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The European Academy of Allergy and Clinical Immunology (EAACI) is the leading 
scientific and professional organization in the field of allergy and clinical immunology, 
promoting excellence in patient care, basic and translational research, education and 
communication of research findings. 

EAACI provides an ideal platform for the collaboration and harmonization of the efforts 
of all stakeholders including patient organizations and health policy makers, involved in 
translation of basic and clinical research into optimal care for patients with allergy and 
asthma and other immune-mediated diseases. The research-innovation-quality care 
nexus is increasingly emphasized and prioritized as a framework to deal with complex 
socio-environmental problems impacting the increase in the burden of allergic diseases 
and asthma. 

Quality healthcare is key to achieve better quality of life as perceived by an individual. 
It is the major political issue and in many countries healthcare delivery organizations 
are part of the national identity. Performance outcome measures are important and 
the most effective and meaningful measures can only be elaborated through the close 
collaboration of patients, health care providers, and policy makers.

EAACI believes it is the time for a major revision in every aspect of the healthcare 
ecosystem, where governments, academia, enterprises and individuals, are actively 
involved in improving care pathways. 

Published by the European Academy of Allergy and Clinical Immunology, the White 
Paper on Research, Innovation and Quality Care has the following 3 major aims: 

1. to present a critical appraisal of allergic diseases and asthma landscape in Europe 
along with an informed analysis of future trends,

2. to set the quality standards and to provide guidance and training for allergy practice 
and research; 

3. to identify and promote research priorities and better research funding in allergy, 
asthma and clinical immunology.

Covering risk factors, major diseases, development of healthcare, training and 
growth of patients’ support organisations, the White Paper provides a series of policy 
recommendations to ensure and improve the future care of allergy, asthma and other 
immunological diseases. It is meant to provide guidance for daily practice and to 
define research needs. It will also serve as an advocacy tool for health professionals, 
policymakers, patients and media.

The White Paper is a collaborative effort of the whole EAACI family i.e. Sections, Interest 
Groups, Working Groups and patient organisations. Each group prepared a chapter 
related to their specific expertise. The Editors appreciate the efforts of the section 
authors in the preparation of this document, which represents the true voice of our 
Academy and believe that the readers will share their enthusiasm of its’ content and 
value for the allergy, asthma and clinical immunology fields. 

EAACI White Paper Editors

Ioana Agache, Cezmi A. Akdis Tomás Chivato, Peter Hellings, Karin Hoffman-
Sommergruber, Marek Jutel, Antti Lauerma, Nikos Papadopoulos, Peter Schmid-
Grendelmeier, Carsten Schmidt-Weber
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Jon Genuneit, Ralph Mösges, Markus Ollert

EPIDEMIOLOGY, REGISTRIES, BIG DATA

A1

Numerous epidemiological studies on risk and protective factors have produced a large body of evidence 
that is difficult to grasp for decision makers, stakeholders, and even researchers themselves. 

While well-designed original studies remain at the 
core of evidence generation, systematic reviews 
become more and more important to keep track 
of the evidence, to prevent redundancy, and to 
provide comprehensive summaries. Comprehen-
sive overviews, conducted by an EAACI Task Force, 
have documented the growing number of system-

atic reviews in allergy epidemiology and the re-
search topics they have covered. Research priori-
ties may fall into topics not yet covered or covered 
less well. Moreover, methodological and reporting 
quality of a significant portion of the identified sys-
tematic reviews was low calling for improvement 
in future work.

DISEASE EPIDEMIOLOGY

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

For the more common allergic diseases, like asth-
ma, allergic rhinitis, and atopic eczema, patient 
registries are faced with problems pertaining to 
coverage since the patients are treated by many 
doctors of different specialty and because mild 

cases may not seek regular health care contact. 
Although there are several examples of registries, 
like ANAPHYLAXIE.net, most pertain to the more 
severe spectrum of selected allergic diseases.

PATIENTS REGISTRIES

GAPS IN KNOWLEDGE
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2. Genuneit J, Seibold AM, Apfelbacher CJ, 
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It is important to overcome the limitation of reg-
istries by inclusion of mild cases if feasible. Due 
to the often limited data that can be acquired in 
registries, focus should be on a consensus for core 

items across registries to enable data sharing and 
pooling for full synergy as exercised by the TREAT 
Registry Taskforce for atopic eczema.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Beyond building on previous evidence and trying 
to accumulate patient registries, modern technol-
ogy has enabled ascertainment of big data, that 
is high-dimensional information on each observa-

tional unit generated by using, e.g., “omics”-tech-
nologies or time-series of sensor-based measure-
ments. 

BIG DATA

GAPS IN KNOWLEDGE

While exploitation of “omics”-data of a single type, 
e.g. in genome-wide association studies has al-
ready enabled identification of key determinants of 
allergic diseases, recent advances in network biol-
ogy and network analysis open up new avenues to 
predict key drivers of a given biological process or 
cellular function.

A roadmap using “omics”-technologies towards 
personalized therapeutic approaches in allergic 

diseases includes not only scientific and clinical 
issues, but also big-data management, legal, and 
regulatory aspects. Among others, multilayer “om-
ics” analysis along longitudinal cohort studies are 
desperately required to simultaneously obtain var-
ious types of reliable biomarkers.

One of the essential barriers that should be over-
come in the near future is to translate patients’ 
subgroup stratification to personalized treatment.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

EAACI White Book4
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BIG DATA

María Isidoro-García, Ignacio Dávila

GENETICS AND EPIGENETICS:  
NEW CHALLENGES IN ALLERGY A2

The vertiginous development of high-throughput 
technologies has led to a new and promising “om-
ics” era for the understanding of complex diseases 
such as allergic diseases.

Genomics has allowed the identification of genetic 
associations through GWAs studies. Nevertheless, 
their contribution to elucidate the etiopathogene-
sis of allergy has been limited so far.

As complex diseases, environmental factors also 
influence allergic diseases. Epigenetics is consid-

ered a link that integrates both genetic and envi-
ronmental factors. Methylation, histone modifica-
tions and RNAs as regulator mechanism are main 
epigenetic factors. Specific epigenomic patterns 
of methylation have been previously reported in 
allergic patients as well as studies in the histone 
code and studies focused on RNAs. miRNAs are 
the most well known in asthma and respiratory dis-
eases, showing different profiles of bronchial ex-
pression in patients. Nevertheless, the results are 
not yet conclusive.

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Next Generation Sequencing has emerged with 
enormous potential, since whole sequencing of 
the genome will soon be available in clinical lab-
oratories, overcoming the limitation of an a priori 
selection of genetic variants. New and more pow-
erful collaborative gene-environment interaction 
studies using Next Generation Sequencing should 
be developed.

The introduction of nanopores as an imminent 
technological advance opens enormous expec-
tations in the massive sequencing applied to the 

analysis of single cell or a population of cells. Thus, 
the introduction of nanotechnology in the study of 
allergic diseases should be encouraged.

Mapping the complex interactions to interrogate 
the histone-code hypothesis will contribute to un-
derstand the molecular mechanisms involved in 
the regulation of expression. In this sense, new lo-
cus-specific imaging methods such as chromatin in 
vivo assays will be of great help.

Transcriptomics will provide not only specific pat-
terns of coding transcripts but also differential 
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expression of non-coding RNAs. It is also neces-
sary to explore other ncRNA in order to support 
future treatments based on gene therapy. The po-
tential of CRISPER CAS9 technology for functional 
screening should be explored.

Exosomes held promise as biomarkers and poten-
tial therapeutic tools.

Although proteomics or metabolomics are also 
largely promising, the real breakthrough in this era 
will be the whole integration in Systems Biology. 
Integration of phenotypic and genotypic informa-
tion for a better characterization of patients is de-
manded. To manage the huge amount of data gen-
erated, really powerful bioinformatic approaches 
will be needed.

Systems Biology will allow the real application of 
Precision Medicine. Allergy has the advantage of 
being one of the first specialties that used person-
alized medicine to tailor allergen immunotherapy.

Pharmacogenomics will also contribute to the ap-
plication of Personalized Medicine by predicting in-
dividual therapy responses based on the patient’s 
genetic background. Pharmacogenetics should in-
clude not only pharmacokinetic factors to identify 
metabolizing mechanisms but also pharmacody-
namics. The development of new biological ther-
apies requires the identification of pharmacody-
namics targets to predict the patient´s response.

Finally, the recent identification of the interstitium 
as a new organ with potential for direct sampling 
as a diagnostic tool, if confirmed, opens an exciting 
path to be explored in allergy.

In summary, the information obtained by systems 
biology combined with epigenetic analysis relat-
ed to environmental factors in a pharmacoepig-
enomic approach will provide a deeper insight to 
improve not only our knowledge about allergic dis-
eases, but also the translation from bench to bed, 
thus progressing to an effective Precision Medicine 
in the clinical management of the allergic patient.
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Tomas Chivato, Cornelis van Drunen, Hans-Uwe Simon,  
María M Escribese, Korneliusz Golebski

THE METABOLOME,  
TRANSCRIPTOME, AND PROTEOME A3

Allergic diseases have suffered a steadily increase 
in developed societies. Roughly affecting more 
than a quarter of the population, severe allergic 
pathologies and associated co-morbidities are 
increasingly common. Therefore, in a near future, 
the economic impact of allergy might reach a 
non-maintainable cost. Consequently, it is pivotal 
to unravel the mechanisms involved in this process 
to develop new diagnosis, intervention, and pre-
vention strategies. However, one of the main prob-
lems found in the quest of these new strategies is 
the difficulty of having adequately clinically strati-
fied patients that can be used for the development 
of accurate models.

The approaches that allow us to build a detailed 
picture of the workings of cellular processes of 
heath and disease are collectively known as OMICS 
technologies. Depending on whether the emphasis 
is on the genetic code of the DNA, the transcribed 
genes and the proteins derived from these genes, 
or some of the functional consequences of these 

proteins, these technologies are aptly named 
genomics, transcriptomics, proteomics, or metab-
olomics.

Application of these technologies can have a direct 
clinical benefit when used to diagnose a particular 
disease, to predict the natural course of the dis-
ease, or to help determine the efficacy of different 
treatment options. The indirect clinical benefits 
come from a better and detailed understanding of 
a disease or some pathophysiological process un-
derlying a disease as this in due course could lead 
to the development of better diagnostic tools or 
new treatment options.

Although these technologies can provide a detailed 
understanding of the biological process in a single 
cell, in order to fully understand a disease or an 
underlying pathophysiological process, we would 
need to understand the interaction between mul-
tiple cell types and the interaction between these 
cells and the external and internal environment.

GAPS IN KNOWLEDGE
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Technological advances will drive the OMICS world 
forward allowing higher throughputs, improved 
detection limits, and better software tools for the 
analysis and visualization of data. However, the ex-
perimental design needs to consider the strengths 
and weaknesses of the individual OMICS technolo-
gies. This is best served by development of appro-
priate models and extensive integration at multiple 
levels:

• Establish clear and objective clinical models 
with well-defined extreme phenotypes that will 
allow a better understanding of the inflammato-
ry progression along the disease severity.

• Consider experimental models that mimic the 
interaction between different cell types or be-
tween the environment and the immune system.

• Identify the optimal biological sample and the 
use of each OMIC technique.

• Develop multi-OMIC integration platforms that 
will significantly improve our knowledge regard-
ing the underlying mechanisms of allergic in-
flammations.

• Screening of mutations in coding regions or reg-
ulatory elements of genes must be combined 
with an investigation into the functional conse-
quences: changes in transcription/splicing vari-
ants and functional activity of the protein.

• When a single cell type is under investigation, 
consider comparing different related diseases 
and/or anatomical locations where this cell type 
could play a role. Always do a direct comparison 
with the role of this cell type under homeostat-
ic/healthy conditions.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

1. Villaseñor A, Rosace D, Obeso D, Pérez-Gordo 
M, Chivato T, Barbas C et al. Allergic asthma: an 
overview of metabolomic strategies leading to the 
identification of biomarkers in the field. Clin Exp 
Allergy 2017;47:442-456.

2. Delhalle S, Bode SFN, Balling R, Ollert M, He FQ. A 
roadmap towards personalized immunology. NPJ 
Syst Biol Appl 2018;4:9.

3. Benson M. Clinical implications of omics and systems 

medicine: focus on predictive and individualized 
treatment. J Intern Med 2016;279:229-240.

4. Mak AC, White MJ, Eckalbar WL, Szpiech ZA, Oh SS, 
Pino-Yanes M et al. NHLBI Trans-Omics for Precision 
Medicine (TOPMed) Consortium. Whole Genome 
Sequencing of Pharmacogenetic Drug Response in 
Racially Diverse Children with Asthma. Am J Respir 
Crit Care Med 2018 doi: 10.1164/rccm.201712-
2529OC. [Epub ahead of print]
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THE EXPOSOME IN ALLERGY AND ASTHMA: 
EARLY LIFE EVENTS

Ru-Xin Foong, George du Toit

A4a
The link between atopic diseases in childhood is 
well known and a concept commonly referred to 
as the ‘atopic march’. The trajectory of allergic 
disease often begins in infancy with eczema and 
may be followed by the development of food aller-
gies, then rhinoconjunctivitis and later in childhood 
asthma. There have been studies that suggest that 
children who develop eczema and allergic sensiti-
zation are at significantly greater risk of developing 
asthma later in childhood. The exact mechanism of 
how allergic disease develops is yet to be deter-
mined. There is emerging evidence that suggests 
that maternal allergen consumption before and/or 
during pregnancy may also have an impact on the 
development of allergic diseases in their children. 
With the rising prevalence of allergy worldwide, 
focus has shifted towards early allergen exposure 
and the possibility of tolerance as a means of pre-
venting the development of allergic diseases. 

Early life events have already been a targeted area 
for researchers when looking at strategies of the 
prevention of allergic disease which is a change 

from the historical approach of allergen avoidance. 
There has been evidence to suggest that breast-
feeding reduces the risk of asthma in childhood (5-
18 years) and may also reduce the risk of eczema 
up to 2 years and allergic rhinitis up to 5 years 
of age. An area of focus has also been in the de-
velopment of eczema and subsequent food allergy 
sensitization via barrier disruption in both the skin 
and gut. There has been success with the applica-
tion of emollients for the prevention of eczema in 
infants. The identification of environmental fac-
tors such as length of gestation, mode of delivery, 
type of feeding and early exposure to antibiotics, 
on the composition of gut microbiome in relation 
to eczema has also been researched to identify 
potential targets to help reduce the development 
of allergic diseases. More recently, a shift from al-
lergen avoidance to tolerance induction through 
early introduction of allergenic foods has occurred 
based on several randomised controlled preven-
tion trials which have exposed infants to allergens 
and demonstrated a protective effect (for peanut, 
and hens egg) in the development of food allergy. 

GAPS IN KNOWLEDGE
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Research priorities
• For additional randomised controlled trials are 

required to further assess early exposure to 
common and multiple food allergens (i.e. peanut, 
egg, cow’s milk, soya, wheat) for the prevention 
of food allergies via tolerance induction including 
follow-on studies of these cohorts. Study designs 
should consider the effect of intervention during 
all early life time intervals from pre-conception, 
gestation, birth mode, and early childhood. 

• For studies to formally assess the uptake and ef-
ficacy of contemporary prevention guidelines in 
both high risk and unselected children in those 
countries where they have been applied. 

• For additional randomised controlled trials look-
ing at both oral and sublingual immunotherapy 
as treatment for food allergy (i.e. desensitiza-
tion strategies) in various age groups. Variabil-
ity of the treatment regimens and use of those 
biologicals agents that may improve uptake and 
persistence of treatment benefit should also be 
formally assessed in these trials.  

• For additional trials focussing on prevention of 
allergic disease targeting factors influencing the 
skin and gut barrier (i.e. use of topical emollients, 
probiotics, environmental influences on gut mi-
crobiome) and follow on effects:

 » More specifically, research of early treat-
ment interventions for prevention of eczema 
(i.e. use of biologics such as dupilumab) to 
see if these agents either directly or indi-
rectly reduce other allergic diseases includ-
ing asthma in children. 

• For the development of future strategies to tar-
get treatment of children at high risk of devel-
oping allergic disease (i.e. early sensitization on 
allergic testing prior to introduction of foods or 
severe eczema in early infancy).

Standards and qualities of care
ASTHMA
• International Consensus on (ICON) Paediatric 

Asthma 2012 

• EAACI position statement on asthma exacerba-
tions and severe asthma (2013) 

ECZEMA
• EAACI/AAAAI/PRACTALL Consensus Report 

2006

• Consensus-based European guidelines for 
treatment of atopic eczema (atopic dermatitis) 
in adults and children: part I

FOOD ALLERGY
• EAACI current recommendations for the pri-

mary prevention of food allergy 2014:
 » There is no special diet required during preg-

nancy or for the lactating mother for all in-
fants 

 » All infants should be exclusively breastfed 
for 4-6 months. If breastfeeding is insuffi-
cient or not possible, infants at high-risk (of 
allergy) can be recommended a hypoaller-
genic formula with a documented preventa-
tive effect for the first 4 months 

 » There is no need to avoid introducing com-
plementary foods beyond 4 months and 
currently the evidence does not justify rec-
ommendations about either withholding or 
encouraging exposure to potentially aller-
genic foods after 4 months once weaning has 
commenced irrespective of atopic heredity. 

• Additional Society and Country-specific 
guidelines have also recently been updated:

 » US NIAID Guidelines for prevention of pea-
nut allergy 
 - Children with severe eczema, egg allergy 

or both should have testing (specific IgE 
and/or skin prick tests) and for introduc-
tion from 4-6 months age based on test 
results 

 - Children with mild to moderate eczema 
should have age-appropriate peanut-con-
taining food introduced around 6 months 
of age

 - Children with no eczema or food allergy 
- for introduction of age-appropriate pea-
nut-containing foods into the diet freely 
with other solid foods. 

 » UK Scientific Advisory Committee on Nutri-
tion/Committee on Toxicity Guidelines on 
the timing of introduction of allergenic foods 
into the infant diet 

 » Australasian Society of Clinical Immunology 
and Allergy (ASCIA) - https://www.allergy.
org.au/images/pcc/ASCIA_Guidelines_in-
fant_feeding_and_allergy_prevention.pdf 

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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1. LEAP (Learning Early About Peanut) and LEAP-On 
Studies, http://www.nejm.org/doi/full/10.1056/
NEJMoa1414850#t=article; http://www.nejm.org/
doi/full/10.1056/NEJMoa1514209.

2. EAT (Enquiring About Tolerance) study, http://www.
nejm.org/doi/full/10.1056/NEJMoa1514210 
#t=article.

3. Timing of Allergenic Food Introduction to the Infant 
Diet and Risk of Allergic and Autoimmune Disease: A 
systematic review and meta-analysis. Link to full text 
- https://jamanetwork.com/journals/jama/fullarticle 
/2553447.

4. Prescott SL, Pawankar R, Allen KJ, Campbell DE, 
Sinn J, Fiocchi A et al. A global survey of changing 
patterns of food allergy burden in children. World 
Allergy Organ J 2013;6:21.

5. Lodge CJ, Tan DJ, Lau MX, Dai X, Tham R, Lowe 
AJ et al. Breastfeeding and asthma and allergies: 
a systematic review and meta-analysis. Acta 
paediatrica 2015;104:38-53.

6. Tran MM, Lefebvre DL, Dharma C, Dai D, Lou 
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Peanut, milk, and wheat intake during pregnancy 
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children. J Allergy Clin Immunol 2014;133:1373-
1382.

10. Pawankar R. Allergic diseases and asthma: a global 
public health concern and a call to action. World 
Allergy Organ J 2014;7:12.

11. Natsume O, Ohya Y. Recent advancement to prevent 
the development of allergy and allergic diseases and 
therapeutic strategy in the perspective of barrier 
dysfunction. Allergol Int 2018;67:24-31.

12. Horimukai K, Morita K, Narita M, Kondo M, Kitazawa H, 
Nozaki M et al. Application of moisturizer to neonates 
prevents development of atopic dermatitis. J Allergy 
Clin Immunol 2014;134:824-830 e6.
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Cork MJ, McLean WH et al. Emollient enhancement 
of the skin barrier from birth offers effective 
atopic dermatitis prevention. J Allergy Clin 
Immunol 2014;134:818-823.
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Review. Int J Mol Sci 2016;17. pii: E1147.
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allergy. N Engl J Med 2015;372:803-813.
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K, Bahnson HT et al. Effect of Avoidance on Peanut 
Allergy after Early Peanut Consumption. N Engl J 
Med 2016;374:1435-1443.

17. Perkin MR, Logan K, Tseng A, Raji B, Ayis S, 
Peacock J et al. Randomized Trial of Introduction 
of Allergenic Foods in Breast-Fed Infants. N Engl J 
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18. Ierodiakonou D, Garcia-Larsen V, Logan A, Groome 

 » Canadian Society of Allergy and Clinical Im-
munology - http://foodallergycanada.ca/
wp-content/uploads/FAQs-for-early-infant-
feeding-guidelines.pdf 

 » Guidance in the context of resource-con-
strained settings - http://www.jacionline.
org/article/S0091-6749(16)31287-8/
pdf 

 » World Allergy Organization (WAO) Food 
Allergy - http://www.worldallergy.org/ed-

ucation-and-programs/education/aller-
gic-disease-resource-center/professionals/
food-allergy

Innovative approach
Further collaborative work amongst European cen-
tres such as the European birth cohort studies on 
asthma and allergy in the GA2LEN network to col-
lectively research the prevention and treatment of 
atopic diseases using rigorous study methodolo-
gies through early life interventions.
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A4b
Mariana Couto, Asya Kudryavtseva,  
Matteo Bonini, Stefano del Giacco

THE EXPOSOME IN ALLERGY AND ASTHMA: 
DIET, NUTRITION, LIFESTYLE, SOCIAL 
AND PSYCHOLOGICAL FACTORS, CITY 
PLANNING AND SOCIAL DETERMINANTS  
OF HEALTH. THE FUNCTIONAL PHENOTYPE

Along with known internal and external factors, 
such as the atopic predisposition and individual 
immune system reactions, environmental factors 
have an impact on the development of allergic 
disorders. Rapid changes in the modern environ-
ment are intertwined with immune health through 
synergistic biological, psychological, social, and 
ecological factors. The cumulative measure of en-
vironmental influences and associated biological 
responses throughout life is termed the “expos-
ome.” (Figure 1). This includes external factors 
such as the environment, diet, behavior, social in-
fluences and infections, as well as cumulative bi-
ological responses to exposures and endogenous 
processes. The concept of “exposome” includes 3 
types of exposures: (1) the general environment, 
including urban or rural residence, climate, air pol-
lution, education; (2) the specific external environ-
ment, including diet, physical activity, tobacco ex-
posure, infection, occupation; (3) the internal body 
environment (Box 1).

Specific living conditions in childhood, as well as 
the psychological maturity of mothers, who pro-
vide multisensory stimulation vital to the child’s 
psychological development, may influence the risk 
of allergy onset and progression. Studies have 
shown the presence of CRF1 receptors on mast 
cells, structurally similar with CNS receptors. The 

role of neurogenic inflammation in forming skin, 
intestinal and airway barriers has been also rec-
ognized. Given this close relationship, it has been 
proposed that the characterization of asthma phe-
notypes should include functional differences in 
affective neural circuits, the so-called “neurophe-
notypes”. However, studying neuropeptides role in 
allergic inflammation is still ongoing.

Furthermore, indoor and outdoor air pollutants 
have shown to promote the onset of atopic dis-
ease. Both traffic-related air pollution and environ-
mental tobacco smoke negatively affect lung de-
velopment and function. Children and adolescents 
living in low-income urban communities are at dis-
proportionate risk for severe asthma and present 
increased cytokines from peripheral blood lympho-
cytes.

A significant gap exists between the current un-
derstanding of disease risk and active measures to 
alter these exposures affecting health. Increasing 
evidence supports the important, but not exclu-
sive, role of allergy in severe asthma. Early atopic 
sensitization is critical in determining the severity 
of disease later in life. Mechanistic implications of 
interacting cofactors, such as virus infections, pol-
lution, smoking and work-related exposures, need 
to be completely uncovered to allow novel thera-
peutic targets.

GAPS IN KNOWLEDGE
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*Different exposures that may affect allergic disease development. These 
exposures have been artificially subdivided in this table for the purpose of 
better understanding, but actually these and many others interact simul-
taneously with each other and interfere with allergic disease

Figure 1. The cumula-
tive environmental in-
fluence and associated 
biological responses 
throughout life.

Box 1. Different exposures  
that may affect allergic disease development *

Microbiome Mode of delivery
Early life diet
External environmental biodiversity exposures
Pre and postnatal antibiotic exposure

Allergens Dust mites
Cockroach
Molds
Pets
Mice

Air pollution Industrial pollution
Traffic-related air pollution
Environmental tobacco smoke 
Second-hand smoke

Others Diet
Obesity
Physical activity
Socioeconomic status
Psychosocial stressors
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Exposome-focused projects are needed to exam-
ine the complex interplay of environment and ge-
netics to determine the most cost-effective inter-
ventions for reducing the risk of allergic disease. 
A key challenge is to learn the types of exposures, 
potential interactions, and the exact timings and 
amounts that impact health.

The minimum air quality standards to prevent det-
rimental effects on lung development and atopic 
disease and the timing (i.e. prenatal, first year of 
life, or cumulative lifetime exposure) when the sub-
jects are most susceptible to air pollution should 
be identified. Personalized interventions and effi-
cient city planning can be developed to reduce the 
risks associated with pollution exposure.

Innovative approaches may include: geographic 
information, system-based pollutant models and 

personal remote sensing devices and applications 
for smartphones to monitor and record personal 
exposures; electronic medical records to access 
lifelong exposure information and computer search 
engines to analyze information; innovative meth-
ods for chemical measurements using high-resolu-
tion mass spectrometry; computer-based models 
and predictions to combine the cumulative expo-
sures with personal genomics therefore helping to 
guide healthy choices for diet, exercise, and health 
behaviors.

Once key exposures and potential interventions are 
identified, a comprehensive approach among clini-
cians, patients, health care organizations, insurance 
providers, government agencies, and urban plan-
ners must be undertaken to establish cost-effective 
primary and secondary prevention strategies to re-
duce these risks and promote wellness.
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A4c
THE EXPOSOME IN ALLERGY AND ASTHMA: 
INDOOR AND OUTDOOR ENVIRONMENT

Michel Thibaudon, Jean-Pierre Besancenot

Allergy is the fourth chronic disease in the world and respiratory allergies rank first among infant 
chronic diseases (WHO). The environment is a major source of the allergens. Indoor, the allergens 
are especially house dust mites (Dermatophagoides pteronyssinus and farinæ), storage mites, pet 
dander and fungal spores. Outdoor, the main allergens are pollen and fungal spores.

