of allergic rhinitis, with or without conjunctivitis; evidence of IgE sen-

sitization to 1 or more clinically relevant allergens; and moderate-to-severe symptoms despite regular and/or avoidance strategies.

� AIT may also be considered in less severe AR where a patient wishes to take advantage of its long-term effect on rhinitis and

potential to prevent asthma with grass pollen AIT.

� More standardized products with documented evidence for efficacy in clinical trials are needed.

� Standardized AIT products with evidence of efficacy in the clinical documentation should be used when they are available.

� An individual product-based evaluation of the evidence for efficacy is recommended before treatment with a specific product is

initiated.

� Key contraindications are severe or uncontrolled asthma; active, systemic autoimmune disorders; active malignant neoplasia. Care-

ful review of benefits and risks is required with history of severe reactions, beta-blocker therapy, severe cardiovascular disease,

other autoimmune disorders, severe psychiatric disease, poor adherence, and immunodeficiency. The individual patient’s conditions

should be considered when deciding whether to prescribe AIT and the summary of product characteristics (SmPC) should be

reviewed for specific contraindications for individual preparations.

� For each recommendation, an individual product-based evaluation of the evidence for efficacy is recommended before treatment

with a specific product is initiated given the heterogeneity in meta-analysis results:

○ Continuous SCIT is recommended for seasonal (Grade A for adults, B for children) or perennial (Grade B for adults, C for chil-

dren) AR for short-term benefit in those with moderate-to severe disease.

○ Pre- and pre-/coseasonal SCIT is recommended for seasonal AR for short-term benefit (Grade A for adults, B for children).

○ Both modified (allergoids) and unmodified allergen SCIT extracts are recommended for AR for short-term benefit (Grade A for

adults, B for children).

○ Continuous grass pollen SCIT is recommended for AR for short- and long-term benefit (Grade A for adults, B for children).

○ Pre-/coseasonal or continuous SLIT is recommended for seasonal ARs for short-term benefit (Grade A).

○ SLIT with tablets for pollens or HDM can be recommended for AR for short-term benefit (Grade A).

○ SLIT aqueous solutions for pollens can be recommended for AR for short-term benefit (Grade B for adults, A in children).

○ SLIT aqueous solutions for HDM cannot be recommended for AR for short-term benefit.

○ Continuous grass pollen SLIT tablets or SLIT solution is recommended for AR for long-term benefit (Grade A).

○ HDM SLIT tablet can be recommended for AR for long-term benefit (Grade B for adults, C for children).

� Polysensitized patients who are poly-allergic for taxonomically related homologous allergens can be recommended to receive either

a single allergen or a mixture of homologous allergens from that biological family that covers all the major allergens (Grade A).

� Patients who are poly-allergic for nonhomologous allergens may be recommended to start AIT with either the allergen responsible for

most of their allergic rhinoconjunctivitis symptoms or separate treatment with the 2 clinically most important allergens (Grade C).

� In children aged 2-5 y of age, it is recommended that consideration should be given to likely benefits and risks associated with

AIT for AR (Grade D).

� AIT can be recommended in otherwise healthy elderly patients with AR whose symptoms cannot be adequately controlled by

pharmacotherapy (Grade A for SLIT, B for SCIT).

� If patients have not started AIT and are pregnant, it is recommended to wait until after pregnancy to initiate therapy (Grade D).

� It can be recommended that patients on SLIT are followed up every 3 mo to maximize adherence (Grade B).

� To achieve long-term efficacy, it is recommended that a minimum of 3 y of therapy is used (Grade A).

� Premedication with an antihistamine is recommended as it reduces the frequency and severity of local and systemic cutaneous

reactions but does not eliminate the risk of other systemic adverse reactions including anaphylaxis (Grade A).

� It is recommended that patients should wait in the clinic for at least 30 minutes after a SCIT injection (Grade C).

� It is recommended that SCIT should be administered by competent staff, trained to diagnosed symptoms of early systemic reac-

tions or anaphylaxis, with immediate access to resuscitation equipment and a doctor trained in managing anaphylaxis. (Grade C).

� It is recommended that patients should wait in clinic for at least 30 minutes after an initial SLIT dosage and staff and equipment

should be available to manage any severe local or systemic reaction or anaphylaxis (Grade C).

� It is recommended that patients receiving SLIT should be informed about how to recognize and manage adverse reactions, particu-

larly severe ones (Grade D).
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Pa�ent with allergic rhinoconjunc�vi�s self-medicates with over the counter or 
pharmacy an�histamines +/– nasal cor�costeroids +/– ocular an�histamines or 

chromoglycate

Review by primary care general physician: 
• clinical diagnosis based on symptoms with exposure and examina�on

• consider differen�al diagnoses
• op�mize therapy: non-seda�ng an�histamines +/– nasal cor�costeroids or nasal 

an�histamine +/– ocular an�histamines or ocular chromoglycate

Poor symptom control

Referral for review by clinician with clinical allergy training: 
• clinical diagnosis based symptoms, examina�on and iden�fica�on of driving 

allergens (SPT, serum-specific IgE) 
• consider differen�al diagnoses

• op�mise therapy: allergen avoidance; an�histamines +/– nasal cor�costeroids or 
an�histamine +/– ocular an�histamines or chromoglycate +/– montelukast

Bothersome symptoms that impair usual daily ac�vi�es despite regular use of 
an�histamines and nasal cor�costeroids

Ini�a�on of AIT:
• Selec�on of appropriate allergen(s) to use in AIT based on symptoms, allergic 

sensi�za�on +/– provoca�on tes�ng 
• Selec�on of op�mal approach (eg, SLIT, SCIT) based on pa�ent characteris�cs, 
experience of clinic and pa�ent preference, and availability of products of proven 

efficacy
• Considera�on of any poten�al contraindica�ons

• Supervised ini�a�on of AIT by trained healthcare professionals

Poor symptom control or selec�on for long-term benefits

Regular reassessment: 
• Is the pa�ent adhering to therapy? 

• Is the pa�ent benefi�ng from therapy?
• Is the pa�ent experiencing any adverse effects?
• Are any modifica�ons to therapy required?

Cessa�on of therapy: 
• With unacceptable adverse events, eg severe systemic reac�ons 

• Lack of benefit of AIT a�er 1 y according to pa�ents and physician – reassess  
• At least 3 y of therapy – selected pa�ent may warrant longer therapy 

F IGURE 3 Approach to using allergen immunotherapy (AIT) for allergic rhinoconjunctivitis. Schematic illustration of the approach to using
AIT for AR starting with self-medication and management in primary care moving to assessment by a clinician trained in clinical allergy for
consideration and initiation of AIT in suitable patients. Structure of healthcare systems differs between countries
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New developments in patients with eosinophilic
gastrointestinal diseases presented at the CEGIR/
TIGERS Symposium at the 2018 American
Academy of Allergy, Asthma & Immunology
Meeting
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The Consortium of Eosinophilic Gastrointestinal Diseases and
the International Gastrointestinal Eosinophil Researchers
organized a day-long symposium at the recent 2018 Annual
Meeting of the American Academy of Allergy, Asthma &
Immunology, which was coupled for the first time with the
World Allergy Organization meeting to create an international
platform. The symposium featured experts in many facets of
eosinophilic gastrointestinal diseases, including allergy,
immunology, gastroenterology, pathology, and nutrition, and

was a well-attended event. The basic science, genetics, cellular
immunology, and clinical features of the diseases, with a
focus on epithelial, eosinophil, and mast cell responses, as well
as current and emerging treatment options, were reviewed.
Here we briefly review some of the highlights of the
material presented at the meeting. (J Allergy Clin Immunol
2018;142:48-53.)
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diagnosis
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Knowledge related to the epidemiology of eosinophilic
gastritis (EG), gastroenteritis, and eosinophilic colitis (EC)
remains limited. The prevalence of these conditions ranges
from 3.5 to 8.3 per 100,000, with approximately 50,000 cases
total estimated in the United States.1 There does not appear to be a
male predominance, but there is an association with atopy.
No etiologic or risk factor studies have been done for EG,

eosinophilic gastroenteritis, or EC. The epidemiology of eosin-
ophilic esophagitis (EoE) is far better described.2 The prevalence
is approximately 1 per 2000, with an estimated 150,000 cases in
the United States and large burden of disease (>$1 billion annu-
ally).3,4 Both the incidence and prevalence of EoE are increasing
rapidly, and there is much research interest in these evolving
trends. Although no specific ‘‘cause’’ for this increase has been
found, there are a number of potential risk factors, including the
decrease inHelicobacter pylori infection, low population density,
and early-life exposures, such as antibiotic use.5 Gene-
environment interactions, particularly between breast-feeding
and single-nucleotide polymorphisms in calpain 14 (CAPN14),
have been identified recently as a predisposing factor.6 EoE is a
highly atopic disease with a high rate of asthma, allergic rhinitis,
and IgE-mediated food allergy. For food allergy, it is also known
that oral immunotherapy can induce EoE in about 5% of cases.7

CONSEQUENCES OF EoE: REMODELING
Unbridled TH2 eosinophilic esophageal inflammation leads to

esophageal rigidity in children and adults through tissue remodel-
ing that includes histologic changes of basal zone hyperplasia,
fibrosis, angiogenesis, and smooth muscle hyperplasia with hy-
pertrophy.8,9 Current data in adults demonstrate that uncontrolled
EoE can result in a fibrostenotic state, with resultant strictures in
the majority of patients.10,11 The use of endoscopic functional
lumen imaging probe technology provides a novel esophageal
readout for compliance and motility.12,13

A rigid extracellular matrix has consequences in terms of both
esophageal biomechanics and structural cell function.14,15 Esoph-
ageal fibroblasts cultured on a rigid matrix have increased
contractility and myofibroblast features, and smooth muscle cells
become hypertrophic and have increased expression of contrac-
tility and fibrotic genes when cultured in a stiff matrix.14,15 Ther-
apies that reduce inflammation in children and adults can reverse

histologic fibrosis and esophageal rigidity in a subset of sub-
jects.16,17 A future direction for EoE therapy will be to treat not
only inflammation but also the complications of dysfunctional
esophageal biomechanics.

RELATIONSHIP BETWEEN EoE AND OTHER FORMS
OF ESOPHAGITIS WITH FOCUS ON PROTON PUMP
INHIBITOR RESPONSES

The Consortium of Eosinophilic Gastrointestinal Disease Re-
searchers (CEGIR) is addressing a number of key issues in the
field of eosinophilic gastrointestinal disorders (EGIDs), including
the relationship between EoE and various other forms of esoph-
agitis.18 EoE and gastroesophageal reflux disease share a complex
relationship, and previous assumptions used to dichotomize the 2
might be flawed.18,19 Proton pump inhibitor (PPI)–responsive
esophageal eosinophilia (PPI-REE) describes patients with
esophageal eosinophilia; typical EoE symptoms, endoscopic fea-
tures, and histology; and no evidence of gastroesophageal reflux
disease, as determined by using endoscopy, but who exhibit clin-
ical and histologic response to PPIs. There is still controversy sur-
rounding the entity and extent to which it overlaps with or is a
subtype of EoE.20,21 Clinically, a number of conditions can cause
esophageal eosinophilia. However, when patients present with
typical symptoms of esophageal dysfunction, atopy, endoscopic
findings suggestive of EoE and biopsy specimens with marked
esophageal eosinophilia, they appear to have EoE. There are
now extensive data that suggest the clinical, endoscopic, histolog-
ic, immunologic, and molecular features of these patients at base-
line (before PPI treatment) are largely indistinguishable between
PPI responders (PPI-REE) and nonresponders (classic
EoE).3,20-22 One possible mechanism for PPI-REE is that patients
with EoE respond to the anti-inflammatory effects of PPIs unre-
lated to gastric acid inhibition. PPIs have been documented to
induce histologic remission in approximately 50% of patients
with symptomatic esophageal eosinophilia, block TH2
cytokine–induced eotaxin-3 secretion in esophageal (and bron-
chial) epithelial cells, and reverse an allergic TH2 inflammatory
transcriptome signature.23 Given the weight of evidence docu-
menting that PPIs reduce esophageal eosinophilia, A Working
Group on PPI-REE (AGREE) is putting forth an updated diag-
nostic algorithm for EoE that includes removal of the PPI trial
requirement and suggests that PPIs are better classified as a treat-
ment rather than as a diagnostic criterion for EoE.19

EoE THERAPY: DIET VERSUS STEROIDS?
The advantages of using diet therapy over steroid therapy to

treat EoE (particularly over the long-term) were reviewed. Diet
therapies achieve histologic remission, consistently resolve
symptoms, and might mitigate long-term esophageal complica-
tions by reversing epithelial hyperplasia and subepithelial
fibrosis.17,24-26 Elimination diet therapies can be a practical treat-
ment for patients of all ages, and with the assistance of dietitians,
diet therapies might improve the nutritional quality of patients’
diets.27 In recent years, elimination diets have become easier to
follow because food manufacturers have improved the palat-
ability of foods used as substitutes for eliminated foods. Although
therapies for EoE should be individualized and based on the pa-
tients’ lifestyle and clinical needs, diet therapy has become an
increasingly feasible treatment option for many patients.

Abbreviations used

CEGIR: Consortium of Eosinophilic Gastrointestinal Disease

Researchers

EC: Eosinophilic colitis

EDP: EoE Diagnostic Panel

EG: Eosinophilic gastritis

EGID: Eosinophilic gastrointestinal disorder

EoE: Eosinophilic esophagitis

EoEe1: EoE endotype 1 (EDP identified)

EoEe2: EoE endotype 2 (EDP identified)

EoEe3: EoE endotype 3 (EDP identified)

iNKT: Invariant natural killer T

PPI: Proton pump inhibitor

PPI-REE: Proton pump inhibitor–responsive esophageal eosinophilia

TNE: Transnasal endoscopy
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EoE THERAPY: STEROIDS VERSUS DIET?
The advantages of using steroid therapy over diet for patients

with EoEwere reviewed (Table I). Important points favoring steroid
therapy include that use of topical corticosteroids is effective at
achieving histologic, endoscopic, and symptomatic end points
while preventing complications, such as fibrosis and food impac-
tions.28-30 This treatment offers good tolerability with minimal ef-
fect on quality of life and without the use of multiple
endoscopies. Topical corticosteroids have a good side effect profile,
and complications are rare. Overall, the right choice on initial ther-
apy is very individualized and patient driven, being based on consid-
eration of the goals of care and what fits best with the subject’s
lifestyle and needs.

NUTRITIONAL IMPLICATIONS OF EoE
Children with EoE might be at increased nutritional risk.

A number of studies have reported poor growth at diagnosis in
the pediatric population with EoE.31,32 Although there appears to
be greater risk of stunting and being underweight in children
with IgE-mediated food allergy on cow’s milk or multiple food
elimination diets, studies in childrenwith EoE on elimination diets
do not indicate growth consequences when the patient is under the
care of a dietitian; receiving adequate energy, protein, and micro-
nutrients; and/or using a supplemental formula to support the diet.
Feeding difficulties in patients with EoE have also been reported,
and data exist that many children with EoE have maladaptive
eating behaviors on the basis of a validated behavioral feeding
assessment scale. Tools have been developed through anAmerican
Academy of Allergy, Asthma & Immunology workgroup report to
assist practitioners in minimizing the nutritional effect of EoE and
the associated diet therapies used in disease management.33

IgG VERSUS IgE AND DISEASE PATHOGENESIS
The importance of IgE versus IgG4 in the pathogenesis of EoE

was discussed. On the one hand, it was concluded that IgE might
not have a major role in EoE for several reasons, including the
following: (1) symptoms are typically not temporally related to
food triggers, (2) skinprick test results and serumIgE levels to foods
are onlyweakly predictive of food triggers,34,35 and (3) allergy test–
based elimination diets (directed by skin prick tests, serum food-
specific IgE levels, and IgE measurement of allergenic molecules
by using component-resolved diagnostics) are not that effective in
inducing EoE remission.36,37 Furthermore, omalizumab, an anti-
body targeted against IgE, was not effective in inducing EoE remis-
sion in a double-blind, placebo-controlled clinical trial.38 IgG4 was
thought to potentially have a role in EoE pathogenesis, although the
current evidence for this is still preliminary. Serum, plasma, and
esophageal tissue IgG4 levels to common food triggers were shown
to be increased in patients with EoE, although the increase was not
predictive of food triggers in these patients.39,40 Therefore it was
concluded that higher levels of IgG4 than IgE are produced in pa-
tients with EoE and that evidence to support IgG4 involvement
directly in disease pathogenesis is needed.

ROLE OF T CELLS IN EoE PATHOGENESIS
There is evidence of a TH2 phenotype in blood and biopsy

specimens, indicating that T-cell function might play a key role
in disease pathogenesis.41 Patients with active EoE have local
TH2 inflammation characterized by high levels of IL-13, IL-4,
IL-5, and thymic stromal lymphopoietin, chemokines that attract

eosinophils (eg, eotaxins), lymphocytes, mast cells, basophils,
and invariant natural killer T (iNKT) cells.41-43 TH2 polarization
can be favored by genetic background in patients with EoE with
higher production of epithelial factors, such as thymic stromal
lymphopoietin, thereby promoting differentiation of naive
CD41 T cells into TH2 cells.44 Accumulating evidence suggests
that both innate (ie, iNKTs) and conventional T cells are able to
recognize and mount a TH2 response against food antigens in
patients with EoE. Mouse models have demonstrated that T, but
not B, cells are essential for EoE development.45 iNKT numbers
are increased at the site of inflammation and have a TH2 pheno-
type in patients with EoE.46,47 Milk-derived lipid antigens are
able to specifically activate iNKT cells and induce a TH2 response
in patients with EoE.46,48

In addition, patients with active EoE disease triggered by
milk consumption have a significant increase in numbers of
activated peripheral blood CD41 T cells expressing TH2 cyto-
kines compared with those seen in healthy control subjects or
patients with inactive EoE.41 This CD41 T-cell population is
capable of in vitro milk-specific antigen responses.41,49 These
data confirm that both innate and adaptive T cells could have
a central role in antigen recognition and initiation of TH2
inflammation.

MAST CELL INVOLVEMENT
Mast cells are increased in patients with active EoE, and their

counts correlate with eosinophil levels and decrease with
treatment in a majority of patients with EoE.50 Mast cells can
have a role in symptoms through esophageal nerve activation
and smooth muscle contraction, and the mast cell transcriptome
correlates with dysphagia scores. Mast cells have a potential
role in fibrosis and esophageal remodeling, and their esophageal
density correlates with endoscopic furrows.

LESS INVASIVE TESTING
Less invasive testing for evaluating the esophagus is a rapidly

growing area of clinical medicine and inquiry. Such testing
includes methods that replace endoscopy or complement endos-
copy with or without sedation. Most of these modalities are
generally not currently available, except for the endoscopic
functional lumen imaging probe (EndoFLIP), unsedated trans-
nasal endoscopy (TNE), and the EoE Diagnostic Panel (EDP).
Other technologies will likely becoming more clinically available
soon, such as the esophageal string test, mucosal impedance, and
cytosponge, which are currently only available in research
settings. These technologies have the potential to enable
improved monitoring of the esophagus with lower cost but have
tradeoffs compared with a more complete, biopsy-centric
mucosal examination with sedated endoscopy. Other comple-
mentary technologies might offer additional information
regarding esophageal compliance or more rapid assessment of
mucosa compared with mucosal pathology, but the usefulness of
such testing is debated.

PATIENT ADVOCACY
The positions of patient advocacy groups were presented. In

particular, the many challenges of rare diseases were discussed,
from obtaining a correct diagnosis to limited treatment options to
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finding a knowledgeable physician.51 Patients with EGIDs have
limited treatment options for a lifelong disease that significantly
affects quality of life. Patient advocacy groups, such as the Amer-
ican Partnership for Eosinophilic Disorders and the Campaign
Urging Research for Eosinophilic Diseases (CURED), can help
physicians by assisting patients in finding support, lay friendly
educational materials, patient conferences, and practical tools
for everything needed to live life to the fullest.

PILOT STUDIES WITH POTENTIAL TO AFFECT
EGIDs

The CEGIR Pilot Study Program examines novel areas with the
potential to create or change diagnostic and therapeutic para-
digms concerning EoE, EG, and EC.18 Currently, 4 pilot studies
have been funded and are active: (1) a microbiome initiative
examining the gastrointestinal mucosal and fecal bacterial ge-
nomes in patients with EoE, EG, and EC; (2) a prospective clin-
ical trial of losartan in patients with EoE; (3) a prospective trial
of elemental diet in adults with EG; and (4) a prospective study
examining the utility of TNE in children with EoE.

Characterization of dysbiosis of the intestinal tract should provide
fundamental insight into the pathogenesis of EGIDs. The losartan
and elemental diet trials are the first prospective evaluations of
such treatments in patients with the indicated diseases. Finally,
evaluation of TNE can reduce the necessity of anesthesia during
endoscopy during food reintroduction, a major limitation of the
elimination diet approach in patients with EoE.

ENDOTYPES IN PATIENTS WITH EoE
Three EoE endotypes have been identified based on probing

esophageal biopsy specimens from pediatric and adult patients
with EoE across sites associated with CEGIR by using the EDP, a
set of 96 informative transcripts.52 Of histologic features, basal
zone hyperplasia correlated relatively strongly with the EDP,
and of different endoscopic features, furrows correlated relatively
strongly with the EDP.
The EDP identified 3 clusters associated with distinct endo-

types (termed EoE endotype 1 [EoEe1] to EoE endotype 3
[EoEe3]) despite similar eosinophil levels. EoEe1 was strongly
associated with a normal-appearing esophagus and showed

TABLE II. Future needs in EGID

Need Near future Far future

Drug approval Topical esophageal corticosteroid (adults) Biologics for disease modification: anti–IL-13; anti–

IL-4Ra; eosinophil-depleting antibodies and

drugs

Small-molecule inhibitors for mast cell, eosinophil,

T-cell, and/or epithelial cell function and/or

modification

Personalized medicine Endotype-based therapy based on esophageal

transcriptome profiling (eg, EDP)

PPI-responsive patients

Genetic SNP-based therapy

Inflammation-dependent and independent

remodeling therapy

Biologics (eg, anti–IL-13 in adults) Inflammation-independent antifibrotic therapy

Understanding long-term complications and

long-term response to therapy

Increased Multicenter Trials, across the United

States (via CEGIR)

Genotype-phenotype variability

Natural history in large cohorts of children

Less invasive or noninvasive biomarkers Esophageal string test

TNE

Sponge test

Peripheral blood markers/panels

Improved diet therapy One-food elimination (eg, milk elimination diets) Induction of food tolerance

SNP, Single nucleotide polymorphism.

TABLE I. Pros and cons of diet versus steroids

Diet therapy Swallowed steroids

Pro Con Pro Con

‘‘Natural’’ Lower quality of life to adjust to

dietary restrictions and poor

palatability in case of elemental

diet

Ease of use Side effect: esophageal candidiasis

(5% to 10%)

Removing upstream trigger

of disease

Grocery cost of restricted diet Not approved by FDA Theoretic adrenal and growth

suppression

Highest response rate with

elemental diet

Multiple endoscopies Improved quality of life Cost of unapproved medication

Reverse fibrosis Reverse fibrosis in children

Reduce symptoms Reduce symptoms and, in adults,

improve complication of food

impactions

Decrease eosinophil count and

improve histologic pathology

Decrease eosinophil count and

improve histologic pathology

FDA, US Food and Drug Administration.
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relatively mild histologic, endoscopic, and molecular changes.
EoEe2 demonstrated an inflammatory and steroid-refractory
phenotype and showed the greatest expression of cytokines and
steroid-responding genes. EoEe3 was associated strongly with a
narrow-caliber esophagus and showed the highest degree of
endoscopic and histologic severity and the lowest expression of
epithelial differentiation genes. These endotypes have potential to
allow tailoring of EoE-specific therapy, as well as prognostic
predictions.

PREDICTING THE FUTURE IN EGIDs
The potential needs for patients, researchers, and physicians

were discussed for the immediate future and the next 10 years
(Table II). The major developments will be availability of US
Food and Drug Administration–approved medications for pa-
tients with EoE and less invasive biomarkers for diagnosis. In
the more distant future, personalized medicine based on genetics
and genomics on esophageal biopsy specimens, as well as disease
endotypes, is likely to advance patient care and understanding.
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Abstract

Eosinophilic esophagitis (EoE) is a chronic disease characterized clinically by

symptoms of esophageal dysfunction and histologically by eosinophil-predomi-

nant inflammation. EoE is frequently associated with concomitant atopic diseases

and immunoglobulin E (IgE) sensitization to food allergens in children as well as

to aeroallergens and cross-reactive plant allergen components in adults. Patients

with EoE respond well to elemental and empirical food elimination diets. Recent

research has, however, indicated that the pathogenesis of EoE is distinct from

IgE-mediated food allergy. In this review, we discuss the individual roles of

epithelial barrier defects, dysregulated innate and adaptive immune responses,

and of microbiota in the pathogenesis of EoE. Although food has been recog-

nized as a trigger factor of EoE, the mechanism by which it initiates or facilitates

eosinophilic inflammation appears to be largely independent of IgE and needs to

be further investigated. Understanding the pathogenic role of food in EoE is a

prerequisite for the development of specific diagnostic tools and targeted thera-

peutic procedures.

Abbreviations

ACD, allergic contact dermatitis; AD, atopic dermatitis; APT, atopy patch test; DHR, drug hypersensitivity reactions; EoE, eosinophilic

esophagitis; FPIES, food protein-induced enterocolitis; GERD, gastroesophageal reflux disease; GI, gastrointestinal; IBD, inflammatory bowel

disease; Ig, immunoglobulin; OAS, oral allergy syndrome; PPI-REE, proton pump inhibitor-responsive esophageal eosinophilia; SFED, six-food

elimination diet; SPT, skin prick test; TCR, T-cell receptor; TNF, tumor necrosis factor.
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Current definition of EoE

As a consequence of intense research in the field of esophageal

eosinophilia, our understanding of eosinophilic esophagitis

(EoE) has developed from strict clinic–pathologic criteria lead-

ing toward a conceptual definition which includes pathogenic

aspects (1–3). According to current recommendations, EoE

represents a chronic, immune/antigen-mediated esophageal

disease characterized clinically by symptoms of esophageal

dysfunction and histologically by eosinophil-predominant

inflammation (2). EoE has been recognized as having a spec-

trum of clinical signs and symptoms, endoscopic findings as

well as pathologic features. However, the term ‘immune/anti-

gen-mediated’ does not address the question where EoE should

be positioned in the wide range between autoimmune and aller-

gic diseases. In addition, there are likely subgroups of patients

who do not meet this strict definition; for example, some have

less than 15 eosinophils per high power field (hpf), but other-

wise fulfill the criteria of EoE (2).

The two most common causes of eosinophilia in the esopha-

gus, normally devoid of eosinophils in healthy humans, are

gastroesophageal reflux (GERD) and EoE (2). However, yet

another form of esophageal eosinophilia has recently emerged

having clinical manifestations and histological features indis-

tinguishable from EoE, but distinct from GERD, apart from

the fact that it is responsive to high dose of PPI whereas EoE is

histologically refractory to PPI. Hence, it is called PPI-respon-

sive esophageal eosinophilia (PPI-REE) (4, 5). Patients with

PPI-REE frequently exhibit environmental and/or food aller-

gen sensitizations like patients with EoE, whereas the atopy

rate in patients with GERD is similar to that of the general

population. Moreover, the inflammatory markers of PPI-REE

are more similar to those of EoE than of GERD: positive for

factors involved in eosinophil chemotaxis (eotaxin-3, CCL26),

barrier integrity (desmoglein-1, DSG1), tissue remodeling

(periostin, POSTN), and mast cell-specific activity (car-

boxypeptidase A, CPA3) (4). The molecular signature typical

of PPI-REE and EoE could be reversed by PPI therapy only in

PPI-REE (4), suggesting the molecular signature is either a

sign of disease or marker of eosinophilic inflammation. Mecha-

nisms proposed to explain the PPI response include an acid-

independent, anti-inflammatory action of PPIs on the one

hand, or a PPI-induced restoration of esophageal barrier func-

tion on the other (6). In summary, it is possible that PPI-REE

and EoE are the consequence of the same underlying immuno-

logic mechanism, but additional research is required to confirm

this concept.

Already early reports on EoE mentioned concomitant

allergic diseases and elevated total serum immunoglobulin E

(IgE) levels in about 70% of the patients (7, 8). After receiv-

ing elemental formulas, children with esophageal eosinophilia

not responding to pharmacological and/or surgical antireflux

therapy, showed marked improvements (9). This observation

suggested that EoE could represent an allergic disease in

which food proteins play an important role. However, further

research revealed that EoE seems not to be simply an IgE-

mediated food allergy. What, then, are the underlying causes

of EoE and what role might food and/or other antigens play

in the pathogenesis? In this review initiated by the EAACI

Eosinophilic Esophagitis Interest Group, we will discuss

recently published work on EoE in the context of an

immune/antigen-mediated disease.

EoE-associated IgE sensitization to food and

aeroallergens

EoE is associated with elevated total IgE levels as well as IgE

sensitization to food and aeroallergens (10). In a pediatric

EoE cohort, sensitizations to food and environmental aller-

gens have been observed in 75% and 79%, respectively (11).

Skin prick testing in children with EoE revealed increasing

reactivity with inhalant allergen with age, while the reactivity

to foods decreased (12). Children with EoE were mainly sen-

sitized to milk, eggs, soy, wheat/rye, beef and peanuts (13).

In adult patients with EoE, specific IgEs to food and inha-

lant allergen components have been detected in 91% (14).

These patients were mainly sensitized to pollens, in particular

cross-reactive plant allergen components such as profilins

and pathogenesis-related (PR) 10 proteins (14). Noteworthy

is the observation of local immunoglobulin class switching

and production of IgE in the esophageal mucosa of pediatric

patients with EoE (15). Considering all these findings, EoE

was initially suspected of being an IgE-mediated allergy to

food and cross-reactive plant allergens.

On the other hand, clinical trials of targeted food elimina-

tion diets, as well as of IgE blocking, failed to show an IgE-

mediated mechanism. Measuring specific IgE levels and/or

skin prick testing were not sufficient to clearly identify causa-

tive food allergens (13, 14, 16, 17). Moreover, elimination

diets based solely on IgE sensitization to food allergens as

determined by skin prick tests (SPTs) and/or specific IgE

determinations could not improve EoE in a significant num-

ber of patients (16, 18, 19). The positive predictive values for

causative food identified by SPT ranged from 26% to 96%,

with an average of 47% (16). Based on the assumption that

IgE plays a key role in pathogenesis, a therapy with an anti-

IgE antibody for 12 weeks in pediatric and adult patients

with EoE was initiated in a non-placebo-controlled study

resulting in a remission rate of only 33% despite an effective

reduction of IgE levels observed in the esophageal tissue (20).

In a double-blind placebo-controlled study, anti-IgE treat-

ment was not better than placebo in inducing EoE remission

(21). Taken together, recent clinical and research data lead us

to conclude that EoE, while often associated with IgE sensiti-

zation, is not simply an IgE-mediated food allergy.

EoE exhibits features of a Th2-predominant

inflammation

The inflammation of EoE is predominantly eosinophilic, but is

also characterized by increased numbers of T cells and mast

cells infiltrating the esophageal mucosa, as well as high expres-

sion levels of IL-5 and TNF-a (Fig. 1) (22). Transcriptome

analysis of EoE tissue showed a distinct Th2 pattern with sig-

nificantly elevated mRNA levels of eotaxin-3, IL-5, IL-5 recep-

tor a-chain and IL-13 (23, 24). In experimental models, both
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eotaxin and IL-5 were essential for eosinophil recruitment,

accumulation and activation in the esophagus as well as for

epithelial hyperplasia and remodeling (25–28). Moreover, IL-

13 can induce eotaxin-3 production by esophageal epithelial

cells (29). In addition to the Th2 cytokines, patients with EoE

show elevated blood levels of IL-1a, IL-6 and IL-8, but lower

levels of IL-12, IL-17 and CD40L as compared with healthy

controls, while the gene expression of receptors for IL-1, IL-9

and IL-17 is also upregulated in EoE lesions (23, 24).

Treatment with corticosteroids resulted in a reduced

expression of eotaxin-3, IL-5 and IL-13 and was followed by

a decrease of eosinophil numbers in the esophagus of patients

with EoE (29). Although reducing eosinophil inflammation in

the esophagus, blocking IL-5 or IL-13 with therapeutic anti-

bodies has yet to be proven to be clinically useful, although

trends have been seen in preliminary studies (30, 31). In sum-

mary, Th2 immune responses are a striking feature and most

likely contribute to the pathogenesis of EoE, but are not the

sole players as pro-inflammatory cytokines are also expressed

that may regulate additional responses.

Lessons learnt from hypersensitivity reactions of the

skin

EoE shares many similarities with dermatoses that are due to

T-cell responses of the skin independent of IgE. Therefore, it

appears logical to consider antigen-triggered T cell-mediated

mechanisms for the pathogenesis of EoE (Fig. 1).

T-cell responses in allergic contact dermatitis

In allergic contact dermatitis (ACD), chemical allergens pene-

trate into the skin where they form complexes or bind cova-

lently to proteins of immune and structural cells in the skin

Figure 1 Food as a trigger in the pathogenesis of EoE. (A) In addi-

tion to the presence of a genetic predisposition or reflux disease, a

food allergy would further disrupt the epithelial barrier and affect

the microbiota. (B) Food allergens could then penetrate also in the

skin, bind to pathogen-related receptors and activate epithelial cells

to produce pro-inflammatory cytokines responsible for the recruit-

ment and activation of inflammatory cells including eosinophils. (C)

Antigen-presenting cells capturing food antigens would migrate to

the regional lymph nodes where they stimulate food-specific T

cells. Food proteins may induce T-cell responses either as a conse-

quence of antigen presentation by dendritic cells (D) or directly (E)

with subsequent eosinophil activation. By releasing toxic granule

proteins and cytokines, eosinophils defend against invading patho-

gens, but cause tissue damage, stimulating fibrosis and perpetuat-

ing inflammation. The pathomechanisms of EoE overlapping with

other diseases are indicated.
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and, thus, may induce innate immune responses as well as

generate T-cell epitopes (32). Contact allergens, for example,

nickel, are recognized by pattern recognition receptors

(PRRs) resulting in the production of pro-inflammatory

cytokines such as IL-1 and IL-18. This irritant effect of con-

tact allergens is essential for the subsequent activation of the

adaptive immune system leading to a Tc1/Th1 and Tc17/

Th17 effector/memory T-cell response (33). Contact hyper-

sensitivity is dependent on T cell-mediated cytotoxicity via

FAS/FASL and perforin pathways (34). In ACD, Th1/Th17

cells may amplify the cytotoxic cascade as they increase

T cell–keratinocyte adhesiveness and promote ICAM-1-

dependent non-antigen-specific keratinocyte killing by T

lymphocytes (35). However, there is little evidence for an IL-

17-mediated process in EoE (36).

T cells in drug hypersensitivity

While immediate allergic drug hypersensitivity reactions

(DHR) are mediated by specific IgE bound to mast cells and

basophils, delayed (nonimmediate) allergic DHR are T cell-

mediated. Analogous to haptens, drugs are presented either

covalently bound to peptides in the binding grove of MHC

molecules on antigen-presenting cells or complexed to amino

acids in MHC molecules and TCR (37). Recently, a concept

for the pharmacological interaction of drugs with immune

receptor (p-i concept) has been proposed, suggesting a non-

covalent binding enabling a direct interaction with immuno-

logical receptors such as MHC and TCR (38, 39). Thus, the

antigen might bind either to the MHC complex, thereby

modifying the structure that is recognized by the TCR lead-

ing to a specific T-cell activation, or directly to a specific

TCR requiring additional MHC interaction for full T-cell

activation (38). In cutaneous reactions, drug-specific cyto-

toxic T cells have been demonstrated that can contribute to

tissue damage via perforin/granzyme B or FAS/FASL mech-

anisms (40, 41). In DRESS, an oligoclonal expansion of acti-

vated CD8+ T cells directed against viral antigens derived

from Herpes viruses, whose replication is enhanced by the

culprit drug, has been observed in the skin and visceral

organs (42).

Food-specific T-cell responses in the skin

Over 80% of patients with atopic dermatitis (AD) have

increased IgEs to foods and inhalant allergens in the periph-

eral blood (43). However, the positive predictive value of IgE

specific to food allergens is low (44). Interestingly, in 45% of

patients reacting upon food allergen challenge, eczematous

reactions with or without prior immediate reactions have

been observed, suggesting the occurrence of late, most likely

T cell-mediated reactions against foods (44). Indeed, in

patients with food-triggered AD exacerbations, relevant food

allergen-specific T cells have been detected in the peripheral

blood as well as the skin (45, 46). Moreover, positive atopy

patch test (APT) reactions to inhalant and food allergens can

be detected in the absence of corresponding IgE responses

(47). Although widely used, the APT has limited value in the

diagnosis of food allergy in EoE (16) perhaps owing to the

fact that here the skin and not the esophagus is tested. Upon

food allergen, but not nonspecific stimulation, peripheral

blood mononuclear cells from EoE patients with or without

allergen-specific IgE produce significant amounts of IL-5

(48). In peanut-allergic children, skin- and gut-homing T cells

expressing Th2 and Th9 genes as well as IL-9 and IL-5 pro-

duction by distinct T helper cell populations have been

reported (49).

To date, the presence of food allergen-specific T cells in

EoE has not been demonstrated. Furthermore, it remains

uncertain when and where the sensitization to food allergens

occurs. In adult patients with EoE, airway allergy precedes

EoE (50). Recent data suggest that an epicutaneous sensitiza-

tion with ovalbumin may result in an antigen-induced gas-

trointestinal food allergy via the TSLP–basophil axis or in an

IL-17-mediated response depending on the animal model (51,

52). Furthermore, filaggrin mutations as risk factors for

eczema, the atopic march and peanut allergy have been

reported, indicating that an impaired epithelial barrier

function may predispose to allergen sensitization and atopy

(53, 54).

Epithelial barrier and innate immune responses in EoE

There is increasing evidence that EoE is associated with a

dysfunction at the epithelial barrier followed by an eosino-

philic inflammation similar to AD which is concomitant in

over half of patients with EoE (Fig. 1). In esophageal epithe-

lial cells, the expression of epidermal differentiation complex

(EDC) genes, for example, filaggrin, SPRR3 and keratins, is

downregulated in response to IL-13 and in active EoE, where

it could be only partially normalized upon therapy (55, 56).

Desmoglein (DSG)-1, an intercellular adhesion molecule

responsible for epithelial integrity and barrier function was

one of the most strongly downregulated genes in EoE (29). A

downregulation of DSG-1 gene, for example, by IL-13, was

shown to result in the separation of epithelial cells (spongio-

sis) followed by impaired barrier function as well as by peri-

ostin induction further potentiating inflammation (57).

Ultrastructural analysis revealed a significantly decreased

number of desmosomes per cell in EoE biopsies as compared

to healthy controls, which was reversible after treatment (58).

Furthermore, the expression of filaggrin and the tight junc-

tion proteins zonula occludens (ZO)-3 and claudin-1 is

decreased in EoE, correlating with spongiosis (59). Consistent

with this finding, mutations in filaggrin are overrepresen-

ted in patients with EoE (55) and homozygous mutations

of DSG1 cause a severe atopy syndrome which includes

EoE (60).

In stratified epithelia, the activity of proteases is tightly

regulated by protease inhibitors. The loss of inhibition results

in cleavage of desmosomal proteins and loss of barrier integ-

rity, facilitating the penetration of allergens and microbes as

well as the subsequent generation of danger signals and pro-

tease activated receptor (PAR)-2 activation (61). In active

EoE, a significantly decreased expression of the protease inhi-

bitor LEKTI has been observed (36).
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TSLP that is produced by epithelial cells in response to

PAR-2, Toll-like receptor (TLR) stimulation or mechanical

injury, strongly induces Th2 immune responses by stimulat-

ing dendritic cells, T cells, eosinophils, mast cells and baso-

phils (62). Upon stimulation with TSLP, eosinophils that

bear the TSLP receptor on their surface generate extracellular

DNA traps associated with granule proteins that are able to

kill bacteria (63). Interestingly, the expression of TSLP is

increased in EoE and correlates with the number of eosino-

phils generating eosinophil extracellular traps (36). Genetic

variants of TSLP and its receptor have been associated with

an increased susceptibility to EoE overall, and in males,

respectively (64, 65). Furthermore, the gene of esophageal

selective calpain (CAPN) 14, a member of the calpain pro-

tease family involved in the cleavage of inflammatory media-

tors such as IL-33, was upregulated in active EoE, while the

calpain inhibitor CAST was downregulated (66). In line with

these findings, genetic variants in the CAPN 14 gene locus

are linked with EoE susceptibility (67) and increased expres-

sion of innate cytokines including IL-33 by epithelial cells

has been detected in EoE (36).

Immense efforts have been undertaken to identify the role

of the microbiota in the immune system, in particular in

association with immune-mediated diseases. Microbiota

research aims at elucidating their role in initiating and per-

petuating inflammation and, conversely, the effect of diseases

and treatment procedures on the microbiota. Compared to

healthy controls, the bacterial load of the esophagus is

increased in patients with EoE regardless of treatment and

disease activity, with a relative abundance of gram-negative

bacteria in active EoE (68, 69). Recently, IgE sensitization to

Candida albicans has been reported in pediatric and adult

patients with EoE (14, 70). Whether an esophageal coloniza-

tion with Candida albicans and later sensitization is owing to

EoE inflammation or corticosteroid therapy remains to be

investigated. Furthermore, any potential role of IgE specific

for Candida albicans in the pathogenesis of EoE is uncertain.

Taken together, recent research suggests that impaired

epithelial barrier function plays a major role in initiating and

perpetuating EoE inflammation as it facilitates the penetra-

tion of allergens and microbes and generates danger signals

leading to an activation of epithelial cells as well as innate

and adaptive immune cells with subsequent chemokine and

cytokine production resulting in Th2 immune responses.

There is evidence of a dysbiosis of microbiota in EoE; how-

ever, the consequences in terms of microbial-triggered eosino-

philic inflammation and the particular role of diet on the

microbiome in the esophagus remain to be investigated.

Similarities and differences between EoE and IBD

With inflammatory bowel diseases (IBDs), such as Crohn’s

disease (CD) and ulcerative colitis (UC), the pathogenesis is

determined by genetic factors, environmental and microbial

factors together with an epithelial barrier dysfunction and

subsequent innate and adaptive immune responses (71). The

susceptibility to IBD is determined by genetic variants related

to innate immunity, autophagy and phagocytosis in CD and

to barrier function in UC (72). Due to an increased intestinal

epithelial permeability, food antigens and microbes may acti-

vate pattern recognition receptors on epithelial cells resulting

in a release of pro-inflammatory cytokines such as TNF-a,
IL-1, IL-18 and IL-33 (Fig. 1) (71). In contrast to EoE, pre-

dominantly Th1 cells and the IL-23/Th17 axis are activated

in IBD (71). It has been hypothesized that due to a dysregu-

lated innate intestinal immunity and barrier function, affect-

ing both the diversity and composition of the microbiota, the

immune response is initiated to eliminate invading antigens

(e.g. microbes, food) and to restore epithelial barrier integ-

rity, but may later turn into a chronic inflammation leading

to the clinical manifestations of IBD (71, 73).

Thus, the principal pathomechanisms of IBD seem congru-

ent with those of EoE, although it is currently not clear which

tissue-specific characteristics, including immune responses,

environmental factors such as microbiota and food, as well as

genetic predispositions favor a chronic Th1/Th17 inflamma-

tion as in IBD or a Th2-predominant inflammation as in EoE

with corresponding clinical phenotypes. While both diseases

have common mechanisms, the upstream events are likely to

be different as EoE is associated with unique genetic suscepti-

bility (TSLP and CAPN14) and atopy; whereas IBD is more

related to innate immunity to microbial flora.

EoE is distinct from IgE-mediated food allergies

If one were to consider EoE as a kind of food allergy, how

would its symptoms agree with the current concept of gas-

trointestinal (GI) allergies? A food allergy is defined as an

abnormal immunologic response to a food substance occur-

ring in a susceptible host and causing some type of GI

inflammation. The vast majority of food allergies affecting

the GI tract are characterized by a Th2 inflammation with

predominant Th2 cytokine expression (that is IL-4, IL-13,

and IL-5). Th2 inflammation can cause B cells to produce

IgE antibodies specific to certain foods or can lead to a

chronic cellular inflammation frequently characterized by the

presence of Th2 cell and eosinophils (74).

According to the immunological mechanism elicited, food

allergies can be classified into (1) IgE-mediated, which are

immediate, short-lived reactions mediated by antibodies

belonging to the IgE class; (2) cell-mediated, which usually

have a delayed/chronic course, typically involving the GI tract

and the cell component of the immune system responsible for

inflammation; or (3) mixed, IgE- and cell-mediated (75). IgE-

mediated reactions to foods are acute and highly reproducible.

They are initiated by the cross-linking of two or more allergen-

specific IgE antibodies bound to their high-affinity receptor

(FceRI) expressed on mast cells and basophils as a result of a

specific food allergen engagement. Such cross-linking determi-

nes the release of preformed mediators, in particular, his-

tamine, that cause vasodilatation, angioedema, smooth muscle

constriction, and increased mucus production (76).

Examples of typical IgE-mediated allergic reactions affect-

ing the GI tract are the oral allergy syndrome (OAS) and the

more severe GI food allergy, also known as ‘gastrointestinal

anaphylaxis’. When comparing IgE-mediated OAS and GI
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food allergies with EoE, the following differences become evi-

dent: EoE symptoms might be instant, but they are not tran-

sient, EoE inflammation is chronic, anaphylaxis is not a

feature of EoE, and pollen-associated food allergens are not

a typical trigger of EoE. It should be noted, however, that

patients with EoE can concurrently suffer from OAS and/or

a GI food allergy.

Food protein-induced enterocolitis (FPIES), an increas-

ingly recognized form of non-IgE-mediated food hypersensi-

tivity, is characterized by a delayed onset of vomiting with or

without diarrhea, typically occurring in infants and toddlers

from 2 to 6 h postingestion of the trigger food (77, 78).

FPIES is usually a transient disease which starts at

4–9 months of life or when solid foods are first introduced,

and resolves by age 2–5 years (77). The foods most com-

monly involved in FPIES are milk, soy, rice, oats and eggs.

IgEs specific to the trigger foods are usually not detectable

(77, 79). Although FPIES and EoE seem to share some clini-

cal (symptoms, age of onset) and pathogenic (causative food

triggers, increased TNF-a, epithelial barrier defects) features

(80), other characteristics such as disease course, endoscopic

and histologic findings discriminate FPIES from EoE.

Experience with omalizumab: Its lack of clinical

efficacy in EoE

Omalizumab is an anti-IgE humanized monoclonal antibody

that binds to the fragment crystallizable (Fc) region of the

IgE molecule and thus prevents its binding to the high-affi-

nity IgE receptor (Fc epsilon RI, FceRI). In the only pub-

lished prospective, randomized, double-blind placebo-

controlled study in 30 adult patients with EoE (16 treated

with omalizumab and 14 with placebo) omalizumab was

given every 2–4 weeks for 16 weeks, based on weight and

serum level of IgE. Before starting the treatment and at the

end of the trial (16 weeks of treatment) symptoms evalua-

tion, EGD and histological assessment of the eosinophil

density (peak eos/hpf) in esophageal biopsies were per-

formed. Patients treated with omalizumab had neither a sig-

nificant improvement in symptoms nor a decrease of the

eosinophil infiltration of the esophageal mucosa compared

with placebo (21). This study confirmed anecdotal data from

clinical cases reported in which omalizumab had been con-

sidered to improve IgE-mediated symptoms of food allergy,

but not of EoE (81). Overall, these data support the notion

that EoE is not IgE-mediated. Clayton et al. (21) speculated

that IgG4 antibodies specific for a food allergen are block-

ing IgE responses. Indeed, in allergic diseases, an IgG4

response follows an IgE-mediated response and does block

IgE-mediated mast cell activation (21). In EoE, extracellular

granular deposits of IgG4 and abundant IgG4-containing

plasma cells in the tissue, as well as increased serum levels

of IgG4 reactive with specific foods have been observed,

suggesting that in adults, EoE might be an IgG4- and IgE-

associated disease and perhaps the balance between the two

antibodies could be a key determinant (21). However, B

cell-deficient mice also develop typical EoE, suggesting that

antibodies may simply be nonpathogenic (82). Moreover,

the antifood IgG4 levels did not correlate with the age and

duration of disease symptoms (21). Further studies will be

necessary to really understand the pathogenic role of IgG4

in EoE.

EoE is characterized by a non-IgE-mediated food

hypersensitivity

Since the first description of a series of clinical cases of EoE,

food allergies have appeared to play a major role in causing

a severe esophageal eosinophilia that resolved on elemental

diet, but not on aggressive GERD treatment, including Nis-

sen fundoplication (6). In view of this, food allergens have

been identified as triggers of EoE in most children and adults

(6, 16, 82, 83).

Thus, food as a trigger of EoE fulfills Koch’s postulates as

the addition or subtraction of foods can cause disease or

eliminate EoE in nearly all patients. The most effective treat-

ment in patients with EoE is an elemental diet that induces

histological and clinical resolution in over 95% of pediatric

and adult patients (83–86). Noteworthy is that IBD may also

resolve upon elemental diet (87) with a mechanism that

involves both bowel rest and a change in microbiome. So

far, the explanation for remission of EoE on an elemental

diet has always been linked to the avoidance of food aller-

gens, rather than bowel rest/change in microbiome, but this

possibility needs to be investigated further. This presumption

was supported by the fact that elimination diets based on

removal of the six most common food allergens (SFED –
six-food elimination diet) (82) or of the foods to which

patients were sensitized (targeted elimination diets) have been

shown to induce and maintain EoE remission in 72% and

45% of patients with EoE, respectively (13, 16). According

to biopsy confirmation, the most common food proteins

causing EoE are milk, followed by wheat, eggs, beef, soy

and legumes, and chicken (16, 83, 88, 89). Interestingly, pea-

nuts, tree nuts, fish and shellfish are rare as causes for EoE

despite being common causes of IgE-mediated reactions in

adults.

The evidence that EoE is generally non-IgE-mediated is

based on both clinical and research findings:

1 Despite the fact that the majority of patients with EoE

have specific IgEs to food allergens and/or aeroallergens,

the detection of specific IgEs for food allergens, either by

SPT or by specific sera IgE (sIgE), has not proven suc-

cessful for the identification of causative foods in EoE

(84, 85). Indeed, removal of SPT- or sIgE-positive foods

is not superior to SFED (2, 16, 17, 83, 90). Moreover, it

has been reported that the introduction of skin test-nega-

tive foods into the diet sometimes induces clinical disease

(6, 16).

2 Clinical trials and case series have shown that therapy

with omalizumab is not effective in inducing remission of

EoE (21, 81).

3 Oral immunotherapy, which has been used successfully in

IgE-mediated food allergy, is associated with an increased

risk of developing EoE (e.g. in 2 to 10% of treated

patients) (91–93).
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4 Children who outgrow IgE-mediated food allergy and

therefore are able to reintroduce these foods in their diet

can later develop EoE to the same food (94).

5 In experimental models in which food allergens are able

to induce an EoE-like disease, mice with depleted IgE

and devoid of mast cells still could develop esophageal

inflammation and consequent food impaction similar to

the wild-type mice (95, 96).

Confirmation of EoE diagnosis and the practical search

for offending foods

EoE is a clinicopathological diagnosis. However, EoE and

GERD have a substantial overlap of clinical and of histo-

logical features. For instance, the presence of heartburn and

marked esophageal eosinophilia might be fairly common in

both entities (2). To solve this diagnostic conundrum,

updated consensus recommendations for diagnosis and man-

agement of EoE advocate performing a PPI trial in patients

having symptoms suggestive of EoE and esophageal eosino-

philia (2). Accordingly, a diagnosis of GERD was recom-

mended for those patients responding to PPI therapy,

whereas patients whose symptoms and inflammation persist

were regarded as having EoE (2). Unfortunately, this diag-

nostic PPI trial did not fulfill the expectation of differentiat-

ing EoE from GERD, but unexpectedly uncovered a third

category of patients, called PPI-REE, presenting with symp-

toms of EoE, but responding to PPI (5). With the exception

of the responsiveness to PPI, PPI-REE, and EoE have

common clinical, endoscopic, histological and molecular

features.

EoE is a chronic and progressive disease. If left

untreated complications, such as food impaction, esopha-

geal stricture, narrow-caliber esophagus, and esophageal

perforation, are common (97, 98). Therefore, once the diag-

nosis is confirmed, it is important to treat the eosinophilic

inflammation not only to control the presenting symptoms,

but also to preserve the morphological and functional

integrity of the esophagus (2, 10, 87, 98). Beside medica-

tions, diets avoiding culprit foods are an important thera-

peutic option (99). Of note, before an elimination diet can

be established, it is necessary to identify the triggering

foods, ideally with the help of a dietitian specialized in

dealing with this disease. Currently culprit foods are identi-

fied by demonstrating histological and clinical remission of

EoE after the establishment of an elimination diet. In prac-

tice, after avoidance and after reintroduction of any food

category, the effect must be controlled endoscopically and

histologically (82, 83). Serial endoscopies are therefore

required to figure out an individual elimination diet. This

approach is time-consuming, inconvenient for patients,

expensive, and affects the quality of life (100). Therefore,

there is a need to develop noninvasive methods for the

identification of the offending foods. The determination of

food-specific IgG4 in the serum is a method currently

under evaluation. Further phenotyping patients based on

their esophageal gene expression, using a 94 gene transcript

profile, is promising to be helpful (101).

Conclusions

There is strong evidence that foods, most likely food pro-

teins, are triggers of EoE, as elimination of culprit food cate-

gories as well as protein-free elemental diets results in an

improvement of histological and endoscopic signs as well as

of symptoms. Furthermore, the observation that the eosino-

philic inflammation and the Th2 inflammation pattern reap-

pear rapidly after reintroduction of the culprit foods is a

strong evidence that EoE is likely a food-driven disorder with

features of food allergy. However, the spectrum of clinical

presentations of EoE, the results of IgE-based diagnostic pro-

cedures, and the lack of efficacy of anti-IgE treatment sug-

gest that EoE cannot be regarded as an IgE-mediated food

allergy.

The mechanism by which food elicits EoE is not yet under-

stood. It seems likely that a cellular mechanism similar to

contact allergy of the skin or drug hypersensitivity plays a

role. IgG4 formed against foods has been suspected of play-

ing a role in EoE, perhaps as a blocking antibody. Analogous

to AD and IBD, an impairment of the epithelial barrier,

alterations of the microbiota and subsequent chronic inflam-

mation might be the underlying pathogenic factors for EoE.

Given this scenario, food might interfere either as an irritant,

modulator of the microbiota or as an antigen/allergen to ini-

tiate and perpetuate inflammation (Fig. 1). The identification

of offending foods by empirical elimination diets and con-

trolled reintroduction of foods is inconvenient for patients,

time-consuming, and in the clinical routine hardly applicable.

Nevertheless, this procedure is currently the only reliable

method to identify food triggers in patients with EoE. Eluci-

dating the exact mechanism of how foods affect EoE would

allow the development of novel diagnostic tests. For instance,

the determination of food-specific markers including T-cell

responses to specific foods could possibly overcome the limi-

tations of SPT, APT, and empirical diets. As in IBD and ato-

pic diseases, EoE should be considered as a complex disease

with a disordered interplay between the epithelial barrier,

innate and adaptive immune responses together with the

composition of the microbiota.
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BIOMARKERS OF DESENSITIZATION AND TOLERANCE IN FOOD ALLERGY 

Food allergy has been on the rise for the past 10 years in both developed and developing 

countries, becoming a growing global health concern. Food-induced anaphylaxis represents an 

economic liability on public health systems and measures should be taken by allergy specialists 

worldwide to anticipate and address this growing burden.  (1)  

Similarly, food allergy has profound repercussions in patients and their families.  Highly 

restrictive diets can result in complications ranging from parental anxiety to children coping with 

social acceptance, resulting in a reduced quality of life.   (2)  

Present-day therapy in clinical practice relies solely on allergen avoidance and treatment 

of adverse reactions, but these strategies are not sufficient to address the current food allergy 

epidemic. International allergy societies, particularly EACCI, are moving rapidly forward in this 

area of research. (3) 

Because of a growing understanding of food allergy mechanisms and pathways, new 

therapeutic strategies are currently under investigation. A shift towards induction of tolerance, 

through low-dose allergen exposure, has been a constant study subject. However, there are still 

important steps to take before food allergy oral immunotherapy (FA-OIT) is ready for an everyday 

clinical setting. (4) 

There is great heterogeneity in FA-OIT protocols when it comes to induction and 

maintenance phases.  (5) Most FA-OIT protocols report frequent adverse reactions and even 

severe anaphylaxis, thus the overall risk of OIT could, in some patients, out-weight the benefits. 

Further on, even if patients can undertake these obstacles, a complete clinical remission is not 

guaranteed. An effort should be made to find solid data that identifies these subjects early on.  (6) 

When addressing efficacy in FA-OIT there are two pathways: desensitization and 

sustained unresponsiveness. Desensitization addresses short-term efficacy and accounts for the 

change in dose threshold needed to cause an allergic reaction, resulting in the ability to safely 

consume a determined amount of food allergen, while on immunotherapy to this offender allergen. 

The concept of sustained unresponsiveness tackles long-term efficacy and is used in patients 

that have achieved tolerance to the allergen without being on active immunotherapy.  (3,4)  

A decrease in Th2 phenotype is important for successful FA-OIT. Children who achieve 

tolerance overturn the Th1/Th2 imbalance and launch a predominant TH1 cytokine reaction. The 

induction of allergen specific T regs also correlates with clinical reactivity. (7,8) 

Research in effectiveness and safety of FA-OIT trials, reports that desensitization is 

associated with a reduction of skin prick test responses to the relevant food with a mean reduction 
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of 2.96mm and an increase in specific IgG4 levels average 19.9 g/ml. Most studies do not report 

a decrease in allergen-specific IgE.  (9)  

Many studies report high rates of initial desensitization but neglect to report long term 

tolerance. Desensitization, ranges from 57% to 94% for egg-white oral immunotherapy (EW-OIT), 

and 36% to 91% for cow´s milk oral immunotherapy (CM-OIT). (4) 

A EAACI meta-analysis, describes trials that measure efficacy of FA-OIT in regard to 

desensitization, revealing a benefit for patients undergoing OIT. However, there is incomplete 

data concerning sustained unresponsiveness and an insufficient number of trials assess tolerance 

following a period of allergen avoidance after successful desensitization.  (3)  

In a double-blind placebo-controlled randomized (DBPCR) EW-OIT trial, Caminiti et al

described desensitization to egg in 94% of patients (17 completed EW-OIT) against 0% in 

placebo. However, after 3 months of avoidance, only 30 % of patients achieved sustained 

unresponsiveness, compared to 7% of placebo.  (10) For CM-OIT, only one trial addressed 

sustained tolerance. Keet et al showed results for 30 subjects (20 on CM-OIT) of which 70% were 

desensitized but only 40 % sustained tolerance after 6 week avoidance period. (11,12) Limitations 

on both the studies include a small sample size and a short maintenance phase of approximately 

a year, which could account for the drop in sustained efficacy.  

A longer follow up was done by The Consortium of Food Allergy Research EW- OIT trial, 

which reported 75% desensitization and 27.5% sustained unresponsiveness at 2 years. Recently 

updated results for 4-year follow-up reported 50% of patients achieved unresponsiveness after a 

4-6 week avoidance period, thus concluding that efficacy is possibly enhanced with longer 

duration of therapy.  (13)  

Limited evidence is available for biomarkers that can recognize tolerant patients. For EW-

OIT, baseline specific IgE to ovomucoid (IgE-OVM) and specific IgE to egg white (IgE-EW) were 

lower in tolerant patients. A higher IgG4/IgE-OVM and IgG4/IgE-EW ratios were seen in patients 

that achieved unresponsiveness, as well as increases in IgG4-EW and IgA-EW. (14,15)

 Novel peptide biomarkers are currently under investigation. Sensitization to linear epitopes 

is more common in patients with persistent allergies and more severe reactions. (16) For CM-

OIT, it is suggested that the development of tolerance to milk is associated with reduced IgE levels 

and increased IgG4 levels against linear epitopes. However, a major limitation to the clinical use 

of microarray is the automated analysis of the data. (17,18)

Basophil activation test (BAT) has been performed before and after CM-OIT, showing a 

complete suppression of cow’s milk protein’s induced CD63 regulation in desensitized patients, 

however the sample was very small and no long-term assessment was carried out. (19)
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Future studies are needed to evaluate and validate these potential biomarkers and search 

for parameters that distinguish between temporarily desensitized patients and those who have 

acquired sustained unresponsiveness. 

To date it remains unclear if therapy needs to be continued permanently and patients 

sentenced to enduring life-long maintenance. There is limited evidence with regard to post-

immunotherapy outcomes and likelihood of allergic relapse following cessation of treatment. All 

of these interrogations need to be well defined before FA-OIT is ready for routine clinical practice. 