The different networks set up to monitor the out-
door allergen exposure and to produce information 
on the allergy risk due to the airborne particles are 
changing deeply:

• Aerobiological monitoring networks are becom-
ing ever denser, especially for pollen, with more 
than 500 traps in Europe (figure 1). They fol-
low at present a new European standard (EN TS 
16868). The availability of long series enables 
to study the evolution in the last three decades 
of the main pollen and fungal spores under the 
combined influence of climate change (length of 
pollination, pollen index, transfer of the vegeta-
tion to the North and in altitude) and the chem-
ical air pollution (exacerbation of symptoms, 

modification of the allergen content of biologi-
cal particles).

• Exposure data can be cross-referenced with 
clinical data from sentinel physicians’ networks 
or, in the last few years, with symptom load pa-
tient’s networks. These last ones receive sup-
port from the new information technologies and 
are very important for doctors to better diag-
nose allergy, and for the patients to better man-
age their disease.

• Indoor biological particles samplers (impac-
tors, cyclone) are usually help identifying dif-
ferent microorganisms such as bacteria, yeast 
and moulds. The later are important as allergy 
sources.

GAPS IN KNOWLEDGE
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The main evolution started in recent times but still 
requires many years of development focused on 
new methods of sampling and analysis of the air-
borne biological particles. 

Aerobiological monitoring networks development 
must allow real-time analysis to produce daily in-
formation on the allergy risk.

The use of modelling, simulation and high-perfor-
mance computing to forecast pollen (and eventu-
ally fungal spores) concentrations has considera-
bly increased, and is expected to increase further. 

However, the reliability of the information based 
on these new techniques still needs to be tested by 
comparison to observations.

At the regulatory level, it is worth noting in recent 
years an evolution of the legislation on biological 
particles in some European states such as France. 
This legislation might be extended to other coun-
tries in order to achieve European legislation on 
airborne pollen and fungal spores. In the same 
way, we must stress an evolution of the regulation 
relating to invasive allergenic plants as the differ-
ent ragweed species.
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Figure 1. Pollen stations in Europe in 2017 
(source EAN).

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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A4d
THE EXPOSOME IN ALLERGY AND ASTHMA: 
OCCUPATIONAL RISK FACTORS

Santiago Quirce

Occupational exposures are significant health haz-
ards and have been associated with several aller-
gic and non-allergic conditions, both as inducers or 
aggravating factors. Occupational asthma, hyper-
sensitivity pneumonitis and allergic contact der-
matitis are the main diseases that can arise from 

sensitization to workplace agents. Work-related 
asthma (WRA) is a prevalent lung disease that is 
associated with undesirable effects on psycholog-
ical status, quality of life (QoL), workplace activity 
and socioeconomic status.

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Research priorities
New occupational agents and industrial technol-
ogies are continuously being introduced to the 
work environment and require periodic health sur-
veillance among exposed workers to detect early 
signs of disease. Better prediction models and al-
gorithms, such as quantitative structure-activity 
relationship (QSAR) model are needed to predict 
the chemical asthma hazard.

Primary preventive interventions aimed to reduce 
exposure levels in the workplace are crucial to re-
duce the occupational disease burden.

Work-related factors that may lead to uncontrolled 
symptoms and worsening of prognosis should be 
properly managed.

Increased susceptibility and vulnerability due to 
genotypic or gene-environment interactions from 
workplace exposures should be better defined.

The importance of maternal/paternal occupational 
exposure to allergens and/or asthmagens in the 
risk for allergic diseases among offspring deserves 
a special focus.

Standards and quality criteria
There is a clear need for setting standard occupa-
tional exposure limits based on evidence-based 
methodology coupled with a better standardization 
and generalization of diagnostic tests, including 
bio markers and specific inhalation challenges, for 
environmentally induced or aggravated diseases.
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Western countries have experienced important 
socio-demographic changes over the last dec-
ades, with an older population, an overall higher 
prevalence of atopy, more women working, and an 
increase in the number of immigrants. Thus, it is 
necessary to develop better standards and quality 
criteria for disease assessment, health promotion 
and preventive strategies in these populations.

Innovative approach
A theoretical framework for the occupational ex-
posome using a network-based approach for char-
acterizing occupational health problems has been 

proposed. This model can allow the assessment 
and characterization of relevant disease-exposure 
associations in the format of a relational network.

Increased use of social media for exposome data 
acquisition and for allergic disorders-workplace 
interactions, and for information dissemination 
from experts and healthcare providers to workers 
should be encouraged together with web-based 
approaches, including e-health and telemedicine, 
to implement or complement surveillance pro-
grams and to disseminate knowledge on work-re-
lated exposures.
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A4e
THE EXPOSOME IN ALLERGY AND ASTHMA 
– THE MICROBIOME

An enormous number of microbes colonize inter-
nal and external body surfaces, requiring highly 
sophisticated mucosal immune cellular and molec-
ular networks to be constantly coordinated.

The composition and diversity of the microbiome 
varies across body niches, resulting in a series of 
unique habitats within and between individuals that 
can change substantially over time. These commu-
nities evolve within a host from birth, constantly 
being modified to maintain a homeostatic balance 
with the host’s immune system. This evolution is 
influenced by host factors, such as the adaptive 
and innate immune responses, external factors 
such as diet, medication and toxin exposure, infec-

tion and illness. Importantly, the balance between 
immune tolerance and inflammation is regulated 
in part by the crosstalk between immune cells and 
the microbiome.

Disrupted communication between the microbi-
ome and the host due to altered microbiome com-
position and/or metabolism is thought to nega-
tively influence immune homeostatic networks. 
Multiple studies have now shown that changes in 
the composition of the microbiome associate with 
many chronic inflammatory diseases including al-
lergies and asthma. However, it is still not clear if 
changes in the microbiome precede or are the re-
sult of the disease.

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Research priorities
Longitudinal studies examining large cohorts for 
microbiome changes over time during health and 
those at risk of disease together with mechanistic 
studies identifying diet-microbiome interactions 
that influence host immune responses are urgently 

needed.

Standards and quality criteria
Development of sequencing technologies that can 
better identify bacterial strains, rather than just 
species or genera.

Liam O’Mahony
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Development of bioinformatics tools can com-
bine multiple “omics” data, including microbiome 
sequencing data, with health outcomes to enable 
personalized medicine approaches.

Development of culturing methods to grow bacte-
rial strains from multiple body sites (currently less 
than 10% of human-associated bacteria can be 
grown in vitro) will allow for more precise in vitro 
and in vivo assessments.

Innovative approach
Identification of microbiome patterns that associ-
ate with medicinal efficacy together with tools for 
the clinician to integrate microbiome assessments 
into routine clinical practice (including standardi-
zation of assessment method and the algorithms 
used to determine risk/benefit outcomes) will re-
sult in personalized medicine improvements.
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Figure 1. Examples of bacterial 
species associated with atopic
dermatitis, food allergy and asthma.

Figure 2. Factors influencing the 
promotion of detrimental versus
beneficial microbes.
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Carsten Schmidt-Weber, Mohamed H. Shamji

THE INNATE IMMUNE RESPONSE

B1
The remarkable and unchallenged wave of allergies 
highlight that we still do not have sufficient under-
standing of environment and of its impact on sen-
sitization or allergy.

Although it is clear that type-2 immunity is criti-
cal for allergy, it remains unclear how the innate 
immune system is engaged by the environment 
to induce type-2 cytokines in the first place. This 
knowledge is urgently needed, as it is known that 
some environmental factors can effectively pre-
vent allergies.

In fact the research community is optimistic that 

the allergy epidemic can be stopped and eradicated, 
since children brought up in certain environments 
are almost fully protected against allergies. In con-
trast, pollution and other environmental triggers 
can break allergen tolerance, aggravate allergic 
responses and require in depth analysis to identify 
possible health risks before they cause damage.

Allergy research requires a long breath and cannot 
be accommodated in 1-3 years research grants. In 
addition research solely geared towards high im-
pact factor publications has not delivered solutions 
so far.

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Research priorities
The systematic analysis of mechanisms underlying 
environmental priming and mechanisms of toler-
ance related to this priming are key aspects that 
need to be addressed in future. Using very com-
prehensive analysis methods, it is now possible 
to assess both: the complex environment and the 
complex nature of the immune system.

Environmental monitoring (alert systems for pol-
len and pollutants, identification of risk factors) 

and research (chemical & biological analytics such 
as micro- and mycobiome) will shedd new light on 
the environment-host interactions (models of sen-
sitization, biomarker mining, point of care or even 
home care-compatible diagnostics and functional 
food) and on the environment gene interactions 
(genetics and epigenetics, identification of innate 
pathways).

The demonstration of induction of type-2 immu-
nity by innate immune cells and amore accurate 
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description of the innate mechanisms of immune 
inflammation in allergy (mechanisms of allergic in-
flammation and resolution) are essential to move 
the field forward.

Standards and quality criteria
Allergy research requires intensive efforts mainly 
in-patient context and using primary human cell ma-
terial, as murine systems have been often mislead-
ing. It is noteworthy that murine experiments are 
still required though, when signalling or anatomical-
ly segregated mechanisms are investigated during 
the development of pre-clinical therapeutics.

Highly networked and interdisciplinary research 
centers are extremely important for the successful 
future of allergy research. For examples research 
facilities with access to allergy and asthma clinics 
are of major importance.

Efficient patenting of results and support for gen-
eration of Spin-off and private partnership models 
are critical as well. These models should also in-
clude a proof of concept center that can conduct 
critical clinical studies (phase 2a).

Innovative approach
Unlike in other disease areas, it is very well known 
that the cause of allergic inflammation is an “al-
lergen”. We know when it comes and we know that 
everyone is reacting to it – although some individ-
uals appear asymptomatically whilst others may 
potentially exhibit severe or even life-threatening 
reactions. The research on the innate immune sys-
tem may develop particularly fruitful in allergy, as 
the immune responses can be effectively tracked.

Advancements in the microbiome assessment fur-
ther accelerate the understanding of the innate 
immune system and may highlight certain bacteria 
as allergy antagonist suitable for functional food or 
topical applications.

Furthermore, barriers are very important in aller-
gy and are known to tightly interact with dendritic 
cells as well as innate lymphocytes.

This complex unit of microbiome, epithelial cells, 
dendritic cells and innate lymphocytes will gener-
ate further innovations and access to allergy pre-
vention.
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B2
Stephen Durham, Mubeccel Akdis

THE ADAPTIVE IMMUNE RESPONSE

CD4 naive T cells can differentiate into TH1, TH2, 
TH9, TH17, TH22, and follicular helper T cells, as well 
as different subsets of regulatory T (Treg) cells. Al-
lergen-specific effector TH2 cells produce IL-4, IL-
5, IL-9, and IL-13 and contribute to IgE switch in 
B cells, tissue migration of T cells and eosinophils, 
mucus production, regulation of epithelial barrier 
integrity and eosinophilia.

Peripheral T cell tolerance is characterized by the 
generation of allergen-specific Treg cells that are 
able to produce anti-inflammatory cytokines such 
as IL-10 and TGF-β. Treg cells have the potential 
to inhibit Th2-type responses and suppress other 
effector T cells through multiple mechanisms en-
gaging cytotoxic T lymphocyte-associated protein 
4 (CTLA-4), programmed death-1 (PD-1) and his-
tamine receptor 2 (H2R). Non-inflammatory IgG4 
antibodies protect from allergic reactions, captur-
ing the allergen to prevent IgE mediated activation 
of mast cells and basophils.

The allergen-specific B cells are capable of main-
taining a memory B cell response as well as differ-
entiating into plasma cells that produce antibodies 
and therefore are the central cellular component of 
the humoral immune response. B cell response is 
maintained differently between healthy and allergic 
individuals. Healthy individuals show a variation 
between no allergen-specific B cells, detectable 

IgG1, IgG4 and IgA B cells and in high dose anti-
gen exposure high amounts of IgG4, relatively low 
amounts of IgG1 and detectable IgA and IgE re-
sponses. In contrast, allergic individuals have high 
amounts of IgE, together with low or high amounts 
of IgG1, IgG4 and IgA responses. IgE expressing 
B cells can be detected in affected tissues such 
as the bronchi in asthma, nose and sinus tissues. 
IgG4 production induced upon AIT is confined to 
IL-10-producing B regulatory cells that play an es-
sential role in peripheral tolerance by suppressing 
effector T cells, inhibiting pro-inflammatory cy-
tokines and promoting differentiation of Treg cells.

The discovery of T-cell–B-cell cooperation en-
hanced our understanding of activation of the im-
mune responses and immune regulation. It is one 
of the most significant examples for a cooperation 
between two cells in our body. The interaction of 
the two cells takes place with the formation of an 
immune synapse and many surface molecules and 
secreted cytokines to this synapse area. B cells 
recognize antigens, via B cell receptors and pres-
ent to T cells through MHC-class 1 molecules. A 
series of costimulatory ligands and receptors in-
teract, such as CD28, CTLA-4, OX40, CD40L, ICOS 
on the T cell side and CD80, CD86, OX40L, CD40, 
ICOSL on the B cell side. In allergic individuals, if 
this interaction takes place between Th2 memory 
T cells and naïve B cells, it leads to IgE class-switch 

GAPS IN KNOWLEDGE
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and memory. Regulatory B (Breg) cells, which are 
able to secrete IL-10, regulate the development, 
proliferation, and maintenance of CD4+ T effector 
and memory T cells as well as regulatory T cells. 
On the other hand, regulatory T cells act on B cells 

to regulate antibody isotypes, which may contrib-

ute to the suppression of inflammatory diseases 

by the induction of IgG4 and by the suppression 

of IgE.

Application of such knowledge for specific 
AIT
According to recent studies of mechanisms of 
AIT (Figure 1), allergen-specific T cell and B cell 
interaction aims to dampen Th2-driven allergic 
inflammation in the affected tissues and induce 
clinical tolerance (persistence of benefit after dis-
continuation of immunotherapy), which is in paral-
lel to immunologic tolerance. Generation of aller-
gen-specific Treg and Breg cells and suppression 
of allergen-specific Th2 cells takes place in the first 
stage. There is also evidence of later allergen-driv-
en immune deviation in favor of Th1 responses. 
This immune tolerance environment and Treg and 
Breg cells directly and indirectly decrease num-
bers of eosinophils and mast cells and release of 
their mediators in the affected tissues. T cell B cell 

interaction leads to IgG4 production with the in-
volvement of IL-10, Treg cells and Breg cells.

Specific preventive strategies for allergy
The development of ideal vaccines with fewer in-
jections and the curative effect are beneficial for 
specific allergy treatments. Recent vaccines have 
been developed in the patterns of modified aller-
gens, T cell epitope peptide-based vaccines, re-
combinant allergen derivative-based vaccines, 
adjuvant-coupled molecule-based vaccines, nano-
particle-based vaccines, and combined treatment 
with immunomodifiers. These novel vaccines aim 
to promote the safety, specificity, and high effec-
tiveness through in vitro, in vivo, and human clinical 
trials. Such important discoveries for specific aller-
gen treatments will reveal positive impact with the 
potential to improve the quality of life of allergic 
subjects.
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THE RESIDENT CELLS/BARRIERS

B3
The epithelia of skin, lung and the gastrointestinal 
tract (GI) constitute the outmost barrier system of 
the organism. They mainly ensure protection from 
external assaults like pathogens, xenobiotics or UV 
irradiation. In addition, the epithelia prevents the loss 
of water and solutes. Lately, our view about the “ep-
ithelia” changed from inert mechanical barriers to 
active organs that sense and react to danger signals. 
In well-orchestrated manner, the different epithelia 
mount perfectly adapted defense measures in re-
sponse to assaults. Today, we know four functional 
levels of each epithelium barrier that are carefully 
composed: the microbiome barrier, the chemical bar-
rier, the physical barrier, and the immune barrier.
These barriers do not act separately, but influence 
each other in an interactive network. Barrier disrup-
tion, in general, contributes to pathogenic conditions. 
More specifically, each alterations of a barrier com-
ponent can cause pathogenic conditions such as bac-
terial, viral, or fungal infections, sterile inflammation, 
allergic sensitization, or tumor development.
The microbial barrier is the outmost layer of the 
epithelial barrier. Its structure varies very specif-
ically according to the individuum and the linked 
organ (skin, GI, lung). The microbiome is a complex 
ecosystem, where an equilibrium of commensals 
prevents uncontrolled pathogenic bacteria growth 
and instructs cutaneous immunity. Several studies 
addressed how commensal bacteria within certain 
microbial communities control potentially patho-
genic bacteria. The result in is an innate immune 

alertness orchestrated by commensals and the 
skin’s immune system.
The chemical barrier comprises factors that contrib-
ute to the epithelia´s acidic surface pH. Together 
with compounds such as fillagrin they make up the 
natural moisturizing factor (NMF). Above the latter, 
the chemical barrier regulates the skin’s moisture 
and acid mantle to inhibit the exponential growth 
of bacterial pathogens. Consequently, a healthy 
microbiome barrier relies almost completely on the 
steady maintenance of the chemical barrier.
The physical barrier has been recognised as the 
epithelial barrier, which prevents exogenous sub-
stances from penetrating into the skin and also for 
water evaporation out of the body. It is formed by 
keratinocytes and epithelial cells which preserve 
the skin’s and airway’s structure through tight 
junctions (TJ) from physical injury. The physical 
barrier is of great interest for drug delivery, be-
cause here the first interaction with drug deliv-
ery systems takes part and play the major role 
in skin absorption. Moreabout, the keratinocytes 
and epithelial cells carry out a number of immune 
functions, e. g. the secretion of cytokines and an-
timicrobial peptides as well as antigen presenta-
tion. Proteins of the TJ undergo regulations upon 
contact to microbes both during homeostatic col-
onization and infection. These interactions with 
the microbiome and the immune barrier highlight 
the central role of constituents derived from ke-
ratinocytes and epithelial cells for the functioning 

GAPS IN KNOWLEDGE
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Barriers play a central role in protection and thus 
also key in disease prevention.

The best possible understanding about the func-
tions and characteristics of the four different bar-
rier parts is a prerequisite for the development of 
strategies in order to uphold barrier integrity and, 

especially in case of disease, to support the recov-
ery of disturbed barriers.

Interventions on the epithelial barrier level are 
highly promising as targets for therapy and espe-
cially prevention of allergic diseases.

1. Iwase T, Uehara Y, Shinji H, Tajima A, Seo H, Takada 
K et al. Staphylococcus epidermidis Esp inhibits 
Staphylococcus aureus biofilm formation and nasal 
colonization. Nature 2010;465:346-349.

2. Nakatsuji T, Chen TH, Narala S, Chun KA, Two AM, Yun 
T, et al. Antimicrobials from human skin commensal 
bacteria protect against Staphylococcus aureus 
and are deficient in atopic dermatitis. Sci Transl 
Med 2017;9.pii:eaah4680.

3. Wanke I, Steffen H, Christ C, Krismer B, Götz F, Peschel 
A et al. Skin commensals amplify the innate immune 
response to pathogens by activation of distinct signaling 
pathways. J Invest Dermatol 2011;131: 382-90.

4. Blume C, Foerster S, Gilles S, Becker WM, Ring 
J, Behrendt H et al. Human epithelial cells of the 
respiratory tract and the skin differentially internalize 
grass pollen allergens. J Invest Dermatol 2009; 
129:1935-1944.

5. Blume C, Swindle EJ, Dennison P, Jayasekera NP, 
Dudley S, Monk P et al. Barrier responses of human 
bronchial epithelial cells to grass pollen exposure. 
Eur Respir J, 2013. 42: p. 87-97.

6. Yuki, T., et al., Activation of TLR2 enhances tight 
junction barrier in epidermal keratinocytes. J 
Immunol 2011;187:3230-3237.

7. Bäsler K, Galliano MF, Bergmann S, Rohde H, 

Wladykowski E, Vidal-Y-Sy S et al. Biphasic influence 
of Staphylococcus aureus on human epidermal tight 
junctions. Ann N Y Acad Sci 2017;1405:53-70.

8. Altunbulakli C, Costa R, Lan F, Zhang N, Akdis M, 
Bachert C et al. Staphylococcus aureus enhances 
the tight junction barrier integrity in healthy nasal 
tissue, but not in nasal polyps. J Allergy Clin Immunol  
2018;pii:S0091-6749(18)30312-9.

9. Van Crombruggen K, Vogl T, Pérez-Novo C, Holtappels 
G, Bachert C. Differential release and deposition 
of S100A8/A9 proteins in inflamed upper airway 
tissue. Eur Respir J 2016;47:264-274.

10. Eyerich S, Wagener J, Wenzel V, Scarponi C, Pennino 
D, Albanesi C et al. IL-22 and TNF-alpha represent 
a key cytokine combination for epidermal integrity 
during infection with Candida albicans. Eur J 
Immunol 2011;41:1894-1901.

11. Werfel T, Allam JP, Biedermann T, Eyerich K, Gilles 
S, Guttman-Yassky E et al. Cellular and molecular 
immunologic mechanisms in patients with atopic 
dermatitis. J Allergy Clin Immunol 2016;138:336-349.

12. Bieber T, Akdis C, Lauener R, Traidl-Hoffmann C, Schmid-
Grendelmeier P, Schäppi G et al. Global Allergy Forum 
and 3rd Davos Declaration 2015: Atopic dermatitis/
Eczema: challenges and opportunities toward precision 
medicine. Allergy 2016;71: 588-592.

of the skin and mucosal barrier. The interactions 
also demonstrate how sensing and appropriate re-
action to alterations in the local microenvironment 
contribute to the barriers´ proper composition.
The immune barrier, finally, consists of innate and 
adaptive immune cells which are either already 
resident or become recruited to the epithelia. 
Their task is to literally sense danger signals, to 
protect against pathogens through information 

in the cytokine network, and eventually to mount 
memory responses. As we have seen before, the 
pathways of the immune barrier is partly located in 
the physical barrier. Its sense mechanism however 
work up to the chemical barrier and interacts with 
the microbial barrier.
Thus the four barriers become interrelated in such 
a structural way that together they resemble an or-
gan on their own.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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THE ROLE OF INFECTIONS IN THE 
DEVELOPMENT AND ETIOLOGY OF 
ALLERGIC DISEASE

Allergic patients suffer from exaggerated immune 
responses to essentially harmless antigens and 
their capacity for immune tolerance to allergens, 
which occurs in healthy individuals, is hampered.

There is a growing awareness that a ‘natural’ and 
rich exposure to environmental micro-organisms 
in early life - when the immune system is particu-
larly malleable - may be essential for the develop-
ment of the regulatory arm of the immune system 
and boost immune tolerance to allergens, avoiding 
early sensitization. Such microbes do not only oc-
cur in the environment but also inhabit each of us, 
collectively forming the microbiome. A diverse and 
balanced composition of the microbiome, including 
the presence of helminths, is linked to the devel-
opment of a mature and balanced immune system 
which maintains immune tolerance and supports 
tissue integrity.

In contrast, both an imbalanced microbiome and 
severe respiratory viral infections in young children 
form strong risk factors for recurrent wheeze and 
asthma. Importantly, infections with both viruses 
and certain pathogenic bacteria also lead to exac-

erbations of established asthma. In both cases, this 
is thought to be mediated by excessive local inflam-
mation in the lungs - facilitating loss of tolerance 
and allergen sensitization-, immune-neuronal inter-
actions, tissue destruction and incorrect repair.

Despite extensive data from epidemiologic studies 
and experimental models, good intervention stud-
ies that focus on the concept of early microbial im-
mune priming in the prevention of allergic disease 
are scarce. The few studies that have tried this, 
only showed mild or no effects. These disappoint-
ing results may, in part, be explained by the failure 
to establish key elements of the interventions, e.g. 
changes in microbiome or immune activation. This 
clearly indicates that we still lack essential insight 
into these protective mechanisms and how they de-
velop in healthy individuals. This intercalates with 
our insufficient understanding of the mechanism 
underlying early inflammatory events in the airway 
mucosa during respiratory viral or bacterial infec-
tions and their long-term effects. Likewise, infection 
associated events that precede and lead to asthma 
exacerbations are still insufficiently understood.

GAPS IN KNOWLEDGE



To be able to address the open questions on the role 
of infections in allergic diseases and asthma (Box 
1) we need relevant mechanistic studies to better 
understand the responses to microbial exposure/
infection, in particular in early life, and how to in-
tervene. To allow looking ‘backwards’, prospective 
longitudinal cohorts are required combining inte-
grated systems biology and immunology. Resulting 
data will not only allow more precise phenotyping, 
but may also provide prognostic factors for allergy 
and asthma development. Furthermore, controlled 
human infections combined with systems biology 
will provide a wealth of mechanistic data and insight 

into very early infection processes that precede 
asthma exacerbations and into strategies to reduce 
their augmenting effects on inflammation.
Overall, a better understanding is necessary of early 
events in microbial exposure/infection, both those 
crucial for the development of immune tolerance 
to allergens and those resulting in augmented in-
flammatory responses. Such mechanistic insights 
should pave the way for new intervention strategies 
based on microbial immune priming and/or biolog-
icals targeting either the infection itself or the in-
duction of strong inflammatory responses linked to 
disease exacerbation.
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Box 1. Priority research questions to underpin the role of infections in allergic diseases and asthma

1 • Can more diverse microbial signals in early life boost regulatory tolerance reactions and prevent allergies and asthma? 
• If so, what are the most potent signals and how can we improve their translation into successful intervention approaches?

2 • Can we predict which neonates and young infants are at risk of allergies and asthma, before they show disease symp-
toms? 

• If so, can we predict which microbial approach would be most effective in preventing these conditions in those children?
3 • What are the early inflammatory events in the lungs of young children in response to respiratory pathogenic bacterial and 

viral infections? 
• Why are there such large variations in the inflammatory and clinical responses between children, ranging from mild dis-

ease to hospitalization and even admission to the intensive care unit? 
• What are the long-term immune consequences of early life respiratory infections and how do these contribute to the 

development of asthma and allergies?
4 • What signals or events lead to a dysbiosis in the (respiratory) microbiome allowing pathogenic bacteria to colonize and 

infect some children, but not others? 
• Can we interfere in these events and prevent or restore the dysbiosis?
• Can ‘protective’ microbial signals prevent or reduce the clinical symptoms following respiratory bacterial or viral infec-

tions in children?
5 • What are the early immune and inflammatory events after respiratory viral/bacterial infection that contribute to episodes 

of wheeze and asthma exacerbations?

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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ALLERGENS AND ADJUVANTS

Allergens and intrinsic adjuvanticity
Although our knowledge on individual has in-
creased significantly the question still remains: 
“What makes an allergen an allergen?”.