(3,4) 

REFERENCES:  

(1) Prescott SL, Pawankar R, Allen KJ, Campbell DE, Sinn JK, Fiocchi A, et al. A global survey 
of changing patterns of food allergy burden in children. World Allergy Organ J 2013 Dec 4;6(1):21-
4551-6-21. 

(2) DunnGalvin A, Dubois AE, Flokstra-de Blok BM, Hourihane JO. The effects of food allergy on 
quality of life. Chem Immunol Allergy 2015;101:235-252.

(3) Nurmatov U, Dhami S, Arasi S, Pajno GB, Fernandez-Rivas M, Muraro A, et al. Allergen 
immunotherapy for IgE-mediated food allergy: a systematic review and meta-analysis. 
Allergy. 2017 Aug;72(8):1133-1147.

(4) Peters RL, Dang TD, Allen KJ. Specific oral tolerance induction in childhood. Pediatr Allergy 
Immunol 2016 Dec;27(8):784-794. 

(5) Vazquez-Ortiz M, Turner PJ. Improving the safety of oral immunotherapy for food allergy. 
Pediatr Allergy Immunol 2016 Mar;27(2):117-125.

(6) Vazquez-Ortiz M, Alvaro M, Piquer M, Giner MT, Dominguez O, Lozano J, et al. Life-
threatening anaphylaxis to egg and milk oral immunotherapy in asthmatic teenagers. Ann Allergy 
Asthma Immunol 2014 Oct;113(4):482-484.

(7) Syed A, Garcia MA, Lyu SC, Bucayu R, Kohli A, Ishida S, et al. Peanut oral immunotherapy 
results in increased antigen-induced regulatory T-cell function and hypomethylation of forkhead 
box protein 3 (FOXP3). J Allergy Clin Immunol 2014 Feb;133(2):500-510. 

(8) Wood RA. Food allergen immunotherapy: Current status and prospects for the future. J Allergy 
Clin Immunol 2016 Apr;137(4):973-982. 

(9) Nurmatov U, Devereux G, Worth A, Healy L, Sheikh A. Effectiveness and safety of orally 
administered immunotherapy for food allergies: a systematic review and meta-analysis. Br J Nutr 
2014 Jan 14;111(1):12-22.

91



(10) Caminiti L, Pajno GB, Crisafulli G, Chiera F, Collura M, Panasci G, et al. Oral Immunotherapy 
for Egg Allergy: A Double-Blind Placebo-Controlled Study, with Postdesensitization Follow-Up. J 
Allergy Clin Immunol Pract 2015 Jul-Aug;3(4):532-539.

(11) Keet CA, Frischmeyer-Guerrerio PA, Thyagarajan A, Schroeder JT, Hamilton RG, Boden S, 
et al. The safety and efficacy of sublingual and oral immunotherapy for milk allergy. J Allergy Clin 
Immunol 2012 Feb;129(2):448-55, 455.e1-5.

(12) Keet CA, Seopaul S, Knorr S, Narisety S, Skripak J, Wood RA. Long-term follow-up of oral 
immunotherapy for cow's milk allergy. J Allergy Clin Immunol 2013 Sep;132(3):737-739.e6. 

(13) Jones SM, Burks AW, Keet C, Vickery BP, Scurlock AM, Wood RA, et al. Long-term treatment 
with egg oral immunotherapy enhances sustained unresponsiveness that persists after cessation 
of therapy. J Allergy Clin Immunol 2016 Apr;137(4):1117-27.e1-10.

(14) Wright BL, Kulis M, Orgel KA, Burks AW, Dawson P, Henning AK, et al. Component-resolved 
analysis of IgA, IgE, and IgG4 during egg OIT identifies markers associated with sustained 
unresponsiveness. Allergy 2016 Nov;71(11):1552-1560.

(15) Vazquez-Ortiz M, Alvaro M, Piquer M, Dominguez O, Machinena A, Martin-Mateos MA, et 
al. Baseline specific IgE levels are useful to predict safety of oral immunotherapy in egg-allergic 
children. Clin Exp Allergy 2014 Jan;44(1):130-141.

(16) Martinez-Botas J, de la Hoz B. IgE and IgG4 Epitope Mapping of Food Allergens with a 
Peptide Microarray Immunoassay. Methods Mol Biol 2016;1352:235-249. 

(17) Savilahti EM, Kuitunen M, Valori M, Rantanen V, Bardina L, Gimenez G, et al. Use of IgE 
and IgG4 epitope binding to predict the outcome of oral immunotherapy in cow's milk allergy. 
Pediatr Allergy Immunol 2014 May;25(3):227-235.

(18) Martinez-Botas J, Rodriguez-Alvarez M, Cerecedo I, Vlaicu C, Dieguez MC, Gomez-
Coronado D, et al. Identification of novel peptide biomarkers to predict safety and efficacy of cow's 
milk oral immunotherapy by peptide microarray. Clin Exp Allergy 2015 Jun;45(6):1071-1084.

(19) Nucera E, Pecora V, Buonomo A, Rizzi A, Aruanno A, Pascolini L, et al. Utility of Basophil 
Activation Test for monitoring the acquisition of clinical tolerance after oral desensitization to cow's 
milk: Pilot study. United European Gastroenterol J 2015 Jun;3(3):272-276.

92



 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

Egg immunotherapy workshop summary 
Carmen Riggioni, Spain 
Alberto Alvarez, Spain 

 

93



EGG IMMUNOTHERAPY WORKSHOP SUMMARY 

Speakers: Dr. A Alvarez and Dr. C Riggioni 

Definitions: 

 Allergen immunotherapy 

Repeated allergen exposure at regular intervals to modulate immune response to reduce 

symptoms and the need for medication for clinical allergies. 

 Desensitization 

The ability to safely consume foods containing the culprit allergen while on allergen 

immunotherapy. This clinical response is dependent on ongoing allergen exposure. If the 

administration of the allergen is discontinued; the previous level of clinical reactivity may 

return. 

 Tolerance or sustained unresponsiveness 

Post-discontinuation effectiveness. The ability to safely consume a normal serving of food 

containing the trigger allergen despite a period of absence of exposure.

EAACI Recommendations on efficacy of OIT in children with hen’s egg allergy

(IB Moderate recommendation) OIT can be recommended as a treatment option to 

increase the threshold of reaction while on OIT in children with persistent hen´s egg allergy, from 

around 4 - 5 years of age. Desensitization is achieved in approximately 75% of patients. However, 

studies are all small with some heterogeneity in results and risk of adverse reactions needs to be 

considered. 

(IB Strong recommendation) A recommendation cannot currently be made for OIT as a 

treatment option to achieve post-discontinuation effectiveness in children with persistent hen´s 

egg allergy. After 4 years of OIT 50% of subjects achieved sustained unresponsiveness 4-6

weeks after stopping OIT. 
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STEPS BEFORE INITIATING FA-AIT 

CONFIRM PERSISTENT, SYSTEMIC IgE- MEDIATED FA. 

NATURAL HISTORY OF ALLERGY 

Consider the likelihood of spontaneous resolution of the egg allergy. Remember 

benefit over risk every time.  

APPROPIATE SETTING  

Make sure your center has the expertise and facilities to safely deliver this therapy. 

Use checklists for equipment and personnel.  

Personnel:

 Medical doctor and nurse trained and experienced in the diagnosis of food allergy 

and allergic reactions including anaphylaxis. 

 At least 12 hours of observation in case of adverse reactions.

 Team trained in resuscitation on call (within 5 minutes), anesthesiology or intensive 

care.

Equipment:

 Stethoscope 

 Sphygmomanometer 

 Oxygen and Pulse oximeter 

 Spirometer, peak flow meter 

 Laryngoscope(s), intubation tube(s), ventilation bag(s) 

 Heart defibrillator and crash trolley 

Clinical 
history to 
establish 
reactivity

Allergy 
testing

(SPTs , sIgE) 
to egg white, 

yolk, 
ovoalbumin, 
ovomucoid

Oral food 
challenge to 
cooked egg

Diagnosis of 
IgE-

mediated 
food allergy 

STEP 1 

STEP 2 

STEP 3 
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Medication  

 Adrenaline (epinephrine) 

 Antihistamine (oral and parenteral) 

 Inhaled beta2-agonist 

 Corticosteroids (oral, parenteral) 

 IV lines and IV fluids 

EDUCATION:  

Interview and explain to patients and their families the importance of motivation and 

adherence. The family needs to understand the commitment required to undertake a FA-AIT 

protocol.   

The child and family need to be capable of administering emergency treatment (especially 

intramuscular adrenaline) in case of adverse effects.

Give oral and written instructions to the family and have an easy contact number for 

adverse reactions and questions.  

Always Provide:

 Individualized schedule, clearly written in simple non-medical language and a copy for 

his/her caregiver(s), and their family doctor. 

 Clear identification of food allergen to be administered during FA-AIT. 

 Clear explanation that FA-AIT escalation dose(s) has to be administered in clinical 

specialized setting under strict medical supervision.  

 Emergency kit with copy of emergency action plan and adrenaline auto-injector.  

RULE OUT CONTRAINDICATIONS.  

FA-AIT should only be used with caution in an individual patient when benefits 

outweigh potential risks. 

Absolute Relative

Poor adherence Severe systemic illness or medical conditions 

Uncontrolled or severe asthma Autoimmune disorders in remission

Active malignant neoplasia(s) Uncontrolled active atopic dermatitis

Active systemic, autoimmune disorders Chronic urticaria

STEP 4 

STEP 5 
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Active EoE or GI eosinophilic disorders ACE inhibitors, Beta-blockers

Initiation during pregnancy Mastocytosis

Routes of administration 

There has been no consistent formulation of food in FA-AIT studies conducted to date with 

wide heterogeneity between protocols. 

The most frequent of FA-AIT is the oral route where the allergen is either immediately 

swallowed (oral immunotherapy, OIT) or held under the tongue for a period of time (sublingual 

immunotherapy, SLIT). Studies using the subcutaneous route (SCIT) and epicutaneous 

immunotherapy (EPIT) with application of patches containing food allergen onto the skin are 

ongoing.

In the case of egg OIT some protocols have used dilutions of unprocessed egg white,

pasteurized egg white, extensively heated egg (hard boiled or very well cooked) and baked egg.  

Some studies have been carried out with powdered or lyophilized products.  

Recommendations  

• Take dose daily 

• Do not take dose on an empty stomach

• Do not go to the bed in the hour following a dose

• Do not do exercise the 2-3 hours following a dose 

• Reduce or withhold the dose during infections, asthma exacerbations, gastrointestinal diseases 

or menses. 

Recommended reading:  

1. Antonella Muraro, Graham Roberts (ed.) Allergen Immunotherapy Guidelines Part 1 and 
2, Zurich, European Academy of allergy and Clinical Immunology.

2. Nurmatov U, Dhami S, Arasi S, Pajno GB, Fernandez-Rivas M, Muraro A et al. Allergen 
immunotherapy for IgE mediated food allergy: a systematic review and metaanalysis. 
Allergy 2017;72:1133-1147.

3. Burks AW, Jones SM, Wood RA, Fleischer DM, Sicherer SH, Lindblad RW et al. Oral 
immunotherapy for treatment of egg allergy in children. N Engl J Med 2012;367:233-243.

4. Caminiti L, Pajno GB, Crisafulli G, Chiera F, Collura M, Panasci G et al. Oral 
immunotherapy for egg allergy: a double blind placebo controlled study, with 
postdesensitization followup. J Allergy Clin Immunol Practice 2015;70:99.

5. Jones SM, Burks AW, Keet C, Vickery BP, Scurlock AM, Wood RA et al. Long-term 
treatment with egg oral immunotherapy enhances sustained unresponsiveness that 
persists after cessation of therapy. J Allergy Clin Immunol 2016;137:1117-1127.

6. Vazquez Ortiz M, Alvaro-Lozano M, Piquer Gibert M,Dominguez Sánchez O, Machinena 
A, Martín- Mateos M et al. Baseline specific IgE levels are useful to predict safety of oral 
immunotherapy in egg allergic children. Clin Exp Allergy 2014;44:130-141
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Persistent regulatory T cell response 2 years after 3 years of grass tablet 
SLIT: links to reduced eosinophil counts, sIgE levels and clinical benefit 

Varona R1, Ramos T2, Escribese MM3,4,5, Jimeno L6, Galán A6, Würtzen PA7, Vega F2, 
Marín A6, Martín S6, Carrera AC1, Blanco C2,5, Barber D3,5 
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Background 

In the first 2 years of grass tablet sublingual immunotherapy treatment, we have 
previously demonstrated a progressive development of a regulatory T-cell response, 
which was preceded by an early decrease in the frequency of both IL-4+ cells and 
sIgE levels. A progressive increase of sIgG4 levels and FAB blockage were also 
found. 

Methods 

By monitoring immunological kinetics during 3 years of active treatment + 2 follow-
up years, we aimed to identify key immunological parameters that could explain 
sustained clinical benefit of grass tablet sublingual immunotherapy. 

Results 

Thirty patients completed the 5-yr clinical trial protocol. Although individual 
responses were heterogeneous, reduction in both sIgE and circulating IL-4+ cells 
compared the initial 1- to 4-month peak, was maintained throughout the 3-yr 
treatment period and for two years after discontinuation. Meanwhile, after a 2-yr 
increase in sIgG4, the levels were stabilized during the 3rd year and decreased post-
therapy. FAB inhibition remained significantly inhibited throughout the study  
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compared to pre-immunotherapy in 83% of patients. A sustained regulatory T cell 
response, after IT cessation, occurs in two thirds of the patients. There was a 
statistical association between this regulatory response, the maintenance of lower 
eosinophil counts during grass pollen seasons, and sIgE titers lower than before 
immunotherapy treatment, and the latter were significantly associated with clinical 
response. 

Conslusion 

Our results suggest that the immunological mechanisms underlying the sustained 
response after two years of cessation of immunotherapy (3-yr treatment period), is 
linked to the acquisition and maintenance of a regulatory T cell response. 

Keywords 

sIgE ; Allergic rhinitis; IL-4; Regulatory T cells; Sublingual immunotherapy; sIgG4 
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Background 

In areas of high exposure to grass pollen, allergic patients are frequently sensitized 
to profilin, and some experience severe profilin-mediated food-induced reactions. 
This specific population of patients is ideal to study the relationship between 
respiratory and food allergies. 

Objective 

We sought to determine the role of oral mucosal epithelial barrier integrity in 
profilin-mediated allergic reactions. 

Methods 
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Thirty-eight patients with profilin allergy stratified into mild or severe according to 
their clinical history and response to a profilin challenge test and 6 nonallergic 
subjects were recruited. Oral mucosal biopsies were used for measurement of 
CD11c, CD3, CD4, tryptase, claudin-1, occludin, E-cadherin, and vascular 
endothelial growth factor A levels; Masson trichrome staining; and POSTN, IL33, 
TPSAB, TPSB, and CMA gene expression analysis by using quantitative RT-PCR. 
Blood samples were used for basophil activation tests. 

Results 

Distinct features of the group with severe allergy included the following: (1) 
impaired epithelial integrity with reduced expression of claudin-1, occludin, and E-
cadherin and decreased numbers of epithelial cells, which is indicative of acanthosis, 
higher collagen deposition, and angiogenesis; (2) inflammatory immune response in 
the mucosa, with an increased number of CD11c+ and CD4+ infiltrates and 
increased expression of the cytokine genes POSTN and IL33; and (3) a 10-fold 
increased sensitivity of basophils to profilin. 

Conclusion 

Patients with profilin allergy present with significant damage to the oral mucosal 
epithelial barrier, which might allow profilin penetration into the oral mucosa and 
induction of local inflammation. Additionally, severely allergic patients presented 
with increased sensitivity of effector cells. 
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Oral immunotherapy for cow’s milk allergy with
a weekly up-dosing regimen: a randomized
single-blind controlled study
Giovanni Battista Pajno, MD*; Lucia Caminiti, MD*; Paolo Ruggeri, MD†; Raffaele De Luca, MD‡;
Daniela Vita, MD*; Mario La Rosa, MD§; and Giovanni Passalacqua, MD¶

Background: Cow’s milk allergy (CMA) in children is a important problem in medical practice. Oral desensitization has been
proposed as a therapeutic approach, but current protocols are time-consuming and impractical.

Objectives: To establish a patient-friendly desensitization regimen with weekly up-dosing and to evaluate it in a randomized
controlled trial.

Methods: Thirty children with IgE-mediated CMA confirmed by double-blind placebo-controlled food challenge were
equally randomized to desensitization with CM or soy milk as control. The weekly up-dosing lasted 18 weeks. The
occurrence and severity of reactions after each dose was evaluated, and the desensitization was stopped if severe reactions
occurred. Specific IgE and IgG4 levels to CM were measured at baseline, after 8 weeks, and at the end of the study. The
double-blind food challenge was repeated once the desensitization was completed or after premature discontinuation.

Results: Two active and 1 control patient dropped out. Full tolerance to CM (200 mL) was achieved in 10 active patients and
partial tolerance in 1. Two active patients discontinued the desensitization after experiencing severe reactions, whereas no
reactions occurred in controls, whose sensitivity to CM remained unchanged. A significant increase in specific IgG4 levels was
found only in the active group.

Conclusions: This weekly up-dosing desensitization protocol for CMA performed under medical supervision was effective
and reasonably safe and induced consistent immunologic changes.

Ann Allergy Asthma Immunol. 2010;105:376–381.

INTRODUCTION
Among food allergies, cow’s milk allergy (CMA) is the most
relevant in the pediatric age group owing to its prevalence,
the practical difficulties in management, the emotional bur-
den for children and parents, and the nutritional implications.
Currently, the management of CMA is primarily based on the
complete avoidance of CM. This approach is associated with
impaired quality of life for allergic children and their fami-
lies.1,2 In addition, it is difficult to achieve complete avoid-
ance because milk proteins can be present in small amounts
or even as hidden allergens in a variety of processed foods.
This may lead to unexpected exposure and possibly severe
reactions. The present interventions for CMA include avoid-
ance maneuvers and education regarding the proper indica-
tions for and use of autoinjectable epinephrine. Among the

CM substitutes most frequently used are soy formulas and
extensively hydrolyzed formulas of casein and whey. These
substitutes have an acceptable nutritional value, but hydro-
lyzed formulas often have an unpleasant taste and are expen-
sive and soy formulas have themselves the potential to evoke
allergic reactions.

It has been shown that infants with CMA but without
detectable specific IgE levels to CM have a higher spontane-
ous recovery rate compared with infants with high levels of
specific IgE toward milk proteins (IgE-mediated CMA).3-5

Oral desensitization or immunotherapy, also referred to as
“tolerance induction,” has been suggested as a suitable ap-
proach to reduce clinical symptoms and modify the immune
response to allergens, and this was also confirmed in the case
of CMA.6-11 Oral immunotherapy is usually performed start-
ing with very low amounts of milk, which are then slowly
increased until an amount comparable with the usual daily
intake is reached. Afterward, milk is given daily to maintain
the tolerant state. The protocols that have been published
usually have a very long duration6,12 or require hospitalization
of the child for several days.6,7 As such, they are considered,
to some extent, to be impractical. Based on these consider-
ations, we attempted to set up a more patient-friendly and
easy-to-perform oral desensitization using a weekly up-dos-
ing regimen. The feasibility of this approach was demon-
strated in a previous open exploratory study.13 The present
trial was undertaken to confirm in a randomized and con-
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Messina, Messina, Italy; † Department of Respiratory Diseases, University
of Messina, Messina, Italy; ‡ Department of Emergency Medicine, Univer-
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trolled manner the clinical efficacy and safety of this ap-
proach.

METHODS

Overall Design
This study was designed as a randomized, single-blind, soy
milk–controlled trial with 2 parallel groups. Children 4 years
or older with demonstrated IgE-mediated CMA were enrolled
and were randomized to receive either active oral immuno-
therapy or matched soy formula. The efficacy of the desen-
sitization was evaluated during a 4-month period by identi-
fying the maximum tolerated dose of milk or, ideally, 200
mL. The ethics committee of the Department of Pediatrics,
University of Messina, approved the study, and all the parents
of the children signed an informed consent form.

Patients and Diagnosis
Children of both sexes aged 4 to 10 years with demonstrated
IgE-mediated CMA were enrolled at the allergy units of the
departments of pediatrics of Messina and Catania university
hospitals between January 1, 2006, and and December 31,
2008. The diagnosis of CMA was based on (1) clinical history,
(2) demonstration of the presence of CM specific IgE by means
of skin testing and CAP-RAST assay, and (3) a positive double-
blind placebo-controlled food challenge (DBPCFC) result. None
of the patients had a positive clinical history or suspected ad-
verse reactions to soy formula or positive skin test results or
serum specific IgE levels to soy. This was required to ensure
the safety of DBPCFC and the desensitization protocol with
soy formula as controls. Sensitization to other foods was an
exclusion criteria as well.

Skin prick tests were performed on the volar surface of the
forearm with commercial extracts of whole milk, �-lactalbu-
min, �-lactoglobulin, and casein (all f rom Lofarma Spa,
Milan, Italy). A prick-prick test with undiluted fresh CM and
soy formula was also performed. A wheal of 3 mm or greater
was considered positive. The DBPCFC was conducted before
randomization and at the end of treatment, before revealing
the blinding. It was performed at the clinics under medical
supervision and with resuscitation facilities immediately
available. Fresh CM or soy formula (Humana Sinelac, Milan)
was administered at increasing doses of 0.1, 0.3, 1, 3, 10, 30,
and 100 mL in a double-blind manner, with 30 minutes
between doses. The challenge procedure was stopped when
the highest dose was reached or if any of the following
occurred: urticaria, angioedema, wheezing, rhinitis, vomiting,
diarrhea, abdominal pain, exacerbation of atopic dermatitis,
wheezing, rhinitis, or anaphylactic shock. After completing
the DBPCFC procedure, children were observed for at least 6
hours and then were discharged. Rescue medications, to be
given according to medical judgment, included diphenhydra-
mine, prednisolone, adrenaline, and inhaled salbutamol.

Oral Immunotherapy Protocol
Oral immunotherapy involved the administration of increas-
ing amounts of CM (or soy milk) at weekly intervals starting

with 1 drop of whole milk diluted 1:25. The dose was
doubled every week at the clinic until week 18 to achieve an
intake of 200 mL in approximately 4.5 months. Soy milk was
the control treatment. The doses were prepared blinded to the
investigators by a nurse according to a computer-generated
randomization list so that the physicians remained blinded to
the treatment. The desensitization protocol, entirely per-
formed at the clinics in an ambulatory regimen, is summa-
rized in Table 1.

After receiving the dose, the children were observed and
were considered to have a positive reaction if 1 or more of the
following symptoms appeared: urticaria, exacerbation of ec-
zema (�10-point increase in SCORing Atopic Dermatitis
score), angioedema or generalized urticaria, vomiting, diar-
rhea, rhinitis, severe conjunctivitis, or anaphylactic reactions.
If symptoms were judged as mild (abdominal pain, erythema,
throat itching, or gritty eyes), no action was taken and the
protocol was continued. When moderate or severe symptoms
appeared, an appropriate medical treatment was given.

CM had to be avoided in the desensitization protocol. Oral
antihistamine use was not permitted until the up-dosing pe-
riod was completed. If an illness occurred (eg, the common
cold or fever) during the desensitization, appropriate therapy
was given and the weekly increase in the dose was postponed.

Immunologic Assays
Blood samples were collected before randomization, when the
dose of 8 mL was reached (week 13), and at the end of the study.
Specific IgE and specific IgG4 to CM, �-lactalbumin, �-lacto-
globulin, and casein were assayed using the ImmunoCAP Sys-
tem (Phadia Diagnostics, Uppsala, Sweden).

IgG4 to CM could not be directly measured because of
interfering IgG antibodies specific for bovine albumin in

Table 1. Oral Immunotherapy Protocol

Day/week Dose No. Volume

1/1 1 1 dropa

7/2 2 2 dropsa

14/3 3 4 dropsa

21/4 4 8 dropsa

28/5 5 16 dropsa

35/6 6 32 dropsa

42/7 7 64 dropsa

49/8 8 5 dropsb

56/9 9 10 dropsb

63/10 10 20 dropsb

70/11 11 2 mLb

77/12 12 4 mLb

84/13 13 8 mLb

91/14 14 16 mLb

98/15 15 32 mLb

105/16 16 64 mLb

112/17 17 128 mLb

119/18 18 200 mLb

a Cow’s milk diluted 1:25.
b Undiluted CM.
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most sera. Therefore, the sum of �-lactalbumin, �-lactoglob-
ulin, and casein specific IgG4 antibody levels was used as a
surrogate measure of IgG4 to CM. The lower limit of assay
detection was 0.35 kU/L for specific IgE and 0.3 �g/mL for
specific IgG4.

Statistical Analysis
No formal calculation of the sample size could be made
because no quantitative data about the clinical outcome could
be hypothesized. The number of patients was chosen accord-
ing to similar articles available in the literature. The Fisher
exact test was used to compare the clinical characteristics of
the 2 groups at baseline, except for age, which was compared
using the t test. Immunologic variables were analyzed using
the Wilcoxon and Mann-Whitney signed rank tests for intra-
group and intergroup comparisons, respectively. All the tests
were 2-tailed, and P � .05 was considered significant.

RESULTS

Clinical Results
The disposition of all patients considered for the study is
summarized in Figure 1. Thirty children who fulfilled the
inclusion and exclusion criteria were enrolled in the study and
were equally randomized to active desensitization or control
intervention. The clinical characteristics of the participants at
randomization are given in Table 2. There were 2 dropouts in
the active group and 1 in the control group (their parents
withdrew their consent early in the study for personal reasons
and not because of the desensitization procedure).

The clinical results of the desensitization are summarized
in Table 3. One patient achieved only partial tolerance be-
cause at the dose of 64 mL she developed urticaria, angio-
edema, and cough and received intramuscular antihistamines
and corticosteroids. In this patient, the desensitization was
stopped for ethical reasons. This patient, who previously
experienced symptoms even with minimal amounts of CM,
can now eat CM-containing cakes, snacks, delicatessen
foods, and ice cream and can drink moderate amounts of CM
without symptoms. At the DBPCFC, his threshold dose in-
creased from 1 to 30 mL (cumulative, 45 mL). One patient
experienced urticaria, rhinitis, throat pruritus, vomiting, and
circulatory collapse with 4 mL. He promptly recovered after
intramuscular adrenaline and antihistamine administration
and intravenous corticosteroid treatment. A third patient
failed to achieve tolerance because 2 mL of CM provoked
rhinitis, cough, asthma, generalized urticaria, and laryngeal
edema. He received intramuscular adrenaline and corticoste-
roids, oral antihistamines, and inhaled salbutamol and
promptly recovered. In the 2 latter children, there was no
appreciable change in the threshold dose in the DBPCFC
(Table 4).

The remaining 10 children (77%) reached the 200-mL dose
and, therefore, achieved full tolerance without adverse effects
(Table 3). None of the 15 controls receiving soy milk had
symptoms during the study. The results of the DBPCFC are
given in Table 4. It is apparent that the control patients
maintained unchanged their clinical response to CM, whereas
the 10 children with successful desensitization had a negative
DBPCFC result. The DBPFC was also repeated in the 3
children who had discontinued the protocol, and it remained
positive in 2 of them. Approximately 6 months after the trial,
no clinical changes had occurred in the patients, who contin-
ued to tolerate CM well.Figure 1. Study design and patient disposition.

Table 2. Demographic and Clinical Characteristics of the 30
Enrolled Children at Baselinea

Active group
(CM) (n � 15)

Control group
(soy milk) (n � 15)

Sex, M/F, No. 8/7 9/6
Age, median (range), y 9 (4–12) 10 (4–13)
Duration of CM allergy,

mean (SD), y
6.9 (3.2) 7.4 (3.7)

Atopic dermatitis, No. 3 3
Urticaria/angioedema, No. 4 3
Asthma, No. 1 1
Multiple symptoms, No. 5 7
Anaphylaxis, No. 2 1
Baseline CM specific IgE,

median (range), kU/L
32.7 (8.8–124.6) 25.4 (5.3–97.3)

Baseline CM specific IgG4,
median (range), �g/mL

4.5 (1.1–7.9) 3.1 (1.4–4.7)

Abbreviation: CM, cow’s milk.
a The P values are not significant for all between-group comparisons.
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Immunologic Variables
No significant difference in IgE levels between the active and
control groups was observed at 13 or 18 weeks vs baseline
(Fig. 2). However, in 5 children in the active group, specific
IgE levels displayed a clear increase when the intermediate
dose of 8 mL was reached, but they returned to near baseline
values at the end of the study. The 3 children with serious
adverse events during desensitization had an increase in spe-

cific IgE levels from baseline of approximately 85% (mean
[SD] before vs after: 34.8 [7.6] vs 66.6 [8.1] kU/L). In the
active group, mean (SD) serum IgG4 levels increased from
baseline (4.52 [3.4] �g/mL) to week 18 (23.8 [5.3] �g/mL)
(P � .003). Such an increase was not seen in the control
group (3.13 [1.6] vs 4.37 [1.7] �g/mL, respectively) (Fig.
3). The intergroup comparison also confirmed a significant
difference in favor of the active CM group vs controls at
18 weeks (mean [SD], 23.8 [5.3] vs 4.3 [1.7] �g/mL; P �
.01).

Safety Data
The safety results during the double-blind treatment are sum-
marized in Table 3. As mentioned previously herein, in 3
patients, severe events occurred and the desensitization was
stopped. Three patients concluded the desensitization without
symptoms. The remaining 7 children had mild adverse ef-
fects, mostly abdominal pain, throat pruritus, and gritty eyes,
during the desensitization. Most reactions were transient and
required no treatment. Antihistamines were given to only 1
patient to control symptoms. In patients who completed the
protocol, the reactions invariably occurred with a dose greater
than 32 mL. No adverse effects were observed in the control
group.

DISCUSSION
There is currently no specific curative treatment available for
IgE-mediated food allergy, for which total avoidance of the
offending food is the only effective approach. It was previ-
ously suggested that CMA tends to disappear in older age in

Table 4. Results of the Double-Blind, Placebo-Controlled Food
Challengea

Patient
No.

Active group Control group

Baseline
End of the

study
Baseline

End of the
study

1 0.3 3 mL 3 10
2 3 Negative 3 1
3 1 30 1 1
4 3 Negative 3 3
5 10 Negative 10 10
6 3 Negative 3 10
7 10 Negative 0.3 1
8 3 Negative 30 30
9 10 Negative 3 3

10 0,3 3 10 10
11 30 Negative 30 30
12 1 Negative 1 1
13 1 Negative 3 3
14 10 Dropout 10 3
15 30 Dropout 3 Dropout

a Data are given as milliliters of milk that elicited symptoms.

Table 3. Results of Specific Oral Immunotherapy With CM

Patient
No.