A single answer fitting all allergens is not to be ex-
pected, yet our current understanding on the in-
teraction of allergens and the innate and adaptive 
immune system has expanded. Allergens have to 
overcome the epithelial- or epidermal barrier, be-
fore interacting with APCs. A number of allergens 
can actively disrupt this barrier by affecting the 
tight junctions, thus enhancing the permeability. 
This has been shown for cysteine protease from 
house dust mite (Der p 1) for bronchial epithelial, 
as well as for the major kiwifruit allergen, Actinidin 
(Act d 1) affecting the intestinal barrier integrity 
via occluding-degradation. In addition, ROS gen-
erated by pollen NADPH oxidase provide a signal 
that augments antigen-induced allergic airway in-
flammation (Figure 1).

DCs are equipped with receptors such as TLRs 
and CTLRs, sensing danger signals. For example, 
the house dust mite allergen Der p 13, a fatty acid 
binding protein, activates TLR2 mediated innate 
immune responses, whereas Der p 2 displays func-
tional mimicry with MD-2, binds to TLR4 which in-
duces a robust Th2 driven inflammation response.

Some allergens carry pollen- or microbial-derived 
lipids and activate via DCs the Th1, Th2 and Th17 
mediated allergic inflammation. Co-administration 
of allergens and lipids can also bind to CD1 recep-
tors and activate T cells accordingly, to mount an 
inflammatory response. Last but not least, CTLRs 
are binding allergenic glycoproteins and trigger 
the respective pathways. For example glycosylat-
ed peanut allergen, Ara h 1, is a ligand of DC-SIGN 
thus acting as a Th2 adjuvant.

Upon allergen uptake DCs subject them to lysoso-
mal degradation, a tightly regulated process. How-
ever, it seems that even closely related allergens 
display different resistance to DC processing as 
it has been shown for Bet v 1-isoforms. Whether 
the prolonged stability in lysosomal compartments 
predicts higher sensitizing capacity of the aller-
gens remains to be verified.

There is growing evidence that upregulation of the 
innate immune system is involved in an allergic 
response, via different adjuvant activities. Howev-
er, how to apply these modified adjuvants for tol-
erance induction and treatment options and how 
relevant specific adjuvants are for different routes 
(oral versus inhalant versus skin administration) 
remains as one of the future challenges.

GAPS IN KNOWLEDGE
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Figure 1. Allergens and their adjuvant activities upregulate the immune responses via different mechanisms.

Allergen specific immunotherapy and 
adjuvants
Allergen specific immunotherapy is designed to 
generate an immune modulation, aiming to pre-
vent and relieve allergic symptoms. In this context, 
potent adjuvants are required to improve AIT usu-
ally via activating CD40, CD80 and CD86 and TLR 
ligands. This can be achieved by chitin derivatives 
and nanoparticles. Application of these adjuvants 
stimulates a range of immune responses such as 
tolerance induction via Tregs, Bregs, IgG4 or lytic 
immunity via Th17 and IgG.

For allergy vaccines, first generation (aluminium 
based) adjuvants are under discussion due to their 
safety profile. Therefore, second generation adju-
vants are needed to improve the safety and efficacy 
profile including shorter treatment options. For ex-
ample a recent proof of concept study used grass 
pollen allergoids coupled to non-oxidized mannan to 
induce regulatory T cells via PDL1 activation.

Although novel adjuvants, nano-approaches, mod-
ified allergens including hypoallergenic and hy-
perimmunogenic molecules have been developed, 
studies are lacking to prove their applicability and 
improved efficacy for personalized immunotherapy.
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Better understanding of innate immune reactions 
facilitating allergic sensitization together with elu-
cidating the role of immunomodulating compounds 
in allergen sources on the allergic response are 
necessary to move the field forward.

For achieving more efficient and reliable AIT vac-
cines the repertoire of potential adjuvants needs 

to be assessed. In addition, the optimal aller-
gen-adjuvant composition needs to be defined to 
fine tune the desired long-term tolerogenic im-
mune response in the allergic patient. Application 
of second generation adjuvants together with val-
idated well-designed proof of concept studies has 
the potential to improve allergen immunotherapy.
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List of abbreviations

APC antigen presenting cell
CTLR C-type lectin receptor
DC dendritic cell 
DC-SIGN dendritic cell-specific ICAM-grabbing nonintegrin
PDL1 programmed death ligand 1
TCR T cell receptor
TLR toll like receptor
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ENDOTYPES OF  
ALLERGIC DISEASES AND ASTHMA B6

Our understanding of the pathophysiologic processes of allergic diseases showed a significant progress 
due to major basic and translational scientific discoveries. Accordingly, the view of the pathophysiology 
of allergic diseases has been upgreaded from a simple approach, with a focus on symptoms and organ 
functions, towards the recognition of a complex network of immunologic and biochemistry pathways. 
Disease subtypes related to type of inflammation and complex immune-regulatory networks have been 
described that open the way for precision diagnosis and targeted-treatments. The four key words endo-
type, phenotype, theratype and biomarker are nowadays being the main topics of research on the way of 
building blocks of precision medicine and precision health.

An endotype is a subtype of a disease condition, which is defined by a distinct pathophysiological mech-
anism, whereas a disease phenotype defines any observable characteristic of a disease without any im-
plication of a mechanism. Another key word linked to disease endotyping is biomarker that is measured 
and evaluated to examine any biological or pathogenic processes, including response to a therapeutic 
intervention. In this context the word theratype has been introduced that defines a subset of patients 
that perfectly respond to a certain treatment. These four keywords will be discussed more and more in 
the future with the upcoming efforts to revolutionize patient care in the direction of precision medicine 
and precision health.

Why do we need disease endotypes and 
“Precision Medicine” in allergic diseases?
The specialty of allergy and clinical immunology 
has more than 100 years of experience in preci-
sion medicine with allergen immunotherapy that is 
formulated according to the allergy status of the 
individual patient.

Apparently, PM is of broad relevance for many rea-
sons for the management of asthma, allergic rhini-

tis, atopic dermatitis and food allergy in the context 
of better selection of treatment responders, risk 
prediction, and design of disease-modifying strat-
egies. 1) There is huge individual variation in all 
aspects of patient care due to endotypes and phe-
notypes of these diseases. 2) Causes of allergy de-
velopment in single individuals, as well as reasons 
for recent increase in worldwide prevalence are 
unknown. 3) The natural history, including mecha-

GAPS IN KNOWLEDGE
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nisms of spontaneous resolution, are unknown, not 
predictable and show individual variation. 4) There 
is marginal understanding of interactions between 
microbes, immune system and allergic disorders 
with a significant individual variation. 5) There are 
no established biomarkers for prediction of clinical 
outcomes, early intervention and possible cure. 6) 
Novel biologicals for the treatment of allergic dis-
orders are emerging, but need relevant biomark-
ers and a PM approach for patient selection and 
follow up the outcomes.

Endotypes concept and daily practice
The concept of disease endotypes has been intro-
duced first in asthma and the attention of the com-
munity has been taken with a Practicals of Allergy 
(PRACTALL) document published by the European 
Academy of Allergy Clinical Immunology and Amer-
ican Academy of Allergy, Asthma & Immunoloy. 
Due to focus of precision medicine the concept 
of endotypes has been well appreciated by other 
medical disciplines. To emphasize the importance 
of Precision Medicine (PM) in allergic diseases, it 
will be good to quote a pioneer in precision med-
icine, Sir John Bell, Professor of Medicine at Ox-
ford University, and Chairman of the Office for the 
Strategic Coordination of Health Research: “The 
best example of PM in my opinion does not come 
from cancer, it comes from asthma. For this con-
dition, we have gone more than 20 years without 
a new drug, because the disease was not defined 
very well.” (http://www.pharmafile.com/news/). In 
accordance with this, a wide consensus between 
academia, governmental regulators, and industry 
for further development and application of PM in 
management of allergic diseases and asthma is of 
utmost importance.

Since the PRACTALL document, there has been 
some achievements related to disease endotypes 
and precision medicine in allergic diseases. A 
general consensus has been obtained in pheno-
type and endotype concept developed in asthma, 
chronic rhinosinusitis, allergic rhinitis and atopic 
dermatitis. Endotypes have been proposed and 
missing areas have been identified. Several bio-

markers have been proposed, biomarker discovery 
programs have been initiated. Some algorithms 
have been developed. Theratype concept has been 
introduced. Precision health concept has been in-
troduced and is under further development for the 
prevention of children by using allergen immuno-
therapy.

Assigning unique mechanisms and biomarkers 
for each endotype is crucial for the validity of the 
endotype. So far only few (if any) valid endotypes 
have been identified in allergic disease, all with 
therapeutic implications. To further elaborate on 
the definition of an endotype, one must recognize 
that one major pathogenic pathway such as type 
2 immune response is highly complex, including 
several determinants with nonlinear dynamic in-
teractions (Figure 1) and heterogeneous, since not 
all determinants are present in all patients or, in a 
given patient, at all time points. It is now important 
to understand extensive network and interaction of 
the cells and cytokines in an imune response and 
embrace the concept of a “complex endotype” 
consisting of several subendotypes as opposed to 
an endotype that encompasses a single molecular 
mechanism. A complex type 2 immune response 
comprises the whole type 2 immune response in-
volving Th2 cells, type 2 B cells, group 2 innate 
lymphoid cells, a small fraction of IL-4 - secreting 
NK cells, IL-4 - secreting NK-T cells, basophils, eo-
sinophils and mast cells and their major cytokines 
(Figure 2). From a complex network of cytokines, 
IL-4, IL-5, IL-9, IL-13 and IL-31 are mainly secreted 
from the immune system cels and IL-25, IL-33 and 
TSLP from tissue cells, particularly epithelial cells. 
Both the innate and the acquired immune response 
contribute to type 2 immune response endotypes. 
At present, biomarkers are not sufficiently specific 
to select the endotype specifically responding to 
a targeted treatment. For example, blood eosino-
phils predict response to anti-IL-4/IL-13, anti-IL-5, 
and anti-IgE antibodies, as well as CRTH2 antago-
nists and the clinician will face a challenge of how 
best to treat severe asthma patients with high 
blood eosinophils.
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Figure 1. Factors that affect a disease endo-
type in allergic diseases. For precision medi-
cine in allergic disease, more mechanistic ap-
proaches are needed, based on an integrated 
understanding of the individual patient’s bi-
ological mechanisms, including the interplay 
between the immune response and the ex-
posome, infections and microbiome, genetics, 
epigenetics, psychosocial factors, nutrition, 
anatomical factors and metabolic pathways.

Figure 2. The complex type 2 immune response driven endotype consists of several individual pathways in a 
complex interaction between inflammatory and tissue cells. The IL-5 pathway is a therapeutic target in asthma 
validated for severe asthma and was targeted in a proof of concept study in CRS with NP. The IL-4/IL-13 path-
way seems similarly important for asthma, CRS with NP and AD. Targeted intervention with dupilumab signif-
icantly reduced symptom burden and licenced in AD. Targeting systemic IgE is a well validated intervention in 
allergic asthma and new anti-IgE monoclonal antibodies are under clinical development. Anti-IgE treatment 
seemed less rewarding in AD. Local IgE production is a key pathogenic event driving the inflammation process 
both in AR and CRS.

Growing evidence supports a role for a dysregulated innate immune response promoting neutrophilic inflam-
mation in asthma, rhinitis and CRS for non-type 2 endotypes. The IL-17 pathway has been related to disease 
severity in asthma, CRS and AD. The neurogenic inflammation pathway appears of particular importance in 
rhinitis and AD. Tissue remodeling and barrier defects are major players modulating both the type 2 and the 
non type-2 immune response in asthma, rhinitis, CRS and AD.
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FURTHER READING

There is no doubt that extensive research on pre-
cision medicine combined with basic and transla-
tional research will enable individualized and pre-
cision approaches not only in allergies and asthma 
but also in all disciplines of medicine.

Profiling the disease following the concept of com-
plex endotypes and subendotypes linked to vali-
dated and qualified biomarkers resulting from the 
unbiased approach facilitated by the big data driv-
en models will offer novel insights into the disease 
pathgenesis.

Integrating health information technology with 
systems medicine and with a patient centered en-

vironment is essential for coordination and align-
ment in translating the research data into function-
al clinical decision algorithms.

A revised endotypic taxonomy of asthma can stim-
ulate targeted research and interventions to iden-
tify biomarkers predicting the implication of dis-
tinct endotypes in disease pathogenesis.

Policy makers feel threatened by analytical out-
puts, and find reasons to reject them, unless they 
develop high levels of trust in their pedigree and 
provenance, thus healthcare systems need to 
adapt based on cost-effective delivering value 
grounds.
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ALLERGIC RHINITIS

C1
Allergic rhinitis (AR) is worldwide the most com-
mon immune disease and one of the most com-
mon chronic diseases - with a still increasing prev-
alence. Almost one in three European citizens is 
affected by AR. Allergic rhinitis is still largely un-
derestimated, underdiagnosed and undercured. 
The socio- economic consequences of AR and its 
comorbidities are considerable for healthcare sys-
tems all around the globe.

AR is an immunologically mediated inflammation 
of the nasal mucosa caused by allergen contact 
often characterized by itching, sneezing, secretion 
and nasal obstruction and clinically subdivided 
according to the duration of symptoms as being 
intermittent or persistent. Severity of symptoms 
and impact on social activities and quality of life 
is used for grading. The disease can affect social 
life, school performance, and labor productivity 
of patients besides the burden of inherent symp-

toms. AR is accompanied by comorbidities such 
as conjunctivitis, asthma, food allergies, atopic ec-
zema/atopic dermatitis, sinusitis, and others. AR 
can also be restricted to the nasal mucosa (Local 
allergic rhinitis: LAR). Special aspects in children 
may include the significant increase of AR in school 
age and the so-called “allergic march” during child-
hood.

Treatment of AR aims at eliminating both, symp-
toms and inflammatory reactions of the mucous 
membranes. Medical treatment is based on – but 
not limited to – antihistamines and nasal steroids.

Allergen-specific immunotherapy (AIT) is the only 
causal therapy for AR besides allergen avoidance 
and there is increasing evidence that AIT should 
be used as early as possible in the course of the 
illness to avoid progression of the disease and new 
sensitisations, but too little is known on longitu-
dinal disease development and treatment effects.

GAPS IN KNOWLEDGE
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Research priorities
Longitudinal studies with and without treatments 
are required in childhood and adults to better un-
derstand the natural disease progression and op-
portunities of medical interventions.

As the most important treatment option for AR 
allergen-specific immunotherapy should be im-
proved by developing hypoallergenic and more ef-
ficacious vaccines, different application routes or 
addition of adjuvants.

AR is an immunological disease of the upper air-
way mucosa but is routinely diagnosed using der-
mal and laboratory blood tests. Tests addressing 
the nasal mucosa are required especially with re-
gard to its immunological and barrier function.

The differentiation between AR and nonallergic rhi-
nitis needs more reliable and accurate tests.

Local allergic rhinitis needs accurate definition and 
diagnostic procedures.

Innovative approaches
Component-resolved diagnosis can boost accura-
cy of the diagnosis and optimise the therapeutic 
outcome.

Humanized anti-IgE antibodies were shown to have 
additive effects if combined with AIT.

Such innovative approaches may be useful in special 
patient populations implementing the stratification 
strategies coined by the term “stratified medicine” 
or “precision medicine”. The major endotype of AR 
is determined by an immunological deviation toward 
a type 2 immune response and studies on biomark-
ers may identify patient subpopulations who might 
benefit from a targeted approach with biologicals. 
Novel monoclonal antibodies interfering with type 2 
cytokines (IL-4, IL-5, IL-13) have been used in AR.

The principle of precision or stratified medicine 
should be applied to AR both for diagnosis and 
therapy, however the potential role of anti-IgE and 
Th2 cytokine-directed antibodies in AR needs fur-
ther investigation.
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CHRONIC RHINOSINUSITIS

C2
Chronic rhinosinusitis (CRS), a disease defined as 
chronic inflammation of the nose and paranasal si-
nuses, has a considerable impact on morbidity and 
quality of life. In Europe, the overall prevalence of 
CRS is 10.9%, however there is considerable geo-
graphical variation, ranging from 6.9% to 27.1%. 
Smoking, air pollution and the presence of allergy 
were identified as risk factors for CRS. The EPOS 
criteria were developed for CRS diagnosis (table 1).

Phenotypically, CRS can be divided in CRS without 
nasal polyps (CRSsNP) and CRS with nasal polyps 
(CRSwNP). The criterion separating these entities 
is the presence of nasal polyps that can be found 
with nasal endoscopy. Whereas in CRSsNP head-
ache is the most prominent symptom, in CRSwNP 
anosmia and nasal obstruction are predominant. 

Moreover, especially the patients with CRSwNP of-
ten have difficult to control disease combined with 
severe, often late-onset asthma.

The clinical dichotomization of CRSwNP versus 
CRSsNP was initially reflected at the molecular 
level, with a predominance of TH1 cells in patients 
with CRSsNP and TH2 cells and eosinophils in pa-
tients with CRSwNP, however, subsequent studies 
reported a wider spectrum of immunologic profiles 
leading to different endotypes (Figure 1).

For now, the mainstay of the treatment of CRSsNP 
is saline rinsing and chronic use of topical corti-
costeroids when necessary combined with sinus 
surgery, usually achieving significant long-term 
efficacy and/or potentially long-term antibiotics, 
although the evidence for the latter is limited.

GAPS IN KNOWLEDGE
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Figure 1. Phenotypes and endtypes in chronic rhinosinusitis with and without nasal polyps.

Box 1. EP3OS criteria for diagnosis of chronic rhinosinusitis

Presence of two or more of the following symptoms:

• Nasal blockage, obstruction or congestion
• Nasal discharge (either anterior or posterior nasal drip)
• Facial pain or pressure
• Reduction or loss of smell

One of which should be blockage or discharge
Symptoms should be present during > 12 weeks without complete resolution

AND EITHER:

 Endoscopic signs of

• Polyps, and /or
• Mucopurulent discharge, primarily from middle meatus, and/ or
• Oedema or obstruction primarily in middle meatus

CT changes: mucosal changes within the ostiomeatal complex and / or sinuses



EAACI White Book 49EAACI White Book 49

FURTHER READING

Endotype classification based on thorough inves-
tigation of the pathophysiological mechanisms 
contributing to the disease will provide more in-
sight in the inter-individual variability of clinical 
presentation and treatment response in patients 
with identical phenotypes. In addition, endotyping 
might in future guide the decision-making process 
of targeted treatments.

In CRSwNP new treatments based on specific en-
dotypes such as anti-IL-5, anti-IgE, anti-IL4R/13R 
treatment are at the horizon. These new treat-
ments are partially already available for patients 
with severe asthma.

The role of the epithelial barrier dysfunction and 
microbiome and potential pathways for their res-
toration should be further explored.
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ALLERGIC CONJUNCTIVITIS

C3
Allergic conjunctivitis (AC) gathers clinical entities 
that are underdiagnosed: some are very frequent 
and benign (seasonal and perennial allergic con-
junctivitis (SAC, PAC) whereas others are rarer 
but severe because they are involving the cornea 
(Vernal keratoconjunctivitis and atopic keratocon-
junctivitis (VKC, AKC) or other tissues of the ocu-
lar surface (Blepharoconjunctivitis and lid eczema) 
(Table 1).

Many stakeholders may be involved in AC. General 
practitioners and pharmacists may intervene in the 
initial therapeutic management. Ophthalmologists 
intervene most frequently to cope with complica-

tions, allergists in its investigation. ENTs and der-
matologist may also frequently be requested since 
allergic conjunctivitis is very often associated with 
allergic rhinitis or atopic dermatitis.

The burden of AC is considered high. Benign forms 
affect more that 20% of the general population. 
Severe forms are often responsible for various 
complications, which can impair the visual func-
tion. Moreover, dry eye is frequently encountered 
as a result of long term evolution of AC. Control of 
the environment is a major point of the therapeutic 
management of AC.

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Epidemiology of AC
Research priorities

• The scope of AC management should be pre-
cisely defined. In daily practice this pathology 
is managed by many stakeholders in variable 
ways in the different countries of Europe

• The position of AC in the allergic march is un-
clear. The age of onset and frequency of AC 

should be evaluated in comparison with oth-
er allergic diseases like allergic rhinitis, asth-
ma, and atopic dermatitis. The triggering role 
of the ocular surface for initiating the allergic 
reaction cascade is under investigation.

Standards and quality criteria. Epidemiologic 
AC evaluation should cover a large number of 
European countries
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Table 1.

SAC PAC VKC AKC CBC

Incidence ++++ ++ + +/- -

Immunologic mechanism IgE IgE IgE/non-IgE IgE/non-IgE Non IgE

Clinical context Allergic rhinitis ±allergic rhinitis Atopy Atopic dermatitis ± Lid eczema

Conjunctiva Papillae Papillae Giant papillae Giant papillae 0

Lids 0 0 0 Eczema Eczema

Cornea 0 ± SPK SPK, Trantas 
dots, Ulcers, 

plaque

SPK, ± fibrosis, 
Chronic ulcers,  

neovascularisation

0

Priorities for research Epidemiology; 
Healthcare costs

Epidemiology; Role 
of environment; QoL 

Mechanisms; QoL; 
Healthcare costs

Mechanisms; QoL; 
Healthcare costs

QoL

Innovative approach: as AC is responsible for 
easy recognizable signs, studies based on on-
line questionnaires once validated should be 
available.

Pathophysiology, diagnosis and treatment 
of AC 
should be addressed particularly for VKC and AKC. 
They both account for experimental models of lo-
cal allergy.

Research priorities

• Ocular surface is obviously an antigen pre-
senting location. Its involvement to induce 
an allergic reaction located on the ocular sur-
face or expressed in other tissues is a major 
research theme for the years to come

• Mechanisms of allergy should be addressed 
specifically for the ocular surface

• Relationship with the dry eye syndrome is to 
be investigated as AC and the dry eye share 
many symptoms, with particular respect to 
local environment.

• Techniques for local sampling need improve-
ment and standardization since non-specific 
hyper reactivity can be induced by any stim-
ulation of the ocular surface.

• Investigation of the value of specific IgE test-
ing on tears is a primary and urgent concern 
because ocular allergy can be expressed only 
locally without any systemic marker.

• The role of allergy and environment factors 
associated to ocular surface diseases is a 
research priority. In this regard, the exact 
position of the Conjunctival Provocation Test 
(CPT) should be assessed in clinics and re-
search.

• Evidencing the relationship between expo-
sure to allergens or irritants is challenging in 
occupational medicine

• Therapeutic strategies for benign and severe 
forms of AC should be addressed in a collab-
orative way in precision medicine. Flowcharts 
are required

Standards and quality criteria
• The establishment of laboratories involved in 

ocular surface investigation and collabora-
tion between ophthalmology and basic aller-
gy research is needed.

• Quality criteria for CPT were published in Al-
lergy 2017. FDA uses CPT to assess the effi-
cacy of local drugs.

Innovative approach
• The ocular surface is easily accessible to in-

vestigation. Its role in allergy is of major im-
portance in terms of investigation (local al-
lergy) and treatment (local immunotherapy).

• The precision medicine approach in manag-
ing ocular surface diseases based on evi-
dencing allergy involvement in eye diseases 
could be rewarding
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List of abbreviations

SAC Seasonal allergic conjunctivitis
PAC Perennial allergic conjunctivitis 
VKC Vernal keratoconjunctivitis
AKC Atopic keratoconjunctivitis
CBC Contact blepharoconjunctivitis
QoL Quality of Life

SPK Superficial punctuate keratitis

Quality of life and healthcare costs
Previous reports evidenced that quality of life is 
particularly impaired in patients affected by AC. 
Moreover, AC remains the most responsible for 
quality of live impairment in patients with allergy 
affecting other organs.

Research priorities
• Clinical care pathways to manage AC are a 

major priority concern. Wrong orientation 
of the patient is frequent and indication of 
drugs often missed. Optimizations of the 

patient’s pathways could result in reducing 
healthcare expenses.

• Quality of life scores should be validated 
across European countries

• Healthcare costs should be assessed across 
different countries in Europe.

Standards and quality criteria and innovative 
approach

• Use of day-to-day reporting devices for re-
cording and rating ocular symptoms.





EAACI White Book 55

Nikolaos G. Papadopoulos, Paraskevi Xepapadaki 

PEDIATRIC ASTHMA

C4
Most often, asthma starts early in life. From a dif-
ferent perspective, an increasing proportion of 
children experience recurrent symptoms of airway 
obstruction. While asthma symptoms are general-
ly more prevalent in the ‘western’ world, the con-
dition is clearly expanding worldwide, reaching 
numbers and proportions of pandemic size. The 
disease burden is high both for the patients and 
their families, whose quality of life is affected, but 
also for healthcare systems. While there is ongo-
ing debate on the limits of the ‘disease’ (or syn-
drome or symptom, etc.), the number of studies 
focusing in children is far less than those in adults, 
and in many cases, showing moderate therapeutic 
benefit. This can be attributed to developmental 
differences, such as the size of the airways or the 
immaturity of the innate and adaptive immune re-
sponses, but also to differing pharmacodynamics 
and less robust outcomes. Efforts for prevention 

have only provided minimal results, such as in re-
lation to avoidance of tobacco smoke or pollution, 
and no pharmacological treatment currently ap-
pears to be able to reduce or reverse the natural 
history of the disease. It is also unfortunate that 
‘asthma’ is usually addressed as an isolated lower 
airway condition, despite overwhelming evidence 
that most patients experience multiple problems 
from the nose, skin etc. Another relatively recent 
trend is the focus on severe asthma, based on the 
increased cost and unmet need in that part of the 
disease spectrum. Finally, long-term side effects 
from medication, especially steroids, are an in-
creasing concern, without nevertheless ignoring 
the fact that inhaled steroids have been a major 
landmark in asthma treatment. Recently, several 
voices have been raised supporting the need for 
radically new approaches towards asthma. This 
should certainly apply to pediatric asthma.