Age at the
desensitization

Symptoms during CM
desensitization

Dose of CM that
elicited

symptoms, mL
Action taken

Outcome of CM
desensitization

1 10 y 3 mo Rhinitis, cough, asthma,
generalized urticaria

2 Adrenaline, corticosteroids,
antihistamines, salbutamol,
protocol stopped

Failed

2 9 y 2 mo Abdominal pain, throat pruritus 128 Antihistamine, corticosteroid Tolerated 200 mL of whole CM
3 5 y 9 mo Generalized urticaria,

angioedema, cough
64 Antihistamine, corticosteroid,

protocol stopped
Partial tolerance, up to

approximately 100 mL
4 7 y 1 mo Throat pruritus, gritty eyes 32 None Tolerated 200 mL of whole CM
5 6 y 4 mo Abdominal pain, gritty eyes,

watery eyes
128 None Tolerated 200 mL of whole CM

6 9 y 5 mo Transient erythema (face and
hands)

128 None Tolerated 200 mL of whole CM

7 10 y 1 mo None NA None Tolerated 200 mL of whole CM
8 6 y 3 mo Abdominal pain, gritty eyes 64 None Tolerated 200 mL of whole CM
9 5 y 4 mo None NA None Tolerated 200 mL of whole CM

10 8 y 4 mo Rhinitis, urticaria, cough,
hypotension, dyspnea

4 Adrenaline, corticosteroids,
salbutamol, antihistamine,
protocol stopped

Failed

11 4 y 8 mo None NA None Tolerated 200 mL of whole CM
12 6 y 2 mo Abdominal pain 64 None Tolerated 200 mL of whole CM
13 7 y 5 mo Abdominal pain, gritty eyes 32 None Tolerated 200 mL of whole CM

Abbreviations: CM, cow’s milk; NA, not applicable.
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most children and that approximately 85% of patients become
tolerant by age 3 years. However, more recent studies14,15

provided a less optimistic view. The burden of the disease
and its tendency to persist across time in some individuals
highlight the need for curative treatment, which can, in prin-
ciple, reduce clinical symptoms and modify the natural his-
tory of the disease. In this regard, specific immunotherapy
given by the oral route is regarded as a promising candidate.16

Several attempts have been made to induce a tolerance to CM
by administering progressively increasing doses of the food
until intake of a full serving is achieved. These attempts have
provided, overall, encouraging results, with an efficacy rate
of 75% to 86%.7,10,12,17 In a recent study7 in children with
severe CM-induced reactions, 36% became completely toler-
ant and 54% could ingest limited amounts of CM.

Currently, rush18,19 and slow7,11 protocols are used to
achieve food tolerance. The first approach carries a certain
risk of adverse events, and the second is, to some extent,
impractical and time-consuming. In addition, part of the
tolerance induction is conducted at home, without medical
supervision,7,11 and parents need to be carefully instructed on
how to manage adverse reactions that can be also severe. The
aim of the present study was to optimize the tolerance induc-
tion by identifying a more practical and patient-friendly ap-
proach. In this regard, weekly up-dosing oral immunotherapy
seemed to be an acceptable compromise because it requires
neither a complex protocol or hospitalization of the child. In
fact, with the mentioned protocol, the dose increasing is
performed every week at the clinic, and the patient is dis-
charged within a few hours. In addition, the whole procedure
lasts approximately 4 months, for a total of 28 visits. The
study was designed as blinded and controlled, according to
the requirements of evidence-based medicine. Soy milk can-
not be strictly considered as a placebo, but in the case of CM,
a “true” placebo is not available. In addition, it is true that
patients can distinguish between soy milk and CM, but the

procedure kept at least the investigator blinded. In such a
study, the use of a control arm may be questionable because
the absence of a reaction to control treatment (soy milk) was
ascertained at the beginning of the study. On the other hand,
a control arm was required to evaluate the occurrence, if any,
of spontaneous tolerance development. In the control pa-
tients, no adverse effects occurred during the trial, but they
maintained their sensitization to CM, as testified by the
DBPCFC.

In this study, oral immunotherapy was effective: full spe-
cific tolerance was achieved in 10 of 13 actively treated
children and partial tolerance in 1 of 13. In 2 patients, the
desensitization had to be discontinued owing to severe ad-
verse events. Therefore, the overall safety of the protocol is
similar to that previously described.7,18 The procedure is not
devoid of adverse events, but the risk of having a reaction due
to inadvertent ingestion is certainly higher than the risk of a
reaction during a medically supervised desensitization. The
results obtained in this study are, in addition, comparable in
terms of clinical outcome with those reported in other stud-
ies7,8,11,18,19 using daily protocols. Concerning immunologic
outcomes, CM specific IgE levels remained unchanged over-
all. However, at the 8-mL dose, there was a transient increase
in the IgE level, which returned to baseline levels when 200
mL of CM was reached. On the other hand, IgG4 levels
against CM proteins exhibited a significant increase in the
actively treated group. This is in agreement with the results
described in other studies with milk20 and peanuts21 and is in
line overall with the effects of specific immunotherapy for
respiratory allergens. Also, in peanut allergy, it has been
shown that oral desensitization induces down-regulation of
the TH2 response.21 Thus, it can be speculated that the pro-
cedure described in the trial is a true immunotherapy inducing

Figure 2. Mean cow’s milk specific IgE levels at the 3 time points in
active and control patients. No significant differences between and within
groups were detected. Error bars represent SD.

Figure 3. Mean cow’s milk specific IgG4 levels at the 3 time points in the
active and control patients. The significant intragroup and intergroup differ-
ences are shown at the top of the bars. Error bars represent SD.
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immunologic changes. Whether the induced desensitization is
permanent or transient is still unclear.22 Staden and cowork-
ers11 reported that permanent tolerance could be achieved in
36% of patients with desensitized CMA. However, when
children who achieved partial tolerance were included, effi-
cacy increased to 64%. The latter group included patients
who required a regular intake of CM to maintain tolerance or
those who can tolerate lower-than-standard maximum doses.

In summary, these clinical data suggest that desensitization
to CM can be successfully achieved in children with IgE-
mediated food allergy. The proposed protocol is not time-
consuming and is safe if performed in the hospital. It may
represent a new therapeutic opportunity for children with
IgE-mediated allergy to CM.
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What is the evidence in AIT for allergic rhinitis in children? 
Graham Roberts, Professor and Consultant in Paediatric Allergy and Respiratory 
Medicine, University of Southampton 
 
Allergic rhinoconjunctivitis (AR) is an allergic disorder of the nose and eyes affecting many 
children and teenager. Symptoms of AR can be controlled with allergen avoidance measures and 
pharmacotherapy. However, many patients continue to have ongoing symptoms and an impaired 
quality of life; pharmacotherapy may also induce some side-effects. Allergen immunotherapy 
(AIT) represents the only currently available treatment that targets the underlying 
pathophysiology, and it may have a disease-modifying effect. Either the subcutaneous (SCIT) or 
sublingual (SLIT) routes may be used.  
The European Academy of Allergy and Clinical Immunology’s (EAACI) Taskforce on AIT has 
recently published a guideline on AIT for AR. The Guideline provides evidence-based clinical 
recommendations and has been informed by a formal systematic review and meta-analysis. Its 
generation has followed the Appraisal of Guidelines for Research and Evaluation (AGREE II) 
approach. There is broad evidence for the clinical efficacy of AIT for AR exists but a product-
specific evaluation of evidence is recommended as not all have been shown to be effective. In 
general, SCIT and SLIT are recommended for both seasonal and perennial AR for its short-term 
benefit. The strongest evidence for long-term benefit is documented for grass AIT (especially for 
the grass tablets) where long-term benefit is seen. To achieve long-term efficacy, it is 
recommended that a minimum of 3 years of therapy is used. Many gaps in the evidence base 
exist, particularly around long-term benefit and use in children. 
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Roberts G, Pfaar O, et al. EAACI Guidelines on Allergen Immunotherapy: Allergic 
rhinoconjunctivitis. Allergy 2018; 73: 765-98. 
Dhami S et al. Allergen immunotherapy for allergic rhinoconjunctivitis: a systematic review and 
meta-analysis. Allergy 2017; 72: 1597-1631.    
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Provocation Tests to Inhalant Allergens 

Allergic Rhinoconjunctivitis (AR) and allergic asthma affect a nonnegligible portion of children and 

adolescents worldwide and aeroallergens are responsible from emergence of the symptoms. Besides 

history, a correct diagnosis is established with the use of adequate and standardized tests as basis for an 

optimized treatment strategy. In some clinical conditions establishment of the accurate diagnosis of allergy 

is not possible with the use of common tests like skin prick test or serum specific IgE only. In these cases 

the next step to take is the use of more straightforward techniques like inhalant allergen challenge tests 

(ACT). Allergen challenge tests are currently being used for both research and diagnostic purposes with 

reproducible and reliable results. Nasal (NPT), conjunctival (CPT), and bronchial aeroallergen provocation 

(BPT) tests are performed to provoke allergic reactions of the nasal, conjunctival and bronchial mucosa 

under standardized and controlled conditions (1-3). For scientific purposes and clinical development 

programs allergen exposure chambers (AEC) are also used (4).

During inhalant ACTs, a quantified concentration of allergen is applied to the mucosal surface that 

provokes both an immediate type I hypersensitivity and a late phase reaction (5). The indications of NPT 

are to diagnose persistant and intermittent allergic rhinitis, local and occupational rhinitis, to correlate with 

extranasal symptoms, to differentially diagnose ocular symptoms, to design allergen composition and to 

monitor clinical efficacy of allergen immunotherapy (AIT). The indications for a CPT are as well to  
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demonstrate the causal role of a suspected allergen or to define clinically relevant allergen(s) in case of 

polysensitization and to diagnose occupational disease (3). In case of a BPT the indications are to 

diagnose occupational asthma, to demonstrate the causal role of the suspected allergen or to demonstrate 

late airway bronchial response. However, BPT are only performed in selected centers with great expertise 

in this challenge method. All ACTs may also be performed for research purposes. 

Several prerequistes are needed in order to provide a controlled and standardized test environment and 

to achieve reproducible results during an ACT (2). Additionally it is obviously recommended to use 

standardized solutions in all types of ACTs. In case of NPT different methods have been used in the past 

but most reliable and easiest way is to use pump-aerosol spray bottles which repels 50 l of solution per 

puff (1, 2). During a nasal ACT both subjective symptom scores and objective patency assessment 

methods of the nose are used to interprete the outcome of an ACT, a strong increase in the objective 

measurement or a strong increase in the subjective measurement or a moderate increase in both the 

objective and the subjective measurement are accepted as positive ACT result and criteria have been 

recently harmonized by the European Academy of Allergy and Clinical Immunology (EAACI) in a Position 

Paper (1) (2). Comparison of the baseline measurements, control and allergen challenge measurements 

should be done for an appropriate interpretation. At the end of the test the patients should be treated 

accordingly and followed up until the reaction ceases including the late phase reactions. The workshop 

will make participants familiar with the standardized operation procedures (SOPs) of different provocation 

models, their specific advantages and pitfalls. 
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Asthma is one of the most common chronic diseases in childhood and despite Allergen 
immunotherapy (AIT) is being prescribed to treat this condition, the evidence in 
children is still a matter of debate. To analyse the evidence of the efficacy of AIT in 
paediatric asthma, it can be interesting to differentiate in what stage of the disease 
severity-spectrum AIT can be useful.  

With only very few studies addressing the ability of AIT to prevent the apparition of 
asthma in non-allergic patients, and according to the EAACI guidelines on AIT, the 
evidence does not support its use for this porpoise. In an interesting study by Zolkipli 
et al, a group of 111 non-allergic high risk infants were randomized to receive an oral 
house dust mite (HDM) extract for 12 months and the onset of eczema and wheeze, 
along with the apparition of skin prick test (SPT) positivities was evaluated. The 
treatment only showed efficacy to reduce the risk for the sensitization to any common 
allergen, but failed to minimize the risk of HDM SPT positivity, as well as new-onset 
wheeze. 

It has been previously described that around 45% of children suffering allergic rhinitis 
will eventually also develop allergic asthma. There are very interesting studies 
addressing the efficacy of AIT to prevent the apparition of asthma in allergic rhinitis, 
and maybe, one of the largest and with a better methodology is that published by 
Valovirta et al. In their trial, 812 children with history of grass allergic rhinitis but 
without asthma, received a grass tablet and evaluated its effect on the prevention of 
asthma onset, that had to be confirmed on the basis of a positive bronchodilator test. 
Unfortunately, the primary outcome wasn´t reached, but a nice positive effect of the 
SLIT treatment was recorded as a reduction in both medication and asthma 
symptoms. This study along with others, provides enough evidence as to show that 
the risk of asthma symptoms in allergic rhinitis patients can be decreased by the use 
of AIT. 

The largest body of evidence for AIT in asthma is built for children suffering mild to 
moderate asthma. In this field, we can find several studies and metanalysis supporting 
the use of AIT in children showing improvement in asthma severity, asthma 
exacerbations, asthma symptoms, reduction in the dose of inhaled corticosteroids and 
also in some cases improvement of bronchial hyperreactivity. However, evidence 
should be evaluated with caution and despite that  the pooling of studies done in 
metanalysis is a great tool to understand the body of evidence, it can also be a source 
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of confusion due to the heterogeneity between studied populations, treatment 
modalities (extracts, allergens, schemes, protein content…) and variables used to 
analyse efficacy. 

For decades, severe asthma has been a contraindication for AIT due to the higher 
ratio and more severe adverse events that these patients might encounter in the 
course of AIT. Due to a better product design and standardization, in the last position 
paper on AIT contraindications, severe asthma is not considered anymore an absolute 
contraindication as long as it is well controlled, widening the potential candidates for 
this treatment. Additionally, the use of Omalizumab along with AIT in severe asthmatic 
children is being explored, and despite only a few publications with low number of 
patients is available, the results in terms of safety are very encouraging. 
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Food allergy represents the second wave of the allergy pandemic according to some 
authors and is experiencing an increase in prevalence affecting between 5 to 8% of 
the general population. Despite the burden of food allergy, current standard of care is 
mainly based upon patient and family education, avoidance of the offending food and 
the treatment of reactions resulting from accidental exposures. 

Regardless of regulatory and academic efforts to improve foodstuff labeling, analysis 
performed in a selection of products with no allergen declaration disclosed that in 
some cases, these contained enough allergen residues to endanger allergic patients. 
When avoiding the culprit food fails, patients are at risk of suffering anaphylaxis, a 
life-threatening event. According to the records in the UK, the number of 
hospitalizations for food-triggered anaphylaxis increased from 1992 to 2010. Food 
allergy causes significant impairment in the quality of life of patients and guardians 
due to anxiety of accidental reactions, limitations in diet and social life, emotional 
impact and bullying at school.   

The aforementioned reasons underscore the need of a treatment to ameliorate the 
impact of food allergy. Food immunotherapy, first described in 1908, but really being 
used in the last decades, represents a promising option of an etiological treatment for 
patients suffering persistent food allergy. It has awakened the interest of the scientific 
community and an increasing body of evidence has been created over the last few 
years that has lead to a positioning of the EAACI towards its use in experienced centers 
outside the framework of clinical trials.  

Food AIT has shown its capability to increase the reactivity thresholds for milk, egg 
and peanut allergy whilst receiving the treatment. The post-discontinuation efficacy 
of Food AIT is still a matter of debate, but current evidence suggest that the achieved 
protection decreases with longer off diet periods.   

The most relevant weak point of food-AIT, specially when oral route is used, is the 
safety of the treatment. Frequent adverse reactions appear in the course of AIT, and 
in some cases these can be severe. This fact has boosted the research of safer delivery 
routes. First the sublingual route, but more recently the epicutaneos route, that has 
already been used in large trials to treat peanut allergic patients, exhibited a more 
benign safety profile. Other initiatives to decrease side effects is the concomitant use 
of omalizumab, that has proven to ease the treatment successfully.    
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In conclusion, and considering that some aspects of the treatment as safety already 
deserve more study, the treatment provides a satisfactory solution to a problem that 
is suffering a quite large percentage of the population. 
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Abstract 

Allergen immunotherapy is effective in patients with IgE-dependent allergic rhinitis and asthma. In 
contrast to anti-allergic drugs, when immunotherapy is given continuously for 3 years, there is 
persistent clinical benefit for several years after its discontinuation. This disease-modifying effect is 
both antigen-specific and antigen-driven. Clinical improvement is accompanied by decreases in 
effector cells in target organs including mast cells, basophils, eosinophils and type 2 innate lymphoid 
cells. Immunotherapy also results in the production of blocking IgG/IgG4 antibodies that can inhibit 
IgE-
antigen presentation). This suppression of Th2 immunity may occur as a consequence of either 
deletion and/or anergy of antigen-specific T cells, the induction of antigen-specific T regulatory cells 
and/or immune deviation in favour of Th1 responses. It is not clear whether the altered long-term 
memory resides within the T cell and/or B cell compartment. Recent data highlight the role of IL-10 
producing regulatory B cells that produce ‘protective’ antibodies that likely contribute to long-term 
tolerance. Understanding mechanisms underlying the induction and persistence of tolerance should 
identify predictive biomarkers of clinical response and discover novel more effective strategies for 
immunotherapy. 

Key words: 

Immunotherapy, Mechanisms, Allergic rhinitis, Allergic asthma, Long-term tolerance,  
T cells, B cells, Type 2 Innate Lymphoid cells, IgE-FAB, Biomarkers 
Abbreviations 

Bregs   B regulatory cells 
CCL   CC chemokine ligands 
CCR   CC chemokine receptors 
CD   Cluster of differentiation 
CTLA-4  Cytotoxic T-lymphocyte-associated protein 4 
DAO   Diamine oxidase 
DC   Dendritic cell 
DCreg   Regulatory dendritic cell 
ELIFAB  Enzyme-linked immunosorbent-facilitated antigen binding assay 
ELISA   Enzyme-linked immunosorbent assay 
EMA   European Medicines Agency 
FAB   Facilitated antigen binding assay 
Fc RI   High affinity IgE receptors 
FOXP3   Forkhead box P3 
GATA3  GATA binding protein-3 

128



 
 
GITR   Glucocorticoid-induced TNF receptor 
GRASS Gauging Responses in Allergic rhinitis to SCIT versus SLIT trial study 
ICAM   Intercellular Adhesion Molecule 
Ig   Immunoglobulin 
IL   Interleukin 
ILC   Innate lymphoid cell 
ISAC   Immuno-solid-phase allergen chip 
iTregs   Inducible Tregs 
LT   Leukotriene 
mRNA   Messenger RNA 
nTregs  Natural T regulatory cells 
PBMC   Peripheral blood mononuclear cells 
Phlp   Phleum pratense 
RIPK4   Receptor-interacting serine/threonine-protein kinase 4 
ROR   RAR-related orphan receptors 
RT-PCR  Reverse transcription-polymerase chain reaction 
SAR   Untreated seasonal allergic rhinitis individuals 
SCIT   Subcutaneous immunotherapy 
sIg   Allergen-specific immunoglobulin 
SLIT   Sublingual immunotherapy 
TAME-Esterase Tosyl l-arginine methyl ester-esterase 
TCR   T cell receptor 
Tfh   T follicular helper 
Tfr   T follicular regulatory 
TGF   Transforming growth factor 
Th   T helper cells 
TLR   Toll-like receptors 
Tregs   T regulatory cells 
TSLP   Thymic-stromal lymphopoetin 
VCAM   Vascular cell adhesion protein 
VLA4   Very late antigen-4, Integrin 41 
 

Introduction  

Allergen immunotherapy is effective in selected patients with allergic rhinitis including those with 
mild/moderate asthma (1, 2). There is heterogeneity in the populations studied, the different 
allergen products and protocols employed and the clinical outcomes used to document efficacy and 
safety (3). None-the-less recent guidelines (4) confirm that immunotherapy is particularly effective 
in seasonal rhinitis and recent data strongly support its use in perennial allergy due to house dust 
mites (5). Subcutaneous immunotherapy involves weekly up-dosing injections followed by monthly 
maintenance injections for at least 3 years (1, 6, 7). In view of occasional systemic allergic side 
effects, subcutaneous immunotherapy requires administration in a specialist allergy clinic with 
access to resuscitative measures. Sublingual immunotherapy involves daily drops or tablets placed 
under the tongue. Sublingual immunotherapy is effective and safer than subcutaneous 
immunotherapy such that it may be self-administered by the patient at home (1, 8). Sublingual and 
subcutaneous immunotherapy are effective generally within 2-4 months of initiating treatment and 
may be given pre/co-seasonally for short term benefit. Indirect comparisons have suggested that 
immunotherapy may be more effective than anti-allergic drugs. In contrast to anti-allergic drugs 
and currently available monoclonal antibody therapies, when immunotherapy is given continuously 
for 3 years both routes have been shown to be disease modifying, manifest as long-term remission 
of symptoms for at least 2-3 years following their discontinuation (9, 10). In this review, we explore 
historical and recent data on the mechanisms of immunotherapy for inhalant allergens. Our 
expectation is that a greater understanding of the underlying mechanisms of tolerance will identify 
potential biomarkers that could predict and/or monitor the response to treatment. Such knowledge 
could inform new potential treatment strategies.  
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Overview of mechanisms of allergic rhinitis and asthma  

IgE and mast cells 

Cardinal features of allergic rhinitis include elevated allergen-specific IgE concentrations to clinically 
relevant allergens, the IgE-dependent activation of mast cells and local eosinophilia in target organs. 
In addition to systemic and regional lymphatic sources of IgE, specific IgE may be synthesised and 
produced locally by B cells within the respiratory mucosa (11) thereby accounting for the occasional 
phenomenon of ‘local allergic rhinitis’ with symptoms on allergen exposure in the absence of 
detectable serum specific-IgE or positive immediate skin tests to relevant allergens (12).  

IgE-dependent activation is detectable during the immediate (0-60 minute) response following nasal 
allergen provocation. Allergen crosslinking of adjacent surface IgE molecules on mast cells and 
basophils triggers within seconds or minutes the release of pre-formed mediators such as histamine 
(13) and tryptase (14) contained within intra-cytoplasmic granules. Newly-formed mediators derived 
from arachidonic acid within the membrane lipid include sulphido-peptide leukotrienes (12). (LTC4, 
LTD4 and the terminal metabolite LTE4), platelet-activating factor and prostaglandin D2. The 
biological properties of these mediators are consistent with the local vasodilatation, edema 
formation, local neurogenic stimulation and mucus secretion that characterise typical nasal allergen-
induced immediate type I hypersensitivity. In the lower airways, bronchial smooth contraction as 
well as edema and mucus hyper-secretion contribute to acute bronchoconstriction. A proportion of 
subjects develop a late response at 2-10 hours after challenge. The late response is characterised 
by tissue eosinophilia, nasal congestion and mucosal hyperreactivity to both allergic and non-allergic 
triggers that may last for days or even weeks following a single nasal allergen challenge. In contrast 
to findings in allergic asthma and in nasal polyposis, morphologic and immunohistochemical features 
of airway remodelling are not a consistent feature of even moderate/severe allergic rhinitis (15). 

Th2 lymphocytes and group 2 innate lymphoid cells 

The above pathophysiologic events are under the regulation of a distinct subset of T helper type 2 
(Th2) cells. Th2 cells produce interleukin (IL)-4, the key cytokine responsible for Th2 cell 
differentiation (16-18). IL-4 and IL-13 induce B lymphocytes to produce -germline gene transcripts 
(19). the first step in heavy chain gene rearrangement in favour of IgE production. IL-4 and IL-13 
upregulate VCAM-1 expression on the vascular endothelium, promoting adhesion of VLA-4-
expressing eosinophils. Both stimulate mucus production from glands in the upper and lower 
airways. IL-5 is responsible for terminal differentiation and release of eosinophils from the bone 
marrow and prolongs eosinophil survival by inhibiting eosinophil apoptosis in tissues (20). Along 
with stem cell factor, IL-9 is a key cytokine for the differentiation and maturation of mast cells (21). 
The release of Th2 cytokines and tissue eosinophilia are apparent during the late-phase response 
that occurs at 4-12 hours after allergen challenge (22).  

Type 2 Innate lymphoid cells (ILC2s) represent an alternative source of ‘Th2’ cytokines in the nasal 
mucosa. ILCs are morphologically similar to lymphocytes although are distinct in not expressing 
surface antigen receptors or other cell lineage markers and act in an antigen-independent manner 
(23, 24). ILCs consist of three different groups referred to as ILC1, ILC2, and ILC3. ILC1s 
constitutively express Tbet and produce the Th1 cytokines IFN-γ and TNF and provide protection 
against intracellular bacteria and parasites. ILC2s constitutively express ROR-  and GATA3, produce 
Th2 cytokines, particularly IL-5 and IL-13 and provide immunity to helminths, as well as stimulating 
allergic responses. ILC3s are characterised by the transcripton factor ROR- t, express IL-17a and/or 
IL-22, afford protection against extracellular bacteria and are involved in tissue repair processes. 
The role of ILC2s in allergic rhinitis was first identified in cat allergic subjects who showed increases 
in peripheral blood ILC2s at 4 hours following a cat allergen nasal challenge (25). Subsequently 
increases in circulating ILC2s have been identified in both grass allergic rhinitic (26) and asthmatic 
subjects (27) during the grass pollen season. ILC2s represent an abundant alternative source of Th2 
cytokines and likely serve to amplify and maintain local Th2-driven allergic inflammation. In view of 
recently identified plasticity within ILC2s in tissues of patients with chronic obstructive pulmonary 
disease and chronic rhinosinusitis (28), this concept requires to be revisited in the context of allergic 
rhinitis (18). 
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The respiratory epithelium and dendritic cells 

Whereas IgE-dependent mast cell activation and tissue eosinophilia are driven by Th2 lymphocytes, 
the differentiation of Th2 cells is dependent on the local cytokine milieu provided by interactions 
between the respiratory epithelium, local dendritic cells and regional lymph glands.  

In an atopic individual, aeroallergens pass through the inflamed nasal epithelium and activated 
epithelial cells release chemokines (CCL2 and CCL20) that recruit immature dendritic cells (Fig.1A). 
Activated DCs migrate to regional draining lymph nodes and polarize naïve T cells into Th2 cells. DC 
migration is primed by IL-13 produced by ILC2s and also by IL-4 produced principally by basophils. 
Within the germinal centre of the lymph node, a subset of T helper cells differentiates into T follicular 
helper cells (Tfh cells). Tfh cells produce both IL-4 and IL-21 that along with Th2 cell-derived IL-4 
promote immunoglobulin heavy chain class switching to IgE in B cells.  

The respiratory epithelium of atopic allergic subjects expresses cytokines that include IL-25 (29), 
IL-33 (30) and Thymic-stromal Lymphocyte activating Protein (TSLP) (31). These epithelial 
cytokines favour development of a pro-allergic dendritic cell phenotype (32, 33) that provides help 
for Th2 cell differentiation. Additionally, these epithelial-derived cytokines are major growth factors 
for ILC2s that amplify and maintain local Th2-driven allergic inflammation (34-36). During 
subsequent allergen exposure, IgE-facilitated allergen recognition via FceRI on dendritic cells and 
FceRII on B cells amplifies the development of Th2 responses to inhaled allergens (Fig 1B). 

Dendritic cells (DCs), depending on their phase of maturation, their location and the associated local 
cytokine milieu, can either initiate and maintain allergic inflammation (pro-allergic, DC2) (32, 33, 
37, 38) or alternatively promote a state of immune tolerance (tolerogenic, DCregs) (32, 33, 39-42) 
to sensitising allergens. DC2 cells express the markers CD141, GATA3, OX40 ligand, and receptor-
interacting serine/threonine-protein kinase 4 (RIPK4) (33). When DC2s were exposed to allergen 
and subsequently co-cultured with T cells they promoted preferential Th2 T lymphocyte responses 
(35-39). 

Mechanisms of allergen immunotherapy (Fig.2)  

IgE, IgG and IgA responses  

Sublingual and subcutaneous immunotherapy have both been associated with transient early 
increases in serum allergen-specific IgE antibodies that are followed by blunting of the usual seasonal 
increases in IgE during natural allergen exposure (66). These early increases are not accompanied 
by untoward side effects and it has been suggested that an early ‘Th2 priming’ by high allergen 
exposure may be important for successful immunotherapy. Prolonged subcutaneous immunotherapy 
over several years may result in a decrease in allergen specific IgE concentrations (43, 44), an event 
that may contribute to long-term tolerance. 

Robert Cooke in 1935 demonstrated the passive transfer of suppressive activity for immediate 
ragweed IgE-sensitivity in the skin by use of serum obtained from patients who had undergone 
ragweed subcutaneous immunotherapy (45). Serum and nasal inhibitory activity for IgE after 
subcutaneous immunotherapy was subsequently shown to reside within serum IgG, IgG4 and IgA 
fractions (46-50). Studies have shown 10-100-fold increases in serum concentrations of IgG, 
particularly IgG4 (7, 51-54). Sublingual immunotherapy has also been shown to induce allergen-
specific (55) IgG1, IgG4 and IgA antibodies (10, 48, 56-58) These increases in immunoreactive 
antibodies have been observed following immunotherapy to both seasonal pollens and perennial 
allergens such as HDM (59, 60). Serum specific IgG4 has been shown to increase in a time- and 
dose-dependent manner during grass pollen immunotherapy (58). Several studies have highlighted 
the inhibitory capacity of IgG4 for IgE-dependent events. IgG4 antibodies are bi-specific and have 
the capacity to exchange F(ab) arms by swapping heavy-light chain pairs between IgG4 molecules 
with diverse specificities (61). IgG may compete with IgE for allergen (62) thereby blocking allergen-
IgE complex formation. This prevents crosslinking of high affinity IgE receptors (FcεR1) on basophils 
and mast cells inhibiting histamine release. Competition of IgG/IgG4 for IgE may also block binding 
of allergen-IgE complexes to low affinity receptors (Fc RIIb) on B cells, thereby inhibiting IgE-
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facilitated antigen presentation to T cells, a major driver of allergen-specific Th2 responses (16, 63-
65). 

Paradoxically, while immunoreactive IgG/IgG4 levels fell by 80-90% within one year of stopping 
allergen immunotherapy, IgG-associated serum IgE-inhibitory activity persisted for several years 
and accompanied long-term clinical efficacy (48). This suggests that despite lower levels, the IgG 
antibodies that persist after discontinuation of immunotherapy may have either higher avidity and/or 
affinity. The data raise the possibility that long-lived memory B cells induced by immunotherapy 
may persist as a result of low level environmental allergen stimulation, thereby contributing to long-
term tolerance.  