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Asthma and/or asthma-like disease should be 
acknowledged from infancy.
A never-ending debate on when asthma starts and 
how we should call conditions with asthma-like 
symptoms early in life, have only led to exclusions 

and agnosticism. Considering that everybody 
agrees that ‘asthma’ (whatever it means) is ple-
omorphic, there is little reason to apply arbitrary 
cut-off points, such as the age of 5 years, rather 
than concentrating on the identification of risk fac-
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tors associated with persistence or remission of 
recurrent symptoms of airway obstruction early in 
life, and their effective management.
Definitions should be agreed, based on the 
whole spectrum of needs (patients, healthcare 
systems, research).
Unfortunately, even specialists often forget that 
definitions are arbitrary and ‘asthma’ (or any other 
condition) is exactly and only what the community 
decides it to be. Therefore, any discussion on what 
asthma ‘is’, should be able to demonstrate the pos-
sible consequences of a given definition on patients, 
either directly or indirectly through research, regu-
lation, and the healthcare system, as well as on soci-
ety in general. Wide definitions (e.g. ‘everything that 
wheezes…’) are sensitive, but require additional 
work for defining subgroups with different manage-
ment needs and prognosis. On the contrary, narrow 
definitions (e.g. ‘12% FEV1 reversibility’) are spe-
cific and facilitate overall management but leave out 
and often neglect a large number of patients that do 
not fulfil the required criteria. In either case, com-
plete solutions are required and this is an unmet 
need. At a time when concepts like ‘precision medi-
cine’ and ‘treatable traits’ are gaining momentum, it 
makes sense to retain ‘old’ terms such as asthma in 
their wider sense, while directing efforts to identify 
and provide new nomenclature for specific, treata-
ble, syndromes.
Host-environmental interactions, should be 
scrutinised under a developmental focus.
It is clear that ‘pediatric asthma’, despite con-
trasted to ‘adult asthma’ as a unique phenotype, 

is much more than one condition. Developmental 
milestones, as biological functions beyond chrono-
logical age, should be incorporated in all research 
efforts, especially in systems approaches that for 
the first time promise the description of complex-
ity in a manageable manner. Ongoing efforts of 
multi-omics analyses need to be aimed towards 
clinically meaningful conclusions, mainly through 
robust validation.
Asthma treatments should reach young chil-
dren much faster.
Despite the ever-growing number of biologi-
cals approaching or already marketed for asth-
ma, plans for pediatric trials always trail behind 
by quite some time. From the patient and public 
health perspective there is a major unmet need 
to reduce this time gap considerably. “Pediatric 
Investigation Plans”, required by the European 
Medicines Agency, for marketing authorisation of 
new medicinal products, is a step towards the right 
direction, but more is needed.
Prevention is the key priority, with potentially 
enormous impact.
Prevention, that can only take place during child-
hood (or even during pregnancy), is clearly the 
ultimate target for asthma and allergic diseases. 
Nevertheless, due to the complexity of the disease, 
high regulatory demands and lack of funding, only 
few studies have looked into primary prevention. 
Recent results on secondary prevention such as 
the GAP trial are very promising, while the ongo-
ing PARK study is another example of the direction 
that research should be taking in the next decade.
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ADULT ASTHMA

C5
Adult asthma can be grouped into 1) long-stand-
ing asthma (with symptoms that started in child-
hood), 2) late-onset or adult-onset asthma and 
3) childhood asthma that relapses during adult-
hood. Adult-onset asthma has been associated 
with more severe disease and a poorer response 
to asthma treatment compared to childhood-on-
set asthma. Clinical predictors of persistence of 
adult-onset asthma are: older age, worse asthma 
control, need of higher doses of inhaled corticos-
teroids, more severe airway hyperresponsiveness, 
nasal polyps, and higher levels of blood neutrophils 
and sputum eosinophils.

In the past decade, non-invasive sampling meth-
ods combined with high-tech omics technologies 
helped to confirm the heterogeneity of adult asth-
ma. Applying unbiased clustering analyses on sys-
tem biology-acquired data is increasingly enabling 
to link distinct clinical phenotypes to inflammatory 
and molecular pathways and to identify biomark-
ers. It has now been established that especially se-
vere adult asthma consists of several different clin-
ical and inflammatory phenotypes and endotypes, 
characterized by distinct biochemical pathways.

There is an urgent need to characterize underly-
ing pathophysiology and pathways of distinct sub-
phenotypes of asthma with adult onset. Presently, 

type-2 (T2) asthma has been quite well charac-
terized, including clinically applicable biomarkers 
i.e., serum IgE, blood eosinophils, sputum eosino-
phils and FeNO, which has resulted in the develop-
ment and (near) registration of several T2-target-
ed treatment modalities including mepolizumab 
(anti-IL-5), reslizumab (anti-IL-5), benralizumab 
(anti-IL-5), dupilumab (anti-IL-4/-13), and sev-
eral CRTH2 antagonists (DP2-antagonist); while 
the first anti-alarmins, such as tezepelumab (an-
ti-TSLP), are entering clinical development stages. 
Non-T2 or T2 low asthma still represents an unmet 
need, whose underlying mechanisms are not fully 
clarified, hence lacking adequate biomarkers and 
targeted treatment options. Other unmet needs in-
clude more precise biomarkers and cut-offs, com-
posite biomarkers and documentation on their sta-
bility/behavior over time. In parallel, a consensus 
on treatment algorithms (which targeted therapy 
for which patient) is urgently needed, as well as 
longitudinal follow-up of response to novel biologi-
cals in real life settings. In addition, there is a need 
for specific treatment guidelines for elderly asth-
matics. Currently available guidelines do not take 
into account elderly asthmatics as recommenda-
tions are usually based on clinical trials in which 
elderly asthmatic patients (>60 years) are often 
not included.

GAPS IN KNOWLEDGE
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FURTHER READING

In view of overlapping clinical and pathophysiolog-
ical features and inflammatory pathways across 
chronic airway diseases, such as asthma, COPD 
and ACO (asthma-COPD overlap) along with the 
urge to provide the right patient with the right 
therapeutic options, precision medicine guid-
ed by treatable traits is being advocated instead 
of a ‘one size fits all’ approach according to indi-
vidual disease labels. Treatable traits consist of 
pulmonary, extra-pulmonary and behavioral or 
lifestyle-induced disease components that can be 
measured and targeted and which may be overlap-
ping across the spectrum of chronic airway diseas-
es (e.g., eosinophilic airway inflammation, airflow 
limitation, obesity, smoking). The recognition of 
asthma and COPD as systemic disorders will also 
highlight pathophysiological links, including mod-
ulating relationships between the immune system 
and the respiratory and gut microbioma.

Presently, biologics are indicated for more severe 
patients uncontrolled on standard maintenance 
therapy. However, with new techniques, biologics 
will become cheaper and hence, more accessible 

to patients with milder disease. This will change 
the focus from immediate risk reduction to disease 
modification aimed to reduce long term health care 
costs. Moreover, less expensive biologics will also 
facilitate the use of biomarker-guided combina-
tions aimed to completely control the underlying 
inflammation. In line with recent developments, 
combinations of multi-omics technologies, includ-
ing the combination of genomics, inflammomics 
and breathomics technologies, with clinical charac-
teristics, are foreseen to be increasingly applied in 
the management of chronic airway diseases guid-
ing diagnosis, management, therapies and moni-
toring (including point-of-care testing).

Furthermore, electronic Health (eHealth) and mo-
bile Health (mHealth) will continue to revolution-
ize the self-management of asthma, as well pro-
vide valuable data input for research in the field of 
chronic airway diseases.

Future (research) strategies for adult asthma 
should be aimed at education, prevention and 
alignment with cost-effectiveness in a multidisci-
plinary setting.
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RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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DERMATOLOGICAL ALLERGIES

C6

Atopic dermatitis (AD) is one of the most common 
inflammatory skin diseases with a prevalence in 
the general population of 15-20% in childhood 
and around 10% in adulthood. The disease starts 
mostly in infants and leads to debilitating pruritus, 
sleeplessness and a severe reduction of quality of 
life in the families. 

Although it is well known that a genetic back-
ground (e.g. mutations leading to an impaired skin 
barrier) and allergies associated with increased 
IgE production contribute to this chronic disease, 
there are still fundamental deficits in research and 
management of AD. 

Epidemiological data is insufficient, especially in 
adults with AD. The pathophysiology of an im-
paired skin barrier function and the consequenc-

es of genomics and proteomics in AD remains 
unclear. It is unknown what leads to the severe 
itching characteristic for AD and its regulation 
by psychosomatic factors such as stress. It is not 
completely known how specific IgE antibodies lead 
to an eczema and why a non-allergic (“intrinsic”) 
variant of AD exists. The clinical role of microbial 
colonization in the course of disease is also still 
not fully understood. Recently, it has been pos-
tulated that sensitization through the skin in pa-
tients with AD and impaired barrier function would 
be crucial for the development of food allergy and 
the atopic march from cutaneous to respiratory al-
lergic diseases. Approaches on how to counteract 
this mechanism through improvement of the skin 
barrier are sparse.

Dermatological diseases or manifestations associated with allergies are in particular, but not exclusively, 
atopic dermatitis, contact dermatitis including occupational contact dermatitis, urticaria, mastocytosis 
and cutaneous drug hypersensitivity reactions. 

GAPS IN KNOWLEDGE

ATOPIC DERMATITIS
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Contact dermatitis is a non-infectious inflamma-
tion of the skin driven by direct contact with nox-
ious or allergic substances. Contact dermatitis is 
particularly common on the hands and is often as-
sociated with occupational exposure in adults.

Contact dermatitis is a field under constant devel-
opment because the environment changes over 
time due to introduction of new chemicals in con-
sumer and industrial products and phasing-out of 
other chemicals. There is no reliable laboratory 
test to diagnose the disease or predict the potency 
of a substance to induce contact dermatitis. 

Allergic contact dermatitis (ACD) in children ap-

pears to increase, and contact sensitization may 
already begin in infancy. The prevalence of contact 
sensitization (15-20%) is much higher than in the 
prevalence of manifest ACD (5-10%). The diagno-
sis of ACD is based on exposure history, dermatitis 
pattern and patch testing. ACD may be difficult to 
separate from atopic dermatitis in childhood and the 
diseases may even occur together. Patch testing is 
relevant as a screening tool in the management of 
children with atopic dermatitis as they may have 
unacknowledged contact allergies contributing to or 
maintaining their skin symptoms. Irritative contact 
dermatitis has to be differentiated from ACD.

Research priorities
• Understanding the mechanism of allergic and 

irritative contact dermatitis as well as the de-
velopment of new diagnostics and predictive in 
vitro test.

• Constant identification of novel relevant contact 
allergens

• Development of better in vitro diagnostic tools

CONTACT DERMATITIS

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Research priorities
• Better correlation of well-described phenotypes 

in AD with genotypes, upregulated proteins and 
biomarkers

• How to prevent AD in children at high risk and 
secondary prevention

• Develop new treatment approaches addressing 
the skin barrier destruction as well as immuno-
logical target structures relevant in AD.

Standards and quality of care
• Training patients with AD to live with and man-

age their disease through educational programs

Innovative approaches
• Innovative approaches are needed in the field of 

microbial colonisation affecting AD severity and 
how to counteract the barrier impairment lead-
ing to sensitizations.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH



EAACI White Book 61

It has been reported that about 1 in 5 persons 
in industrialized countries will develop urticaria. 
The disease is characterized by intensely itching 
wheals or deeper swellings. The most common 
trigger factors on a global level appear to be mi-
crobial infections, which elicit non-specific inflam-
matory reactions leading to cutaneous mast cell 
degranulation. Urticaria may also induced by phys-
ical elicitors, may rarely also be caused by IgE-me-
diated allergy or may arise spontaneous without 
known cause. It is unclear why in some patients 
with chronic urticaria analgetics such as acetylsal-

icylic acid may lead to an exacerbation of urticaria. 
Some patients show reactivity against their own 
serum and/or autoantibody production against the 
IgE receptor or against IgE. Whereas in many pa-
tients the disease stops after few days, it becomes 
chronic and ongoing in others without any known 
prognostic factors. 

Some diseases with distinct pathophysiological 
causes such as urticarial vasculitis and autoinflam-
matory syndromes may present with clinical fea-
tures of urticaria.

GAPS IN KNOWLEDGE

URTICARIA

Research priorities
• Understanding the mechanism of non-allergic 

inducible and spontaneous urticaria in order to 
better target the disease

• Factors affecting the course of chronic spon-
taneous urticaria and affecting the success of 
treatment should be investigated.

• At the moment, only few medications are ap-
proved for the treatment of urticaria. The devel-
opment of more and better therapies is needed.

• The study of physical factors inducing urticar-
ia should lead to a better understanding of the 
pathways involved in mast cell activation in sus-
ceptible patients.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Standards and quality of care
• In order to reduce the number of patients with 

contact sensitization or contact allergy, the po-
tential of substances to induce contact allergy 
should be better monitored, and substances at 
risk should be banned from the market.

• Focus should also be on exposure already in 
childhood

• In occupations with high risks for contact der-
matitis, more preventive measures should be 
implemented.

• Better monitoring of occupational eczemas, in-

terventional studies to address the efficacy of 
preventive measures and better monitoring of 
the allergenic potential of substances should be 
employed.

• A declaration of potential allergens should be 
improved.

• Rehabilitation measures for secondary preven-
tion should include educational programs.

Innovative approach
• The relation between atopic dermatitis and al-

lergic contact dermatitis has to be approached 
including the role of the barrier impairment
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Research priorities
• Encompass the search for a hyperreactive mast 

cell phenotype in mastocytosis or other path-
ways leading to hyperreactivity.

• Investigate which patient with mastocytosis is 
at risk for developing severe anaphylaxis.

• Clarify what factor determines the severity and 
aggressiveness of disease in addition to the 
c-kit mutation.

• Development of new drugs without severe un-
wanted side effects

Standards of care
• Mastocytosis is underdiagnosed and has to be 

recognised in patients with anaphylaxis and 
those with few skin lesions.

• In adults with mastocytosis, a bone marrow bi-
opsy should be taken.

• Osteoporosis has to be looked for (and treated) 
in all adults with mastocytosis.

• An adrenaline autoinjector has to be prescribed 
and explained to all patients with mastocytosis 
at risk for anaphylaxis.

• Patients with hymenoptera venom allergy and 
mastocytosis require immunotherapy.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Mastocytosis is a disease with an increased num-
ber of mast cells and based on a non-genomic 
activating mutation in c-kit. It is detected mainly 
because of skin lesions (maculopapulous masto-
cytosis, urticaria pigmentosa) or because of se-
vere anaphylaxis following hymenoptera stings. It 
remains unsolved why there is a higher reactivity 
of mast cells to hymenoptera stings in patients 
with mastocytosis as compared to other allergic 
patients. As the point mutation in c-kit is present 

in about all adult patients with systemic mastocy-
tosis, a reason for a different severity (indolent vs. 
aggressive form of mastocytosis) is unknown; also 
it remains unclear why patients with mastocytosis 
predominantly react against hymenoptera venom, 
but not so much against drugs and foods. It is un-
known why about 2/3 of children loose this disease 
till adulthood, in some cases despite presence of a 
mutation, whereas it is persistent in adults.

GAPS IN KNOWLEDGE

MASTOCYTOSIS

Standards and quality of care
• Paper documentation of urticaria severity

• Diagnosis of urticarial syndromes

• Diagnosis of inducible urticaria by standardized 
tests

• Determination of trigger factors based on infor-
mation from the history

• Adherence to guideline recommendations

Innovative approach
• Subforms of identified chronic spontaneous ur-

ticaria should be described based on severity, 
course, mechanism and response to therapy.

• The association between mental stress and 
mental disorders may be studied to look for new 
treatment approaches.
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MASTOCYTOSIS

Innovative approach
• Alternatives to lifelong hymenoptera immuno-

therapy should be explored.
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FOOD ALLERGY

C7
Food allergy can result in considerable morbidity, 
impact negatively on quality of life, and prove cost-
ly in terms of medical care.

It is mostly IgE-mediated and a chronic disease 
affecting up to 4% of the European population. 
The symptoms range from skin symptoms but 
can sometimes become life threatening. Other 
food induced allergic disorders are mixed IgE- and 
cell-mediated disorders like atopic eczema and 
eosinophilic gastrointestinal manifestations like 
eosinophilic esophagitis. Cell-mediated food-in-
duced allergic disorders affect primarily infants 
and include dietary protein induced proctitis and 
proctocolitis and food protein induced enterocol-
itis syndrome.

There is a real paucity of ‘real-time’ data on the 
frequency, disease burden and outcomes of adult 
food allergy in Europe, which hampers efforts for 
healthcare service planning and policy delibera-
tions. Pool prevalence data of food allergy in Eu-
rope show a higher prevalence for self-reported 
food allergy in comparison to sensitization alone 
and sensitization combined with symptoms. Based 
on food challenge data and dependent on the food 
allergen the point prevalence ranges between 1 
and 3,7%. The diagnosis of food allergy depends 
on the patient’s clinical history, the determination 
of the sensitization measured by specific IgE and/

or a skin prick test followed by an elimination diet 
and oral food challenges (Figure 1).

Oral food challenges (OFC) are usually required to 
confirm the diagnosis of food allergy, to monitor 
food allergy or to prove oral tolerance to a given 
food. There are guidelines including the one from 
EAACI that describes procedures for OFC in detail. 
OFC can be performed in an open or double-blind-
ed manner. The double-blind placebo-controlled 
food challenge (DBPCFC) is considered the gold 
standard diagnostic test for the diagnosis of food 
allergy. In order to avoid severe reactions patients 
receive the food in titrated doses often with half 
logarithmic dose increments at set intervals. For 
many foods such as cow’s milk, hen’s egg, peanut 
or tree nuts, these doses range from 3 mg to 3 g of 
food protein. Food challenges are usually stopped 
if objective clinical reactions are observed or if the 
highest challenge dose is consumed without clini-
cal symptoms. For patients with non-IgE-mediated 
reactions challenges tailored on the individual mo-
dalities of reactions should be designed.

IgE antibodies specific for individual food allergens 
are measured using promising novel diagnostic 
approaches such as molecular or component re-
solved diagnosis (CRD), with a potential to im-
prove the specificity of testing and the specificity 
for the selected food. This can be performed either 

GAPS IN KNOWLEDGE
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Figure 1. Algorithm of the diagnosis of food allergy, Muraro et al., Allergy, 2014.

in a single test format or in a microarray. The di-
agnostic accuracy, risk assessment and cost effec-
tiveness of CRD for food allergy requires further 
research in large scale clinical trials considering 
not only affected subjects but also sensitized and 
non-sensitized individuals.

A number of expensive diagnostic alternative ap-
proaches are sometimes promoted to physicians 
and often used by complementary and alternative 
medicine practices in case of suspected food al-
lergy. Examples are bio-resonance, kinesiology, 
iridology, hair analysis, cytotoxic test and IgG and 
IgG4 determination. These tests are not yet vali-
dated and cannot be recommended for diagnosing 
food allergy.

The clinical management of food allergy includes 
short-term interventions to manage acute reac-
tions and long-term strategies to minimize the 
risk of further reactions. The latter aim is primar-
ily achieved through dietary modification, educa-
tion and behavior approaches to avoid allergens in 
pharmacological and non-pharmacological man-
agement strategies for further reactions. Dietary 
avoidance is the key intervention in the manage-
ment of food allergy resulting in complete or al-
most complete with resolution of symptoms. Little 
research has been published about dietary elimi-
nations due to the difficulty to perform randomized 
controlled trials in subjects for ethical issues. Indi-
vidual tolerance levels to the allergenic food may 
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differ and change over time especially in children 
and may affect the stringency of avoidance advice. 
Education is the key-player of an effective long-
term elimination diet. Patients, their families, close 
relatives and caregivers should be aware of risk 
situations and should be instructed in reading la-
bels and how to avoid the relevant food allergens 
both in- and outside the home. For the treatment of 
food allergy, specific immunotherapy with food al-
lergens using the subcutaneous, oral, or sublingual 
route has been assessed. Although the published 

data so far have suggested a benefit of specific im-
munotherapy for food allergy, it is currently recom-
mended to be performed only in highly specialized 
centers with expert staff and adequate equipment 
and in accordance with clinical protocols approved 
by local ethics committees. The need for further 
exploration of immunotherapy with food allergens 
is high. As some adverse effects have been report-
ed , the need for further exploration of immuno-
therapy with food allergens is high.

Individuals suffering from IgE-mediated food aller-
gy usually have to practise life-long food allergen 
avoidance. There is a general duty of care on the 
food industry and obligations in European Union 
legislation to reduce and manage the presence of 
allergens alongside other food hazards. Major con-
cerns have been raised by patients, carers and pa-
tient groups about the use of precautionary ‘may 
contain’ labelling to address the issue of unintend-
ed presence of allergens; these therefore need to 
be reconsidered.

New and improved allergen detection methods 
should be evaluated for their application in food pro-
duction. There is an urgent requirement for effective 
communication between healthcare professionals, 

patient organizations, food industry representa-
tives and regulators to develop a better approach to 
protecting consumers with food allergies.

General recommendations
• Access to allergy consultation for a better diag-

nosis and management of food allergy (doctors, 
dietitians)

• Reimbursement policy

• Research on cofactors increasing symptom se-
verity or the risk of sensitisation

• Education (patients, doctors, dietitians, industry)

• Risk assessment

Specific recommendations (table1)

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Table 1. Specific recommendations.

Research  
priorities

Standards  
and  quality criteria

Innovative  
approach

History standardised quesionnaires validated interactive online-systems

Diagnosis prick-test material

specific IgE testing

cellular tests

eliminination diet

oral challenge test

licensed extracts validated

validated systems

validated systems

validated protocols

harmonisation of protocols 

recombinant proteins  
and peptides

ex vivo cell testing

large cohort studies

clinical studies

Therapy specific immunotherapy standardised licensed protocols different routes layer cohort  studies

Avoidance allergen labelling safety thresholds QR-codes
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DRUG ALLERGY

C8
Hypersensitivity drug reactions (HDR) are type B 
adverse reactions mediated by immunological and 
non-immunological mechanisms, and despite be-
ing a relatively low prevalence phenomenon, are 
also on the rise, affecting more than 7% of the 
general population. HDR can be life threatening, 
may require or prolong hospitalization and lead to 
changes in subsequent therapy. DHR can prevent 
patients from receiving first line treatment, mean-
ing they will receive more toxic and expensive 
drugs. In the case of antibiotics, this can lead to 
the induction of microbial resistance. Particularly 
problematic are those cases where there is no ad-
equate substitution for the first-choice drug where 
desensitization can be an approach.

In children drug allergy is clearly over diagnosed. 
Viral infections can lead to skin eruptions and mim-
ic drug hypersensitivity reactions, if a drug is taken 
at the same time. Most of children are labeled as 
“drug allergic“ based only on history.

Drugs are small molecules that act as haptens and 
bind to a carrier protein, leading to the formation 
of adducts, and it is these adducts that induce 
immunological responses. Betalactam antibiotics 
have the capacity to spontaneously bind to endog-
enous proteins while quinolones and antiinflamma-
tory non-steroidal drugs usually need to undergo 
a biotransformation process to acquire protein 

binding capacity. The lack of knowledge of the can-
didate target proteins and the adducts formation 
is one of the main limitation for developing simple 
and useful in vitro tests to diagnose HDR. There-
fore, diagnosis is based on in vivo approaches such 
as skin testing and drug provocation tests (Figure 
1), methods that are not risk-free for the patients 
and are both time consuming and expensive for the 
healthcare system. This is especially problematic 
for severe reactions where skin tests and provo-
cation tests are contraindicated and the diagnosis 
is based solely on the clinical history, often leading 
to inadequate treatment. In that sense, there is an 
urgent need to develop and validate new in vitro 
tests to diagnose allergic reactions to drugs and 
make them available to clinicians in order to im-
prove patient care.

There are many variants under the umbrella of 
HDR, and patients with similar clinical charac-
teristics (phenotypes) can present very different 
disease evolution and response to treatments. 
However, current clinical guidelines often ignore 
disease heterogeneity and causal pathways, lead-
ing to contradictory recommendations. It is there-
fore absolutely necessary to further classify HDR 
endotypes taking into consideration not only clin-
ical symptoms but also variations in biological, 
immunological, and pharmacogenomic character-
istics.

GAPS IN KNOWLEDGE
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Figure 1: The diagnostic algorithm for drug allergy 
* Currently available biological tests to diagnose drug allergy lack sensitivity 
**In the absence of contraindications 
*** If  no alternative is available (e.g. neuromuscular blocking agents, chemotherapeuticaldrugs),readministration 
of the drug is allowed under surveillance, considering premedication and/or desenzitation. 

Figure 1. The diagnostic algorithm for drug allergy. * Currently available biological tests to diagnose drug 
allergy lack sensitivity. **In the absence of contraindications. *** If  no alternative is available (e.g. neuro-
muscular blocking agents, chemotherapeuticaldrugs),readministration of the drug is allowed under surveil-
lance, considering premedication and/or desenzitation.
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FURTHER READING

Research priorities
• In vitro diagnostic methods

• Classification and stratification of drug allergy 
based on the endotype/biomarkers driven ap-
proach

• Effective de-labelling of patients

Standards and quality criteria
• Performance and interpretation of skin tests, 

drug provocation tests and in vitro tests.

• Quality standard for in vitro testing

Innovative approach
• Nanotechnology has been applied to improve in 

vitro diagnosis

• Cellular tests such as basophil activation tests 
are promising as in vitro diagnostic tools

1. Demoly P, Adkinson NF, Brockow K, Castells M, 
Chiriac AM, Greenberger PA et al. International 
Consensus on drug allergy. Allergy 2014;69:420-
437.

2. Atanaskovic-Markovic M, Caubet JC. Management 
of drug hypersensitivity in the pediatric 
population. Expert Rev Clin Pharmacol 2016:1-9.

3. Ariza A, Collado D, Vida Y, Montañez MI, Pérez-
Inestrosa E, Blanca M et al. Study of protein 
haptenation by amoxicillin through the use of a 
biotinylated antibiotic. PLoS One 2014;9:e90891.

4. Ariza A, García-Martín E, Salas M, Montañez MI, 
Mayorga C, Blanca-Lopez N et al. Pyrazolones 
metabolites are relevant for identifying 
selective anaphylaxis to metamizole. Sci 
Rep 2016;6:23845.

5. Garzon D, Ariza A, Regazzoni L, Clerici R, Altomare 

A, Sirtori FR et al. Mass spectrometric strategies 
for the identification and characterization of human 
serum albumin covalently adducted by amoxicillin: 
ex vivo studies. Chem Res Toxicol 2014;27:1566-
1574.

6. Ariza A, Garzon D, Abánades DR, de los Ríos V, 
Vistoli G, Torres MJ et al. Protein haptenation by 
amoxicillin: high resolution mass spectrometry 
analysis and identification of target proteins in 
serum. J Proteomics 2012;77:504-520.

7. Muraro A, Lemanske RF Jr, Castells M, Torres MJ, 
Khan D, Simon HU et al. Precision medicine in 
allergic disease—food allergy, drug allergy, and 
anaphylaxis—PRACTALL document of the European 
Academy of Allergy and Clinical Immunology and 
the American Academy of Allergy, Asthma and 
Immunology. Allergy 2017;72:1006-1021.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

The precise diagnosis will allow for stratified treat-
ments and a better characterization of subjects 
in genetic and epidemiologic studies and clinical 
trials. Therefore, it is necessary to identify risk 
factors and biomarkers associated with allergic 
diseases, especially those related to severity. New 

diagnostic in vitro and in vivo tests are required to 
assess the presence and severity of drug allergy. 
Currently, research efforts focus on improving di-
agnostic tests and on developing tools that pro-
vide better prognostic performance.
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M. Beatrice Bilò

ANAPHYLAXIS

C9
Anaphylaxis is the most severe allergic reaction, it 
involves multiple organ systems, can be caused by 
a number of triggers and conditions, and be deadly.

Despite rapid advances in allergy and immunolo-
gy with identification of new allergens, biomarkers 
and cofactors, as well as the availability of new 
diagnostic tools, there are still many gaps in evi-
dence and knowledge.

There is still much to be done to identify genetic 
and epigenetic markers and cofactors for deter-
mining risk of anaphylaxis to specific allergens, 
performing an individual risk assessment, and pre-
venting future episodes by developing personal-
ized risk reduction strategies.

Gaps in knowledge on anaphylaxis management 
have been observed at different levels, patients, 
community as well as physicians. Many physicians 
mismanage the diagnosis of anaphylaxis, evalu-
ation of the severity of the allergic reaction, and 
the use of adrenaline. A gap between best practice 
recommendations and Emergency Department 

(ED) care for anaphylaxis has also been reported. 
These findings highlight the need for a simpler defi-
nition of anaphylaxis especially for non-allergists 
to improve the diagnosis and consequently the ap-
propriate treatment with adrenaline.

Further identified gaps in the management of an-
aphylaxis include infrequent or delayed use of 
adrenaline autoinjector (AAI) by the patients for 
acute allergic reactions, as well as inadequate AAI 
training and prescription rates for patients at risk.

A recent review of a number of English language 
anaphylaxis management plans underlines a wide 
variety of content, with no plans having 100% of 
the recommended material. Therefore, more ap-
propriate training for patients, families and car-
egivers of patients is necessary.

Finally, very few interventions aim to increase 
adherence to existing anaphylaxis guidelines and 
best practice through integrated knowledge trans-
lation strategies.

GAPS IN KNOWLEDGE
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Research priorities
Box 1 shows some research priorities in the field.

Standards and quality criteria
The quality of acute and long-term anaphylax-
is management is variable influencing the poor 

outcomes experienced by many patients. Clinical 
practice guidelines have the potential to improve 
outcomes, but they often prove challenging to im-
plement in routine clinical care. Quality standards 
and indicators are potentially important tools de-
signed to help clinicians and healthcare organiza-

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Box 1. Anaphylaxis: research priorities

Population studies to unravel candidate genes and the role of the microbiome in the pathogenesis of 
anaphylaxis. 

Cross-sectional studies to evaluate diagnostic accuracy of any mediator (beyond tryptase) for a range 
of potential allergens.

Large prospective cohort studies of patients at risk of anaphylaxis in real-life settings to provide a 
clearer understanding of the magnitude of risk factors for future occurrence of anaphylaxis, allowing 
to personalize avoidance advice and auto-injector prescription.

Research into the etiology, frequency, timing, severity and predictors of biphasic reactions in people 
who have received emergency treatment for anaphylaxis and the resulting effect of these on morbidity 
and mortality.

Further pharmacokinetic studies to determine the optimal dose and dosing interval, especially for 
adult patients experiencing anaphylaxis.

Further work on other routes of adrenaline administration as adjuvants to intramuscular adrenaline. 

Randomized controlled studies to assess the effectiveness of systemic glucocorticosteroids in pre-
venting late manifestations of anaphylaxis and whether the addition of antihistamines improves the 
respiratory and/or cardiovascular features of anaphylaxis. 

Prospective studies, including well phenotyped participants and clear criteria for anaphylaxis, to iden-
tify who should have an adrenaline auto-injector and how many should they have access to.

Randomized controlled trial to determine whether differing periods of observation following emer-
gency treatment for anaphylaxis have a detrimental effect on morbidity and mortality and to gather 
information about resource use.

Randomized controlled studies to provide evidence on the effectiveness of anaphylaxis management 
plans, in improving outcome in different subgroup of patients (e.g., age, allergy type, different reac-
tion’s severity, different risk levels).

Studies on the efficacy of training of patients and direct caregivers/parents of children and other 
groups such as teachers, day care workers, nurses, and physicians.

Studies on the effect of specialist services on health-related quality of life of people who have experi-
enced suspected anaphylaxis.
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FURTHER READING
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tions assess the quality of care compared to evi-
dence-based recommendations. However, data on 
routinely use at scale in relation to anaphylaxis is 
scarce.

A recent systematic review of the literature iden-
tified some indicators that were summarized 
against the most recent international anaphylaxis 
guidelines and critically evaluated using the four 
stage quality indicator process recommended by 
the Agency for Healthcare Research and Quality 
(AHRQ). Even though they cover many aspects of 
the acute and long-term management of anaphy-
laxis, the majority of indicators were developed 
through expert consensus, and only a few of these 
have undergone the four stages of development 
recommended by AHRQ. Further work is therefore 
needed before these indicators can be recom-
mended for routine use in clinical practice.

Innovative approach
Assistive mobile healthcare technologies have 
demonstrated potential to support the manage-
ment of chronic conditions such as diabetes and 

cardiovascular disease, but there has been a lack 
of application to the management of anaphylaxis. 
Since the strengths of mobile technology include 
a wide acceptance and easy use, there is a need 
to build and validate appropriate apps and sensing 
systems.

Besides intensified physician training programs, an 
improvement of the electronic medical records in 
the ED with alarm system reminding the need to 
prescribe AAI and referral to an allergy specialist 
may contribute to further improve the long-term 
management of anaphylaxis.

The use of the electronic medical record data in 
the pharmacies can be also useful in identifying 
patients at risk of anaphylaxis in need of AAI for 
self-administration.

Finally, potential easy-to-carry non-invasive alter-
native adrenaline form for the treatment of ana-
phylaxis in community settings may overcome the 
issues of dosages, fear of needle, bulky shape and 
large size, and multiple devices to be placed in var-
ious locations.
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Monika Raulf, Jolanta Walusiak-Skorupa

OCCUPATIONAL ALLERGY AND ASTHMA

C10
Currently, occupational asthma (OA) is the most fre-
quent occupational respiratory disease, constituting 
about 15-20% of the overall adults asthma. Chang-
es both at the workplaces and in the European work-
force pose new challenges that require appropriate 
strategy and evidence-based recommendations.

Transformations in industrial and technological 
structure in European countries result in launching 
new emerging exposures that are potential respira-
tory hazards. Many of them e.g. nanoparticles are 
neither well recognised in terms of their respirato-
ry effects nor identified as asthmogens. Recent re-
ports on new causes of occupational allergy should 
implicate in health-based risk assessment when 
new constituents are introduced into the workplace.

Although a decline in the incidence of OA is being ob-
served, it is not clear if the problem is not underesti-
mated or reflects fear of workers of lowering quality 
of life or loss of income after occupational disease is 
recognised. Interestingly, in some kinds of exposure 
i.e. in cleaners, high frequency of asthma symptoms 
has been reported. Their aethiopathogenesis is not 
well recognised, however irritant-mediated mecha-
nisms have been postulating rising new diagnostic 
and prophylactic challenges. Gender-specific differ-
ences may cause different impact in work-related 
asthma and should be considered for working con-
ditions and work-related diseases.

Several studies indicate that occupational induced 
allergy and asthma generally arise in the first few 
months on the job, while pre-existing symptoms 
tend to worsen, but evidence-based advice for 
young subjects with a history of an atopic disease 
starting exposure are missing so far. The main fo-
cus is therefore on secondary prevention.

Major effort has been put into prevention of 
work-related asthma (WRA), however research of 
intervention activities are necessary to evaluate 
their effectiveness and to develop evidence-based 
recommendations. Our knowledge also remains 
limited whether reduction of exposure may be an 
alternative to cessation of it. On the other hand, 
as OA may persist after removal from the expo-
sure, ceasing contact with the asthmogen in sensi-
tised workers before they develop symptoms may 
be also an alternative approach. An appropriate 
patient’s management is necessary especially to 
avoid loss of income.

Risk factors of occupational allergy still are under 
debate (Figure 1). Setting occupational exposure 
limits for sensitisers seems to be a challenge. It 
would diminish problem significantly, as the relation 
dose-response has been documented for many al-
lergens, although some very sensitive subjects can 
still develop hypersensitivity. It also leads us to a 
question of individual susceptibility that is many-di-

GAPS IN KNOWLEDGE
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Figure 1. Stages and potential factors influencing the onset and prognosis of occupational asthma (modified ac-
cording to Gautrin D, Malo JL in Occupational Asthma. Edited by Sigsgaard T, Heederik D; 2010; Springer Basel).

Figure 2. Work-related asthma (WRA) phenotypes (modified according to Moscato et al. EAACI consensus 
statement for investigation of work-related asthma in non-specialized centres Allergy 2012; 67: 491–50
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FURTHER READING

Research priorities
• International trends in the prevalence and inci-

dence of occupational allergic respiratory dis-
eases including the influence of gender, race 
and ethnicity which should not be overlooked in 
occupational health research

• New insights on the pathogenesis of OA with 
special attention in characterizing different phe-
notypes (e.g. allergic versus irritative phenotype 
and the entity induced by organic dust exposure), 
defining OA endotypes and identification of bio-
markers that assess and differentiate e.g. between 
irritant versus allergen-based asthma response;

• Cluster analysis of different asthma phenotypes 
in large cohort with well-defined patients with OA;

• New emerging exposures as a result of recent 
technological developments – early identifica-
tion of respiratory hazards and continuous res-
piratory health surveillance;

• Evaluation of intervention efficacy and develop-
ment of evidence-based recommendations for 
prevention;

• Occupational exposure limits for sensitizers 
and development of methods for measuring air-
borne allergens even in low levels;

• Communication and dissemination of risk man-
agement tools based on hazard-related infor-
mation

Standards and quality criteria
• Standardized methods for nasal and bronchial 

provocation tests with occupational agents with 
assessment of airway inflammation.

Innovative approach
• Identify the multiple mechanisms, allergic and 

non-allergic, that cause OA and develop mo-
lecular screening approaches to differentiate 
among these mechanisms.

• Develop validated predictive assays specific to 
respiratory sensitization.

• Developing and implementation of new diag-
nostic tools and algorithms based on non-inva-
sive methods and biomarkers and/or allergen 
component-resolved diagnostic (CRD) used in 
precision or personalized medicine into the oc-
cupational respiratory allergy field;

• In the absence of hazard-specific dose-response 
information, a benchmarking based approach 
can be used to assess the need for tighter ex-
posure control.

1. De Matteis S, Heederik D, Burdorf A, Colosio C, 
Cullinan P, Henneberger PK et al. Current and new 
challenges in occupational lung diseases. Eur Respir 
Rev 2017;26. pii: 170080.

2. Cullinan P, Muñoz X, Suojalehto H. Occupational lung 
diseases: from old and novel exposures to effective 
preventive strategies. Lancet Respir Med 2017;5: 

445-455.

3. Vincent MJ, Bernstein JA, Basketter D, LaKind 
JS, Dotson GS, Maier A. Chemical-induced asthma 
and the role of clinical, toxicological, exposure 
and epidemiological research in regulatory and 
hazard characterization approaches. Regul Toxicol 
Pharmacol 2017;90:126-132.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

mensional. Currently, also transgenerational effects 
are postulated like maternal or father’s exposure.

Furthermore, full characteristics of different OA 
phenotypes needs to be improved (figure 2). Emer-
gence of new biomarkers for asthma and allergy 

susceptibility, and even differential response to 
treatment or to allergen avoidance is also impact-
ing occupational airways diseases, thus these new 
tools are being developed towards the precision or 
personalized medicine in that field.
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Isabella Quinti, Cinzia Milito

IMMUNE DEFICIENCIES

C11
Primary immunodeficiency diseases (PID) are rare 
diseases. A recent study estimated that 6 million 
people may be living with a PID worldwide, of which 
only 27,000– 60,000 having been definitely di-
agnosed. The International Union of Immunologic 
Societies (IUIS) Expert Committee for PID classi-
fies PID on the basis of the major immunological 
defects underlying single disease entities involving 
the innate or the adaptive immune response (Box 
1). There are many PID with signs and/or symp-
toms of allergies (Box 2).

The field of PID is rapidly expanding with more than 
300 genetically defined disorders that have been 

clinically described and molecularly analyzed. The 
molecular dissection of these entities has led to 
the discovery of new immunologic pathways and to 
novel and effective disease-specific therapies. The 
IUIS classification includes a number of diseases in 
which infections are not the major clinical features 
(e.g. auto-inflammatory disorders or hereditary 
angioedema), highlighting the strong relationship 
existing between immunodeficiency, autoimmunity 
and auto-inflammation. The monogenetic PID dis-
orders continue to reveal molecular mechanisms 
underpinning our understanding of tolerance and 
immunity. Targeted therapeutic strategies are in 
development.

GAPS IN KNOWLEDGE

• The study of the interaction between the micro-
biota, barrier, and mucosal immune system like-
ly represents a modifiable factor contributing to 
the clinical manifestations associated with im-
mune dysregulation.

• International collaborative efforts to standard-
ize reporting, such as the USIDNET and ES-

ID-registry and collaborative projects within 
European Societies such as EAACI and ESID are 
important to further characterize the true phe-
notypes of the expanding range of conditions 
and long-term outcomes of the new emerging 
therapeutic options. Together this will help raise 
awareness and improve treatment for not only 
monogenic PID, and may inform molecularly 

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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Box 1. Primary Immune Deficiencies Classification

Severe 
Combined 
Immune  
Deficiencies

• Interleukin-2Rγ-chain deficiency (XL) 
• JAK3 deficiency (AR)
• 7Rα deficiency (AR)
• Coronin-1Adeficiency (AR)
• RAG1, RAG2 deficiency (AR) 
• Artemis deficiency (AR)
• DNA ligase IVdeficiency (AR)
• Adenylate kinase 2 deficiency (AR)

• ADA deficiency (AR)
• Purine nucleosidephosphorylase deficiency(AR)
• ZAP-70 tyrosinekinase deficiency(AR)
• MHC class I deficiency (AR)
• MCH class II deficiency (AR)
• ITK deficiency (AR)
• Omenn Syndrome (AR; XL in IL2RG deficiency)

Predominant 
antibody 
deficiencies

• X-linked Agammaglobulinemia (XL) 
• Autosomal recessive Agammaglobuline-

mia due to μ heavy chain, λ5, Igα, Igβ, 
BLNK deficiency (AR)

• Hypogammaglobulinemia due to defective 
B cell development 

• Hypogammaglobulinemia due to defective B cell 
activation as a result of T-cell deficiencies

• Hypogammaglobulinemia due to heterozygous 
GOF mutation in PIK3CD

• Hypogammaglobulinemia due to heterozygous 
mutations in IKAROS (AD)

Syndromes 
of immune 
dysregula-
tion and au-
toimmunity

• Immune dysregulation, polyendocrinopa-
thy, enteropathy, X-linked (IPEX) (XL)

• IPEX-like:
• CD25 (IL-2Rα) deficiency (AR)
• STAT5B deficiency (AR)
• STAT1 GOF mutation
• STAT3 GOF mutation (AD)
• CTLA-4haploinsufficiency (AD)
• LRBA deficiency (AR)
• Autoimmune Polyendocrinopathy, Candidi-

asis, Ectodermal Dystrophy (APECED) (AR)

• Autoimmune lymphoproliferative syndrome 
(ALPS), due to defective apoptosis

• Immune dysregulation with colitis (IL10 deficien-
cy (AR), IL-10Rα and IL-10Rβdeficiency (AR)

• HLH without hypopigmentation (Perforindefi-
ciency (AR), Munc 13-4/UNC13Ddeficiency(AR), 
Syntaxin 11deficiency (AR), Munc 18-2/STX-
BP2deficiency (AR or AD), SH2D1A deficiency 
(XLP1) (XL), XIAP deficiency (XLP2) (XL)

• HLH with hypopigmentation (Chediak-Higashi 
Syndrome(AR), Griscelli Syndrome Type 2 (AR), 
Hermansky-Pudlak Syndrome Type 2 (AR)

Combined 
immunodefi-
ciencies with 
associated 
syndromic 
features

• Wiskott-Aldrich Syndrome (WAS), X-linked 
thrombocytopenia (XLT), X-linked congeni-
tal neutropenia (XLN)

• DNA-repair defects with increased radio-
sensitivity

• Thymic defects: DiGeorge Syndrome 
(22q11.2 deletionsyndrome) (AD); 
CHARGE syndrome (AD); 

• Immune osseous dysplasia
• Hyper IgE syndromes (HIES): AD-HIES or Job 

Syndrome; AD-STAT3 deficiency (AD-dominant 
negative); AR-HIES; DOCK8 deficiency (AR); 
Comel–Netherton Syndrome (AR)

• Dyskeratosiscongenita (DKC)
• Anhidrotic ectodermal dysplasia with immunode-

ficiency (EDA-ID)

Defects of 
the innate 
immune 
system 

• Defects of phagocyte number or function:
 » Severe congenital neutropenias (SCN)
 » Defects of leukocyte adhesion (LAD)
 » Defects of the respiratory burst—

Chronic granulomatous disease (CGD)
• Defects in innate immunity resulting in 

susceptibility to selected microorganisms:

 » Mendelian susceptibility to mycobacterial 
disease (MSMD)

 » Susceptibility to Human Papillomavirus (HPV)
 » Susceptibility to herpes simplex encephalitis 

(HSE)
 » Susceptibility to invasive fungal infections/

mucocutaneous candidiasis

Auto-inflam-
matory fever 
syndromes

• Familial Mediterranean Fever (AR) (AD)
• Cryopyrinopathies due to cryopyrin defi-

ciency (AD)
• TNF receptor-associated periodic syndrome 

(TRAPS) due to TNFR deficiency (AD)

• Pyogenic sterile arthritis, pyoderma gangreno-
sum, acne syndrome (PAPA) (AD)

• Deficiency of IL-1R antagonist (DIRA)(AR)
• Coatomer protein complex, subunit alpha(COPA) 

defect (AD)

Complement 
deficiencies

• C1 inhibitor deficiency (AD) 
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Box 2. PID with signs and/or symptoms of allergies

AD-HIES; JobSyndrome; AD-STAT3 
deficiency

Recurrent staph and candida infections, “cold“ abscesses affecting 
lymph nodes and lungs (with resulting pneumatoceles), CMC, severe 
atopy, neonatal eczema, hyperextensible joints, bone fractures, 
retention of primary teeth, aneurisms are common

AR-HIES; DOCK8 deficiency (AR) Cutaneous viral infections, recurrent systemic infections, severe 
atopy, food allergies, malignancies (skin), combined immune 
deficiency, may have low TRECs

Comel–Netherton Syndrome (AR) Bacterial infections, failure to thrive, congenital ichthyosis, bamboo 
hair, atopic diathesis ,LECTI deficiency, low TRECs have been 
observed

Omenn syndrome presentations of SCID Severe infections as in classic SCID, erythroderma ,eosinophilia, 
lymphadenopathy, hepatosplenomegaly, oligoclonal T cells, TRECs 
low in most cases

Wiskott-Aldrich Syndrome Bacterial and viral infections, congenital thrombocytopenia, eczema, 
autoimmunity, malignancy, congenital neutropenia resulting from 
GOF mutations in the GTPase binding domain of WAS gene

Anhidrotic ectodermal dysplasia with 
immunodeficiency (EDA-ID)

Recurrent bacterial and viral infections including atypical 
mycobacteria, ectodermal dysplasia, elevated IgM, conical teeth, 
defect in skin pigmentation, colitis

Immune Dysregulation polyendocrinopathy, 
enteropathy, X-linked (IPEX) 

Autoimmune enteropathy, eczema, early onset type1 diabetes, 
thyroiditis, cytopenias, lack of Treg cells

Congenital Defects of Innate cells
CARD9 deficiency (AR)

Invasive candida infection, deep dermatophytosis; reduced TH17 cell

Familial Mediterranean Fever(AR [AD])

Hyper IgD syndrome due to Mevalonate 
Kinase (MVK) deficiency (AR)

TNF receptor-associated periodic syndrome 
(TRAPS) due to TNFR deficiency (AD)

Fever, rash, sterile peritonitis, pleuritis, monoarthritis;vasculitis; 
amyloidosis

Fever, rash, abdominal pain, peritonitis, pleuritis,arthritis, vasculitis

Fever, rash, peritonitis, pleuritis, arthritis, splenomegalydue to 
impaired TNF removal, amyloidosis

C1 inhibitor deficiency (AD) Hereditary angioedema
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guided treatments for a much wider range of 
conditions including allergies.

• Reduce the underdiagnose and misdiagnose by 
early recognition of warning signs and symp-
toms and by an early detection of the underly-
ing immune defect

• Reduce the delay of diagnosis by increased 
awareness on PID among healthcare profes-
sionals. In particular, pediatricians, gastroenter-
ologists, allergists and pulmonologists may be 
the first specialists encountering these patients.

• PID has been suggested as a relevant unrecog-
nized cause of chronic respiratory and intesti-
nal disease. Preventing relevant complications 
includes early diagnosis of chronic lung diseas-
es, chronic sinusitis, enteropathy, lymphoprolif-
erative diseases, gastrointestinal carcinomas. 
An early detection and the consequent estab-
lishment of appropriate treatment strategies 
may significantly reduce the occurrence of new 
infections and of the long-term sequels.

• Ameliorate treatment strategies by promptly 
using antimicrobial therapies, immunoglobulin 
replacement, hematopoietic stem cell trans-
plantation, molecularly targeted immunosup-
pression with monoclonal antibodies and spe-
cific immunomodulatory agents, gene therapy 
and gene editing.

• Improve Quality of Life. The analysis of pa-
tients’ experience is surprisingly complex, and 
it is generally connected with the concepts of 
health-related quality of life (HRQoL), patients’ 
empowerment, and care satisfaction. Disability 
in PID is due to autoimmune complications, ma-
lignancies, recurrent gastrointestinal infections, 
and chronic lung involvement, with a strong im-
pact on patients’ daily functioning. The focus 
on the patients’ experience of illness requires 
a rigorous scientific approach to determine fac-
tors affecting the burden of disease to maximize 
patient’s wellbeing and to minimize the impact 
of disease.
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Oscar Palomares, Paweł Gajdanowicz, Marek Jutel

GOLDEN STANDARDS  
FOR ALLERGY DIAGNOSIS D1

The oldest, and to some extent most straightfor-
ward test to diagnose IgE mediated allergic dis-
ease is the skin prick test (SPT). It measures local 
response of mast cells after allergen provocation. 
Diagnostic panels, according to European guide-
lines, cover a set of 18 allergen extracts. Besides 
its relative low cost and low risk for systemic re-
actions the specificity and sensitivity of SPT are 
affected by rather high variability related to age, 
body mass and skin barrier status.

Other diagnostic tests, so called in vitro tests, are 
gaining in popularity nowadays. Such tests meas-
ure the concentration of allergen specific IgE an-
tibodies in patient’s serum. The growing market 
enables to select various test types from dozens 
of manufacturers allowing the detection of virtual-
ly all types of allergen-specific IgE (asIgE).

The third arm of allergy diagnosis is composed of 
in vivo allergen challenge methods (nasal, bronchi-
al, conjunctival, food challenge), which are used for 
diagnostics generally less frequently, being very 
helpful in more complicated settings (e.g food al-
lergies).

Allergic rhinitis
Medical history with information about presence, 
severity and duration of nasal symptoms is crucial 
for AR diagnosis. Symptoms usually follow allergen 

exposure, but some irritating agents like tobacco 
smoke and some spices may also induce non-al-
lergic response. Demonstration of sensitisation by 
asIgE using SPT, in vitro tests or challenge tests 
helps to diagnose AR where there is a clear link be-
tween symptoms and natural allergen challenges 
or when response to treatment is successful.

Asthma
Like for other diseases, medical history is a crucial 
factor for proper diagnosis. Dyspnoea, wheezing, 
chest tightness and reversible airflow obstruc-
tion are the most important symptoms. Clinically 
two types of tests are used for diagnosis of asth-
ma, spirometry and bronchial challenge test. By 
spirometry testing it is possible to detect changes 
in the airflow and observe asthma-characteristic 
reversibility of such an obstruction after SABA 
and/or corticosteroid treatment. Among challenge 
procedures non-specific AHR responsiveness to 
histamine, methacholine or other indirect activa-
tors such as mannitol are mostly used.

Food allergy
The diagnosis of food allergy integrates medical 
history, clinical symptoms, detection of asIgE and, 
when necessary elimination diet and oral challenge 
with suspected food. Demonstration of IgE sensiti-
zation by SPT or in vitro testing is crucial for food 

GAPS IN KNOWLEDGE
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Recent findings indicate that allergic diseases 
are complex and heterogeneous syndromes en-
compassing different phenotypes and endotypes 
characterized by specific pathophysiological 
mechanisms. In a near future, the diagnosis of spe-
cific allergic endotypes will require the use of novel 
technologies and approaches to identify suitable 
biomarkers that allow not only diagnosis but also 
the identification and stratification of allergic pa-
tients according to specific disease-related inflam-
matory, immunological, metabolic and remodelling 
pathways. Some of these technologies are current-
ly under development and at different stage of im-
plementation in clinical routine.

Remarkably, the identification of the clinically rel-
evant allergens is nowadays possible due to the 
availability of well-defined purified natural and 
recombinant allergens. The use of these purified 
allergens in combination with novel biotechno-
logical platforms, bioinformatics and databases 
has contributed to the implementation of the in 
vitro allergen-based diagnosis concept of com-
ponent-resolved diagnosis (CRD), which allow the 
identification of the causative allergens at the mo-
lecular level.

Combination of CRD with proper in vivo challenge 
in stable and validated allergen exposure cham-
bers (ACC) will definitively contribute to improve 
the current diagnosis protocols for allergic diseas-
es. ACC will enable the identification of allergenic 
sources triggering subjective symptoms and, at 
the same time, the identification of objective pa-
rameters that confirm them.

Similarly, the optimization and validation of cel-
lular assays such as the basophil activation test 
(BAT) will be of undoubtable help to improve cur-
rent allergy diagnosis tools. Currently, efforts in 
the standardization of BAT as an allergy diagnostic 
tool is ongoing and significant advances have been 
achieved in drug and food allergy diagnosis.