IgG antibodies have also been detected locally in nasal fluid as well as in serum following 
immunotherapy (52). Both specific IgG4 and associated inhibitory activity for IgE-facilitated antigen 
binding (IgE-FAB) were increased in the nasal fluid of patients undergoing sublingual immunotherapy 
compared to untreated participants (66). The IgG4-dependency of IgE-inhibitory activity has been 
shown by depletion experiments using an IgG4 affinity chromatography. The magnitude of IgE 
suppression was higher with nasal fluid than with serum thereby highlighting the potency of local 
IgG inhibitory antibodies (66). 

Immunotherapy and effector cells.  

The influence of immunotherapy on effector cells has been studied following nasal allergen 
provocation and during natural seasonal pollen exposure. Immunotherapy inhibits early and late 
phase responses after allergen challenge (56, 67). Suppression is accompanied by a reduction in 
early increases in local nasal histamine, TAME-Esterase and tryptase concentrations in nasal fluid. 
Inhibition of late responses is associated with a decrease in eosinophils (68) and Th2 cytokines 
including IL-4, 5, 9 and 13 (69). A reduction following immunotherapy is also noted in nasal fluid 
levels of the CC chemokine eotaxin that contributes to eosinophil recruitment. Decreases in Th2 
cytokines in nasal fluid have also been recorded following both subcutaneous and sublingual 
immunotherapy (69, 70). A double-blind trial of subcutaneous grass pollen immunotherapy resulted 
in decreases in effector cells including CD117+ (c-kit+) mast cells, (71) basophils (73) and 
eosinophils (72) in the nasal mucosa compared to pre-treatment that was significant compared to 
placebo-treated participants (73, 74). These local changes detected in nasal biopsies were 
accompanied by improvements in seasonal symptoms and a decrease in requirements for rescue 
medication. A direct correlation was noted between IL-5 and nasal mucosal eosinophil numbers and 
also between eosinophils and the severity of seasonal symptoms. The data suggest that IL-5-
maintained nasal mucosal eosinophilia is a driver of symptoms during the pollen season that is 
ameliorated by subcutaneous immunotherapy. In house dust mite-sensitive patients, sublingual 
immunotherapy with mite extract inhibited local mucosal vascular ICAM-1 expression and also 
decreased local eosinophilia (73). These data illustrate that both sublingual and subcutaneous 
immunotherapy result in decreases in recruitment and/or activation of effector cells at allergic tissue 
sites.  

Immunotherapy and T lymphocyte responses 

Decreases in Th2 cells 

Suppression of allergen-induced late nasal responses during subcutaneous grass pollen 
immunotherapy has been associated with decreases in CD4+ T cells and local IL-4 mRNA+ T cells 
in the nasal mucosa (74). These findings are supported by the finding of decreases in Th2 cytokines 
in nasal lining fluid after nasal challenge (69). Recent techniques that include ex-vivo tetramer 
analysis (75-78) have allowed the phenotyping and identification of peripheral circulating allergen-
specific T cells (85-88). This has permitted the identification of key T cell surface markers such as 
CD27, CRTH2, CD161 and CCR4 associated with type 2 pro-allergic responses. In patients with grass 
pollen allergy, tetramer-specific T cells that did not express CD27 mostly expressed the surface 
markers CRTH2 and CCR4. This was in contrast to non-allergic individuals whose T cells expressed 
low CRTH2 and CCR4 and high levels of CD27. Patients with alder pollen allergy expressed a high 
frequency of CD27- Th2 cells that decreased after subcutaneous immunotherapy. Similarly, in the 
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GRASS trial (44), both (11) subcutaneous and sublingual immunotherapy resulted in clinical 
improvement during 2 years that was paralleled by a decrease in peripheral tetramer positive 
CRTH2+CCR4+CD27-CD4+Th2 cells. These changes were paralleled by a decrease in local nasal 
Th2 cytokines, including IL-4, IL-5 and IL-13 levels in nasal fluid following nasal allergen provocation. 
Both circulating tetramer-positive Th2 cells and local nasal Th2 cytokines rebounded during year 3, 
along with a deterioration in seasonal symptoms, one year after discontinuation of immunotherapy. 
The failure of 2 years immunotherapy (in contrast to 3 years continuous treatment (9, 10) to induce 
durable tolerance may have been related to this re-emergence of antigen-specific Th2 immunity.  

Increases in T regulatory cells (Tregs)  

Immune tolerance during immunotherapy has been shown to be associated with the induction of 
allergen-specific Tregs (79-84). Treg cells can be grouped into two subsets, natural Tregs that 
express the transcription factor FOXP3 and inducible Tregs (iTregs) that produce regulatory 
cytokines such as IL-10, IL-35 and TGF-β (58, 79, 85). 

- Natural T regulatory cells (nTregs) 

nTregs were first described by Sakaguchi (86). In addition to the transcription factor FOXP3, nTregs 
have increased expression of the IL-2 receptor (CD25) and low expression of the IL-7 receptor 
(CD127). nTregs are thought to exert their suppressive capacity in a direct cell-cell contact-
dependent manner (87, 88). Functional roles have been proposed for membrane CTLA-4, surface-
bound TGF-β the glucocorticoid-induced TNF receptor (GITR) and PD-1. nTregs have also been 
shown to modulate allergen-specific T cell responses in healthy, non-atopic individuals (89). 
Subcutaneous immunotherapy was associated with local increases in FOXP3+CD25+ T cells (80) in 
the nasal mucosa compared to untreated control subjects. Following sublingual grass pollen 
immunotherapy, immunofluorescence studies on sublingual biopsies identified increases in 
FOXP3+CD3+ cells in the sublingual mucosa (83). Human in vitro studies of biopsies of human 
buccal mucosa and associated lingual tonsils and adenoids identify the oropharyngeal mucosa as an 
environment rich in pro-tolerogenic dendritic cells and regulatory T cells (90, 91). Altered nTreg 
function has been associated with epigenetic modification at the FOXP3 promoter region. In a 
randomized controlled study of dual sublingual immunotherapy in participants allergic to both house 
dust mite and grass pollen, methylated CpG sites within the Foxp3 locus of enriched peripheral 
memory Treg cells were decreased after 12 months treatment (92), 

- T Follicular (Tfh/Tfr) cells 

T follicular helper (Tfh) cells are characterised by surface CXCR5, the transcription factor B-cell 
lymphoma 6 protein (Bcl6) and increased expression of IL-4, IL-21 and IL-6. Tfh cells reside in the 
marginal zones of germinal follicles within regional lymph nodes, where they provide essential help 
for B cell maturation and class switching. In 2004, a distinct population of FOXP3+ CXCR5 expressing 
FoxP3+ Treg cells were identified, that possessed the ability to migrate into germinal centres and 
suppress T and B cell responses (93, 94). However, it was not until 2011 that this population of cells 
was recognised as a distinct subset of CD4+ T cells with regulatory capacity, namely T follicular 
regulatory (Tfr) cells. One study has shown that memory Tfh cells were significantly reduced after 
immunotherapy (95). Moreover, Tfr cells from immunotherapy-treated patients were shown to have 
higher capacity to produce IL-10 compared to Tfh cells. When CXCR5+ Tfh cells were enriched from 
immunotherapy-treated donors and cultured in the presence of TCR stimulation and IL-2 for 5 days, 
flow cytometric analysis revealed an increase in Tfr cells.  These findings highlight the plasticity of 
Tfr cells and their likely role in suppressing Th2 responses and IgE antibody production during 
immunotherapy (95). 

- Inducible Tregs (iTregs) 

iTreg cells produce either IL-10 (Tr1) or TGF-β (Th3) and have been shown to modulate allergen-
driven T cell proliferative responses and Th2 cytokine release (79). Studies of nasal biopsies obtained 
before and at 2 years after grass pollen immunotherapy identified a shift in favour of local iTreg 
responses in the nasal mucosa. There was an increase in IL-10-expressing T cells during the pollen 
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season that was associated with an increase in serum IgG4 (96). Seasonal increases in TGF- + T 
cells in the nasal mucosa correlated with increases in peripheral circulating IgA concentrations (50).  

The induction of peripheral IL-10+ Tregs was reported following grass and birch pollen sublingual 
immunotherapy (55, 81). A time-course study during subcutaneous grass pollen immunotherapy 
demonstrated that peripheral blood mononuclear cells obtained as early as 2-4 weeks during early 
updosing, when co-cultured with grass pollen allergen for 6 days, produced high levels of IL-10 in 
supernatants (56). This early IL-10 signal was closely paralleled by suppression of the allergen-
induced late phase response (Fig. 3). Increases in PBMC IL-10 production and suppression of the 
late response was followed sequentially by increases in serum IgG4 at 6-8 weeks that peaked at 16 
weeks, along with a parallel suppression of immediate skin responses. Post-immunotherapy serum 
was shown to have IgG-associated IgE-blocking activity for both basophil activation (increased 
allergen stimulated basophil CD63) and IgE-FAB inhibition that paralleled increases in IgG4. The in 
vivo time course of PBMC IL-10 production and associated changes in serum blocking antibodies, 
allergen-induced skin responses and hypothetical changes in Th2 lymphocytes during up-dosing, 
and maintenance of grass pollen immunotherapy for 3 years and during immunotherapy withdrawal 
are illustrated in Fig.3.  

B Regulatory cells (Bregs) 

Bregs are a subset of B cells that produce IL-10 and have the capacity to inhibit T cell and dendritic 
cell-mediated inflammatory responses and to maintain natural immunological tolerance (97). 
Purified populations of IL-10 producing Bregs in bee venom tolerant individuals exhibited high 
surface expression of CD25 and CD71 and low expression of CD73. These cells had the capacity to 
suppress bee venom specific T cell proliferation (98). Moreover, the provenance of allergen-specific 
IgG4 antibodies following bee venom immunotherapy was shown to be from phospholipase A2-
specific IL-10+ Bregs. In addition to IL-10, B regs have been shown to exert their suppressive 
capacity by production of TGF-  and IL-35 (97). It is likely that during immunotherapy with grass 
pollen or house dust mite allergens, that similar Breg responses may be elicited. Whether the same 
phenotype is expressed by B cells following immunotherapy with inhalant allergens remains to be 
determined.  

Th1 immune deviation 

Suppression of Th2 immunity during both subcutaneous and sublingual immunotherapy has also 
been associated with immune deviation and induction of Th1 cells (9, 99). In situ hybridisation 
studies of the nasal mucosa following successful subcutaneous immunotherapy demonstrated 
increases in interferon-gamma mRNA+ T cells after allergen challenge that correlated with decreases 
in nasal symptoms during the pollen season (9). Pollen immunotherapy was associated with 
decreases in the ratio of IL-5/Interferon gamma mRNA+ cells in the mucosa and increases in nasal 
interferon-gamma protein in nasal fluid during natural seasonal allergen exposure (51). Similarly, 
subcutaneous grass pollen immunotherapy resulted in increases in IL-12 mRNA+ macrophages in 
the skin that accompanied suppression of late cutaneous responses and correlated positively with 
local IFN-gamma+ T cells and inversely with IL-4-expressing T cells (100). Evidence for/against Th1 
deviation in peripheral blood studies has been more controversial (101, 107). One study suggested 
that the shift from Th2 to Th1 responses may have been related to activation-induced cell death of 
allergen-responder Th2 cells (102). During birch pollen subcutaneous immunotherapy, a transient 
increase in Bet v 1-specific IL-10 secreting cells at 3 months was followed at 12 months by a 
reduction in the ratio of allergen-specific Bet v 1-specific IL-5/ Bet v 1-specific IFN-gamma secreting 
T cells (103, 104). Moreover, survival of Th1 cells has been reported following deletion of Th2 cells 
(105).  

Immunotherapy and Innate Lymphoid cells 

The influence of immunotherapy on ILC2 cells has been studied in peripheral blood, but not in target 
organs, partly due to difficulties in identifying these cells that do not express cell lineage markers 
accessible to immunohistochemical localisation in tissues. Following grass pollen subcutaneous 
immunotherapy there was a marked inhibition of seasonal increases in lineage negative 
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CRTH2+CD127+ ILC2 cells that correlated with the severity of self-reported symptoms during the 
pollen season (26). These results were highly significant when compared to the seasonal increases 
in ILC2s observed in matched untreated seasonal allergic rhinitis controls. These data were 
supported by inhibition of seasonal increases in CD117+ (ckit+) ILC2s and in the proportion of IL-
13+ILC2s as determined by intracellular cytokine staining. In a study of immunotherapy in 
participants with seasonal asthma (27), there was no change in the number of ILC2s although this 
is likely explained by the measurements having been performed out of season when the participants 
were asymptomatic. To or knowledge, there have been no reports of the influence of immunotherapy 
on innate epithelial derived cytokines that are known to be closely involved in the regulation of both 
local Th2-mediated events and innate lymphoid cells. 

Immunotherapy and dendritic cells 

The buccal mucosa is constantly exposed to foreign proteins in foods and represents a distinct pro-
tolerogenic environment. Ex vivo studies of biopsies of buccal mucosa from grass pollen allergic 
patients have shown that oral mucosal Langerhans cells bind the major grass pollen allergen Phleum 
pratense 5 (Phl p 5) in a dose- and time-dependent manner that plateaus at 5 minutes and leads to 
a decelerated maturation of oral Langerhans cells, in parallel with an enhanced migratory capacity 
and increased production of tolerogenic cytokines that include IL-10 and TGF-  (106) 

In a randomised controlled trial of sublingual immunotherapy, despite local increases in FOXP3+ T 
reg cells in the sublingual mucosal biopsies there was no change in local monocyte-derived dendritic 
cells, although CD1a+Langerhans cells were not specifically examined (83). However, the influence 
of allergen immunotherapy on subtypes of dendritic cells in the circulation has been studied. 
Polymerase chain reaction studies of peripheral whole blood samples taken before and after 4 
months sublingual grass pollen immunotherapy was used to characterise changes in dendritic cell 
phenotype. A significant increase in the number of dendritic cells with a DCreg phenotype was 
observed (32). The DCreg signature was reflected by an increase in mRNA expression for Stabilin-1 
and C1Q, as predicted from the in vitro studies (32). Interestingly, this DCreg signature was 
observed only in those ‘responders’ to immunotherapy as reflected by a significant decrease in 
rhinoconjunctivitis symptoms (32). In support of these findings, one year’s treatment with sublingual 
immunotherapy in mite-allergic children resulted in peripheral dendritic cells that showed a reduced 
capacity to produce IL-12 increased IL-10 secretion and a blunted maturation capacity (107). 

Biomarkers  

A greater understanding of underlying mechanisms of immunotherapy has raised potential 
approaches to develop biomarkers to predict/assess the clinical response to treatment and for 
identifying responders and non-responders. International guidelines highlight the need for 
quantitative and validated measurements (108).  A European Academy of Allergy and Clinical 
Immunology Task Force reported a consensus statement on potential biomarkers of allergen 
immunotherapy (101). These were classified into seven domains (Table 1): (A) IgE (total IgE, 
specific IgE and sIgE/Total IgE ratio), (B) IgG-subclasses (sIgG1, sIgG4 including sIgE/IgG4 ratio), 
(C) Serum inhibitory activity for IgE (IgE-FAB), (D) Basophil activation, (E) Cytokines and 
Chemokines, (F) Cellular markers (T regulatory cells, B regulatory cells and dendritic cells) and 
(G) In vivo biomarkers which include provocation tests (108).   

 IgE (total IgE, specific IgE and sIgE/total IgE ratio) 

Inclusion criteria for the initiation of immunotherapy rely on a history of symptoms upon exposure 
to allergen (1, 109, 110) and elevated serum allergen-specific IgE (sIgE) to the clinically relevant 
allergen as measured by the ImmunoCAP® system. Patient selection has been refined by the 
availability of recombinant allergen technology to identify specific IgE to the major allergen 
determinants and to recognise irrelevant cross-reacting allergens (111). An initial early increase in 
sIgE during both subcutaneous (58) and sublingual (112) pollen immunotherapy has been shown to 
be followed by blunting of seasonal increases in sIgE. In long-term studies of subcutaneous 
immunotherapy, a gradual decrease in sIgE over several years (43) was observed although there 
was no clear association between changes in sIgE and the magnitude of the clinical response (50, 
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96). Moreover, specific IgE measured against major allergens (i.e birch pollen allergen) can be a 
useful tool to detect irrelevant cross-reactive molecule such as profiling (PR10- Bet v2) which can 
lead to false positive skin prick test and potentially be used as predictor of immunotherapy failure. 
The ratio of specific IgE/Total serum IgE at baseline was reported to correlate with clinical response 
to immunotherapy (113,114), although others (52, 59, 115) have not replicated these findings.  

IgG-subclasses (sIgG1, sIgG4 and sIgE/IgG4 ratio) 

Immune reactive IgG1 and IgG4 antibodies can also be measured by ImmunoCAP (Fig.4a) and by 
allergen microarray (for example ImmunoSolid Allergen Chip Assay). Allergen-specific IgG subtypes, 
including sIgG1 and particularly sIgG4 have been shown to be elevated in the range of 10- to 100-
fold compared to baseline values during immunotherapy, although with no consistent correlation 
with clinical response to treatment (79, 95, 105). ISAC can be performed using very small volumes 
of serum or nasal fluid. Rather than an indicator of efficacy, a large component of the observed 
elevations in serum immunoreactive allergen-specific IgG or IgG4 levels are likely to reflect allergen 
exposure and could potentially be used to monitor patients’ adherence to immunotherapy regimens 
(108). A decrease in the sIgE/IgG4 ratio has been reported following subcutaneous immunotherapy 
and was associated with a reduction in late cutaneous skin reaction (101). However, this finding has 
not been reproduced in other studies (101). 

Serum IgE inhibitory activity (IgE-FAB and ELIFAB) 

IgG-associated IgE-inhibitory activity can be assessed by a flow-cytometry based assay (IgE-FAB) 
that has been validated according to the International Conference on Harmonisation (ICH) guidelines 
(116). This assay measures the ability of IgG-containing serum obtained after immunotherapy to 
inhibit the Fc RII-dependent binding of allergen-IgE complexes to B cells, a surrogate for IgE-
facilitated antigen presentation to T cells (Fig. 4b). Alternative approaches include the enzyme-linked 
immunosorbent-facilitated antigen binding assay (ELIFAB) (66). The IgE-FAB assay is reproducible 
but technically complex and currently confined to specialized laboratories (58). The ELIFAB assay is 
less complex and may also be used to assess functional IgG responses. The limited data available 
suggests a modest correlation between IgE-FAB and ELIFAB results and the clinical response to 
immunotherapy over and above that observed when simply measuring immunoreactive IgG levels 
(58, 66). This is likely related to IgE-FAB and ELIFAB providing a further functional measure of 
affinity and/or avidity of antibody binding.  

Basophil activation  

In flow cytometry-based assays using whole blood, basophil activation can be studied by monitoring 
expression of surface markers such as CD63 and CD203c. While CD63 expression measures 
degranulation of basophils (117), CD203c is a specific basophil marker that additionally measures 
IL-3-dependent activation of basophils. A novel functional assay that detects intracellular staining of 
phycoerythrin-conjugated diamine oxidase (DAO) has also been validated. DAO binds tightly to its 
substrate histamine, such that allergen stimulation results in a reduction in basophil intracellular 
DAO, proportional to the amount of intracellular histamine released. This reduction has been 
detected during both subcutaneous and sublingual immunotherapy (118, 119) (Fig.4 c and d). 

Cytokines and Chemokines 

Recent advances in miniaturised multiplex cytokine analysis using Meso Scale Discovery (MSD®) and 
Luminex® platforms have enabled the measurement of cytokines and chemokines in nasal fluid that 
increase in response to allergen provocation and are modified by immunotherapy (31, 32, 69). 

Cellular and molecular markers 

Cellular markers of potential use for assessing or predicting response to immunotherapy include 
phenotypic markers for T cells (Th2, Treg, Tfh/Tfr and Th1) and subpopulations of Bregs, all of which 
have been shown to be modified during immunotherapy, principally by flow cytometry. Whereas in 
clinical trials these markers have been able to distinguish between treatment groups and correlate 
overall with clinical outcomes of efficacy (69, 79, 84, 120, 121), they have been unable to distinguish 
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responders from non-responders or predict response in individual subjects. Furthermore, there is a 
need for optimal cell processing and transfer and storage of samples such that complex flow 
cytometry for multiple T and B cell associated markers is beyond the scope of routine clinical 
laboratories.  

Dendritic cells (DCs), express distinct molecular markers according to their T cell differentiating 
capacity. Regulatory DCs (DCregs) preferentially express C1Q and Fc RIII that favor preferential T 
regulatory cell development (32) whereas DC2s express CD141, GATA3, OX40L and RIPK4 that favor 
polarizing naïve T cells into Th2 cells (33). Expression of these markers in PBMCs were evaluated 
before and at 2 and 4 months after sublingual grass pollen immunotherapy. This qRT-PCR-based 
method correlated with clinical outcomes (33, 122).  Remarkably, an optimal combination of five 
molecular markers that included three DC2 markers (CD141, GATA3, and RIPK4) and two DCregs 
markers (C1QA and FcγRIIIA) were able to distinguish clinical responders from non-responders with 
a sensitivity of 90.48% and a specificity of 61.9%. These interesting results demand further 
evaluation in clinical trials and ultimately in clinical practice.  

In vivo biomarkers 

‘In vivo biomarkers’ refer to the use of allergen provocation tests to evaluate patients’ allergen-
specific reactivity before and after treatment. Provocation tests include skin prick tests, intradermal 
tests and nasal, conjunctival and bronchial provocation tests (101). The European Medicines Agency 
(EMA) elaborated on their relevance for proof of concept for novel approaches and for dose-finding 
in phase II clinical trials and as supportive secondary endpoints of efficacy during phase IIb/III trials 
of allergen immunotherapy (123). 

Summary  

In the presence of a clinical history of symptoms on exposure to relevant clinical allergens, a positive 
serum allergen-specific IgE (and/or positive skin prick test) is the single most relevant biomarker 
for selection of patients for allergen immunotherapy. However, neither the level of allergen-specific 
IgE, nor allergen-specific IgG/IgG4 concentrations are able to reliably predict or monitor the clinical 
response to immunotherapy. At present, the ratio of IgE/total IgE at baseline remains under 
evaluation as a possible predictor of response. Functional assays of IgG-associated inhibitory activity 
for IgE (IgE-FAB and ELIFAB) have better correlation with clinical response in clinical trials than 
immunoreactive IgG/G4 levels but do not predict efficacy in individual subjects. Serum-based assays 
have the advantage of ease of sample handling and storage and it seems likely that IgG/IgG4 levels 
may be more effective as a surrogate for compliance with treatment which could be of particular 
valuable for monitoring patients on sublingual immunotherapy. The various cellular assays reported 
are restricted to specialist centres. Basophil responsiveness assays and T/B cell phenotypic assays 
require flow cytometry and involve, respectively, either processing of fresh blood or complex cell 
separation and storage protocols. They are informative for proof of concept in clinical trials but are 
not feasible for routine clinical practice. Studies of dendritic cell phenotype by use of RT-PCR on 
whole blood or PBMCs have been shown to separate clinical responders and non-responders to grass 
pollen sublingual immunotherapy and further studies are needed to replicate these findings and 
assess their value in individual patients. Provocation testing in skin and target organs is valuable for 
proof of concept for novel allergen products and for dose-ranging studies but can only be supportive 
as secondary efficacy outcomes in clinical trials of immunotherapy. 

Novel approaches for Immunotherapy 

A better understanding of mechanisms should ideally translate into novel immunotherapy 
approaches (1, 124). The aim has been to improve efficacy over standard allergen extract-based 
extracts whilst permitting shorter, safer and more convenient strategies for patients. Alternative 
routes such as epicutaneous (125) and intralymphatic (126, 127) approaches have proved safer 
than conventional subcutaneous immunotherapy although there are no head-to-head trials to assess 
comparative efficacy. The intradermal route was ineffective for grass pollen allergen and may have 
exacerbated seasonal symptoms (128). Targeting immune deviation using the TLR4 agonist 
monophosphoryl lipid A in combination with subcutaneous grass pollen allergoid immunotherapy was 
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effective with four pre-seasonal injections without an increase in side-effects (129). The use of 
Bacterial DNA oligonucleotides rich in CpG sequences, covalently linked to the major ragweed 
allergen Ambosia a 1, was effective in a phase II trial, possibly by inducing T regs and/or immune 
deviation (130), although this approach failed at phase III (94). Targeting IgE or Type 2 cytokines 
(IL-4, IL-5) has been successful in reducing exacerbations in asthma, although without durable 
effects after discontinuation (131). Anti-IgE in combination with allergen immunotherapy was highly 
effective in reducing the risk of systemic allergic reactions (132). The combination of anti-IL-4 with 
subcutaneous allergen immunotherapy was effective in suppressing circulating Th2 cells and 
allergen-induced late responses but showed no advantage over allergen extract alone (133). Current 
novel approaches to reduce systemic adverse events include the use of engineered recombinant 
hypoallergenic molecules (111) and allergen peptide based approaches that specifically target T cell 
epitopes (134, 135) and B cell epitope based strategies to selectively promote allergen-specific IgG 
responses (136, 137). For the future, targeting the innate immune response using antibodies 
directed against the epithelial cytokines IL-33, IL-25 or TSLP in combination with allergen 
immunotherapy would be an attractive combination strategy to likely reduce inflammation, supress 
ILC2s and and promote a more tolerogenic dendritic cell phenotype. 

Figure legends: 

Figure 1: Figure 1: Mechanisms of Allergic inflammation. Summary of immunologic response to 
initial triggers of allergic sensitization and allergic inflammation following re-exposure to inhalant 
allergens (see text). 

Figure 2: Mechanisms of AIT. During initial sensitization phase in allergic rhinitis, low allergen 
exposure at nasal mucosal surface results in activation of epithelial cells which then activate dendritic 
cells (DCs). DCs uptake and present antigens to naïve T cells to induce allergic helper T cell type 2 
(Th2A) responses and Ig-E facilitated antigen presentation. Subsequent allergen re-exposure leads 
to mast cell and basophil degranulation, causing classic early phase reactions. Subsequent infiltration 
of other leukocytes leads to late phase allergic inflammation. High dose allergen exposure by 
immunotherapy restores DC function that produce IL-12, IL-27, IL-10 and promotes immune 
deviation from a Th2 to a Th1 response and induction of Treg and Breg cells (including other B cell 
subsets) that produce IgA, IgG and IgG4 blocking antibodies cells. The suppressive activities of Treg, 
Bregs and IgG-blocking activity is indicated by the red arrows.  

Figure 3.  the time-course effect of immunotherapy on surrogate clinical markers (early and late 
cutaneous responses) associated immunological events during induction and maintenance phases of 
immunotherapy (desensitisation) as well as their persistence following withdrawal of treatment 
(tolerance phase), are summarised in Fig.3. 

Figure 4. Induction of IgG4 antibodies and associated IgE-inhibitory activity during immunotherapy. 
A) specific IgG4 levels, B) IgE-facilitated allergen binding to B cells, C) histamine release at single 
cell level using labelled Diamine Oxidase (Elevated intracellular DAO demonstrates inhibition of 
histamine release) and D) Histamine ELISA. Measurements were from untreated grass allergic 
individuals (SAR), subcutaneous (SCIT-) and sublingual (SLIT-)treated patients and those who had 
completed 3 years SLIT followed by discontinuation for up to 3 years (SLIT-TOL). Data are expressed 
as individual data, quintile box plots with contour. *P < .05 and ***P < .001, Mann-Whitney U test 
(16). 

References  

1. Burks AW, Calderon MA, Casale T, Cox L, Demoly P, Jutel M, et al. Update on allergy immunotherapy: American 
academy of allergy, asthma & Immunology/European academy of allergy and clinical Immunology/PRACTALL 
consensus report. J Allergy Clin Immunol. 2013 May;131(5):1288,96.e3.  

2. Bousquet J, Lockey R, Malling HJ. Allergen immunotherapy: Therapeutic vaccines for allergic diseases. A WHO 
position paper. J Allergy Clin Immunol. 1998 Oct;102(4 Pt 1):558-62.  

3. Dhami S, Nurmatov U, Arasi S, Khan T, Asaria M, Zaman H, et al. Allergen immunotherapy for allergic 
rhinoconjunctivitis: A systematic review and meta-analysis. Allergy. 2017 Nov;72(11):1597-631.  

138



 
 
4. Roberts G, Pfaar O, Akdis CA, Ansotegui IJ, Durham SR, van Wijk RG, et al. EAACI guidelines on allergen 
immunotherapy: Allergic rhinoconjunctivitis. Allergy. 2017 Sep 23.  

5. Virchow JC, Backer V, Kuna P, Prieto L, Nolte H, Villesen HH, et al. Efficacy of a house dust mite sublingual 
allergen immunotherapy tablet in adults with allergic asthma: A randomized clinical trial. JAMA. 2016 Apr 
26;315(16):1715-25.  

6. Durham SR, Walker SM, Varga EM, Jacobson MR, O'Brien F, Noble W, et al. Long-term clinical efficacy of 
grass-pollen immunotherapy. N Engl J Med. 1999 Aug 12;341(7):468-75.  

7. Jutel M, Jaeger L, Suck R, Meyer H, Fiebig H, Cromwell O. Allergen-specific immunotherapy with recombinant 
grass pollen allergens. J Allergy Clin Immunol. 2005 Sep;116(3):608-13.  

8. Canonica GW, Cox L, Pawankar R, Baena-Cagnani CE, Blaiss M, Bonini S, et al. Sublingual immunotherapy: 
World allergy organization position paper 2013 update. World Allergy Organ J. 2014 Mar 28;7(1):6,4551-7-6.  

9. Durham SR, Ying S, Varney VA, Jacobson MR, Sudderick RM, Mackay IS, 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. 1996 
Jun;97(6):1356-65.  

10. Durham SR, Emminger W, Kapp A, de Monchy JG, Rak S, Scadding GK, et al. SQ-standardized sublingual 
grass immunotherapy: Confirmation of disease modification 2 years after 3 years of treatment in a randomized 
trial. J Allergy Clin Immunol. 2012 Mar;129(3):717,725.e5.  

11. Wu YC, James LK, Vander Heiden JA, Uduman M, Durham SR, Kleinstein SH, et al. Influence of seasonal 
exposure to grass pollen on local and peripheral blood IgE repertoires in patients with allergic rhinitis. J Allergy 
Clin Immunol. 2014 Sep;134(3):604-12.  

12. Creticos PS, Peters SP, Adkinson NF,Jr, Naclerio RM, Hayes EC, Norman PS, et al. Peptide leukotriene release 
after antigen challenge in patients sensitive to ragweed. N Engl J Med. 1984 Jun 21;310(25):1626-30.  

13. Naclerio RM, Proud D, Togias AG, Adkinson NF,Jr, Meyers DA, Kagey-Sobotka A, et al. Inflammatory 
mediators in late antigen-induced rhinitis. N Engl J Med. 1985 Jul 11;313(2):65-70.  

14. Castells M, Schwartz LB. Tryptase levels in nasal-lavage fluid as an indicator of the immediate allergic 
response. J Allergy Clin Immunol. 1988 Sep;82(3 Pt 1):348-55.  

15. Eifan AO, Orban NT, Jacobson MR, Durham SR. Severe persistent allergic rhinitis. inflammation but no 
histologic features of structural upper airway remodeling. Am J Respir Crit Care Med. 2015 Dec 15;192(12):1431-
9.  

16. Shamji MH, Layhadi JA, Scadding GW, Cheung DK, Calderon MA, Turka LA, et al. Basophil expression of 
diamine oxidase: A novel biomarker of allergen immunotherapy response. J Allergy Clin Immunol. 2015 
Apr;135(4):913,21.e9.  

17. Eifan AO, Durham SR. Pathogenesis of rhinitis. Clin Exp Allergy. 2016 Sep;46(9):1139-51.  

18. Matsuoka T, Shamji MH, Durham SR. Allergen immunotherapy and tolerance. Allergol Int. 2013 
Dec;62(4):403-13.  

19. Gould HJ, Ramadani F. IgE responses in mouse and man and the persistence of IgE memory. Trends 
Immunol. 2015 Jan;36(1):40-8.  

20. Wechsler ME, Fulkerson PC, Bochner BS, Gauvreau GM, Gleich GJ, Henkel T, et al. Novel targeted therapies 
for eosinophilic disorders. J Allergy Clin Immunol. 2012 Sep;130(3):563-71.  

21. Sehra S, Yao W, Nguyen ET, Glosson-Byers NL, Akhtar N, Zhou B, et al. TH9 cells are required for tissue 
mast cell accumulation during allergic inflammation. J Allergy Clin Immunol. 2015 Aug;136(2):433,40.e1.  

22. Durham SR, Ying S, Varney VA, Jacobson MR, Sudderick RM, Mackay IS, et al. Cytokine messenger RNA 
expression for IL-3, IL-4, IL-5, and granulocyte/macrophage-colony-stimulating factor in the nasal mucosa after 
local allergen provocation: Relationship to tissue eosinophilia. J Immunol. 1992 Apr 15;148(8):2390-4.  

23. Spits H, Cupedo T. Innate lymphoid cells: Emerging insights in development, lineage relationships, and 
function. Annu Rev Immunol. 2012;30:647-75.  

24. Artis D, Spits H. The biology of innate lymphoid cells. Nature. 2015 Jan 15;517(7534):293-301.  

25. Doherty TA, Scott D, Walford HH, Khorram N, Lund S, Baum R, et al. Allergen challenge in allergic rhinitis 
rapidly induces increased peripheral blood type 2 innate lymphoid cells that express CD84. J Allergy Clin 
Immunol. 2014 Apr;133(4):1203-5.  

139



 
 
26. Lao-Araya M, Steveling E, Scadding GW, Durham SR, Shamji MH. Seasonal increases in peripheral innate 
lymphoid type 2 cells are inhibited by subcutaneous grass pollen immunotherapy. J Allergy Clin Immunol. 2014 
Nov;134(5):1193,5.e4.  

27. Lombardi V, Beuraud C, Neukirch C, Moussu H, Morizur L, Horiot S, et al. Circulating innate lymphoid cells 
are differentially regulated in allergic and nonallergic subjects. J Allergy Clin Immunol. 2016 Jul;138(1):305-8.  

28. Bal SM, Bernink JH, Nagasawa M, Groot J, Shikhagaie MM, Golebski K, et al. IL-1beta, IL-4 and IL-12 control 
the fate of group 2 innate lymphoid cells in human airway inflammation in the lungs. Nat Immunol. 2016 
Jun;17(6):636-45.  

29. Hams E, Locksley RM, McKenzie AN, Fallon PG. Cutting edge: IL-25 elicits innate lymphoid type 2 and type 
II NKT cells that regulate obesity in mice. J Immunol. 2013 Dec 1;191(11):5349-53.  

30. Imai Y, Yasuda K, Sakaguchi Y, Haneda T, Mizutani H, Yoshimoto T, et al. Skin-specific expression of IL-33 
activates group 2 innate lymphoid cells and elicits atopic dermatitis-like inflammation in mice. Proc Natl Acad Sci 
U S A. 2013 Aug 20;110(34):13921-6.  

31. Kim BS, Siracusa MC, Saenz SA, Noti M, Monticelli LA, Sonnenberg GF, et al. TSLP elicits IL-33-independent 
innate lymphoid cell responses to promote skin inflammation. Sci Transl Med. 2013 Jan 30;5(170):170ra16.  

32. Zimmer A, Bouley J, Le Mignon M, Pliquet E, Horiot S, Turfkruyer M, et al. A regulatory dendritic cell signature 
correlates with the clinical efficacy of allergen-specific sublingual immunotherapy. J Allergy Clin Immunol. 2012 
Apr;129(4):1020-30.  

33. Gueguen C, Bouley J, Moussu H, Luce S, Duchateau M, Chamot-Rooke J, et al. Changes in markers associated 
with dendritic cells driving the differentiation of either TH2 cells or regulatory T cells correlate with clinical benefit 
during allergen immunotherapy. J Allergy Clin Immunol. 2016 Feb;137(2):545-58.  

34. Mjosberg J, Spits H. Human innate lymphoid cells. J Allergy Clin Immunol. 2016 Nov;138(5):1265-76.  

35. Xue L, Salimi M, Panse I, Mjosberg JM, McKenzie AN, Spits H, et al. Prostaglandin D2 activates group 2 innate 
lymphoid cells through chemoattractant receptor-homologous molecule expressed on TH2 cells. J Allergy Clin 
Immunol. 2014 Apr;133(4):1184-94.  

36. Kouser L, Kappen J, Walton RP, Shamji MH. Update on biomarkers to monitor clinical efficacy response during 
and post treatment in allergen immunotherapy. Curr Treat Options Allergy. 2017;4(1):43-53.  

37. Pilette C, Jacobson MR, Ratajczak C, Detry B, Banfield G, VanSnick J, et al. Aberrant dendritic cell function 
conditions Th2-cell polarization in allergic rhinitis. Allergy. 2013 Mar;68(3):312-21.  

38. Palomares O, O'Mahony L, Akdis CA. The many routes of dendritic cells to ensure immune regulation. J 
Allergy Clin Immunol. 2011 Jun;127(6):1541-2.  

39. Palomares O, Akdis M, Martin-Fontecha M, Akdis CA. Mechanisms of immune regulation in allergic diseases: 
The role of regulatory T and B cells. Immunol Rev. 2017 Jul;278(1):219-36.  

40. Dawicki W, Li C, Town J, Zhang X, Gordon JR. Therapeutic reversal of food allergen sensitivity by mature 
retinoic acid-differentiated dendritic cell induction of LAG3+CD49b-Foxp3- regulatory T cells. J Allergy Clin 
Immunol. 2017 May;139(5):1608,1620.e3.  

41. van der Aar AM, Sibiryak DS, Bakdash G, van Capel TM, van der Kleij HP, Opstelten DJ, et al. Vitamin D3 
targets epidermal and dermal dendritic cells for induction of distinct regulatory T cells. J Allergy Clin Immunol. 
2011 Jun;127(6):1532,40.e7.  

42. Semitekolou M, Morianos I, Banos A, Konstantopoulos D, Adamou-Tzani M, Sparwasser T, et al. Dendritic 
cells conditioned by activin A-induced regulatory T cells exhibit enhanced tolerogenic properties and protect 
against experimental asthma. J Allergy Clin Immunol. 2017 Jun 1.  

43. 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 Oct;70(4):261-71.  

44. Scadding GW, Calderon MA, Shamji MH, Eifan AO, Penagos M, Dumitru F, et al. Effect of 2 years of treatment 
with sublingual grass pollen immunotherapy on nasal response to allergen challenge at 3 years among patients 
with moderate to severe seasonal allergic rhinitis: The GRASS randomized clinical trial. JAMA. 2017 Feb 
14;317(6):615-25.  

45. Cooke RA, Barnard JH, Hebald S, Stull A. Serological evidence of immunity with coexisting sensitization in a 
type of human allergy (hay fever). J Exp Med. 1935 Nov 30;62(6):733-50.  

46. Lichtenstein LM, Holtzman NA, Burnett LS. A quantitative in vitro study of the chromatographic distribution 
and immunoglobulin characteristics of human blocking antibody. J Immunol. 1968 Aug;101(2):317-24.  

140



 
 
47. Platts-Mills TA, von Maur RK, Ishizaka K, Norman PS, Lichtenstein LM. IgA and IgG anti-ragweed antibodies 
in nasal secretions. quantitative measurements of antibodies and correlation with inhibition of histamine release. 
J Clin Invest. 1976 Apr;57(4):1041-50.  

48. James LK, Shamji MH, Walker SM, Wilson DR, Wachholz PA, Francis JN, et al. Long-term tolerance after 
allergen immunotherapy is accompanied by selective persistence of blocking antibodies. J Allergy Clin Immunol. 
2011 Feb;127(2):509,516.e1-5.  

49. Renand A, Archila LD, McGinty J, Wambre E, Robinson D, Hales BJ, et al. Chronic cat allergen exposure 
induces a TH2 cell-dependent IgG4 response related to low sensitization. J Allergy Clin Immunol. 2015 
Dec;136(6):1627,1635.e13.  

50. Pilette C, Nouri-Aria KT, Jacobson MR, Wilcock LK, Detry B, Walker SM, et al. Grass pollen immunotherapy 
induces an allergen-specific IgA2 antibody response associated with mucosal TGF-beta expression. J Immunol. 
2007 Apr 1;178(7):4658-66.  

51. Wachholz PA, Soni NK, Till SJ, Durham SR. Inhibition of allergen-IgE binding to B cells by IgG antibodies 
after grass pollen immunotherapy. J Allergy Clin Immunol. 2003 Nov;112(5):915-22.  

52. Reisinger J, Horak F, Pauli G, van Hage M, Cromwell O, Konig F, et al. Allergen-specific nasal IgG antibodies 
induced by vaccination with genetically modified allergens are associated with reduced nasal allergen sensitivity. 
J Allergy Clin Immunol. 2005 Aug;116(2):347-54.  

53. Oefner CM, Winkler A, Hess C, Lorenz AK, Holecska V, Huxdorf M, et al. Tolerance induction with T cell-
dependent protein antigens induces regulatory sialylated IgGs. J Allergy Clin Immunol. 2012 
Jun;129(6):1647,55.e13.  

54. Gleich GJ. The late phase of the immunoglobulin E-mediated reaction: A link between anaphylaxis and 
common allergic disease? J Allergy Clin Immunol. 1982 Sep;70(3):160-9.  

55. Scadding GW, Calderon MA, Bellido V, Koed GK, Nielsen NC, Lund K, et al. Optimisation of grass pollen nasal 
allergen challenge for assessment of clinical and immunological outcomes. J Immunol Methods. 2012 Oct 
31;384(1-2):25-32.  

56. Francis JN, James LK, Paraskevopoulos G, Wong C, Calderon MA, Durham SR, et al. Grass pollen 
immunotherapy: IL-10 induction and suppression of late responses precedes IgG4 inhibitory antibody activity. J 
Allergy Clin Immunol. 2008 May;121(5):1120,1125.e2.  

57. Shamji MH, Durham SR. Mechanisms of immunotherapy to aeroallergens. Clin Exp Allergy. 2011 
Sep;41(9):1235-46.  

58. Shamji MH, Ljorring C, Francis JN, Calderon MA, Larche M, Kimber I, et al. Functional rather than 
immunoreactive levels of IgG4 correlate closely with clinical response to grass pollen immunotherapy. Allergy. 
2012 Feb;67(2):217-26.  

59. Eifan AO, Akkoc T, Yildiz A, Keles S, Ozdemir C, Bahceciler NN, et al. Clinical efficacy and immunological 
mechanisms of sublingual and subcutaneous immunotherapy in asthmatic/rhinitis children sensitized to house 
dust mite: An open randomized controlled trial. Clin Exp Allergy. 2010 Jun;40(6):922-32.  

60. Demoly P, Kleine-Tebbe J, Rehm D. Clinical benefits of treatment with SQ house dust mite sublingual tablet 
in house dust mite allergic rhinitis. Allergy. 2017 Mar 8.  

61. Aalberse RC, Schuurman J. IgG4 breaking the rules. Immunology. 2002 Jan;105(1):9-19.  

62. Rispens T, Ooijevaar-de Heer P, Bende O, Aalberse RC. Mechanism of immunoglobulin G4 fab-arm exchange. 
J Am Chem Soc. 2011 Jul 6;133(26):10302-11.  

63. van Neerven RJ, Wikborg T, Lund G, Jacobsen B, Brinch-Nielsen A, Arnved J, et al. Blocking antibodies 
induced by specific allergy vaccination prevent the activation of CD4+ T cells by inhibiting serum-IgE-facilitated 
allergen presentation. J Immunol. 1999 Sep 1;163(5):2944-52.  

64. Wurtzen PA, Lund G, Lund K, Arvidsson M, Rak S, Ipsen H. A double-blind placebo-controlled birch allergy 
vaccination study II: Correlation between inhibition of IgE binding, histamine release and facilitated allergen 
presentation. Clin Exp Allergy. 2008 Aug;38(8):1290-301.  

65. Burton OT, Tamayo JM, Stranks AJ, Koleoglou KJ, Oettgen HC. Allergen-specific IgG antibody signaling 
through FcgammaRIIb promotes food tolerance. J Allergy Clin Immunol. 2017 May 4.  

66. Shamji MH, Francis JN, Wurtzen PA, Lund K, Durham SR, Till SJ. Cell-free detection of allergen-IgE cross-
linking with immobilized phase CD23: Inhibition by blocking antibody responses after immunotherapy. J Allergy 
Clin Immunol. 2013 Oct;132(4):1003,5.e1-4.  

141



 
 
67. Iliopoulos O, Proud D, Adkinson NF,Jr, Creticos PS, Norman PS, Kagey-Sobotka A, et al. Effects of 
immunotherapy on the early, late, and rechallenge nasal reaction to provocation with allergen: Changes in 
inflammatory mediators and cells. J Allergy Clin Immunol. 1991 Apr;87(4):855-66.  

68. Furin MJ, Norman PS, Creticos PS, Proud D, Kagey-Sobotka A, Lichtenstein LM, et al. Immunotherapy 
decreases antigen-induced eosinophil cell migration into the nasal cavity. J Allergy Clin Immunol. 1991 
Jul;88(1):27-32.  

69. Scadding GW, Eifan AO, Lao-Araya M, Penagos M, Poon SY, Steveling E, et al. Effect of grass pollen 
immunotherapy on clinical and local immune response to nasal allergen challenge. Allergy. 2015 Jun;70(6):689-
96.  

70. Amadee R, Shamji MH, Harris KM, Qin T, Wambre E, Scadding GW, et al. Synchronous immune alterations 
mirror clinical response during allergen immunotherapy. . Journal of Allergy and Clinical Immunology. 
2017;Favourably reviewed.:Revision under review.  

71. Nouri-Aria KT, Pilette C, Jacobson MR, Watanabe H, Durham SR. IL-9 and c-kit+ mast cells in allergic rhinitis 
during seasonal allergen exposure: Effect of immunotherapy. J Allergy Clin Immunol. 2005 Jul;116(1):73-9.  

72. Wilson DR, Nouri-Aria KT, Walker SM, Pajno GB, O'Brien F, Jacobson MR, et al. Grass pollen immunotherapy: 
Symptomatic improvement correlates with reductions in eosinophils and IL-5 mRNA expression in the nasal 
mucosa during the pollen season. J Allergy Clin Immunol. 2001 Jun;107(6):971-6.  

73. Passalacqua G, Albano M, Fregonese L, Riccio A, Pronzato C, Mela GS, et al. Randomised controlled trial of 
local allergoid immunotherapy on allergic inflammation in mite-induced rhinoconjunctivitis. Lancet. 1998 Feb 
28;351(9103):629-32.  

74. Tulic MK, Fiset PO, Christodoulopoulos P, Vaillancourt P, Desrosiers M, Lavigne F, et al. Amb a 1-
immunostimulatory oligodeoxynucleotide conjugate immunotherapy decreases the nasal inflammatory response. 
J Allergy Clin Immunol. 2004 Feb;113(2):235-41.  

75. Wambre E, Bajzik V, DeLong JH, O'Brien K, Nguyen QA, Speake C, et al. A phenotypically and functionally 
distinct human TH2 cell subpopulation is associated with allergic disorders. Sci Transl Med. 2017 Aug 
2;9(401):10.1126/scitranslmed.aam9171.  

76. Wambre E. Effect of allergen-specific immunotherapy on CD4+ T cells. Curr Opin Allergy Clin Immunol. 2015 
Dec;15(6):581-7.  

77. Wambre E, DeLong JH, James EA, Torres-Chinn N, Pfutzner W, Mobs C, et al. Specific immunotherapy 
modifies allergen-specific CD4(+) T-cell responses in an epitope-dependent manner. J Allergy Clin Immunol. 
2014 Mar;133(3):872,9.e7.  

78. Wambre E, DeLong JH, James EA, LaFond RE, Robinson D, Kwok WW. Differentiation stage determines 
pathologic and protective allergen-specific CD4+ T-cell outcomes during specific immunotherapy. J Allergy Clin 
Immunol. 2012 Feb;129(2):544,51, 551.e1-7.  

79. Bohle B, Kinaciyan T, Gerstmayr M, Radakovics A, Jahn-Schmid B, Ebner C. Sublingual immunotherapy 
induces IL-10-producing T regulatory cells, allergen-specific T-cell tolerance, and immune deviation. J Allergy 
Clin Immunol. 2007 Sep;120(3):707-13.  

80. Radulovic S, Jacobson MR, Durham SR, Nouri-Aria KT. Grass pollen immunotherapy induces Foxp3-
expressing CD4+ CD25+ cells in the nasal mucosa. J Allergy Clin Immunol. 2008 Jun;121(6):1467,72, 1472.e1.  

81. O'Hehir RE, Gardner LM, de Leon MP, Hales BJ, Biondo M, Douglass JA, et al. House dust mite sublingual 
immunotherapy: The role for transforming growth factor-beta and functional regulatory T cells. Am J Respir Crit 
Care Med. 2009 Nov 15;180(10):936-47.  

82. Rolland JM, Gardner LM, O'Hehir RE. Functional regulatory T cells and allergen immunotherapy. Curr Opin 
Allergy Clin Immunol. 2010 Dec;10(6):559-66.  

83. Scadding GW, Shamji MH, Jacobson MR, Lee DI, Wilson D, Lima MT, et al. Sublingual grass pollen 
immunotherapy is associated with increases in sublingual Foxp3-expressing cells and elevated allergen-specific 
immunoglobulin G4, immunoglobulin A and serum inhibitory activity for immunoglobulin E-facilitated allergen 
binding to B cells. Clin Exp Allergy. 2010 Apr;40(4):598-606.  

84. Akdis M, Akdis CA. Mechanisms of allergen-specific immunotherapy: Multiple suppressor factors at work in 
immune tolerance to allergens. J Allergy Clin Immunol. 2014 Mar;133(3):621-31.  

85. Shamji MH, Ljorring C, Wurtzen PA. Predictive biomarkers of clinical efficacy of allergen-specific 
immunotherapy: How to proceed. Immunotherapy. 2013 Mar;5(3):203-6.  

142



 
 
86. Sakaguchi S, Vignali DA, Rudensky AY, Niec RE, Waldmann H. The plasticity and stability of regulatory T 
cells. Nat Rev Immunol. 2013 Jun;13(6):461-7.  

87. Sakaguchi S, Sakaguchi N. Regulatory T cells in immunologic self-tolerance and autoimmune disease. Int 
Rev Immunol. 2005 May-Aug;24(3-4):211-26.  

88. Nakamura K, Kitani A, Strober W. Cell contact-dependent immunosuppression by CD4(+)CD25(+) regulatory 
T cells is mediated by cell surface-bound transforming growth factor beta. J Exp Med. 2001 Sep 3;194(5):629-
44.  

89. Ling EM, Smith T, Nguyen XD, Pridgeon C, Dallman M, Arbery J, et al. Relation of CD4+CD25+ regulatory T-
cell suppression of allergen-driven T-cell activation to atopic status and expression of allergic disease. Lancet. 
2004 Feb 21;363(9409):608-15.  

90. Palomares O, Ruckert B, Jartti T, Kucuksezer UC, Puhakka T, Gomez E, et al. Induction and maintenance of 
allergen-specific FOXP3+ treg cells in human tonsils as potential first-line organs of oral tolerance. J Allergy Clin 
Immunol. 2012 Feb;129(2):510,20, 520.e1-9.  

91. Kucuksezer UC, Palomares O, Ruckert B, Jartti T, Puhakka T, Nandy A, et al. Triggering of specific toll-like 
receptors and proinflammatory cytokines breaks allergen-specific T-cell tolerance in human tonsils and peripheral 
blood. J Allergy Clin Immunol. 2013 Mar;131(3):875-85.  

92. Swamy RS, Reshamwala N, Hunter T, Vissamsetti S, Santos CB, Baroody FM, et al. Epigenetic modifications 
and improved regulatory T-cell function in subjects undergoing dual sublingual immunotherapy. J Allergy Clin 
Immunol. 2012 Jul;130(1):215,24.e7.  

93. Varricchi G, Harker J, Borriello F, Marone G, Durham SR, Shamji MH. T follicular helper (tfh ) cells in normal 
immune responses and in allergic disorders. Allergy. 2016 Aug;71(8):1086-94.  

94. Sage PT, Sharpe AH. T follicular regulatory cells. Immunol Rev. 2016 May;271(1):246-59.  

95. Schulten V, Tripple V, Seumois G, Qian Y, Scheuermann RH, Fu Z, et al. Allergen-specific immunotherapy 
modulates the balance of circulating tfh and tfr cells. J Allergy Clin Immunol. 2017 May 12.  

96. Nouri-Aria KT, Wachholz PA, Francis JN, Jacobson MR, Walker SM, Wilcock LK, et al. Grass pollen 
immunotherapy induces mucosal and peripheral IL-10 responses and blocking IgG activity. J Immunol. 2004 Mar 
1;172(5):3252-9.  

97. Rosser EC, Mauri C. Regulatory B cells: Origin, phenotype, and function. Immunity. 2015 Apr 21;42(4):607-
12.  

98. van de Veen W, Stanic B, Yaman G, Wawrzyniak M, Sollner S, Akdis DG, et al. IgG4 production is confined 
to human IL-10-producing regulatory B cells that suppress antigen-specific immune responses. J Allergy Clin 
Immunol. 2013 Apr;131(4):1204-12.  

99. Ebner C, Siemann U, Bohle B, Willheim M, Wiedermann U, Schenk S, et al. Immunological changes during 
specific immunotherapy of grass pollen allergy: Reduced lymphoproliferative responses to allergen and shift from 
TH2 to TH1 in T-cell clones specific for phl p 1, a major grass pollen allergen. Clin Exp Allergy. 1997 
Sep;27(9):1007-15.  

100. Hamid QA, Schotman E, Jacobson MR, Walker SM, Durham SR. Increases in IL-12 messenger RNA+ cells 
accompany inhibition of allergen-induced late skin responses after successful grass pollen immunotherapy. J 
Allergy Clin Immunol. 1997 Feb;99(2):254-60.  

101. Shamji MH, Kappen JH, Akdis M, Jensen-Jarolim E, Knol EF, Kleine-Tebbe J, et al. Biomarkers for monitoring 
clinical efficacy of allergen immunotherapy for allergic rhinoconjunctivitis and allergic asthma: An EAACI position 
paper. Allergy. 2017 Aug;72(8):1156-73.  

102. Guerra F, Carracedo J, Solana-Lara R, Sanchez-Guijo P, Ramirez R. TH2 lymphocytes from atopic patients 
treated with immunotherapy undergo rapid apoptosis after culture with specific allergens. J Allergy Clin Immunol. 
2001 Apr;107(4):647-53.  

103. Mobs C, Slotosch C, Loffler H, Jakob T, Hertl M, Pfutzner W. Birch pollen immunotherapy leads to differential 
induction of regulatory T cells and delayed helper T cell immune deviation. J Immunol. 2010 Feb 15;184(4):2194-
203.  

104. Mobs C, Ipsen H, Mayer L, Slotosch C, Petersen A, Wurtzen PA, et al. Birch pollen immunotherapy results 
in long-term loss of bet v 1-specific TH2 responses, transient TR1 activation, and synthesis of IgE-blocking 
antibodies. J Allergy Clin Immunol. 2012 Nov;130(5):1108,1116.e6.  

143



 
 
105. Ciepiela O, Zawadzka-Krajewska A, Kotula I, van Overveld F, Kulus M, Demkow U. Sublingual 
immunotherapy for asthma: Affects T-cells but does not impact basophil activation. Pediatr Allergy Immunol 
Pulmonol. 2014 Mar 1;27(1):17-23.  

106. Allam JP, Wurtzen PA, Reinartz M, Winter J, Vrtala S, Chen KW, et al. Phl p 5 resorption in human oral 
mucosa leads to dose-dependent and time-dependent allergen binding by oral mucosal langerhans cells, 
attenuates their maturation, and enhances their migratory and TGF-beta1 and IL-10-producing properties. J 
Allergy Clin Immunol. 2010 Sep;126(3):638,45.e1.  

107. Angelini F, Pacciani V, Corrente S, Silenzi R, Di Pede A, Polito A, et al. Dendritic cells modification during 
sublingual immunotherapy in children with allergic symptoms to house dust mites. World J Pediatr. 2011 
Feb;7(1):24-30.  

108. Biomarkers Definitions Working Group. Biomarkers and surrogate endpoints: Preferred definitions and 
conceptual framework. Clinical Pharmacology & Therapeutics. 2001;69(3):89-95.  

109. Calderon MA, Casale T, Cox L, Akdis CA, Burks AW, Nelson HS, et al. Allergen immunotherapy: A new 
semantic framework from the european academy of allergy and clinical Immunology/American academy of 
allergy, asthma and Immunology/PRACTALL consensus report. Allergy. 2013 Jul;68(7):825-8.  

110. Cox L, Nelson H, Lockey R, Calabria C, Chacko T, Finegold I, et al. Allergen immunotherapy: A practice 
parameter third update. J Allergy Clin Immunol. 2011 Jan;127(1 Suppl):S1-55.  

111. Valenta R, Campana R, Focke-Tejkl M, Niederberger V. Vaccine development for allergen-specific 
immunotherapy based on recombinant allergens and synthetic allergen peptides: Lessons from the past and 
novel mechanisms of action for the future. J Allergy Clin Immunol. 2016 Feb;137(2):351-7.  

112. Dahl R, Kapp A, Colombo G, de Monchy JG, Rak S, Emminger W, et al. Sublingual grass allergen tablet 
immunotherapy provides sustained clinical benefit with progressive immunologic changes over 2 years. J Allergy 
Clin Immunol. 2008 Feb;121(2):512,518.e2.  

113. Di Lorenzo G, Mansueto P, Pacor ML, Rizzo M, Castello F, Martinelli N, et al. Evaluation of serum s-IgE/total 
IgE ratio in predicting clinical response to allergen-specific immunotherapy. J Allergy Clin Immunol. 2009 
May;123(5):1103,10, 1110.e1-4.  

114. Fujimura T, Yonekura S, Horiguchi S, Taniguchi Y, Saito A, Yasueda H, et al. Increase of regulatory T cells 
and the ratio of specific IgE to total IgE are candidates for response monitoring or prognostic biomarkers in 2-
year sublingual immunotherapy (SLIT) for japanese cedar pollinosis. Clin Immunol. 2011 Apr;139(1):65-74.  

115. Van Overtvelt L, Baron-Bodo V, Horiot S, Moussu H, Ricarte C, Horak F, et al. Changes in basophil activation 
during grass-pollen sublingual immunotherapy do not correlate with clinical efficacy. Allergy. 2011 
Dec;66(12):1530-7.  

116. Shamji MH, Wilcock LK, Wachholz PA, Dearman RJ, Kimber I, Wurtzen PA, et al. The IgE-facilitated allergen 
binding (FAB) assay: Validation of a novel flow-cytometric based method for the detection of inhibitory antibody 
responses. J Immunol Methods. 2006 Dec 20;317(1-2):71-9.  

117. Knol EF, Mul FP, Jansen H, Calafat J, Roos D. Monitoring human basophil activation via CD63 monoclonal 
antibody 435. J Allergy Clin Immunol. 1991 Sep;88(3 Pt 1):328-38.  

118. Ebo DG, Bridts CH, Mertens CH, Hagendorens MM, Stevens WJ, De Clerck LS. Analyzing histamine release 
by flow cytometry (HistaFlow): A novel instrument to study the degranulation patterns of basophils. J Immunol 
Methods. 2012 Jan 31;375(1-2):30-8.  

119. Nullens S, Sabato V, Faber M, Leysen J, Bridts CH, De Clerck LS, et al. Basophilic histamine content and 
release during venom immunotherapy: Insights by flow cytometry. Cytometry B Clin Cytom. 2013 
May;84(3):173-8.  

120. Shamji MH, Achkova D, Layhadi JA, Perera-Webb A, Scadding GW, Khan SQ, et al. IL-35 producing 
regulatory T cells modulate grass pollen-specific Th2 responses and are induced following sublingual grass pollen 
immunotherapy. Clinical & Experimental Allergy. 2012;42:1816-1817.  

121. Shamji M, Layhadi J, Perera-Web A, Scadding G, Durham SR. IL-35+ regulatory T cells suppress grass 
pollen-driven Th2 responses and are induced following grass pollen-specific sublingual immunotherapy. Journal 
of Allergy and Clinical Immunology. 2013;131(2):p.AB146.  

122. O'Mahony L, Akdis CA, Eiwegger T. Innate mechanisms can predict successful allergy immunotherapy. J 
Allergy Clin Immunol. 2016 Feb;137(2):559-61.  

123. Committee for Medicinal Products for Human Use. Guideline on the clinical development of products for 
specific immunotherapy for the treatment of allergic diseases. European Medicines Agency. 2008:1-13.  

144



 
 
124. Hoffmann HJ, Valovirta E, Pfaar O, Moingeon P, Schmid JM, Skaarup SH, et al. Novel approaches and 
perspectives in allergen immunotherapy. Allergy. 2017 Jul;72(7):1022-34.  

125. Senti G, von Moos S, Tay F, Graf N, Sonderegger T, Johansen P, et al. Epicutaneous allergen-specific 
immunotherapy ameliorates grass pollen-induced rhinoconjunctivitis: A double-blind, placebo-controlled dose 
escalation study. J Allergy Clin Immunol. 2012 Jan;129(1):128-35.  