Finally, it is very important to keep in mind that bi-
otechnology has experienced spectacular advanc-
es over the last decades, and it is expected to grow 
faster within the upcoming years. Biotechnology 
together with the explosion of the –omic approach-
es is contributing to significantly improve the di-
agnosis of allergic diseases. The implementation 
of the –omic technologies (genomics, transcrip-
tomics, proteomics, lipidomics, metabolomics, 
etc) into the field of allergy diagnosis will enable, 
in the future, the identification of novel potential 
biomarkers in a hypothesis-free-based manner. 
These biomarkers will allow, after proper valida-
tion in large and independent cohort of patients, to 
improve the current diagnosis of allergic patients 
by allowing the stratification according to specific 
endotypes. At this regard, further research is fully 
demanded. Novel strategies to identify potential 
biomarkers in a fully unbiased manner so that true 
patient stratification according to specific under-
lying pathophysiological mechanism clinically rel-
evant is required. Similarly, proper approaches to 
further validate and standardized these potential 
biomarkers for clinical application is also needed.

allergy diagnosis. Food allergies may trigger more 
severe side reactions that persists longer than 
in case of other allergies, thus provocation tests 
should be performed with caution only in clinical 
settings well equipped for emergencies events.

Drug allergy
Drug allergy is diagnosed on the basis of medical 
history when two or more reproducible reactions 

occur. When possible SPT or in vitro/ex vivo tests 
should confirm sensitization. In other cases, drug 
challenge can be helpful. Drug provocation tests 
are considered as a gold standard for diagnosing 
of allergy to NSAIDS, local anaesthetics, non-beta-
lactam antibiotics and other drugs for which safer 
tests do not exist or are not standardized. Drug 
challenge tests should always be carried out in 
clinical settings.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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TREATMENT OF ALLERGIC DISEASES

D2a
Few years ago, we envisaged the possible changes 
of Allergy & Asthma Treatments in a decade. Ac-
tually in the last ten years blockbuster drugs prac-
tically disappeared, whereas generic treatments 
acquired a very relevant role in daily therapy of 
allergic patients; in fact the patent for several mol-
ecules expired in the last few years and this event 
completely modified the scenario of allergy treat-
ment in Europe (Figure 1).

In the meantime, what we defined as phenotype 
driven therapy has evolved into Precision Medicine, 
where the target is the Endotype of the patient to 
be treated, and into Personalized Medicine, includ-
ing also all the aspects related to the “patient as 
person”. Great insights in this last topic are the con-
cepts of Humanomics and Personomics highlighting 
how mandatory is nowadays to properly investigate 
patient’s personality and behaviours. As prove of 
the growing awareness of this aspects are the con-
solidated and promoted use of PROs – Patient Re-
lated Outcomes. In this context two aspects have 
to be highlighted: the P4 medicine and the Qual-
ity of Life (QoL) evaluation in clinical practice. P4 
(Preventive-Predictive-Personalized-Participatory) 
medicine, described few years ago by L. Hood, has 
been also accepted and promoted by NIH. In P4, 
the fourth P- Participatory means an innovative ap-
proach to medicine, where the patient’s role is not 

passive anymore, but an active role, which means 
first a real awareness and knowledge of the dis-
ease and of the prescribed treatment. This is the 
way to reach adherence to treatment, one of the 
most difficult target in daily practice. P4 Medicine 
is also promoting the use of technologies for a bet-
ter management of the diseases. In the allergy field 
several technologies applied to daily practice (such 
as MASK) have been developed, both for monitoring 
the clinical situation and supporting the better stra-
tegic treatment for the patient with allergic rhinitis 
for instance.

On the other hand technologies applied to inhala-
tion therapy have been promoted: new devices with 
a better inhalation performance, with simplified pro-
cedures and new apparels able to monitor, coupled 
to the inhalator device, adherence to treatment of 
each single patient. In order to promote a better 
evaluation of PROs, new tools to measure and mon-
itor QoL in daily practice have been developed too: 
for the upper and lower airways RAPP and specifi-
cally for urticaria CUPP, whose further evolution as 
App for mobile phones will support even more al-
lergic patients to monitor properly their outcomes.

Actually in the last couple of decades guidelines, 
such as ARIA, GINA, EAACI/GA²LEN/EDF/WAO 
Guideline for Urticaria etc., provided an excellent 
grasp for management and treatments of our pa-

GAPS IN KNOWLEDGE
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The Real Life Studies
The rationale is coming form the evidence such as 
the example of Omalizumab: only 5% of the asth-
ma patients currently treated in clinical practice 
with Anti-IgE monoclonal antibodies could have 
been enrolled in the Phase II-III registration trials 
and in addition, in clinical practice again, the per-
centage of responders is less then 70%. These 
facts are prompting to use other paradigm of in-
vestigation such as pragmatic or observational tri-
als, whose results will allow a better definition of 
the population eligible for a certain treatment and 
a better sustainability of reimbursement for the 
costly therapies.

Precision and Personalized Medicine for 
Definition/Identification of Responders to 
biologics and AIT
The research, by means of any omic science, should 
be concentrated on discovey of biomarkers able to 
predict the response to expensive treatments, such 
as biologics, small molecules and also AIT, which we 
reported to be a prototype of Precision Medicine.

An additional natural aim of the current research 
is to identify new targets of treatments, disease 
mechanisms and to test new “bullets” to block 
those same mechanisms. All this requires a great 
research effort by the companies and academy, 
since their collaborations will provide new effective 
and safe treatments.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

tients with a scientific approach firstly with Ev-
idence Based Medicine and then by the GRADE 
methodology. Unfortunately guidelines are not fol-
lowed properly by physicians, in allergy as in other 

disciplines: this evidences should prompt Scientific 
Societies and Patients Association, possibly all the 
stakeholders, to promote better education and im-
plementation.

Figure 1. Current and Future  scenarios in Allergy & Asthma treatment. The evolution in Allergy and Asthma treatment 
in two decades: in the upper part is reported  the  profound change  we expected in the last decade. The scenario actually 
changed accordingly. A  further change  is predictable in the next ten years, where Precision & Personalized Medicine 
will play a growing role.

Braido, Holgate, Canonica. Pulm.Pharm.Ther. 2012
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PEDIATRIC ALLERGY AND CLINICAL 
IMMUNOLOGY. UNMET NEEDS IN 
TREATMENT D2b

The burden of allergic diseases in children has 
been significantly increasing during the last years. 
Different ways of life (life style in big and indus-
trialised cities as opposed to little towns or even 
farms, age of food introduction, new treatments, 
etc) have probably influenced the development of 
new diseases, while some others like allergy, have 
increased in incidence. On the other hand, there 
have been significant advances in the understand-
ing of the pathophysiological pathways in allergy 
and specifically in tolerance induction, as well as 
the development of new therapeutic options which 
need paediatric trials. For this purpose, new modes 
of trials in the paediatric population should be 
identified and implemented.

Prevention trials in food allergy (food allergy) have 
opened the way to new concepts in the introduc-
tion of foods, in atopic and non-atopic children, in 
order to prevent the FA epidemic. Many questions 
have aroused such as the specificity of these inter-
ventions. More studies are needed to achieve the 
correct and more effective strategy in FA preven-
tion.

Once it has affected the child, FA can have sig-
nificant effects on morbidity and quality of life 
even in their families. The risk of anaphylaxis in 
IgE-mediated FA is high. Until very recently a sin-
gle approach was available for the treatment of FA: 

avoidance of the offending food. From our point of 
view, this approach only represents a lack of treat-
ment and it also leaves the child unprotected from 
hidden or small amounts of the offending food. 
There is therefore interest in novel strategies for 
its treatment with the recently developed immuno-
therapy for FA. Recently the European Academy of 
Allergy and Clinical Immunology (EAACI) has pub-
lished Guidelines on the use of this novel approach.

Atopic dermatitis is a complex skin disease fre-
quently associated with other diseases of the at-
opic march. Special attention must be paid to its 
prevention and to the restoration of the skin barri-
er which will help in the avoidance of the passing of 
allergens through the impaired skin.

In respiratory allergy, asthma is a major public 
health problem affecting over 300 million people 
worldwide. Allergic sensitization is a strong risk 
factor for asthma inception and severity in chil-
dren. Current asthma therapies control symptoms 
and inflammation, but the underlying immune re-
sponse can only be modified by allergen specific 
immunotherapy (AIT). EAACI has published a sys-
tematic review in which an important body of evi-
dence has shown that the administration of AIT in 
patients with allergic asthma can result in reduc-
tions in symptom and medication scores. Research 
should follow in this field, especially in children, as 

GAPS IN KNOWLEDGE



EAACI White Book96

The key areas for investment in paediatric allergy 
and clinical immunology research are:

• Prevention in allergic diseases.

• The best way to reach tolerance for the man-
agement of FA

• Better diagnostic tools for the allergic child and 

for primary immune deficiencies.

• Newborn screening programs for PIDs.

• New drug development and trials specifically 
designed for the pediatric population

• Innovation and technology for better clinical 
care, public health and research tools.

their immunological state is more easily modulat-
ed. Nevertheless the current regulatory guidelines 
have triggered discussion of critical ethical as-
pects in paediatric trial designs.

Allergic rhino-conjunctivitis is also a very com-
mon chronic condition that can result in consid-
erable morbidity and impairment of quality of life. 
Symptoms can, in many cases, be controlled with 
avoidance measures and pharmacological thera-
pies (oral, intranasal and ophthalmic H1-antihis-
tamines, intranasal corticosteroids and antileu-
kotrienes). Again AIT is an additional potential 
treatment option, particularly for those with more 
troublesome disease. EAACI has also published a 
systematic review, in which it is concluded that AIT 
is effective in achieving clinically important short-
term improvements in symptom, medication, and 
combined symptom and medication scores. Unmet 
research need in rhinitis in children are studies 
focusing on potential for AIT to alter the natural 
history of allergy and the progression of rhinitis to 
asthma.

In chronic urticaria (CU), the new accepted guide-
lines focus in children only with a few sentences. 

The treatment has not changed from the previous 
guideline. More epidemiological data should be 
found and published.

Drug allergy is also a big area of research and new 
techniques in the diagnosis and the practice of de-
sensitization should be developed.

The correct diagnosis of allergy is also an impor-
tant field of research and innovation in paediatric 
allergy. New advances in methods such as compo-
nent resolved diagnosis and basophil activation 
test will help in more accurate diagnosis and treat-
ments.

In clinical immunology, the advances in genetics 
during the last years has allowed a better and early 
diagnosis of primary immunodeficiencies (PIDs) in 
children. The correct identification and classifica-
tion of these diseases must go on for the wellbe-
ing of the children who suffer from PID. Prenatal 
diagnosis and newborn screening programs for 
a number of T and B lymphocyte deficiencies will 
facilitate early diagnosis and therapeutic interven-
tions. Genetic counselling should be an important 
component of the care of patients with PIDs as well 
as their families.

RESEARCH PRIORITIES, QUALITY 
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ALLERGEN IMMUNOTHERAPY (AIT)  
IN ALLERGIC DISEASES D2c

Allergen Immunotherapy (AIT) has been clinically 
used for more than 100 years now for the treat-
ment of allergic diseases such as allergic rhinocon-
junctivitis or allergic asthma. In contrast to other 
therapeutic modalities, this treatment is the only 
disease-modifying option available as it changes 
the errant underlying immunological mechanisms 
of these diseases. As such, this treatment im-
proves in general the quality of live and produc-
tivity of allergic patients which has been clearly 

demonstrated in a multitude of clinical trials which 
have been analysed in recent metaanalyses and 
systematic reviews of the EAACI. Based on this 
evidence, several international guidelines follow-
ing highest methodological standards have been 
recently published in the field of AIT . However, 
there remain important gaps in AIT that have to 
be urgently addressed in the future by clinicians, 
methodologist, regulatory authorities and other 
stakeholders

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Improving the grade of evidence on 
clinical efficacy of AIT
Though many evidence exists on both subcutane-
ous (SCIT) and sublingual (SLIT) in general, a prod-
uct specific evaluation of different AIT products on 
the market is recommended by multiple scientific 
societies as there is no generic class effect in AIT . 
Hence, more clinical trials following guidance from 
both regulatory agencies and current methodo-
logical standards as requested from academia is 
warranted.

Enhancing patient education and 
information: AIT as treatment with 
disease-modifying capacity
Though clinical trials in AIT have been performed 
since more than 100 years and much evidence has 
been found on its clinical efficacy, there is still a 
shortage of allergic patients receiving this treat-
ment. Therefore, both physicians and patients 
should be better informed about the merits of this 
therapy. Also there is a suboptimal adherence to 
this treatment which should also be optimized by 
better patient education and thorough information.
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Consolidating regulatory prerequisites: 
focus on children and adolescents
Though there is a clear guidance from the Euro-
pean Manufacturing Agency (EMA) about method-
ological standards for trials and requirements for 

AIT product registration in Europe, the according 
Pediatric Investigational Plan (PIP) as published by 
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much debate regarding its feasibility and ethical 
considerations. Therefore, there is an important 
need that all stakeholders involved in the develop-
ment and registration of products in AIT for pediat-
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Further Developing of new approaches 
in AIT: alternative vaccines and routes of 
administration
Though AIT is in clinical routine use, modifications 
and improvement of the agents such as combina-
tion therapy with adjuvants or biologicals, the use 
of recombinant vaccines or peptides in AIT as well 
as new routes of application and other therapeutic 
approaches should be consistently followed .
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PREVENTION OF  
ALLERGY AND ATOPIC DISEASES D3

Clinical studies have confirmed that allergy is a 
systemic disease. Allergy is an immunological con-
dition expressed by a local symptomatic response 
following allergen exposure. Prevention of aller-
gy, atopic eczema/atopic dermatitis and asthma 
implicate to either modulate potentially harmful 
immune deviation or to avoid potentially harmful 
exposures to either allergens or other factors that 
may favour the development of an atopic inflam-
mation.

We know populations for example in the farming 
community or the Amish people in the US where 
asthma and allergies are less prevalent. Although, 
potentially beneficial and preventive factors like 
drinking raw milk or traditional farming practices 
influencing innate and adaptive immunity (have 
been identified, no standardized preventive strat-

egy has been developed for the non-farming popu-
lation at risk for atopy.

The definition of primary, secondary and tertiary 
prevention of allergic diseases has been published 
in the WHO 2003 report (WHO). For primary pre-
vention of allergy and atopic diseases like atopic 
dermatitis in infancy, more general recommen-
dations have been proposed by many societies, 
for example breast feeding during the first 4-6 
months, avoidance of tobacco smoke exposure, no 
postponement of solid food if no specific allergy 
has been proven. In contrast, for secondary and 
tertiary prevention as treatment options, both, ex-
posure to a specific allergen if only sensitization 
but not allergy is present in the case of peanut sen-
sitization but also avoidance (in the case of house 
dust mite sensitization in an atopic child at risk for 
asthma) have been suggested.
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Allergen specific immunotherapy (AIT) is interfer-
ing with the basic pathophysiological mechanisms 
and modulates the allergic immune response 
(Jacobsen 2012, Jutel 2016).

AIT is considered to be a potentially disease-modi-
fying intervention in IgE-mediated allergic disease, 
with the potential for preventive as well as thera-
peutic effects. For example, we know that children 
with allergic rhinitis (AR) have a 3-fold increase risk 
of developing allergic asthma. Studies assessing the 
long-term effectiveness of AIT in children with aller-
gic rhinoconjunctivitis (ARC) indicate that AIT might 
reduce the risk of developing asthma.

Therefore, AIT implies the potential for changes in 
the long-term prognosis of respiratory allergy. AIT 
should be recognized not only as first-line ther-
apeutic treatment for allergic rhinoconjunctivitis 
and asthma but also as a secondary preventive 
treatment for respiratory allergic diseases. If in-
dividuals have been exposed and sensitized to an 
allergen, secondary prevention is defined as meas-
ures preventing IgE related allergy symptom from 
appearing. Finally, tertiary prevention is defined 
as prevention/reduction of allergy symptoms and 
prevention of exacerbations of disease an in pa-
tients with asthma and/or allergic diseases. These 
definitions can be discussed and different levels of 

secondary prevention defined. Preventing asthma 
development in children with rhinoconjunctivitis can 
also be considered secondary prevention as well 
as the potential prevention of further sensitivities 
and sensitizations in patients who are already sen-
sitized to one allergen. Recently, the results of the 
EAACI task force “Allergen Immunotherapy” have 
been published, offering guidelines for treatment 
and prevention.

The preventive effect of AIT can be argued in terms 
of the immunological changes that follows the treat-
ment. AIT do influence immunological mechanisms 
leading into suppression of the seasonal increase in 
eosinophilia, reduction of the late-phase reactivity 
and a shift from a Th2- to Th1-like response is ini-
tiated and maintained. T regulatory cells, down reg-
ulating the Th2 response plays a central role in the 
immunological basis for effective AIT.

The key for prevention by AIT, is a two to three 
year course of subcutaneous or sublingual AIT 
and can be recommended for children and adoles-
cents with moderate to severe allergic rhinitis (AR) 
triggered by grass/birch pollen allergy in order to 
prevent asthma development for up to two years 
post-AIT. Trial data further supports a preventive 
effect on asthma symptoms and medication for up 
to 10 years after initiation of therapy.

Standard and quality criteria
Only AIT extracts should be prescribed which have 
been shown to be effective in clinically controlled tri-
als. A class effect can be assumed if detailed infor-
mation on allergen contents and potency is available.

Research priorities
We need more evidence concerning AIT for pre-
vention in individuals with AR triggered by house 
dust mites or other allergens and for the pre-

vention of allergic sensitization. Evidence for the 
preventive potential of AIT as disease modifying 
treatment exists but there is an urgent need for 
more high-quality clinical trials (see EAACI AIT 
Guidelines). In future, harmonized study protocols 
are needed with a common definition for reasona-
ble endpoints and comorbidity, age and severity of 
airway disease should be taken into account. This 
is especially necessary for AIT studies on allergic 
asthma.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

ALLERGEN IMMUNOTHERAPY

GAPS IN KNOWLEDGE
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Food allergy, especially to peanuts and tree nuts is 
increasing. Infants and children with atopic eczema 
are at special risk, predominantly if a filaggrin mu-
tation is present.

In the randomized controlled LEAP study including 
high risk children with AE and hen`s egg sensitiza-
tion, feeding of peanut protein early in infancy until 
age 5 years was exceptionally preventive, reducing 
the incidence of peanut allergy by 70%

Research priorities
As recommendation, the feeeding of peanut pro-
tein in children at risk with either eczema and 
hen`egg allergy and/or sensitization to peanut 

without clinical relevance was included in official 
feeding recommendations. Whether these rec-
ommendations should be applied for the general 
population and countries with a low prevalence of 
peanut allergy remanis to be discussed.

ALLERGEN IMMUNOTHERAPY FOOD ALLERGY

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Atopic eczema is charcterized by a skin barrier 
dysfunction and an increased transepidermal wa-
ter loss. Approximately 20% of eczema patients 
show genetic mutation in structural proteins like 
filaggrin, often accompanied by a Th2-deviated im-
mune response.

Severity of atopic eczema correlates with the risk 
of food allergy and sensitization to foods. First 
studies in a smaller group of patients showed 
promising results in terms of prevention of eczema 
using early emollient therapy.

Research priorities
As this approach of primary prevention of infan-
tile eczema can be easily implemented in the daily 

care of an infant, larger trials should be performed 
in order to study the potentially beneficial effect of 
emollients enhancing skin barrier function.

ATOPIC DERMATITIS

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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ROLE OF THE MICROBIOME FOR PREVENTION
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Marek Jutel, Johannes Ring

REVISED NOMENCLATURE  
FOR ALLERGIC DISEASES E1

Recent years brought significant progress in under-
standing of pathophysiologic processes. Growing bunch 
of molecular data on humans, particularly those associ-
ated with individual patients allowed discovery of yet un-
known opportunities to use this set of data to improve 
health outcomes. Molecular development together with 
advances in information technologies as well electronic 
medical records provide excellent opportunity to create 

a new system of disease nomenclature (disease taxono-
my). This nomenclature would describe diseases on the 
basis of their intrinsic biology in addition to traditional 
“signs & symptoms”, leading to better understanding of 
allergic disease mechanisms, pathogenesis and treat-
ments. The revised nomenclature nomenclature should 
also allow easy incorporation of newly appearing data to 
existing knowledge.

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Innovative approach
Over the last two decades allergists have been in-
volved more and more in the management i.e. diag-
nosis, treatment and prevention of conditions which 
are not truly “allergic” according to the current termi-
nology. They are designated with different diagnoses 
and names using a variety of terms like “idiosyncra-
sy”, “pseudo-allergy”, “allergy-like reactions”, “intol-
erance” and many more. At the moment the umbrella 
term for all these conditions including allergy is “hy-
persensitivity” which can be further subdivided into 
allergy, intolerance, idiosyncrasy etc. 

Fig 1 describes proposed the innovative approach 
for allergic diseases nomenclature.

Hypersensitivity can be defined as: “Occurrence of 
objectively reproducible symptoms or signs initi-
ated by exposure to a defined stimulus at a dose 
tolerated by normal individuals”.

Immune-allergy = „immunologically mediated al-
lergy“

The term „immune–allergy“ or „immunological 
allergy“ will cover all conditions which have been 
called „allergic“ until now and can be further sub-
divided at libitum into IgE-mediated, cytotoxic, 
immune complex, type IV a, b, c, d etc. With this 
definition one could also include as a subgroup of 
“immunological allergy” some “eosinophilic” dis-
eases that are on the rise and at the moment can-
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not be called “allergic” although there is evidence 
for hypersensitivity to exogenous stimuli.

Non-immune allergy = “ Occurrence of signs and 
symptoms of allergy without detectable immuno-
logical sensitization.

”Non-immune (not immunologically mediated) al-
lergies can be further subdivided into “intolerance” 
phenomena due to metabolic effects (e.g. lactose 
intolerance) or disturbed transport mechanisms 
(e.g. fructose malabsorption) as well as the often 
not well understood so-called “idiosyncratic” or 
“pseudo-allergic reactions”.

Anaphylaxis = “an acute generalized potentially 
life threatening reaction with variable symptoms 
comprising more than two organs”. Nothing would 
have to change for this term. The current defini-
tion and classification into an immunological ver-
sus non-immune anaphylaxis serves as an example 
how successful a change in nomenclature can be.

However our specialty, is called “Allergology”. 

Therefore logically we prefer “Allergy” as the wider 
“embracing” term. Thus Hypersensitivity could be 
replaced by allergy. A new definition of “Allergy” 
reaching beyond the immunologically mediated 
hypersensitivity reactions, by providing both a 
wider umbrella for our specialty and a more ap-
pealing classification 0will strengthen our reputa-
tion in medicine. It will attract more patients and 
facilitate our conversations with people suffering 
from various hypersensitivity conditions.

Advantages of the proposed new 
nomenclature
The new terminology would make our discipline 
stronger and broader. It allows to include much 
more clinical conditions as well as define and name 
them very specifically and logically according to the 
mechanisms involved; this could finally lead to de-
velopment of new diagnostic procedures and mo-
lecularly targeted therapies as well more effective 
prevention strategies.

Figure 1.
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Jose M Olaguibel 

EDUCATION AND TRAINING IN  
ALLERGY AND CLINICAL IMMUNOLOGY:  
SPECIALIST AND POSTGRADUATE E2

Allergic diseases are characterised by a high prev-
alence and a substantial burden of disease. There-
fore, there is a need for access to primary care 
physicians and specialists who can adequately di-
agnose and treat patients with allergic disorders.

However, there are clear gaps in education and train-
ing of healthcare professionals. Gaps in postgradu-
ate training is illustrated by a recent study among 
primary care physician reporting major deficits in 
knowledge and skills in the provision of allergy care 
such as lack of knowledge of immunotherapy.

Allergy care provided by specialists is being char-
acterised by heterogeneity: in some countries full 
specialists and in other subspecialists practice in 
allergy. European training requirements (ETR) for 
the full specialty are available, however this ETR 
from 2003 needs to be updated. Although there 
are criteria for the training in the specialty, UEMS 
surveys underline the wide variety in duration of 
training programs. Also striking differences can 
be seen in training pathways of physicians seeing 
allergic children. As there are no generally accept-
ed requirements for subspecialists, recently an 
EAACI position paper has been published aiming 
to propose the minimal requirements for training 
and certification of subspecialists. At an inter-
national level education can be improved by the 
conventional instruments of allergy schools, mas-
terclasses and other meetings, however for a bet-

ter outreach other tools should be developed as 
e-learning (platforms), e-based gaming etc.
The diversity of the status of the Allergy special-
ty (Figure 1) in the different European countries 
causes a parallel heterogeneity in the training pro-
grams of physicians taking care of patients with 
allergic diseases and asthma.
In countries with a full specialty residents/fellows 
in Allergology should have an educational period of 
4-5 years including specific training. Sometimes, 
the number of available training centres is insuf-
ficient. Moreover, the educational curricula - not 
always including specific training in paediatric al-
lergy or in clinical immunology beyond allergic dis-
eases – may differ substantially.
In countries with subspecialties board-certified 
otorhinolaryngologists, pulmonologists, derma-
tologists, paediatricians or internists can follow 
a two-year training period. The educational pro-
grams display a high degree of variability de-
pending on the original medical specialization and 
focusing on the allergic conditions related to the 
original medical background.
Finally, the situation in countries without a formal 
(sub)specialty, may range from no recognition at 
all (Belgium) to the existence of the official cat-
egory of “physician with special competence” 
(Norway). In these countries training in allergic 
diseases largely relies on the personal initiative of 
interested physicians.

GAPS IN KNOWLEDGE
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Need for harmonisation and standardisation of 
training requirements for specialists and sub-
specialists in allergy and clinical immunology. 
To improve harmonization of the training in Aller-
gology, it is crucial to establish a full specialty in 
all European countries, and to define precisely its 
competences, including those in relation to paedi-
atric allergy and clinical immunology. Well-regulated 
subspecialties may form an intermediate step to the 
specialty. This general recognition will facilitate the 
creation of an adequate network of allergy training 
centres. Only upon these premises, it will be possi-
ble to achieve a true harmonization of the training 
programs in Allergology allowing the mutual recog-
nition and exchange of specialists within Europe.

Need for e-learning tools to outreach to the en-
large the target population of doctors seeing 
allergic patients.

General practitioners (GP) are gatekeepers to 
healthcare systems in most European countries. 
Their education in Allergology can help establish-
ing cost-efficient strategies for the management of 
allergic patients. In this regard, the novel e-learn-
ing tools and platforms have the potential to im-
prove both the management of allergic patients in 
primary care, and the referral strategy of individu-
als to specialized Allergy Units. Furthermore, they 
might guarantee the maintenance of proper stand-
ard care, provided by GP’s to the allergic patient. 
In addition, e-learning tools and platforms are in-
creasingly important in undergraduate education. 
Also, the UEMS (Union Européenne de médicines 
spécialists) accredits e-learning programs for 
postgraduate education of medical specialists.
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RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

No subspecialty or full specialty:
Belgium, Denmark, Eire, Austria. 

Subspecialty of allergology:
Finland, Germany, Hungary, Netherlands, Turkey. 