126. Senti G, Prinz Vavricka BM, Erdmann I, Diaz MI, Markus R, McCormack SJ, et al. Intralymphatic allergen 
administration renders specific immunotherapy faster and safer: A randomized controlled trial. Proc Natl Acad 
Sci U S A. 2008 Nov 18;105(46):17908-12.  

127. Hylander T, Latif L, Petersson-Westin U, Cardell LO. Intralymphatic allergen-specific immunotherapy: An 
effective and safe alternative treatment route for pollen-induced allergic rhinitis. J Allergy Clin Immunol. 2013 
Feb;131(2):412-20.  

128. Slovick A, Douiri A, Muir R, Guerra A, Tsioulos K, Hay E, et al. Intradermal grass pollen immunotherapy 
increases TH2 and IgE responses and worsens respiratory allergic symptoms. J Allergy Clin Immunol. 2017 
Jun;139(6):1830,1839.e13.  

129. DuBuske LM, Frew AJ, Horak F, Keith PK, Corrigan CJ, Aberer W, et al. Ultrashort-specific immunotherapy 
successfully treats seasonal allergic rhinoconjunctivitis to grass pollen. Allergy Asthma Proc. 2011 May-
Jun;32(3):239-47.  

130. Creticos PS, Schroeder JT, Hamilton RG, Balcer-Whaley SL, Khattignavong AP, Lindblad R, et al. 
Immunotherapy with a ragweed-toll-like receptor 9 agonist vaccine for allergic rhinitis. N Engl J Med. 2006 Oct 
5;355(14):1445-55.  

131. Fajt ML, Wenzel SE. Asthma phenotypes and the use of biologic medications in asthma and allergic disease: 
The next steps toward personalized care. J Allergy Clin Immunol. 2015 Feb;135(2):299,310; quiz 311.  

132. Klunker S, Saggar LR, Seyfert-Margolis V, Asare AL, Casale TB, Durham SR, et al. Combination treatment 
with omalizumab and rush immunotherapy for ragweed-induced allergic rhinitis: Inhibition of IgE-facilitated 
allergen binding. J Allergy Clin Immunol. 2007 Sep;120(3):688-95.  

133. Chaker AM, Shamji MH, Dumitru FA, Calderon MA, Scadding GW, Makatsori M, et al. Short-term 
subcutaneous grass pollen immunotherapy under the umbrella of anti-IL-4: A randomized controlled trial. J 
Allergy Clin Immunol. 2016 Feb;137(2):452,461.e9.  

134. Patel D, Couroux P, Hickey P, Salapatek AM, Laidler P, Larche M, et al. Fel d 1-derived peptide antigen 
desensitization shows a persistent treatment effect 1 year after the start of dosing: A randomized, placebo-
controlled study. J Allergy Clin Immunol. 2013 Jan;131(1):103,9.e1-7.  

135. Ellis AK, Frankish CW, O'Hehir RE, Armstrong K, Steacy L, Larche M, et al. Treatment with grass allergen 
peptides improves symptoms of grass pollen-induced allergic rhinoconjunctivitis. J Allergy Clin Immunol. 2017 
Aug;140(2):486-96.  

136. Focke-Tejkl M, Weber M, Niespodziana K, Neubauer A, Huber H, Henning R, et al. Development and 
characterization of a recombinant, hypoallergenic, peptide-based vaccine for grass pollen allergy. J Allergy Clin 
Immunol. 2015 May;135(5):1207,7.e1-11.  

137. Zieglmayer P, Focke-Tejkl M, Schmutz R, Lemell P, Zieglmayer R, Weber M, et al. Mechanisms, safety and 
efficacy of a B cell epitope-based vaccine for immunotherapy of grass pollen allergy. EBioMedicine. 2016 
Sep;11:43-57.  

138. Furuno T, Teshima R, Kitani S, Sawada J, Nakanishi M. Surface expression of CD63 antigen (AD1 antigen) 
in P815 mastocytoma cells by transfected IgE receptors. Biochem Biophys Res Commun. 1996 Feb 
27;219(3):740-4.  

139. Amano T, Furuno T, Hirashima N, Ohyama N, Nakanishi M. Dynamics of intracellular granules with CD63-
GFP in rat basophilic leukemia cells. J Biochem. 2001 May;129(5):739-44.  

140. Hennersdorf F, Florian S, Jakob A, Baumgartner K, Sonneck K, Nordheim A, et al. Identification of CD13, 
CD107a, and CD164 as novel basophil-activation markers and dissection of two response patterns in time kinetics 
of IgE-dependent upregulation. Cell Res. 2005 May;15(5):325-35.  

141. Buhring HJ, Simmons PJ, Pudney M, Muller R, Jarrossay D, van Agthoven A, et al. The monoclonal antibody 
97A6 defines a novel surface antigen expressed on human basophils and their multipotent and unipotent 
progenitors. Blood. 1999 Oct 1;94(7):2343-56.  

142. Jutel M, Akdis M, Budak F, Aebischer-Casaulta C, Wrzyszcz M, Blaser K, et al. IL-10 and TGF-beta cooperate 
in the regulatory T cell response to mucosal allergens in normal immunity and specific immunotherapy. Eur J 
Immunol. 2003 May;33(5):1205-14.  

145



 
 
143. Faith A, Richards DF, Verhoef A, Lamb JR, Lee TH, Hawrylowicz CM. Impaired secretion of interleukin-4 and 
interleukin-13 by allergen-specific T cells correlates with defective nuclear expression of NF-AT2 and jun B: 
Relevance to immunotherapy. Clin Exp Allergy. 2003 Sep;33(9):1209-15.  

144. Fanta C, Bohle B, Hirt W, Siemann U, Horak F, Kraft D, et al. Systemic immunological changes induced by 
administration of grass pollen allergens via the oral mucosa during sublingual immunotherapy. Int Arch Allergy 
Immunol. 1999 Nov;120(3):218-24.  

145. Cosmi L, Santarlasci V, Angeli R, Liotta F, Maggi L, Frosali F, et al. Sublingual immunotherapy with 
dermatophagoides monomeric allergoid down-regulates allergen-specific immunoglobulin E and increases both 
interferon-gamma- and interleukin-10-production. Clin Exp Allergy. 2006 Mar;36(3):261-72.  

146. Akdis CA, Akdis M. Advances in allergen immunotherapy: Aiming for complete tolerance to allergens. Sci 
Transl Med. 2015 Mar 25;7(280):280ps6.  

147. Stanic B, van de Veen W, Wirz OF, Ruckert B, Morita H, Sollner S, et al. IL-10-overexpressing B cells 
regulate innate and adaptive immune responses. J Allergy Clin Immunol. 2015 Mar;135(3):771,80.e8.  

148. Agache I, Bilo M, Braunstahl GJ, Delgado L, Demoly P, Eigenmann P, et al. In vivo diagnosis of allergic 
diseases--allergen provocation tests. Allergy. 2015 Apr;70(4):355-65.  

149. Scadding G, Hellings P, Alobid I, Bachert C, Fokkens W, van Wijk R, et al. Diag-nostic tools in rhinology 
EAACI position paper. Clin Transl Alle rgy. 2011;1:2.  

150. Scadding GW, Eifan A, Penagos M, Dumitru A, Switzer A, McMahon O, et al. Local and systemic effects of 
cat allergen nasal provocation. Clin Exp Allergy. 2015 Mar;45(3):613-23.  

151. Horak F, Zieglmayer P, Zieglmayer R, Lemell P, Devillier P, Montagut A, et al. Early onset of action of a 5-
grass-pollen 300-IR sublingual immunotherapy tablet evaluated in an allergen challenge chamber. J Allergy Clin 
Immunol. 2009 Sep;124(3):471,7, 477.e1.  

152. Nolte H, Maloney J, Nelson HS, Bernstein DI, Lu S, Li Z, et al. Onset and dose-related efficacy of house dust 
mite sublingual immunotherapy tablets in an environmental exposure chamber. J Allergy Clin Immunol. 2015 
Jun;135(6):1494,501.e6.  

146



 
 

 

147



 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

EAACI guidelines on allergen immunotherapy:  
Prevention of Allergy 

Susanne Halken, Denmark 
 

148



728  |   wileyonlinelibrary.com/journal/pai Pediatr Allergy Immunol. 2017;28:728–745.© 2017 EAACI and John Wiley and Sons A/S. 
Published by John Wiley and Sons Ltd.

Accepted: 10 September 2017

DOI: 10.1111/pai.12807

R E V I E W  A R T I C L E

EAACI guidelines on allergen immunotherapy: Prevention of 
allergy

Susanne Halken1  | Desiree Larenas-Linnemann2  | Graham Roberts3,4,5 |  
Moises A. Calderón6 | Elisabeth Angier7 | Oliver Pfaar8,9 | Dermot Ryan10,11 |  
Ioana Agache12 | Ignacio J. Ansotegui13 | Stefania Arasi14,15 | George Du Toit16 |  
Montserrat Fernandez-Rivas17 | Roy Geerth van Wijk18 | Marek Jutel19,20 |  
Jörg Kleine-Tebbe21 | Susanne Lau15 | Paolo M. Matricardi15  | Giovanni B. Pajno14 |  
Nikolaos G. Papadopoulos22,23 | Martin Penagos6 | Alexandra F. Santos16 |  
Gunter J. Sturm24,25 | Frans Timmermans26 | R. van Ree27,28 | Eva-Maria Varga29 |  
Ulrich Wahn12 | Maria Kristiansen30 | Sangeeta Dhami31 | Aziz Sheikh23 |  
Antonella Muraro32

1Hans Christian Andersen Children’s Hospital, Odense University Hospital, Odense, Denmark
2Investigational Unit, Hospital Medica Sur, Mexico City, Mexico
3The David Hide Asthma and Allergy Research Centre, St Mary’s Hospital, Newport Isle of Wight, UK
4NIHR Biomedical Research Centre, University Hospital Southampton, NHS Foundation Trust, Southampton, UK
5Faculty of Medicine, University of Southampton, Southampton, UK
6Section of Allergy and Clinical Immunology, Imperial College London, National Heart and Lung Institute, Royal Brompton Hospital, London, UK
7Department of Immunology and Allergy, Northern General Hospital, Sheffield, UK
8Department of Otorhinolaryngology, Head and Neck Surgery, Universitätsmedizin Mannheim, Medical Faculty Mannheim, Heidelberg University, Mannheim, 
Germany
9Center for Rhinology and Allergology, Wiesbaden, Germany
10Usher Institute of Population Health Sciences and Informatics, University of Edinburgh, Edinburgh, UK
11Asthma UK Centre for Applied Research, The University of Edinburgh, Edinburgh, UK
12Department of Allergy and Clinical Immunology, Faculty of Medicine, Transylvania University Brasov, Brasov, Romania
13Department of Allergy & Immunology, Hospital Quironsalud Bizkaia, Erandio, Spain
14Department of Pediatrics, Allergy Unit, University of Messina, Messina, Italy
15Department for Pediatric Pneumology and Immunology, Charité Universitätsmedizin, Berlin, Germany
16Department of Paediatric Allergy, MRC & Asthma Centre in Allergic Mechanisms of Asthma, Division of Asthma, Allergy and Lung Biology, King’s College London 
and Guy’s & St Thomas’ Hospital NHS Foundation Trust, London, UK
17Allergy Department, Hospital Clinico San Carlos, IdISSC, Madrid, Spain
18Department of Internal Medicine, Section of Allergology, Erasmus Medical Center, Rotterdam, The Netherlands
19Department of Clinical Immunology, Wroclaw Medical University, Wroclaw, Poland
20ALL-MED Medical Research Institute, Wroclaw, Poland
21Allergy & Asthma Center Westend, Berlin, Germany
22Institute of Human Development, University of Manchester, Manchester, UK
23Allergy Department, 2nd Pediatric Clinic, University of Athens, Athens, Greece

Abbreviations: AD, atopic dermatitis (atopic eczema); AIT, allergen immunotherapy; AR, allergic rhinitis/allergic rhinoconjunctivitis; ARIA, allergic rhinitis and its impact of asthma; CBA, controlled 
before and after study; EAACI, European Academy of Allergy and Clinical Immunology; EMA, European Medicines Agency; HDM, house dust mite; OAS, oral allergy syndrome; Qol, quality of life; 
RCT, randomized controlled trial; SCIT, subcutaneous immunotherapy; SLIT, sublingual immunotherapy; SPT, skin prick test; SR, systematic review; WAO, World Allergy Organization.

External expert panel: Steven R. Durham, Peter Eng, Hans Jørgen Malling, Antonio Nieto, Zolt Szepfalusi and Erkka Valovirta.

149



     |  729HALKEN Et AL.

24Department of Dermatology and Venerology, Medical University of Graz, Graz, Austria
25Outpatient Allergy Clinic Reumannplaz, Vienna, Austria
26Nederlands Anafylaxis Netwerk – European Anaphylaxis Taskforce, Dordrecht, The Netherlands
27Department of Experimental Immunology, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands
28Department of Otorhinolaryngology, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands
29Department of Pediatric and Adolescent Medicine, Respiratory and Allergic Disease Division, Medical University of Graz, Graz, Austria
30Department of Public Health, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark
31Evidence Based Health Care Ltd, Edinburgh, UK
32Food Allergy Referral Centre Veneto Region, Department of Woman and Child Health, Padua University Hospital

Correspondence
Antonella Muraro, Department of Women 
and Child Health, Referral Centre for Food 
Allergy Diagnosis and Treatment Veneto 
Region, University of Padua, Padua, Italy.
Email: muraro@centroallergiealimentari.eu

Funding information
EAACI, This guideline project is funded only 
by EAACI and the “BM4SIT project (grant 
number 601763) in the Eurpopean Union’s 
Seventh Framework Programme FP7”. The 
remaining companies mentionen applies only 
for the authors outside this project

This Guideline published by the European 
Academy of Allergy and Clinical Immunology 
(EAACI) has drawn on data from a systematic 
review of the literature, more recent 
published studies and multi-stakeholder 
expert clinical opinion.  This Guideline is 
aimed at healthcare professionals who are 
encouraged to take the recommendations 
into account in the context of delivering 
clinical care.  This Guideline is not a substitute 
for professional clinical judgment, which 
professionals need to exercise in the context 
of delivering personalised healthcare.

Abstract
Allergic diseases are common and frequently coexist. Allergen immunotherapy (AIT) is 
a disease- modifying treatment for IgE- mediated allergic disease with effects beyond 
cessation of AIT that may include important preventive effects. The European Academy 
of Allergy and Clinical Immunology (EAACI) has developed a clinical practice guideline 
to provide evidence- based recommendations for AIT for the prevention of (i) develop-
ment of allergic comorbidities in those with established allergic diseases, (ii) develop-
ment of first allergic condition, and (iii) allergic sensitization. This guideline has been 
developed using the Appraisal of Guidelines for Research & Evaluation (AGREE II) 
framework, which involved a multidisciplinary expert working group, a systematic re-
view of the underpinning evidence, and external peer- review of draft recommenda-
tions. Our key recommendation is that a 3- year course of subcutaneous or sublingual 
AIT can be recommended for children and adolescents with moderate- to- severe al-
lergic rhinitis (AR) triggered by grass/birch pollen allergy to prevent asthma for up to 
2 years post- AIT in addition to its sustained effect on AR symptoms and medication. 
Some trial data even suggest a preventive effect on asthma symptoms and medication 
more than 2 years post- AIT. We need more evidence concerning AIT for prevention in 
individuals with AR triggered by house dust mites or other allergens and for the pre-
vention of allergic sensitization, the first allergic disease, or for the prevention of al-
lergic comorbidities in those with other allergic conditions. Evidence for the preventive 
potential of AIT as disease- modifying treatment exists but there is an urgent need for 
more high- quality clinical trials.

K E YWORD S

AGREE II, allergen immunotherapy, allergic diseases, allergic rhinitis, allergy, asthma, atopic 
dermatitis/eczema, atopy, prevention, sensitization

1  | INTRODUCTION

Allergic diseases are among the commonest chronic diseases and en-
compass atopic eczema/dermatitis (AD), asthma, allergic rhinitis and 
allergic rhinoconjunctivitis (both from here onward referred to as AR), 
food allergy, and venom allergy.1-5 They frequently start in early child-
hood and continue throughout adulthood. Allergies can cause a con-
siderable burden to individuals leading to impaired quality of life.6 At 
a societal level, they cause additional costs, particularly in terms of 
healthcare utilization, reduction in economic productivity, and impact-
ing on activities of daily living. The latter may include loss of school 

days, work absence, presenteeism, and early retirement.7,8 For aller-
gic asthma and AR, many patients respond well to pharmacotherapy, 
whereas others do not or need treatment with more than 1 product.9 
However, there is good evidence for the clinical efficacy of allergen 
immunotherapy (AIT) for AR, allergic asthma, and moderate- to- severe 
venom allergy10-12 with many patients responding to therapeutic AIT, 
leading to a sustained reduction in symptoms and requirement for 
symptomatic treatment.

AIT is considered a disease- modifying intervention in IgE- mediated 
allergic disease, with both a therapeutic, even beyond cessation of 
AIT,10-12 and the potential for a preventive effect.13-16 It has been 
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shown that children with AR have a 3- fold increased risk of develop-
ing asthma17,18 and that childhood AD and AR are strongly associated 
with the incidence and persistence of adult atopic asthma and with 
allergic asthma persisting into adulthood.19 Studies assessing the 
long- term effectiveness of AIT in children with AR indicate that AIT 
might reduce the risk of developing asthma.20-23 AIT has the potential 
to induce immunologic changes that result in immune modification.14 
Therefore, AIT should be considered as a preventive strategy in the 
treatment for allergic diseases.

This guideline has been developed by the European Academy of 
Allergy and Clinical Immunology (EAACI) Taskforce on AIT for Allergy 
Prevention and forms part of the EAACI Guidelines on Allergen 

Immunotherapy. The aim is to provide evidence- based recommenda-
tions for the use of AIT for the prevention of (i) further allergic co-
morbidities in those with established allergic disease, (ii) first allergic 
disease, and (iii) development of allergic sensitization. This guideline 
does not cover prevention of symptoms, exacerbations, or progression 
of already- existing allergic disease as this is included in other guide-
lines in this series. Likewise, it does not cover weaning and dietetic 
strategies, which are considered in the “EAACI food allergy and ana-
phylaxis guidelines: Primary prevention of food allergy”.24 Definition of 
key terms is described in Box 1.

The primary audience for this guideline are clinical allergists (spe-
cialists and subspecialists). It may also provide guidance for other 

Box 1 Key terms

Allergic asthma Typical symptoms of asthma (wheezing, cough, dyspnea, chest 
tightness with evidence of reversibility) induced upon exposure to 
an allergen together with the proof of immunologic sensitization to 
that allergen

Allergic conjunctivitis Inflammation of the conjunctiva characterized by watery, itchy, red 
eyes induced upon exposure to an allergen together with the proof 
of immunologic sensitization to that allergen

Allergic diseases Atopic dermatitis (eczema) (AD), food allergy (FA), allergic asthma, 
allergic rhinitis/conjunctivitis (AR), and venom allergy at any age

Allergic rhinitis Inflammation of the nasal mucosa resulting in at least 2 nasal 
symptoms: rhinorrhoea, blockage, sneezing or itching induced upon 
exposure to an allergen together with the proof of immunologic 
sensitization to that allergen

AIT (allergen immunotherapy) Repeated allergen exposure at regular intervals to modulate immune 
response to reduce symptoms and need for medication for clinical 
allergies and to prevent the development of new allergies and 
asthma (adapted from European Medicines Agency [EMA]). This is 
also sometimes known as allergen- specific immunotherapy, 
desensitization, hyposensitization, and allergy vaccinationa

• Subcutaneous immunotherapy (SCIT): form of AIT where the 
allergen is administered as subcutaneous injections

• Sublingual immunotherapy (SLIT): form of AIT where the 
allergen is administered under the tongue with formulation as 
drops or tablets

Healthy individuals Individuals with or without IgE sensitization, but without any 
manifestations of current allergic disease

Prevention Prevention of the development of a new sensitization or new allergic 
disease in healthy individuals without sensitizations, in healthy 
individuals with sensitizations, and in those who already have an 
allergic disease

Short-term prevention: preventive effect assessed within a 2- y 
window post- AIT

Long-term prevention: preventive effect maintained for two years and 
beyond AIT

In this document, specific treatment effects such as effect on 
exacerbations and progression of the disease, including long- term 
effects, are not regarded as prevention.

Sensitization Detectable specific IgE antibodies, either by means of SPT or 
determination of specific IgE antibody levels in a serum sample

aDietary interventions in infants aimed at the prevention of food allergy are not covered in this guideline: They form part of the “EAACI food allergy 
and anaphylaxis guidelines. Primary prevention of food allergy” https://www.ncbi.nlm.nih.gov/pubmed/24697491.24
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healthcare professionals, for example, physicians, nurses, and pharma-
cists working across a range of primary, secondary, and tertiary care 
settings managing patients with allergic diseases and healthy individu-
als at risk of developing allergic diseases.

2  | METHODS

Development of the guideline has been informed by a formal system-
atic review and meta- analysis of AIT for the prevention of allergy25 
with SR principles being used to identify additional evidence, where 
necessary.

This guideline was produced using the Appraisal of Guidelines 
for Research & Evaluation (AGREE II) approach.26,27 This structured 
method for guideline production is designed to ensure appropriate 
representation of the full range of stakeholders, an exhaustive search 
for and critical appraisal of the relevant literature, a systematic ap-
proach to the formulation and presentation of recommendations, and 
steps to ensure that the risk of bias is minimized at each step of the 
process. The process began in April 2015 with detailed face- to- face 
discussions agreeing on the process and the key clinical areas to ad-
dress, followed by face- to- face and web conferences in which profes-
sional and lay representatives participated.

2.1 | Clarifying the scope and purpose of the  
guidelines

The scope of this EAACI guideline is multifaceted, providing rec-
ommendations that assist clinicians in the optimal use of AIT for 
the prevention of development of allergic disease in the manage-
ment of individuals with, or at risk for, allergic disease, and iden-
tifying gaps for further research. The guideline builds on a SR 
conducted to summarize the evidence base in relation to these 
aims (Box 2).25

2.2 | Ensuring appropriate stakeholder involvement

Participants in the EAACI Taskforce on AIT for Prevention repre-
sented a range of countries, with various disciplinary and clinical 
backgrounds, including allergists, primary care physicians, allied 
health professionals, public health practitioners, representatives from 
patient interest organizations, and methodologists who took the lead 
in undertaking the underpinning SR. Clinical academics took the lead 
in formulating recommendations for clinical care. Additionally, pro-
ducers of immunotherapy products were given the opportunity to re-
view and comment on the draft guidelines as part of the peer- review 
and public comment process. The Taskforce members considered 
these comments and revised the guideline, where appropriate.

2.3 | Systematic reviews of the evidence

The initial full range of questions that were considered important 
were rationalized through several rounds of iteration to agree on 1 

key overarching question: “What is the effectiveness, safety, and cost- 
effectiveness of AIT for the prevention of allergic disease and sensi-
tization in all populations?” This was then pursued through a formal 
SR of the evidence by independent methodologists as previously 
published.25,28 We continued to track evidence published after our SR 
cutoff date October 31, 2015, and, where relevant, studies were con-
sidered by the Taskforce chairs and members.

2.4 | Formulating recommendations

We graded the strength and consistency of key findings from the 
SR and meta- analysis, using a random- effects model to take into ac-
count the heterogeneity of findings25 to formulate evidence- based 
recommendations for clinical care, using an approach that was 
adapted from that proposed by the Oxford Centre for Evidence- 
Based Medicine (Oxford Centre for Evidence- based Medicine) 
(Box 3).29 The adaptation involved providing an assessment of the 
risk of bias, based on the Cochrane risk of bias tool, of the underpin-
ning evidence and highlighting other potentially relevant contextual 
information, formulating clear recommendations, and making clear 
the evidence base underpinning each recommendation. Where the 
systematic review did not cover the clinical area, we took a hierar-
chical approach reviewing other evidence until we could formulate 
a recommendation: (i) other systematic reviews on the subject to 
see whether these provided any clarity on the topic; (ii) RCTs within 
these systematic reviews; (iii) other RCTs known to Taskforce mem-
bers; and (iv) a consensus- based approach within the Taskforce. This 
evidence was graded as described in Box 2 using the systematic re-
view data and clearly labeled in the recommendation tables. In for-
mulating the recommendations, not only possible beneficial effects, 
but also any possible disadvantages and harms were considered 
(Table 1).

2.5 | Identification of evidence gaps

The process of developing this guideline has identified a number of 
evidence gaps, which are prioritized in Table 2.

2.6 | Implementation of the guideline

The Taskforce members identified the resource implications, bar-
riers, and facilitators to the implementation of each recommen-
dation (Tables 3-5), advised on approaches to implementing the 
recommendations and suggested audit criteria that can help with 
assessing organizational compliance with each recommendation 
(Table 6).

2.7 | Peer- review and public comment

A draft of this guideline was externally peer- reviewed by invited 
external experts in this field from a range of organizations, coun-
tries, and professional backgrounds: Stephen Durham, Peter Eng, 
Hans Jørgen Malling, Antonio Nieto, Zsolt Szepfalusi, and Erkka 
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Valovirta. Additionally, the draft guideline was made available on 
the EAACI website for a 3- week period in May 2017 for public 
review to allow a broader array of stakeholders to comment. All 

feedback was considered by the Taskforce members and, where 
appropriate, final revisions were made in light of the feedback 
received.

Box 2 Summary of the aim and outcomes in the supporting systematic review25

Aim
To provide the evidence basis for formulating clinical practice guidelines for the use of AIT as preventive therapeutic intervention in allergy. 
This will be based on a rigorous evaluation of current SR evidence on the effectiveness, safety, and cost- effectiveness of AIT for the preven-
tion of allergic sensitization(s) and allergic disease(s).

Outcomes of the SR
Primary
• The development of the first allergic manifestation in healthy individuals, or of a new allergic manifestation in those with a previous al-

lergic condition (eg, development of asthma in patients with atopic eczema/dermatitis (AD) or AR, a) is lacking here assessed over the 
short-term (<2 y) or the longer-term (≥2 years) post-AIT.

Secondary
• The development of new allergic sensitization(s), spreading of allergic sensitization(s) from 1 allergen to other nonrelated allergen(s), 

spreading of allergic sensitization(s) at molecular level, from 1 allergenic molecule to other molecules.
• The development of previously nonexistent oral allergy syndrome (OAS).
• Safety as assessed by local and systemic reactions in accordance with the World Allergy Organization’s (WAO) grading systems of local 

and systemic side effects.77,78

• Health economic analysis from the perspective of the health system/payer as reported in studies.

Box 3 Assigning levels of evidence and grade and strength of recommendations (adapted from Oxford Centre for Evidence- 
based Medicine—Levels of Evidence and Grades of Recommendations)29

Level of evidence

Level I Systematic reviews, meta- analyses, randomized controlled trials

Level II Two groups, nonrandomized studies (eg, cohort, case- control)

Level III One- group, nonrandomized studies (eg, before and after, pretest and 
post- test)

Level IV Descriptive studies that include analysis of outcomes (single- subject 
design, case series)

Level V Case reports and expert opinion that include narrative literature, 
reviews, and consensus statements

Grades of recommendation

Grade A Consistent level I studies

Grade B Consistent level II or III studies or extrapolations from level I studies

Grade C Level IV studies or extrapolations from level II or III studies

Grade D Level V evidence or troublingly inconsistent or inconclusive studies at 
any level

Strength of recommendations

Strong Evidence from studies at low risk of bias

Moderate Evidence from studies at moderate risk of bias

Weak Evidence from studies at high risk of bias

Recommendations are phrased according to the strength of recommendation: strong: “is recommended”; moderate: “can be recommended”; 
weak: “may be recommended in specific circumstances”; negative: “cannot be recommended”; or neutral: “cannot be recommended in favor 
or against”.
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2.8 | Editorial independence and managing 
conflict of interests

The production of this guideline was funded and supported by EAACI. 
The funder did not have any influence on the guideline production 
process, on its contents, or on the decision to publish. Taskforce mem-
bers’ conflict of interests were declared at the start of the process 
and taken into account by the Taskforce Chairs as recommendations 
were formulated. Methodologists, who had no conflict of interests 
in this area, checked final decisions about strength of evidence for 
recommendations.

2.9 | Updating the guideline

EAACI plans to update this guideline using the AGREE II approach in 
2022 unless there are important advances before then.

3  | AIT FOR PREVENTION: EVIDENCE AND 
CLINICAL RECOMMENDATIONS

3.1 | Overarching considerations

This guideline is based on a comprehensive SR evaluating the evi-
dence according to predefined well- established methods.25 As in 
other SRs, heterogeneity in the populations under study, methods 
employed, and outcomes studied made it challenging to interpret 
the evidence. Factors related to the population, such as atopic he-
redity, play a role in the risk of development of allergic disease. In 
addition, children with sensitization and/or early manifestations of 
atopic diseases—AD and food allergy—or later manifestations such 
as AR have a higher risk for development of other allergic mani-
festations such as asthma.17,30 The age of the population is impor-
tant as the phenotypic expression may change with age and some 

manifestations may even disappear spontaneously.31 The results of 
individual studies are difficult to compare because studies have used 
different populations, outcome measures, diagnostic criteria (if any, 
eg, the exact definition of asthma, intermittent versus persistent 
asthma), methods, and cutoff values for measuring sensitization. 
Furthermore, the mode of administration and the products used for 
AIT differ as regards allergens, formulation, strength,32,33 schedules, 
dose, route of administration, and duration of the intervention.34 
Additionally, many studies are small without sufficient power and 
adjustment for confounders. Where possible, these factors are 
taken into consideration in the risk of bias assessment in the SR on 
which this guideline is based.

The significant heterogeneity seen in meta- analysis can be ex-
plained by the differences in study design, study population, products, 
and schedules evaluated. Therefore, an individual product- based 
evaluation of the evidence for efficacy is strongly recommended be-
fore treatment with a specific product is initiated.16,35 But caution 
is recommended as not all AIT products used currently provide suf-
ficient data to support their efficacy in clinical practice. We might 
consider that a limited class effect can be assumed when the same 
clinical outcomes were used to evaluate clinical efficacy (and safety) 
of different products only if the same route of application, similar 
dosing schemes, and demonstrable comparable amounts of relevant 
allergens and potency were used. However, it should be noted that 
such comparability is also dependent on standardized and validated 
assays and that a limited class effect does not neglect the necessity 
for product- specific clinical studies.

Using AIT for the prevention of development of new allergic dis-
ease or sensitization requires use of products with a high level of 
safety, especially in healthy individuals. However, if AIT is indicated 
due to treatment of an already- existing allergic disease, and the pre-
ventive effect is regarded as an additional effect, then the safety pro-
file should be considered in that context.