Full specialty of allergology:
Bulgaria, Croatia, Cyprus, Czech Republic, Estonia, France, 
UK, Greece, Italy, Lithuania, Luxemburg, Poland, Portugal, 

Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland

 

Figure 1. Different allergy services 
across Europe.
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ALLIED HEALTH/ 
PRIMARY CARE/PHARMACISTS E3

An allergy can present in many ways to different 
services, so it is essential to that allied health 
professionals (AHP) and those working in Prima-
ry Care or in a Pharmacy are equipped to support 
patients with allergic disease. Evidence shows 
that nurses, dietitians, psychologists, respiratory 
therapists and pharmacists are already involved in 

the diagnosis and management of asthma, atopic 
dermatitis, food allergy and allergic rhinitis. How-
ever data suggests some AHPs feel they only have 
moderate proficiency in allergy management and 
need to increase their knowledge. Education pro-
grammes work well, but these need to be compe-
tency driven and based on evidence.

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Research priorities
• The need to focus research on population health 

models and risk stratification of patients with al-
lergic disease, linked to cost and quality meas-
ures. The results of this work should inform the 
health economics of community care versus 
specialist care for allergy sufferers, whilst con-
sidering the safety of such care and the patient 
experience.

• Workforce planning and remodeling, is also 
needed to ensure capacity and capability within 
the allied health and primary care community 
to deliver integrated allergy services. This may 
require inter-professional education at under-

graduate and post-graduate level to provide 
learning requirements.

• Research into the development of communi-
cation and IT infrastructures across both pri-
mary and secondary care will be important to 
integrate gold standard allergy care across all 
healthcare settings, as will the use of quality 
pathways, algorithms for testing and step man-
agement in the community.

Standards and quality criteria
Training of primary care practitioners to develop 
leadership in integrated care, ensure the safety of 
allergy community care and optimize the patient 
experience is essential. Developing AHPs, GPs 
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and primary care practitioners to deliver integrat-
ed care will also require cultural and behavioural 
changes, and essentially, facilitation by secondary 
care allergy and asthma specialists.

Competencies recognise the importance of attain-
ing and demonstrating both practical skills and a 
theoretical grounding in the subject. They addi-
tionally provide a standardised framework of con-
sistent quality criteria for the effective and safe 
allergy patient care against which practitioners 
can demonstrate proficiency both to themselves 
and also to other health care professionals with-
in the multi-disciplinary team. Competency driven 
practice fits into the modern delivery of health care 
which considers the team member’s competency 
to deliver the required care and not the ‘role’ or 
hierarchy of that person within the health system. 
Competencies for AHPs working in allergy have 
been developed by the European Academy of Al-

lergy & Clinical Immunology (in press), but these 
need to be developed further by considering other 
providers, including GPs and Pharmacists who may 
be providing allergy care in an isolated setting.

Innovative approach
Good examples of innovative approaches to the 
development of GPs and Allied Health professions 
working in allergy include the upskilling of UK GPs 
in allergy diagnosis and management through 
the ‘Itchy sneezy wheezy’ project. Also there is 
community training ongoing in Finland to provide 
GP-led allergen immunotherapy services. In some 
European countries, nurses and/or dietitians have 
been trained to diagnose, manage and treat pa-
tients with asthma and allergic conditions. In the 
UK, dietitians are providing direct management 
advice to parents of children with cow’s milk aller-
gy, facilitated by an Allergy charity.



EAACI White Book 117

Mikaela Odemyr, Susanna Palkonen, Frans Timmermans

THE ROLE OF PATIENTS’ ORGANISATIONS

E4
Allergy patient organisations were formed because of the need to tackle every-day life issues of patients 
and caregivers, which are not properly addressed within the traditional healthcare system. This relates to 
quality of life in allergy, particularly severe or complex forms, and for children. For patients, allergy preven-
tion goes with care and cannot be separated. 

Since the beginning, the creation of patient groups was related to the need not to have to fight the system 
for care and support, but to be placed in the center of care as a patient, through care coordination, co-deci-
sion making, follow up, psychological support and connection between health and social care and everyday 
life challenges.

While the role of patients in participating in 
healthcare has been studied, the role or value 
of (allergy) patient groups has not.
Patient groups have developed from self-help 
groups, providing peer-support and patient educa-
tion to couple the healthcare, into advocacy organ-
isations who provide patient centered services, in-
formation, support, driving policy and research for 
care, prevention and patient participation, often in 
partnership with professionals. They are no longer 
dependent on doctors but equal partners. Allergy 
patient groups channel collective patient view and 
thus have the responsibility to be transparent, ac-
countable, democratic, representative, independ-
ent and base on evidence.

The missing piece is that the movement is unequal 
across Europe. The strength of the organisations 
does not match population of the country rep-
resented, on the contrary. The groups in Nordic 
countries are big, while in big countries like France 
or Spain patients’ organisations are quite small 
and in some Eastern European countries they do 
not exist at a national level. The size of the groups 
is not however in linear on their effectiveness in 
delivering value for patients!

Resources do not exist or they are not provided 
at the same pace as patient involvement is sought 
for. In particular public, non-commercial funding is 
lacking.

GAPS IN KNOWLEDGE
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Mapping allergy patient groups in Europe; ser-
vices, role, representativeness and challenges 
could help developing a database and targeted 
capacity building

For allergy patients the current development of 
patient centered, integrated or participatory care 
and research, together with the acknowledgement 
of the need to involve patients in policy is very im-
portant. European level initiatives include the sys-
tematic involvement of patients by the European 
Medicines Agency, the current proposal from the 
European Commission on coordination on HTA in 
Europe and Interest Group of Asthma Allergy at 
the European Parliament.

Involvement of patient organisations as co-plan-
ners and evaluators of integrated care initiatives 

can only benefit the society to deliver cost-effec-
tive services and products based on needs that 
support active patients.

Integrated care has been studied, patient cen-
teredness less, what is patient centeredness in 
allergy care? This could lead to innovative de-
ployable approach in healthcare
The author(s) have successfully fought the system 
for right care and environments at home, daycare 
and school for their children with severe asthma 
and food allergy so that they can fulfill their dreams 
as anyone else, and are involved in local, national 
and European level patient movement and mem-
bers of the EAACI Patient Organisation Committee.

Integrating allergy care with patients equals good 
productive life despite allergy.

1. Personalized Medicine. Empowered Patients in the 
21st Century? Barbara Prainsack. NYO Press. ISBN: 
9781479814879.

2. Integrated care models: an overview. WHO Regional 
Office for Europe. October 2016 http://www.euro.
who.int/__data/assets/pdf_file/0005/322475/

Integrated-care-models-overview.pdf.

3. The Added Value of Patient Organisations. European 

Patients Forum. 11/2017 http://www.eu-patient.

eu/globalassets/library/publications/epf_added_

value_report_final.pdf

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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EAACI JOURNALS AND PUBLICATIONS

E5
Writing is the most important means for commu-
nicating scientific work. Research and publication 
complement teaching and training, clinical care, 
and public health works. EAACI’s journals and pub-
lications are vital and dynamic elements of the sci-
entific environment, research communication and 
education of our specialty.

EAACI journals
The Academy’s three journals, Allergy, Pediatric 
Allergy and Immunology and Clinical and Transla-
tional Allergy, have a major influence on the prac-
tice of allergy and clinical immunology throughout 
the world. Together, the journals chronicle the 
latest advances in cellular and molecular biology, 
genetics, novel epidemiological studies and prac-
tice-shaping clinical trials, publish state-of-the-art 
articles and clinical guidelines.

Allergy journal

Allergy (original title Acta Allergologica) was es-
tablished in 1948. In its history it was supported 
by an outstanding Editorial Team (box 1).

The aim of the journal is to cover the scientific out-
put of specialty of allergy, asthma, basic and clini-
cal immunology.

The mission of Allergy is to become the journal for 
all aspects of the science, practice, education and 
policy making of Allergy & Clinical and Basic Immu-
nology in overall health care milieu. The vision is to 
advance, impact and communicate all aspects of 

the discipline of Allergy/Immunology including ed-
ucational, basic, translational and clinical research.

Allergy publishes approximately 200 articles per 
year and its impact factor is 7.3.

Pediatric Allergy and Immunology (PAI)

Pediatric Allergy and Immunology has been es-
tablished in 1990 by Bengt Björkstén as the first 
journal addressing allergic and immunologic dis-
eases in childhood (box 2).

The journal became the official journal of the Euro-
pean Society of Pediatric Allergy and Clinical Im-
munology (ESPACI), and later after the merger of 
ESPACI with EAACI, the official journal of the EAA-
CI-Section on Pediatrics.

The journal is the main international journal in the 
field, reaching clinicians and researchers beyond 
Europe, including all continents. The aim of the 
journal is to link clinical and translational aspects 
of pediatric allergy, asthma, immunodeficiency and 
clinical immunology. Major focuses of the journal 
include prevention and early life events leading to 
allergic diseases. PAI publishes 8 issues per year 
with approximately 80 to 100 original articles. 
The 2016 impact factor of PAI is 3.775.

Clinical and Translational Allergy (CTA)

Before research funders and governments started 
to push hard for open access publishing of original 
research EAACI launched the open access journal 
“Clinical and Translational Allergy” (CTA) in 2011 
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Box 1. Allergy Editorial Team

Founding Editor-in-Chief in 1948 was Prof. Ernst B. 
Salén (Sweden). Prof. Egon Bruun was also Editor-in-
Chief during the earlier years. 

From 1970 the Editors-in-Chief were:

• Prof. Gunnar Bendixen, Denmark (1970-1992)

• Prof. Gunnar S. Johansson, Sweden (1993-2002)

• Prof. Jean Bousquet, France (2003-2009)

• Profs. Thomas Bieber & Hans-Uwe Simon, 
Germany (2010-2017)

• Prof. Cezmi Akdis, Switzerland took over the 
journal from 1st of March 2018.

Curent Editorial Team of Allergy

Deputy Editor

• Maria Torres, Spain

Managing Editor

• Kyle Megan Howell, Switzerland

Associate editors

• Heimo Breiteneder, Austria

• Reto Crameri, Switzerland

• Zuzana Diamant, Netherlands

• Thomas Eiwegger, Canada

• Wytske Fokkens, Netherlands

• Robyn O’Hehir, Australia

• Liam O’Mahony, Switzerland

• Oliver Pfaar, Germany

• Claudia Traidl-Hoffmann, Germany

• De Yun Wang, Singapore

• Stephan Weidinger, Germany

• Luo Zhang, China

Editorial board

• Ioana Agache, Romania

• Mübeccel Akdis, Switzerland

• Evangelos Andreakos, Greece

• Heimo Breiteneder, Austria

• Lorenzo Cecchi, Italy

• Adam Chaker, Germany

• Yoon-Seok Chang, Korea

• Gennaro, D’Amato, Italy

• Peter Hellings, Belgium

• Domingo Barber Hernandez, Spain

• Martin Himly, Austria

• Karin Hoffmann-Sommergruber, Austria

• Alan Irvine, Ireland

• Marek Jutel, Poland

• Ludger Klimek, Germany

• Edward Knol, The Netherlands

• Gerard Koppelman, The Netherlands

• Susanne Lau, Germany

• Marcus Maurer, Germany

• Gunnar Nilsson, Sweden

• Natalija Novak, Germany

• Kimihiro Okubo, Japan

• Oscar Palomares, Spain

• Hai Qi, China

• Claudio Rhyner, Switzerland

• Peter Schmid-Grendelmeier, Switzerland

• Carsten Schmidt-Weber, Germany

• Bulent Sekerel, Turkey

• Dagmar Simon, Switzerland

• Mohamed Shamjo, United Kingdom

• Gunter Sturm, Austria

• Peter Valentin Tomazic, Austria

• Bernard Thong, Singapore

• Sanna Toppila-Salmi, Finland

• Thomas Werfel, Germany

• Willem van de Veen, Switzerland

• Cornelis van Drunen, The Netherlands

• Marianne van Hage, Sweden

• Menno van Zelm, Australia

• Susanne Vijverberg, The Netherlands

• Andreas Wollenberg, Germany

• Stephan von Gunten, Switzerland

• Liu Zheng, China
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Box 2. PAI Editorial Team

Editors-in-Chief :

• Bengt Björkstén, Sweden (1990-1997)

• John Warner, UK (1997-2010)

• Ulrich Wahn, Germany (2010-2017)

• Philippe Eigenmann, Switzerland took over the 
journal from 1st of January 2018. 

Current Editorial Board of PAI

Managing editor

• Doris Kollmann, Germany

Associate editors

• Alexandra Santos, UK 

• Motohiro Ebisawa, Japan

• Hugh Sampson, USA

• Ömer Kalayci, Turkey

• Jennifer Koplin, Australia

• Jon Genuneit, Germany

• Marina Atanaskovic-Markovic, Serbia

Editorial board 

• Katie Allen, Australia

• Montserrat Alvaro Lozano, Spain

• Hugo van Bever, Singapore

• Kirsten Beyer, Germany

• Wesley Burks, USA

• Jean-Christoph Caubet, CH

• Adnan Custovic, London, UK

• Stefano Del Giacco, Italy

• Antoine Deschildre, France

• George Du Toit, UK

• Jean-Luc Fauquert, France

• Olga Fedorova, Russia

• Alessandro Fiocchi, Italy,

• Luis Garcia-Marcos, Spain

• Susanne Halken, Denmark

• Eckard Hamelmann, Germany

• Gunilla Hedlin, Sweden

• Jonathan Hourihane, Ireland

• Arne Host, Denmark

• Jocelyn Just, France

• Gideon Lack, UK

• Susanne Lau, Germany

• Mike Levin, South Africa

• Eric Melen, Sweden

• Antonella Muraro, Italy

• Antonio Nieto, Spain

• Giovanni Pajno, Italy

• Nikos Papadopoulos, Greece

• Giovanni Passalacqua, Italy

• Petr Pohunek, Czech Republic

• Paul C. Potter, South Africa

• Jeanine Reichenback, Switzerland

• Graham Roberts, UK

• Caroline Roduit, Switzerland

• Nelson Rosario, Brazil

• Jurgen Schwarze, United Kingdom

• Pakit Vichyanond, Thailand

• Gary Wong, Hong Kong

under the initiative of Jan Lötvall, who was the 
founding Editor in Chief (box 3).

Open access publishing enables free access to all 
content ensuring a wide dissemination of articles; 
the electronic format and expert peer review allows 
for very rapid publication. Clinical and Translation-
al Allergy is an international journal reaching out 
far beyond the borders of Europe. Online publica-
tion in Clinical and Translational Allergy gives the 
opportunity to publish large datasets, large num-
bers of color illustrations and moving pictures, to 
display data in a form that can be read directly by 

other software packages so as to allow readers to 
manipulate the data for themselves, and to create 
all relevant links (for example, to PubMed, to se-
quence and other databases, and to other articles). 
The 2016 impact factor of CTA is 3.239.

EAACI Atlases
To tackle the huge global health problem of allergy 
and asthma the European Academy of Allergy and 
Clinical Immunology published the “Global Atlas of 
Asthma” (2013), “Global Atlas of Allergy” (2014) 
and “Global Atlas of Allergic Rhinitis and Chronic 
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Rhinosinusitis: (2015). Written by international 
key opinion leaders the Atlases provide a platform 
for strategic planning for allergic diseases and 
asthma in a multifaceted way, integrating research, 
education and global policies. They provide strong 
evidence which calls attention to the burden of al-
lergic diseases asthma, warrant their recognition 
as a high priority for national health strategies, to 
demonstrate the necessity for an increase in re-
search, to evaluate the best ways to prevent and 
control the disease, to provide guidance on how to 
overcome barriers and to alert political bodies to 
ensure a truly global approach. The Atlases have 
been translated into Spanish, Chinese and Greek.

Monographs and user guides
The EAACI Molecular Allergology Users’s Guide in-
troduce the current position of the EAACI on in vitro 

methods of Molecular Allergology, their advantages 
and limitations and how they can be used in an up-
to-date diagnostic work-up of the allergic patients. 
More than 50 authors from over 15 countries and 
five continents have drafted the 40 chapters com-
posing the first edition of the Handbook.

Consensus documents

‘As part of its mission, EAACI collaborates with the 
major scientific organisations in the field to devel-
op international consensus documents (ICONS) 
and documents focusing on practical aspects of 
allergy aiming to deliver updated and evidence 
based recommendations for clinicians (the PRAC-
TALL programme in cooperation with the American 
Academy of Allergy and Clinical Immunology).

Box 3. CTA Editoria Team

Editors-in-Chief :

• Founding Editor, Jan Lötvall, Sweden

• Clive Grattan, since 2013 

• Jean Bousquet, since 2016 

Current Editorial Board of CTA

Associate editors

• Ioana Agache, Romania

• Claudia Alessandri, Italy

• Alberto Alvarez-Perea, Spain

• Montserrat Alvaro, Spain

• Barbara Bohle, Austria

• Onur Boyman, Switzerland 

• Victoria Cardona, Spain

• Magdalena Czarnecka-Operacz, Poland

• Gennaro D’Amato, Italy

• Stefano R. Del Giacco, Italy

• Fatima Ferreira, Austria

• Lars Jacobsen, Denmark

• Marek Jutel, Poland 

• George Konstantinou, Greece

• Antonella Muraro, Italy

• Nikos Papadopoulos, Greece

• Lars K Poulsen, Denmark

• Dermot Ryan, UK

• Sanna Toppila-Salmi, Finland

• Maria J Torres, Spain

• Carina Venter, UK

Editorial board 

• Sevim Bavbek, Turkey

• Fulvio Braido, Italy 

• Yoon-Seok Chang, South Korea

• Luis Delgado, Portugal

• Pascal Demoly, France

• Philippe Eigenmann, Switzerland

• Penny Fitzharris, New Zealand

• Wytske Fokkens, Netherlands

• Roy Gerth van Wijk, Netherlands

• Kiran Godse, India

• Peter Hellings, Belgium

• Michihiro Hide, Japan

• Edward Knol, Netherlands

• Lin-Feng Li, China

• Carmen Rondon, Spain

• Peter Schmid-Grendelmeier, Switzerland

• Stephen A Tilles, USA

• Massimo Triggiani, Italy

• Ronald van Ree, Netherlands

• Thomas Werfel, Germany
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Ioana Agache, Sergio Bonini

MAJOR RESEARCH THEMES  
IN ALLERGY AND ASTHMA E6

1. There has been a tremendous change in the diagnosis and monitoring in allergic diseases and asthma 
due to new techniques and research approaches with significant impact on the specialty. Techniques 
such as molecular diagnosis, more accessible tools for human immunophenotyping, the application of 
omics and sophisticated imaging are deepening our understanding of allergic diseases and asthma

2. Personalized care based on molecular, immunologic and functional endotyping of the disease and the 
increased use of ‘biological’ drugs (antibodies and antagonists) to block or modify disease mecha-
nisms, are increasingly important in treating allergy and asthma

3. Data driven disease endotyping using new statistical tools (Supervised analysis, Latent Class Analysis, 
Bayesian Network Analysis, Topological Data Analysis, etc.) shift the research approach from the phe-
notype/cluster approach with investigator-imposed subjective disease clustering (hypothesis driven) 
to an unbiased, endotype/biomarker driven approach

4. Focus on prevention and environment. When Benjamin Franklin said that an ounce of prevention is 
worth a pound of cure, he hadn’t bargained for the weird weights and measures of today’s care and 
health system. We need to get better at measuring the benefits of prevention and do more of it over 
the long term. There are no quick fixes. Local context is key – there is rarely a single, one-size-fits-all 
solution. A long-term view needs to be implemented: the really big prize lies much further upstream, 
where compelling evidence is emerging of return on investment from public health programmes and 
work in schools, communities and housing.

Allergy and asthma research encompasses a wide range of diseases and can be classified according to ma-
jor themes that cover both the origins and consequences of diseases in an evolving scientific environment.

Five major research themes have been identified:
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As a multifactorial diseases allergic diseases and 
asthma natural history reflects the combined effects 
of genetic factors, development-specific exposures 
(in utero, early-life and childhood exposures) and 
the biological responses to those exposures (al-
lostasis). Although many epidemiological, genetic, 
environmental, and immune risk factors for aller-
gic diseases and asthma are known, distinguishing 
which risk factors are causal, their mechanism of 
action and how interaction between these factors 
initiates disease remains poorly understood.

Although it is recognized that up to 90% of aller-
gies and asthma results from development-specif-

ic exposure with a secondary role of the genetic 
background significant less research is oriented on 
describing the developmental exposome.

Current barriers to our understanding include the 
limitations of research during gestation and the 
perinatal period, inadequacies of animal models 
in recapitulating the onset of human disease, dif-
ferences between human and experimental animal 
developmental stages and difficulties to document 
low dose exposure (limited by the sensitivity of the 
assay), intermittent exposure (limited by the fre-
quency of testing) and transient exposure (the sys-
tem should be in place at the time of the exposure).

THE DEVELOPMENTAL EXPOSOME

GAPS IN KNOWLEDGE

Standards and quality criteria
• Validated criteria for selecting the best assay(s) 

to assess biological response for the research 
question of interest. These criteria should be 
updated periodically to incorporate emerging 
tools and technologies

• Guidelines for sample collection, repositories 
and biobanks standards for use with emerging 
and anticipated technologies

• Complex unifying models based on language 
standards for exposures

Innovative approach
The exposomic approach is particularly applicable 
to the study of environmental causes of allergic 
diseases and asthma since provides risk profiles 
instead of single predictors while concomitant ac-
cess to biological data, exposure data, and health 
outcomes evaluates the biologic plausibility of the 
hypothesis. There are several targets in the expos-
omics research: epigenetics, regulatory mRNAs, 
microbiome composition, diversity and metabo-
lites, receptors activation or inactivation. Reveal-
ing which factors are most critical for defining the 

state of disease or dysfunction, and the correlation 
with factors of exposure will provide a means to 
develop intervention strategies. 

Specific domains of the exposomics approach

• Studies that address both the relevance of 
specific developmental windows and the im-
portance of coincident exposures, including 
lifestyle factors, diet and the concept of One 
Health; one of the best models are environ-
mental wide association studies (EWAS)

• Validated methods assessig the developing 
human infant immune system

• Specific evaluation of gene-environment inter-
action at different stages of human develop-
ment (in utero, early life, peripubertal, etc)

• Cross-omics and bioinformatics tools linking 
exposure data to biochemical and molecular 
changes in the body – the integrative multidi-
mensional exposomics

• Use the biological response (allostasis) as the 
footprint of transient exposure

• Integrating data from several cohorts that to-
gether mimic all life stages

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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Natural and man build environment like air quality, 
water and soil, and also all the physical, chemical, 
biological and social features of our surroundings 
have a major influence on the control and sever-
ity of allergic diseases and asthma. Although the 
precision medicine revolution has potential to 
transform environmental measures we still have a 
long way to go to more effectively identify whom 
should be targeted. Some environmental interven-
tions like air quality regulation cannot be target-
ed to any subgroup, genetic, or otherwise. Oth-
ers, like breastfeeding, vaccination, antismoking 
campaigns, exercise, or diets, could in principle, 
but they need to prove practical or cost efficient. 

The most efficient prevention would be to identify 
those at high risk to avoidable exposures. But sim-
ply evaluating genetic risks is not sufficient since 
we need to co-factor the interaction with environ-
ment.

The importance of nutraceuticals is expanding 
globally in terms of scientific services, legal as-
pects, and marketing strategies for health promo-
tion, reduction of disease, and health care costs. 
However they are marketed without a prescription 
and their safety and efficacy is yet to be proven, 
especially if consumed in supra-dietary doses as 
nutritional supplements

Standards and quality criteria
• Validated criteria to define the safety and effica-

cy of functional foods and nutraceuticals for the 
management of allergic diseases and asthma

• Define step-wise approach for environmental in-
tervention: high-risk groups and population level

• Methodological approach proving causality in-
stead of associations

Innovative approach
• The One Health concept evaluating the inter-

connections between human, environment and 
animal health and food and water safety

• An integrated surveillance network for the envi-
ronment impact on allergies and asthma

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

THE DEVELOPMENTAL EXPOSOME ALLERGIC DISEASES AND ASTHMA IN THE CONTEXT OF ENVIRONMENTAL HEALTH

GAPS IN KNOWLEDGE

DRUG DEVELOPMENT AND BIOMEDICAL ENGINEERING

GAPS IN KNOWLEDGE

New medicines such as advanced therapies (gene 
therapies, cell and tissue therapies, regenerative 
medicine), the increasing number of biologicals 
and biosimilars soon exceeding the number of 

chemical drugs and the introduction of sophisti-
cated devices and biomedical engineered prod-
ucts, all call for a new approach in drug develop-
ment, evaluation and monitoring. Paradoxically 
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Standards and quality criteria
• Standard and quality criteria for drug develop-

ment of new advanced therapies and biotech-
nological products, while requesting the same 
accuracy and reliability, may differ from those 
of “old” chemical drugs in terms of study design 
and evaluation techniques.

• Standard operational procedures and quality 
criteria should be harmonized among all coun-
tries, including those with an emerging pharma-
ceutical industry such as India and China.

• All world citizens should have access to new 
safe and effective drugs by developing models 
that, reducing the risk of investments, eventu-
ally reduce the price of new medicines, and by 

establishing heath policies on the basis of rea-
sonable priorities and social equanimity.

Innovative approach
Innovative regulatory approaches include:

• Early collaboration in drug development of all 
stakeholders

• Development of validated biomarkers and com-
panion diagnostics that enable the dissection of 
heterogeneous diseases into well-defined phe-
notypes and endotypes

• Joint health technology assessment scientific 
advice

• Adaptive pathways for drug development that 
allow evaluation and monitoring during the en-
tire life-cycle.

however, innovation might not reflect in a better 
health care. In fact, the high costs for developing 
new medicines, the low probability for a new prod-
uct to answer the strict regulatory requirements to 
obtain market authorization and, finally, the finan-
cial constraints of most national health services 
that cannot afford reimbursement for extremely 
expensive drugs, represent limiting factors for in-

vestments in the pharmaceutical area and patient 
access to new safe and effective drugs. Therefore, 
gaps in knowledge in this area are not confined to 
technological progress or to identifying new mo-
lecular targets through a better understanding of 
mechanisms of diseases, but also refer to new reg-
ulatory pathways that may prevent the actual “lost 
in translation”.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

BIG DATA AND INFORMATION TECHNOLOGY

Healthcare is at present largely based on evidence 
provided by randomized controlled clinical trials 
and observational/epidemiological data in selected 
populations. There is however a massive amount of 
data available from healthcare records, registries, 
biobanks whose potential in improving knowledge 

has not yet been fully explored. The availability of 
new information technology techniques for collect-
ing, analyzing and relating the “big data” provid-
ed by the real world opens new horizons to a new, 
more comprehensive knowledge.