T A B L E  1   Benefits and harms/disadvantages of AIT as preventive treatment in different populations

Population Benefits Harms/disadvantages

Healthy ± sensitization Possible preventive effect remains to be documented Daily intake of tablets/drops (SLIT/oral) or regular 
injections (SCIT) for 3 y

Frequency of visits to the clinic (SCIT)
Risk for adverse events
Costsa

Children with AD Possible preventive effect remains to be documented Daily intake of tablets/drops (SLIT/oral) or regular 
injections (SCIT) for 3 y

Frequency of visits to the clinic (SCIT)
Risk of adverse events
Costsa

Patients with AR Documented beneficial effect on symptoms and 
 reduction in medication on short-  and long- term

Possible preventive effect on development of asthma

Daily intake of tablets/drops (SLIT/oral) or regular 
injections (SCIT) for 3 y

Frequency of visits to the clinic (SCIT)
Risk for adverse events
Costsa

AIT, allergen immunotherapy; AD, atopic dermatitis/eczema; AR, allergic rhinitis/rhinoconjunctivitis.
aCosts should be evaluated in relation to potential direct and indirect costs related to the development of an eventual allergic disease and other 
comorbidities.
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Strategies to prevent the development of a new sensitization or 
of a new allergic disease by AIT may vary for different populations at 
different stages in life. Strategies need to be pursued for different sce-
narios, for example, for those planning pregnancy to take measures 
such as AIT to reduce the likelihood of their child becoming allergic, 
healthy infants, and young children with early manifestations such as 
AD, older children with manifest allergic disease such as AR, healthy 
adolescents/adults, and adolescents/adults with established allergic 
disease.

In order to recommend AIT for the prevention of allergic diseases, 
evidence is required that there is a relevant and substantial benefi-
cial effect on clinical outcomes for the individual. Furthermore, safety 
aspects of the treatment and of the disease to be avoided, quality of 
life, and evaluation of health economics should be taken into consid-
eration. Thus, an optimal balance between benefits, harms, costs, and 
other possible disadvantages should be achieved (Table 1).

3.2 | AIT in individuals with AR: short-  and long- term 
prevention of development of new asthma

3.2.1 | Short- term prevention

The SR25 identified six RCTs investigating the preventive effect up to 
2 years post- AIT on the development of asthma in individuals with 
AR. These RCTs included 3 SCIT studies (1 of low,36 1 of moderate,37 
and 1 of high risk of bias38), 1 of moderate risk of bias on oral AIT39 

plus 1 of high40 and 1 moderate risk of bias SLIT study.32 Three of 
these36,37,39 were small studies with a trend toward less development 
of asthma in the AIT group but no significant differences. The remain-
ing 3 studies38,40,41 showed a significant reduction in the development 
of asthma in the AIT groups as compared to the control groups. The 
SR and meta- analysis25 demonstrated a significant preventive effect 
of AIT on the development of asthma up to 2 years post- AIT in pa-
tients with AR. Subgroup analyses showed that AIT with either SLIT 
or SCIT was beneficial for those aged <18 years but not ≥18 years and 
for pollen AIT. For HDM AIT, the groups were so small that there was 
a nonstatistically significant impact despite an OR of 0.20. There was a 
high degree of heterogeneity, and therefore, the meta- analysis should 
be interpreted with caution although 3 RCTs demonstrated a statisti-
cally significant preventive effect. Also, the results were supported 
by 2 large- scale, real- life, retrospective, nonrandomized CBAs,42,43 
based on German longitudinal prescription databases, both reporting 
a short- term preventive effect of AIT on the progression from AR to 
asthma.

3.2.2 | Long- term prevention

For the long- term preventive effect, that is, 2 or more years post- 
AIT, the SR25 identified 2 high risk of bias SCIT RCTs44,45 in patients 
with AR. Both showed a significantly lower risk for developing asthma 
in the SCIT groups as compared to the controls, up to 7 years post- 
AIT38,44,46 and 2 years post- AIT.45 A large recently published low risk 

T A B L E  2   Gaps in the evidence

Gaps Plan to address Priority

AIT for prevention of asthma in children with AR due to grass 
pollen—long- term effects

Long- term follow- up of RCTs 
Further evaluation of GAP trial

High

AIT for prevention of asthma in children with AR due to HDM RCTsa High

Optimal age for introduction of AIT for prevention RCTsa High

Optimal duration of AIT for prevention RCTsa High

Optimal product, administration form, dose, and schedule of AIT for 
prevention

RCTsa and high- quality real- life studies High

Evaluation of influence of AIT for prevention on Qol in different age 
groups

Qol as outcome in RCTsa High

AIT for prevention of AR/asthma in children and adults with AD/food 
allergy

RCTsa Medium

Evaluation of health economics of AIT for prevention Cost- effectiveness analysis of RCT Medium

Evaluation of adherence in AIT for prevention in different age groups Adherence measured in RCTs and real- life studies Medium

Evaluation of acceptability of AIT for prevention in different age 
groups

RCTsa Medium

AIT for the prevention of new allergic sensitizations

Spreading from 1 allergen to related and unrelated allergen(s) RCTsa Medium

Spreading at molecular level, from 1 allergenic molecule to other 
molecules

AIT for prevention of the oral allergy syndrome RCTsa Low

AIT for prevention of first allergic disease RCTsa Low

AIT, allergen immunotherapy; AD, atopic dermatitis/eczema; AR, allergic rhinitis/rhinoconjunctivitis; HDM, house dust mites; GAP, Grazax Asthma 
Prevention Trial48.
aApart from new RCTs, published clinical data can be reviewed, raw data can be reanalyzed, and blood samples can be analyzed further to provide new data.
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of bias RCT (Grazax Asthma Prevention Trial)47,48 explored the effect 
of a 3- year course of SLIT tablets on the prevention of asthma in 812 
children with AR and grass pollen allergy. This study48 failed to dem-
onstrate the preventive effect of AIT on the development of asthma 
as defined by very strict a priori criteria including reversibility to beta- 
2- agonists (OR = 0.91; 95% CI [0.58 to 1.41])47,48 2 years post- AIT. 
However, the number of subjects with asthma symptoms or asthma 
medication usage (secondary efficacy parameter) was significantly 
lower in the SLIT group compared to the placebo group at the end 
of the 5- year trial period (OR 0.66; 95% CI 0.45 to 0.97; P < .036), 
during the 2- year post- AIT follow- up and during the entire 5- year 
trial period. Also, AR symptoms were significantly reduced during the 
entire 5- year trial period. In addition, it appeared that this preven-
tive effect was strongest for the youngest children.48 Two high risk of 
bias nonrandomized studies, namely 1 with grass pollen SCIT22,23 and 
1 with HDM SCIT49 in children with AR, also suggested a long- term 
effect. As published in the SR,25 the meta- analysis showed no overall 
evidence of reduction in the long- term (ie, at least 2 years post- AIT) 
risk of developing asthma, but there was a high degree of heterogene-
ity so the result should be interpreted with caution. Furthermore, the 
negative result was due to 1 RCT with very strict diagnostic criteria 
for primary outcome (GAP) in which there was an effect when asthma 
symptoms and/or medication was considered.48 However, some sug-
gest that there is a long- term preventive effect on the development of 
asthma symptoms and the use of asthma medication although further 
confirmatory studies are needed.

Thus, there is a question about which asthma outcome parameter 
is most relevant—a diagnosis based on demonstrated reversibility or 
on symptoms and medication use. There is an urgent need to define 
and standardize the optimal clinical asthma outcomes that should be 
used in future clinical trials.

3.3 | Indication for AIT for treatment and prevention 
in patients with AR

The RCTs included in the above evaluation of asthma prevention in 
subjects with AR38,40,41,44,46–48 included patients with a history of AR 
and the need for medication combined with documented pollen al-
lergy for at least 1 previous season. Yet, there is no description on 
AR severity (mild/moderate/severe) or stratification (intermittent/
persistent) in these prevention trials, and thus, these subjects may 
have had a milder disease than those included in studies on efficacy 
of AIT. However, based on baseline descriptions of the populations in 
these studies,38,40,41,44,46–48 it is reasonable to assume that most of the 
patients included had persistent symptoms.

As discussed in another manuscript on AIT for AR of this EAACI AIT 
Guideline series,10,50 many patients with AR and pollen allergy benefit 
from AIT in reducing AR symptoms and need for medication. Thus, 
AIT is recommended for the treatment of patients with moderate- to- 
severe pollen- induced AR if not optimally controlled on antihistamines 
and nasal corticosteroids.50

None of the studies on prevention of development of asthma in 
AR included preschool children, and therefore, no recommendations Re
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can currently be made in favor of or against AIT for this age group for 
prevention.

Based on an objective and clinical evaluation of the current pub-
lished evidence for AIT preventive effects and considering the poten-
tial harmful effects, disadvantages, and costs associated with the use 
of AIT, these seem to be outweighed by the beneficial effects for this 
group of patients (Table 1), ultimately resulting in a favorable risk ben-
efit profile.

Thus, there is moderate- to- high- quality evidence indicating that 
AIT (SCIT or SLIT) can be recommended for short- term prevention up 
to 2 years post- AIT of asthma in children/adolescents with moderate/
severe AR and pollen allergy who are suboptimally controlled despite 
appropriate pharmacotherapy, and there are data suggesting that this 
benefit persists after 2 years post- AIT as regards asthma symptoms 
and medication use (Table 3). AIT may even be considered in patients 
with milder AR, as AIT might modify the natural disease history, in-
cluding the long- term effect in AR and the preventive effect regarding 
the development of asthma, qualities that could never be attributed to 
current pharmacotherapy.

The indication and initiation of AIT should always be preceded by 
a discussion with the patient/family considering the possible benefits, 
harms, disadvantages, costs, preferential route of AIT (SCIT vs SLIT) 
based on the individual patient’s profile, preferences, and consider-
ations for future AIT adherence. Using AIT for preventive purposes 
should include all normal safety recommendations as for the treatment 
of AR as indicated in the corresponding guideline on AIT for AR in this 
EAACI AIT Guideline series.50

3.4 | Which products and schedules for AIT asthma 
prevention in individuals with AR should be used?

The products, doses, and AIT schedules used in the AIT preven-
tion trials vary. According to the subgroup analysis in the SR,25 it 
appears that SCIT and SLIT are both effective and that a 3- year 
AIT course is preferable to a shorter course. The studies that have 
demonstrated a preventive effect used 3- year courses of continu-
ous AIT.

The SR25 did not compare different AIT products, SLIT drops 
versus tablets or pre- /coseasonal versus perennial AIT. However, ac-
cording to the results from 2 lower- quality, real- life nonrandomized, 
controlled before- after AIT treatment studies based on large German 
longitudinal prescription databases,42,43 it seems that SCIT43 and grass 
pollen SLIT tablets42 with natural allergen extracts have a preventive 
effect on the progression from AR to asthma and that AIT for 3 or 
more years tended to have a stronger preventive effect than AIT for 
less than 3 years. Further high- quality RCTs and real- life studies are 
recommended to objectively confirm this.

As the indication for AIT for the prevention of asthma is linked 
to the indication for treatment of AR, the products, schedules, and 
doses used should be proven effective for AR with the relevant aller-
gen product. Therefore, only those products registered and with the 
indication for AR (eg, pollen allergy at present and maybe HDM in the 
future) should be considered for use in allergy prevention.

3.5 | AIT in individuals with AD: short-  and long- 
term preventive effects

The SR25 identified 1 moderate risk of bias RCT investigating the ef-
fects of 12 months of daily SLIT with a mixture of HDM, cat, and timo-
thy grass allergens on the prevention of asthma and new sensitizations 
in children with AD and sensitization to 1 or more food allergens.51 The 
investigators included the absence of a difference between active/
placebo groups in early immunologic changes, that is, specific IgE/IgG 
antibodies and associated TH- cell responses, as a stopping rule, as this 
was regarded an indication of whether the treatment was delivering 
sufficient allergen transmucosally to trigger immunologic recognition 
by the infant mucosal system. As these a priori immunologic changes 
were not met, recruitment was interrupted and the trial reduced to a 
pilot study status. After 48 months of follow- up, there were no differ-
ences in asthma prevalence between the 2 groups.51

Based on this study, we cannot currently make any recommenda-
tions in favor of or against AIT for the prevention of the development 
of a first allergic disease in individuals with AD at present (Table 4) and 
more studies are needed.

T A B L E  4   AIT for prevention: recommendations for individuals with early- life atopic manifestations, eg, atopic dermatitis/eczema (AD) or 
food allergy

Recommendations for individuals with 
early atopic manifestations

Evidence 
level

Grade of 
recommen-
dation

Strength of 
recommendation Other considerations Key references

In children with AD, no recommendations 
can currently be made in favor of or 
against the use of AIT for the prevention 
of onset of later allergic manifestations

I B Weak recommendation: 
based on 1 small 
moderate risk of bias 
study51

Holt51

In individuals at all ages with other early 
atopic manifestations, eg, food allergy, no 
recommendations can currently be made 
in favor of or against the use of AIT for 
the prevention of onset of other allergic 
manifestations

V D Expert opinion. No studies
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3.6 | AIT for prevention of allergy in the offspring of 
allergic individuals

This topic was not included in the protocol or in the SR. However, 
we found 1 recent case- control study of high risk of bias comparing 
194 children of parents completing AIT at least 9 months before birth 
with 195 controls.52 This study found that the odds ratios of develop-
ing any allergic disease and asthma was significantly lower in children 
with at least 1 allergic parent after AIT compared with those having 
allergic parents who did not receive AIT (odds ratio: 0.73, 95% con-
fidence interval 0.59- 0.86). The authors hypothesized that AIT in al-
lergic parents might reduce the risk of allergies in their offspring, but 
this requires further investigation.

Based on the very scarce and very low- quality evidence, we cannot 
currently make any recommendations in favor of or against AIT for 
allergic adults for the prevention of allergic disease in their offspring 
(Table 5).

3.7 | AIT in healthy individuals: short-  and long- term 
prevention of development of new allergic disease

Two RCTs, 1 of low53 and 1 of high risk of bias,54 investigated the 
possible effect of AIT in healthy individuals on the risk for the de-
velopment of their first allergic disease. The large low risk of bias 
study53 found no preventive effect of oral HDM AIT on AD, wheeze, 
and food allergy among infants with a family history of allergic dis-
eases, whereas the small high risk of bias study54 reported a reduced 
risk of developing pollinosis among asymptomatic adults sensitized to 
Japanese cedar pollen in the SLIT group. Data from these 2 trials53,54 
are not comparable. No data on a long- term preventive effect were 
identified. Based on these results from the SR,25 there is currently no 
good evidence to recommend use of AIT for the prevention of a first 
allergic disease in healthy individuals (Table 5).

3.8 | AIT for the prevention of the development of 
new allergic sensitization

3.8.1 | Short- term effects

The SR identified 3 low risk of bias RCTs53,55,56: 1 moderate57 and 
2 high risk of bias40,58 RCTs investigating the short- term effects of 
AIT on the risk of developing new sensitizations. One low risk of bias 
RCT53 on oral HDM AIT for healthy infants at high risk of developing 
allergic disease found a significant reduction in sensitization to any 
common allergen (eg, HDM, grass pollen, cat, peanut, milk, and egg) in 
the active group compared with the placebo group at the end of the 
trial, but no difference in HDM sensitization.53 The other 2 low risk of 
bias RCTs found no effect of SLIT in adult patients allergic to peach55 
post- AIT and after SLIT with grass pollen or HDM extract in monosen-
sitized children.56 Three additional RCTs of moderate to high risk of 
bias40,57,58 found a significantly lower incidence of new sensitizations 
among children and adults with AR treated with SLIT40,58 and SCIT57 
as compared to controls.T
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Thus, these RCTs of varying quality with varying allergens and 
formulations showed inconsistent results. Meta- analysis showed an 
overall reduction in the risk of allergic sensitization but the sensitiv-
ity analyses, excluding the 2 high risk of bias studies by Marogna,40,58 
failed to confirm this risk reduction.25 Due to the high degree of het-
erogeneity, the results from the meta- analysis should be interpreted 
with caution.

The inconsistent evidence found in RCTs was also reflected in the 
included high risk of bias CBA studies with 3 finding a lower occur-
rence of new sensitizations among AIT- treated subjects compared 
with controls,59–61 1 reporting higher occurrence in the AIT group 
compared with controls62 and 3 studies reporting no differences be-
tween groups.63–65

3.8.2 | Long- term effects

As regards the long- term (ie, at least 2 years post- AIT) effects on pre-
vention of new sensitivities, the SR identified 1 moderate66 and 1 high 
risk of bias RCT67 showing no preventive effect of SCIT among chil-
dren with moderate- to- severe asthma followed into adulthood66 and 
SCIT in adults with AR 3 years post- AIT.67 Another high risk of bias 
RCT45 found that patients with AR treated with HDM SCIT less fre-
quently developed new sensitizations compared with controls 2 years 
post- AIT.45

Thus, there is no good evidence for a reduction in the long- term 
risk of allergic sensitization.

The 7 high risk of bias CBAs investigating long- term preventive 
effects of AIT produced inconsistent results, 1 found no difference,68 4 
showed reduced onset,22,60,69–71 and 1 found a significantly higher oc-
currence of new sensitization among AIT- treated subjects compared 
with controls.72

The development of new sensitizations may impose a higher risk 
for the development of further symptomatic allergies, suggesting that 
it might be relevant to prevent the development of new sensitizations. 
However, this has not been investigated sufficiently. A subgroup anal-
ysis in the SR25 showed a tendency toward an effect in children and 
adolescents after 3 years of AIT, supporting the rationale of the clinical 
effect.

Thus, there is currently no good evidence to recommend the use of 
AIT for either short-  or long- term prevention of development of new 
sensitizations in healthy individuals, children with atopic predisposi-
tion (Table 5), children with AD/food allergy (Table 4), or children and 
adults with AR/asthma (Table 3). Some positive data, though, suggest 
that this may be a good focus for future high- quality trials.

3.9 | Safety

The safety issues are fully covered by the SR and guideline for AR in 
this AIT Guideline series.10,50 SCIT is occasionally associated with al-
lergic side effects and should therefore be administered in a specialist 
setting. Fatalities are very rare and have not been reported with the 
use of SLIT. In a recent meta- analysis about the efficacy of grass pol-
len SLIT tablet by Di Bona et al.,73 7 treatment- related adverse events T
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requiring adrenaline were reported in the SLIT RCTs; however, no 
episode of anaphylaxis was reported. In recent real- life clinical studies 
of AIT, less severe systemic reactions were reported with SLIT than 
with SCIT, although the overall rate of adverse reactions is similar in 
SCIT and SCIT.74,75 The safety profile for the present purpose is not 
regarded as being different from AIT for the treatment of AR. Due to 
its better safety profile, SLIT might be a better choice for prevention 
than SCIT.

4  | SUMMARY, GAPS IN THE 
EVIDENCE, FUTURE PERSPECTIVES,  AND 
IMPLEMENTATION

This guideline on AIT for the prevention of allergy has been developed 
as part of the EAACI Guidelines on Allergen Immunotherapy Project. 
The recommendations in this guideline are based on a thorough SR 
performed by a group of experienced and independent method-
ologists and have been developed by a multidisciplinary EAACI Task 
Force representing a range of countries and disciplines and clinical 
backgrounds.

The guideline provides evidence- based recommendations for 
the use of AIT for the prevention of new allergic disease(s) and new 
allergic sensitization(s) in all populations. The guideline should as-
sist all healthcare professionals as regards evaluation of AIT for the 
prevention of allergic disease/sensitization, and when to refer which 
individuals to further evaluation. The main results are summarized 
in Box 4.

The key limitation of this guideline is the heterogeneity and gaps 
in the underpinning literature. There are many areas for which there 
is no evidence or no high- quality evidence; these represent gaps in 
the current evidence (Table 2). Thus, for the preventive effect of AIT 
in healthy individuals or in children with early atopic manifestations 
such as AD or food allergy as well as for the possible long- term effect 
in children with AR, more high- quality data are needed. Also, we did 
not find studies related to spreading of allergic sensitization(s) at the 
molecular level, nor did we identify studies exploring the development 

of new OAS or health economic analyses of AIT used for prevention 
(Box 5).

In addition, there is a lack of evidence as regards patient selection 
(eg, optimal age and characteristics) for preventive AIT and for the op-
timal allergen preparation, mode, and duration of AIT administration; 
there is a need to define standardized relevant outcomes including 
asthma and quality of life (Qol) for future studies.

The current evidence does not allow to identify superiority be-
tween SCIT and SLIT; therefore, this choice depends on availability, 
patients’/family’s preferences, safety, costs, routes, schedules, and pa-
tients’ adherence to the AIT treatment. Only products and regimens 
proven effective for the treatment of AR should be used. Currently, 
only products with the indication for treatment of AR can be recom-
mended for the prevention of asthma in children and adolescents with 
AR and pollen allergy.

Based on current evidence, AIT can be recommended for up to 
2 years post- AIT prevention of development of asthma in children 
and adolescents with AR and pollen allergy primarily birch and grass. 
Some studies suggest a long- term asthma preventive effect as regards 
asthma symptoms and medication use, although it has to be further 
demonstrated if this effect can be extended to asthma as diagnosed 
by stricter diagnostic criteria. Such a disease- modifying effect after 
cessation of AIT is not achievable with pharmacotherapy. AIT should, 
in particular, be considered for those with moderate- severe AR as it 
has been shown to be effective in controlling this condition in ad-
dition to the preventive effect on the development of asthma.10,50 
Furthermore, some patients with less severe AR may prefer AIT to re-
duce medication use and avoid side effects of other treatments, to ob-
tain long- term efficacy, and/or to obtain the asthma preventive effect.

Considerations should be taken when making recommendations 
for AIT as preventive treatment in allergy, as children and adolescents 
included in the prevention studies did not necessarily fulfill the crite-
ria for proper endorsement of AIT for the treatment of AR as well as 
they did not necessarily meet the “Allergic Rhinitis and its Impact of 
Asthma” (ARIA)9 criteria for moderate- severe AR.

At present, the indications for AIT for the prevention of allergic 
disease are the same as for the treatment of AR (ie, documented 

Box 4 Summary

• A 3-y course of AIT (SCIT or SLIT) can be considered in children with moderate-to-severe AR and grass/birch pollen allergy, not suffi-
ciently controlled with optimal pharmacotherapy, for:
○ Treatment of AR with a sustained effect on symptoms and use of medication beyond cessation of AIT.
○ Short-term (ie, up to 2 y post-treatment) prevention of the onset of asthma in addition to improving the control of AR. Moreover, some 

studies indicate that this asthma preventive effect is maintained over a longer period as evaluated by symptoms and medication use.
• Only AIT products with documented effect in patients with the relevant pollen allergy should be used and a product-specific evaluation 

of clinical efficacy and preventive effects is recommended.
• Before initiating AIT the possible benefits including the beneficial effects on controlling AR symptoms and the asthma preventive effect, 

disadvantages, potential harms, patients’ preferences (SCIT or SLIT tablets/SLIT drops), patients’ adherence to treatment and costs should 
be discussed with the patient/family on an individual basis.

• There is an urgent need for more high-quality clinical trials on prevention in AIT and more high-quality evidence.
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IgE- mediated disease caused by the relevant allergens and not suf-
ficiently controlled by antihistamines and nasal corticosteroids).50 
Contraindications are the same as for the treatment of AR.50 The 
asthma preventive effect may in the future downgrade the level 
of severity of AR required before initiation of AIT in children and 
adolescents with AR and pollen allergy, especially grass pollen al-
lergy. Therefore, AIT as a relevant treatment option for children and 
adolescents up to 18 years of age with less severe AR due to pol-
len allergy should be further investigated and discussed. Currently, 
there is no high- quality evidence to support AIT for prevention in 
HDM- allergic patients with AR, but further high- quality studies are 
warranted.

The products available, and registered for different indications, 
have varied over time and across countries. Therefore, at present, we 
cannot make homogeneous product- specific recommendations at a 
European level. In the context of the implementation of this guideline 
series, we plan to provide such recommendations based on each na-
tional country availability of the products,

For the implementation of this guideline (described in Table 6), 
there is a need to ensure that primary care healthcare professionals 
recognize AIT as a treatment option for some allergic diseases and 
have clear guidelines to aid patient selection for early referral to spe-
cialist care.76 Patients and patient organizations need to be aware of 
AIT as a treatment option. Political awareness should be increased 
to ensure sufficient availability, knowledge, competences, skills, and 
resources in the healthcare system by demonstrating the economic 
benefits of AIT by proper assessment of its positive impact on eco-
nomic productivity. In addition, methods to overcome problems with 
adherence should be further considered and evaluated. Finally, a 
plan for monitoring the audit criteria should be part of the dissemi-
nation and implementation plan, and as new evidence is published, 
these guidelines will be updated with appropriate revision of specific 
recommendations.
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Merck  
Calle Maria de Molina, 40, 2º PLANTA +34 917455603 
coran.djillali@merckgroup.com 
www.merckgroup.com 

Merck is a leading science and technology company in healthcare, life science and performance materials. Around 
53,000 employees work to further develop technologies that improve and enhance life – from biopharmaceutical 
therapies to treat cancer or multiple sclerosis, cutting-edge systems for scientific research and production, to 
liquid crystals for smartphones and LCD televisions. In 2017, Merck generated sales of €15.3 billion in 66 
countries. Founded in 1668, Merck is the world's oldest pharmaceutical and chemical company. The founding 
family remains the majority owner of the publicly listed corporate group. Merck holds the global rights to the 
“Merck” name and brand. The only exceptions are the United States and Canada, where the company operates 
as EMD Serono, MilliporeSigma and EMD Performance Materials.” 
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Aimnmune Therapeutics  
344-354 Gray‘s Inn Road WC1X 8BP 
London, United Kingdom +44 20 86 29 02 40  
www.aimmune.com 

Aimmune is a clinical-stage biopharmaceutical company developing proprietary product candidates and advancing 
a therapeutic approach for the treatment of peanut and other food allergies. Our mission is to improve the lives 
of people with food allergies. We are developing desensitization treatments to help protect people with food 
allergies by potentially reducing the risk of allergic reactions, making accidental exposures to allergens less 
dangerous. We aim to address food allergies by providing a treatment option that goes beyond the current 
recommendations of avoiding exposure to food allergens and carrying adrenaline for administration in case of 
accidental exposure. Our work is grounded in our founding from within the food allergy community. 

 

DBV Technologies 
177-181 avenue Pierre Brossolette 
92120 Montrouge, France 
www.dbv-technologies.com 

DBV Technologies is a clinical-stage biopharmaceutical company founded in 2002, developing immunotherapy 
product candidates utilizing a novel proprietary technology platform based on investigational epicutaneous 
immunotherapy, which aims at delivering biologically active compounds to the immune system through intact 
skin. The most advanced product candidates are currently being developed for the treatment of food allergies. 
Food allergies are an increasingly prevalent condition worldwide with no currently approved treatments. DBV 
Technologies has global headquarters in Montrouge, France and New York, NY. 

 

DIATER 
Avenida Gregorio Peces Barba 2 
28919 Madrid, Spain +34 91 49 66 013 
www.diater.com 

We are a biopharmaceutical company, specialized in allergic, diseases that offers physicians a wide range of 
diagnosis and treatment products to significantly improve the quality of life of patients with allergies. Diater, 
founded in 1999, is a market leader that provides medical professionals with the tools required to meet any 
medical need in the field of immunotherapy with allergens and provide treatment tailored to each patient. 
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Calle Punto Mobi, 5 
28805 Alcalá de Henares, Spain +34 64 79 17 492 
www.inmunotek.com 

Inmunotek is a pharmaceutical company based in Madrid (Spain), which investigates, develops, manufactures 
and commercializes products in the field of Allergy and Immunology for the diagnosis and treatment of allergic 
respiratory diseases in human and veterinary patients. From the outset, our goal has been to offer innovative 
and competitive products of the highest quality, useful for professionals and safe and effective for the treatment 
of patients. To this end we have put together a highly professional and motivated team; we have outstanding 
facilities and a broad product portfolio. Inmunotek complies with GMPs, and their products are approved by the 
Spanish Drug Agency and several international regulatory agencies. 
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ALK   
Bøge allé 6-8  
2970 Hørsholm, Denmark +45 45 74 75 76  
www.alk.net 

ALK is a global specialty pharmaceutical company focused on allergy and allergic asthma. It markets allergy 
immunotherapy treatments and other products and services for people with allergy and allergy doctors. 
Headquartered in Hørsholm, Denmark, ALK employs around 2,300 people worldwide and is listed on Nasdaq 
Copenhagen. 
 

Allergy Therapeutics plc.   
Dominion Way  
BN14 8SA Worthing, United Kingdom +44 19 03 84 47 20  
www.allergytherapeutics.com 

We are a visionary immunology business with specialist experience in the research and development of allergy 
treatments. We have a well-established commercial presence in Europe and are focused on the US market 
opportunity. We specialize in the diagnosis and treatment of allergy. Allergy vaccination is a successful treatment 
that deals with the underlying cause of allergies and not just the symptoms. We mainly sell our products in 
European countries and our pipeline of products in clinical development includes vaccines for grass, tree and 
house dust mite, as well as a peanut allergy vaccine in pre-clinical development. Adjuvant systems to boost 
performance of vaccines outside allergy are also under evaluation. 
 
 
HAL Allergy   
J. H.Oortweg 15-17 
2333 CH Leiden, The Netherlands +31 88 95 90 00 
www.hal-allergy.com 

HAL Allergy Group is a modern leader and innovator in the field of biopharmaceuticals and located at the Bio 
Science Park in Leiden, The Netherlands. Our core business is the production of allergen extracts, both for 
therapeutic and diagnostic purposes as well as contract manufacturing with focus on biopharmaceutical products 
for preclinical and clinical studies. With office in major European countries, HAL Allergy is one of the European 
top players, particularly in the field of allergy. Established in 1959 we have long experience in developing and 
producing therapies against pollen, house dust mite, and insect venom allergy. 
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Leti  
Gran Via de les Corts Catalanes, 184 
08038 Barcelona, Spain +34 93 394 53 50 

Laboratorios LETI is a company with a global presence of reference in specialized segments of health and wellness, 
a leader through innovation and development of prestige products and brands. 
Specialists in diagnosing allergies and treating with immunotherapy. 
 
Stallergenes Greer   
6, rue Alexis de Tocqueville 
92183 Antony Cedex, France +33 15 55 92 000 
www.stallergenesgreer.com 

STALLERGENES GREER is a fully integrated global biopharmaceutical company focused on allergen and allergy 
immunotherapy (AIT) products to treat patients suffering from allergies. We aspire to change the treatment 
paradigm of allergy therapies by delivering curative medicines and innovative tools for patients. With 5 
manufacturing sites located in the U.S and Europe, we develop and commercialize products in more than 20 
countries. AIT is an allergy treatment that treats the underlying cause of allergy. 
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