GAPS IN KNOWLEDGE
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Standards and quality criteria
• Big data are quite heterogeneous and come 

from a large variety of sources. Their quality 
should be carefully checked and new hypoth-
esis deriving from big data should be exper-
imentally tested before neglecting the actual 
evidence and adopting new diagnostic and 
therapeutic approaches.

• Availability of big data requests that industry, 
regulatory bodies, scientists and clinicians ac-
cept transparency policies which make availa-
ble their data to the community through open 
platforms.

• Big data imply a risk for citizens’ and patients’ 
privacy. This should be protected by adequate 
regulations and accurate anonymization tech-
niques of individual personal data.

Innovative approach
The availability and analysis of big data is expect-
ed to open a new era in the computing science, 
with profound effects also in the area of biology 
and medicine. In fact, computers will not only be 
instruments to provide answers by elaborating 
data on the basis of pre-defined algorithms, but 
will be able to learn themselves from data analysis 
(machine learning) and to provide solutions on the 
basis of original algorithms. Artificial Intelligence 
will certainly favor a tremendous progress in medi-
cal sciences, but will also create a new relationship 
between humans and machines with relevant impli-
cations in ethics and responsibilities of the medical 
profession.

The present healthcare system is clearly not ready 
for precision medicine. Access of patients to new 
drugs based on precise endotyping still poses 
significant problems on the sustainability of the 
healthcare system and the related ethical aspects 
are a raising concern.

A significant shift in the doctor-patient relationship 
is expected with the well-informed patient advo-
cating for its own care and connected in real time 
with the healthcare provider that is provided with 
personalized information from patient portals.

Rapid learning systems can shape vast amounts 

of “omics” and “real-world” data unbiased by any 
pre-selection criteria into real-time clinical deci-
sion support at the point of care leading to harmo-
nised care based on quality criteria.

There is clearly a huge job to be done in upskilling 
the healthcare providers, and it’s a matter not only 
of skills but also of attitudes and culture, which are 
harder to change. Electronic records linked to mul-
tiple and qualities assured databases are essential, 
but there is also a big need for bio-informaticians 
who can ensure that the data is available, high 
quality, and well managed.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

TRANSLATIONAL RESEARCH AND IMPLEMENTATION SCIENCE

GAPS IN KNOWLEDGE
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FURTHER READING

Innovative solution
• Translational research fosters the multidirec-

tional and multidisciplinary integration of basic 
research, patient-oriented research, and popu-
lation-based research, with the long-term aim 
of improving the health of the public. Cost-ef-
fectiveness of prevention and treatment strat-
egies is also an important part of translation-
al science. For example drug development or 
primary prevention based on molecular endo-
types or the developmental exposome can be 
prospectively validated using evidence-based 
clinical management to improve care across the 
severity spectrum. Investigators with exper-
tise in molecular biology and exposomics need 

to engage in research planning with the infor-
matics, genetics, clinical, health-economics and 
drug development experts. User-friendly large 
datasets support this cooperation

• Implementation science focuses on identifica-
tion of all major contributions to improvement 
of health care, from individual factors up to poli-
cy and public health interventions. There are ef-
fective strategies to implement evidence-based 
practices grouped into six different catego-
ries—planning, education, financing, restructur-
ing, quality management, and attention to policy 
context. This approach can support implemen-
tation of the precision medicine approach in a 
wide range of health care systems.
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CRITERIA, INNOVATIVE APPROACH
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Antti Lauerma, Tari Haahtela

COMMUNITY BASED APPROACHES  
FOR OPTIMAL OUTCOMES AND 
ACCOUNTABLE POPULATION HEALTH E7

Allergy and asthma have become an increasing burden in Europe over past 50 years. Although, the rea-
sons for the increase are debated, there is no reason to wait for action to reduce the burden. The expe-
rience from Finnish asthma (1994-2004) and allergy programs (2008-2018) shows that cutting the 
disability and costs is possible.

At the European level, this information is, however, redundant, if the experience cannot be translated and 
interpreted for others to build up their own action plans according to local needs.

GAPS IN KNOWLEDGE

Innovative approach
When making an action plan you need:

• An idea. What is the new information in preven-
tion and management to be implemented? What 
is not working in the current health care system 
that should be corrected?

• An organization that implements education 
and backs it up. These programs are marked 
educational efforts to improve standard of care 
and information. In Finland, the programs were 
implemented (1) to health care workers by a 
professional NGO for respiratory disease (Finn-
ish Lung Health Association, Filha), and (2) to 
patients and lay public by two patient NGOs (Al-

lergy-, Skin- and Asthma Federation and Organ-
isation for Respiratory Health in Finland).

• A motivated steering group having experi-
ence on running complex projects. 7-10 per-
sons are ideal, as shown also in business cases 
where team efforts have been studied. Keep the 
organization as flat as possible.

• Clear goals. One goal is not enough, 10 goals 
are too much. Define 3-5 goals, so that they 
can be easily followed and kept in mind. Prefer 
measurable (quantitative, numerical) goals. If 
you want to reduce the burden, not just increase 
awareness! Do not develop or promote so much, 
just tell what you are going to do (Figure 1).

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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Practices of Chronic Airway Diseases. Elsevier 
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• To define specific tasks for each goal, tools 
to make the job, as well as outcomes that you 
measure to keep you on the right track (use 
available registries and improve them!).

• Time. The program will not show immediate 
success, in 1-2 years you see some effect, in 
5 years you achieve a lot. The planning takes 
easily a year.

• To focus first on severe forms of disease, and 
get numerical results (e.g. reduction in emer-
gency visits). Show that you are saving money 
or stopping cost increase (you are dependent 
on decision makers funding and good will).

• To get a win already in the beginning choose 
the first achievable steps. This keeps every-
one motivated even in long run.

• To employ guided self-management, eHealth 
and mHealth. Empower the patient. Compliance 
and adherence are old terms, partnership is the 
word!

• Funding. Try to have some public funding as 
seed money. If you succeed to get support from 
you Ministry and Public Health Administration, 
you are a winner!

• To communicate. Consider to employ a pro-
fessional to build up information strategy and 
continuity.

Allergy & asthma organizations in Europe can 
spread out the best practices of prevention and 
management and show impressive results in a 
relatively short period of time. These efforts may 
pave the way also to other public health interven-
tions to stop the “epidemic” of non-communicable 
diseases.

Figure 1. The circle of improvement. 
(Modified from Mickwitz P. A framework 
for evaluating environmental policy 
instruments: context and key concepts. 
Evaluation 2003).
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Paolo Matricardi, Stephanie Hofmaier, 
Darío Antolín-Amérigo

INNOVATION IN HEALTH IT

E8
The use of Health Information Technologies (HIT) 
by allergic patients and physicians has continued 
to grow significantly over the last years.

Allergists need to be aware of patient-to-patient 
differences in triggers, drivers, age of appearance, 
persistence, degree and type of inflammation, se-
verity of symptoms and response to treatment 
of their patients. To cope with this complexity, a 
strategy of “precision medicine” has become cru-
cial. eHealth technology, such as mobile applica-
tions (“apps”) are being discovered as a promising 

tool for disease management by monitor symp-
toms, medication intake, quality of life and even 
the environment.

Despite all the mentioned advantages and poten-
tials of health information technology (HIT), there 
is a common lack of regulatory structures (Box 1). 
In order to ensure the best patient care, authorities 
should promote not only the further use of eHealth 
technologies, but also its regulations according to 
quality criteria.

GAPS IN KNOWLEDGE

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

Innovative approach
Overall, HIT bears promising potential in the fol-
lowing areas (Box 2):

• Clinical Support and Knowledge Enhancement

Through eHealth technologies, the real-time and 
continuous collection of patient-related data is 
facilitated enormously. Also in the field of aller-
gology, various patient- and/or doctor-centered 
systems have been developed. These render 
support in the diagnostic process, e.g. through 

Clinical Decision Support Systems (CDSS) or 
real-time symptom recording matched to pol-
len counts. Also adherence to prescribed treat-
ments can be improved, especially via mobile 
applications. While providing support for clin-
ical decisions and a better doctor-patient and 
doctor-doctor communication, HIT also allows 
a straightforward real-time collection of data 
for scientific purposes. However, standards and 
quality criteria are needed to ensure the relia-
bility of the acquired data.
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• Strategic Programmes and Policies: Health IT 
entails not only a perfect approach to dissemi-
nate relevant and curated information, but the 
instant flow of information will also ease the 
implementation of pathways or preventative 
measures. While the positive impact of HIT on 
the timeline of patient care remains contro-
versial, eHealth technologies have shown to 
go along with health economic advantages and 
improved disease management. However, as 
any new technology, Health IT implementation 
requires a learning period for patients and pro-
fessionals.

• Patient Empowerment: Customizable mobile 
applications and website information will be-
come a priority, as the information provided for 
patients should not only be of high quality, but 
also individualized. The access to a mobile app, 
which registers treatment intake, symptoms 
and work productivity, appears to facilitate the 
assessment of patients with allergic rhinitis. In 
the same line, another app offers adrenaline 
injection training achieving significantly bet-
ter-practiced injections compared to usual writ-
ten guidelines.

• Big Data: Big data refers to the development 
and processing of data sets, which are so vo-
luminous and complex that traditional software 
applications are inadequate to deal with them. 
The real impact of big data on the management 
of allergic conditions remains elusive, but recent 
reports predict important savings (between 13 
to 17%) when health IT is fully integrated in 
health care. In order to uncover the cause of 
allergic diseases it is indispensable to bring ge-
netic, epigenetic, and environmental data sets 
together.

• Identifying Relevant Data: Due to the vast 
amount of generated data, there is a need to 
develop software and hardware capable to bear, 
learn and identify relevant data. In this regard, 
Cluster analysis offers a novel multidimension-
al approach for identifying asthma phenotypes 
that exhibit differences in clinical response to 
treatment algorithms. There is a need of identi-
fying subtypes of asthma in clinical and general 
populations, also to understand causal mech-
anisms of the subtypes and discerning what is 
relevant to implement prevention and manage-
ment strategies.

Box 1. Unmet needs of Health IT

Protection of personal data

Regulatory structures and quality management

Cost and implementation of Health IT

Unbalanced implementation 

Challenges in terms of interoperability 

Box 2. Opportunities of Health IT

Fast and easy transfer of information

Facilitated collection of clinical and 
environmental data 

Educational potential

Support in the implementation of programmes 
and policies 

Patient empowerment, through enhanced 
communication

Identification of relevant data

Improved disease management, through 
continuous flow of information



EAACI White Book 133

FURTHER READING

1. Hanania NA, Diamant Z. The road to precision medicine 
in asthma: challenges and opportunities. Curr Opin 
Pulm Med 2018;24:1-3.

2. Agusti A, Bel E, Thomas M, Vogelmeier C, Brusselle 
G, Holgate S et al. Treatable traits: toward precision 
medicine of chronic airway diseases. Eur Respir 
J 2016;47:410-419.

3. Jameson JL, Longo DL. Precision medicine - 
personalized, problematic, and promising. N Engl J 
Med 2015;372:2229-2234.

4. Bousquet J, Arnavielhe S, Bedbrook A, Fonseca 
J, Morais Almeida M, Todo Bom A et al. The 
Allergic Rhinitis and its Impact on Asthma 
(ARIA) score of allergic rhinitis using mobile 
technology correlates with quality of life: The MASK 
study. Allergy 2018;73:505-510.

5. Bianchi A, Tsilochristou O, Gabrielli F, Tripodi S, 
Matricardi PM. The smartphone: A novel diagnostic 
tool in pollen allergy? J Investig Allergol Clin 
Immunol 2016;26:204-207.

6. Bousquet J, Schünemann HJ, Hellings PW, 
Arnavielhe S, Bachert C, Bedbrook A et al. 
MACVIA clinical decision algorithm in adolescents 
and adults with allergic rhinitis. J Allergy Clin 
Immunol 2016;138:367-374.

7. Tripodi S, Comberiati P, Di Rienzo Businco A. 
A web-based tool for improving adherence 
to sublingual immunotherapy. Pediatr Allergy 
Immunol 2014;25:611-612.

8. Pizzulli A, Perna S, Florack J, Pizzulli A, Giordani 
P, Tripodi S et al. The impact of telemonitoring on 
adherence to nasal corticosteroid treatment in children 
with seasonal allergic rhinoconjunctivitis. Clin Exp 
Allergy 2014;44:1246-1254.

9. Prabhakaran L, Chee WY, Chua KC, Abisheganaden 
J, Wong WM. The use of text messaging to improve 
asthma control: a pilot study using the mobile 
phone short messaging service (SMS). J Telemed 
Telecare 2010;16:286-290.

10. Elliott T, Shih J, Dinakar C, Portnoy J, Fineman 
S. American College of Allergy, Asthma & 
Immunology Position Paper on the Use of 
Telemedicine for Allergists. Ann Allergy Asthma 
Immunol 2017;119:512-517.

11. Hernandez-Munoz LU, Woolley SI, Luyt D, 
Stiefel G, Kirk K, Makwana N et al. Evaluation of 
AllergiSense Smartphone Tools for Adrenaline 
Injection Training. IEEE J Biomed Health 
Inform 2017;21:272-282.

12. Kayyali B, Knott D, Van Kuiken S. The big-data 
revolution in US health care: Accelerating value and 
innovation, January 2013. Available from: https://
www.mckinsey.com/~/media/mckinsey/industries/
healthcare%20systems%20and%20services/
our%20ins ights/the%20big%20data%20
revolution%20in%20us%20health%20care/the_
big_data_revolution_in_healthcare.ashx Accessed 
February 18th 2018.

13. Kottyan LC, Weirauch MT, Rothenberg ME. Making it 
big in allergy. J Allergy Clin Immunol 2015;135:43-
5.

14. Muraro A, Fokkens WJ, Pietikainen S, Borrelli D, 
Agache I, Bousquet J, et al. European symposium on 
precision medicine in allergy and airways diseases: 
report of the European Union Parliament Symposium 
(October 14, 2015). Allergy 2016;71:583-587.

15. Jones SS, Rudin RS, Perry T, Shekelle PG. Health 
information technology: An updated systematic 
review with a focus on meaningful use. Ann. Intern. 
Med 2014;160:48-54.

16. Haldar P, Pavord ID, Shaw DE, Berry MA, Thomas 
M, Brightling CE et al. Cluster analysis and clinical 
asthma phenotypes. Am J Respir Crit Care 
Med 2008;178:218-224.

17. Belgrave D, Henderson J, Simpson A, Buchan I, 
Bishop C, Custovic A. Disaggregating asthma: 
Big investigation versus big data. J Allergy Clin 
Immunol 2017;139:400-407.





EAACI White Book 135

Peter Hellings, Ioana Agache

PRECISION MEDICINE 
AND PRECISION HEALTH  
IN ALLERGY AND ASTHMA E9

Precision medicine represents a novel approach in health care, embracing four key principles: personal-
ized care based on molecular, immunologic and functional endotyping of the disease, with participation of 
the patient in the decision making process of therapeutic actions, and considering predictive and preven-
tive aspects of the treatment. Asthma, allergic rhinitis, chronic rhinosinusitis, food allergy and atopic der-
matitis are ideally suited for precision medicine, because they represent an umbrella of different diseases 
that partially share biological mechanisms underlying disease development and chronicity (endotypes) 
and present similar visible properties (phenotypes) that require an individualized approach for a better 
selection of treatment responders, risk prediction and design of disease-modifying strategies.

Precision medicine is impacting healthcare in sev-
eral domains, from pharmacogenomics, better 
selection of treatment responders, risk prediction 
and design of disease-modifying strategies to eth-
ics and patient-centered care models. It requires 
the creative and energetic involvement of many 
stakeholders (biologists, physicians, technology 
developers, data scientists, patient groups, gov-
ernments, and more) and the coordination and 
setting priorities is quite difficult in practice.

Most of the current biomarkers in allergic diseases 
and asthma predict treatment response and very 
few forecast disease risk and progression. In ad-
dition they are suitable only for research settings. 
There is a significant overlap between disease phe-
notypes and biomarkers, with the classic example 
of blood eosinophils being at the same time a visi-

ble property and a surrogate biomarker related to 
asthma exacerbations and response to steroid or 
to all type-2 targeted intervention. In addition the 
same biomarker such as serum IgE or periostin 
might not show consistent validity.

In describing asthma endotypes one must recog-
nize that the pathogenic pathway is highly complex, 
including several determinants and heterogeneous, 
since not all determinants are present in all patients 
or, in a given patient, at all time points. Assigning 
unique mechanisms and biomarkers for each endo-
type is crucial for the validity of the endotype.

Implementing precision medicine in a clinical set-
ting requires seamless integration of data from 
clinical evaluations and bio-medical investigations 
with genomics and other endotyping profiling to 
characterise an individual patient’s disease pro-

GAPS IN KNOWLEDGE
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Research priorities
• Longitudinal follow-up of clinical and molecular 

profiles is essential to confirm the validity of 
an endotype. The alternative is to embrace the 
concept of the dynamic complex endotype and 
to investigate better the mechanisms driving 
the dynamic changes.

• The unbiased approach of multidimensional en-
dotyping might prove an useful tool generating 
novel hypothesis

• Defining the hierarchical position of distinct cy-
tokines in allergic diseases pathogenesis with 
the description of meaningful clinical endotypes 
is needed to ensure the success of cytokine in-
hibition and to transform the therapeutic land-
scape in allergic diseases in a precision based 
fashion.

• Designing methods for streaming data capture, 
real-time data aggregation, machine learning, 
predictive analytics and visualization solutions 
to integrate wellness or health monitoring data 
elements with the electronic medical records 
maintained by health care providers permits 
better resource utilisation. The development 
of computational approaches and tools to ef-
fectively integrate multidomain data (such as 

cognitive IT-systems) and real-time databas-
es for molecular profiling data could become a 
pragmatic solution to several knowledge man-
agement problems in the practice and science 
of precision medicine. “Interventional infor-
matics” approach can substantially improve 
human health and wellness through the use of 
data-driven interventions at the point of care of 
broader population levels.

• To move beyond a select few genes/drugs, the 
successful adoption of pharmacogenomics into 
routine clinical care of allergic diseases and 
asthma should be prioritised

• Before the precision medicine approach is 
broadly advocated, there is an urgent need to 
show robust data on its’ value on patient-re-
ported outcomes, on cost-effectiveness and on 
secondary/tertiary prevention. An agreement 
between all stakeholders on a flexible framework 
balancing the use of randomised control trials 
(the golden standard for evidence at present) 
against “big data” and observational analysis 
while including health-economic impact analy-
sis (encompassing cost effectiveness and long-
term savings) for regulatory and payer approval 
are essential steps to move the field forward.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH

gression followed by mainstreaming all these data 
back to the point of care in a format that is ready 
and easy to use by the clinician.

There is limited evidence that precision medicine 
care pathways improve clinical outcomes, increas-
es cost effectiveness and affordability leading 
to a better quality of care. Reconciling concerns 
about rising costs of molecular diagnosis, acces-
sibility and affordability of the precision medicine 
approach is central to the debate over implement-
ing precision medicine at a larger scale. Several 
attempts have been made at political and medical 
level to highlight the need for future implementa-
tion of precision medicine into daily care, without 
uniform success.

None of the disease endotypes are included in the 
existing taxonomies of allergic diseases and thus 
communication between research and clinic still 
remains confusing.

A final gap in the current practice of endotyping 
is the diagnosis of mixed endotypes underlying a 
phenotype in the majority of patients with a par-
ticular chronic inflammatory condition. Studies 
have demonstrated that patients with a mixed en-
dotype respond less well to treatment than those 
with a pure endotype, having an impact on both 
prediction of success of treatment as well as par-
ticipation of the patient in the decision-making 
process.
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Standards and quality criteria
• Validation and qualification of biomarkers

• Learning how healthcare professionals engage 
with and use precision-medicine care pathways 
and what resources are needed to promote 
high-quality care of patients will serve to orient the 
dynamic governance that includes all stakeholders 
and is designed to remain agile and responsive to 
emerging opportunities and experience.

• Data-driven policies balancing privacy and se-
curity concerns with participant and public in-
terests in the sharing of data for research are 
urgently needed

• Global, multi-discipline partnerships and rethink-
ing healthcare are important prerequisites to 
move the field forward. Both science and policy 
priorities need to be defined agreed and imple-
mented. The collaborative medicine approach 
with open access to research databases world-
wide will speed the discovery of new targets

Innovative approach
Implementation of precision medicine in the clinic 
requires several steps:

• An improved disease taxonomy is a current un-
met need because

• Full patient monitoring using novel digital tech-
nology and the concept of endotypes and novel 
biomarkers

• Improved understanding and common usage of 
disease phenotypes, endotypes and biomarkers 
preferentially at the point of care

• Biomarker and endotype-linked patient care 
and usage of precision therapies.

• We need to encourage “valuable” innovation 
and enterprises willing to assume the risk in de-
veloping precision-medicine approaches, while 
continuously measuring and documenting the 
benefit.
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THE PUBLIC HEALTH AND THE 
ENVIRONMENTAL HEALTH PERSPECTIVE E10

Allergy constitutes one of the most pervasive 
disorders universally with 30- 40% of the world 
population now affected by one or more allergic 
conditions. Allergy is spreading and globally 1 indi-
vidual out of 2 will be allergic by 2050. This is why 
both public health and environmental health - the 
branch of public health that is concerned with all 
aspects of the natural and built environment that 
may affect human health in view to promote pre-
ventive actions to protect individuals from devel-

oping diseases - find important application in the 
case of allergic diseases.

In the field of allergy, public health and environ-
mental health perspectives should consist in 
promoting a healthier environment for allergic 
patients; intensifying primary and secondary pre-
vention; and influence public policies in all sectors 
so as to address the root causes of environmental 
and socioeconomic threats to allergic health.

GAPS IN KNOWLEDGE

Research priorities
In order to efficiently prevent allergic diseases, it is 
urgent at the community level to:

• ASSESS the needs of the community by sys-
tematically collecting, assembling, and making 
available information on the allergic status of 
the community, including statistics on allergic 
status, community health needs, environmental 
health and epidemiologic data, and other stud-
ies on allergy conditions and problems.

• INVESTIGATE the occurrence of allergic ef-
fects and allergic hazards by systematically 
developing more detailed information on the 
magnitude of the allergy problem, duration, 
trends, location, population at risk, and how to 
proceed to prevent or control it.

• ANALYZE both environmental and socioec-
onomic determinants of allergic conditions. 
Identifying these factors helps in planning inter-
vention efforts for prevention or control of aller-
gic conditions.

RESEARCH PRIORITIES, QUALITY 
CRITERIA, INNOVATIVE APPROACH
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Standards and quality criteria
Projections indicate that allergic problems will in-
crease as air pollution and ambient temperatures rise 
due to environmental and climate changes, affecting 
pollen counts, molds, stinging insect numbers that 
are well-known risk factors for allergic diseases.

Promoting a healthier environment for allergic 
patients
• Adopt and enforce WHO standards on chemical 

air pollution or greenhouses gases to lower their 
emissions and stop climate change respectively.

• In particular, reduce short-lived air pollutants, 
powerful climate forcers that remain in the atmos-
phere for a shorter period of time (than longer-
lived climate pollutants, such as carbon dioxide 
(CO2)) (methane, fluorinated gases including hy-
drofluorocarbons (HFCs), and black carbon) so to 
reduce greenhouse effects in the short term.

• Establish environmental control measures by 
the lowering of indoor air pollution, tobacco 
smoking and allergen and drug exposures.

Intensifying primary and secondary prevention
• Develop national allergy action plans to pro-

mote primary and secondary prevention of al-
lergic diseases (asthma, allergic rhinitis, atopic 
dermatitis, etc.)

• Increase public awareness of allergic diseases 
and their prevention

• Train health care professionals and medical stu-
dents on how to inform on primary and second-
ary prevention of allergic diseases.

Innovative approach

Recent data have shown that a fully comprehension of 
allergy development may result only from the taking of 
an exposomic approach into account. The exposome 
is the totality and the interactions of external environ-
mental exposures (external exposome) to which an 
individual is exposed in life and their consequences in 
the body (internal exposome) (Figure 1, box 1).

The specific external exposome involved in aller-
gic diseases includes primarily indoor and outdoor 
aeroallergens and chemical air pollutants including 
tobacco smoking. To it, non-specific external ex-
posome has to be added, namely the action of cli-
mate change, urbanization and loss of biodiversity 
that affect sources, emissions and concentrations 
of main aeroallergens and chemical air pollutants 
that may influence allergic diseases.

The impact of external exposome on environment- 
or lifestyle-driven aberrancies in the gut, skin, na-
sal and lung microbiome composition as well as 
the interactions with other environmental factors 
(diet, drugs, consumer products, mobility, etc.) has 
also to be investigated.

Observations of epigenetics changes that repre-
sent a key mediator of allergic diseases and other 
omics will be relevant to understand the allergic 
processes leading to the various allergic endo-
types and phenotypes.

Although daunting, proof of concept studies are 
presently being conducted that show the promise of 
the exposomic investigation and integration of dif-
ferent kinds of data to explain the allergy epidemics. 
The implementation of tools and methods (sensors, 
geographic information systems, and ad hoc survey 
instruments) to build the exposome is in progress.

Box 1 Key steps for building a healthier environment for allergic patients

Public health and environmental health have contributed and still contribute to understand allergic conditions, 
promote a healthier environment for allergic patients, intensify prevention and influence public policies so as to 
address major risk factors for allergic health. 

A better knowledge of the impact of the exposome on allergy development is crucial for urging individuals, health 
professionals and policy makers to take actions to mitigate the effect of environmental changes and to adapt to 
them. 

In the long-term, the use of all available information (including family resemblance of allergies, individual, genetic, 
and epigenetic factors and omics, and exposures to risk factors for developing or exacerbating disease), as well 
as features of the environments, should be used to sustain and enhance health and prevent the development of 
allergic diseases in the frame of precision medicine.
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EAACI WHITE PAPER - 
RECOMMENDATIONS AND POLICY

ALLERGY, CLINICAL IMMUNOLOGY AND ASTHMA RESEARCH

We witness a tremendous progress in the diagno-
sis and monitoring of allergic diseases and asthma 
due to new techniques and research approaches 
with significant impact on the specialty. Modern 
techniques such as molecular diagnosis, more ac-
cessible tools for human immunophenotyping, the 
application of omics and sophisticated imaging are 
responsible for the deep changes towards our bet-
ter understanding of allergic diseases and asthma.  

Research on allergy, clinical immunology and asth-
ma encompasses a wide range of pathologies, 
which are classified according to major domains 
that cover their origin, pathogenesis and health 
economic consequences in the evolving scientific 
environment.

Five major research themes have been identified:

1. The developmental exposome. The ‘expos-
ome’ term ignites huge discussions amongst all 
medical disciplines, largely because of its ambi-
tious attempt to assess almost all possible envi-
ronmental exposures. The exposome during in-
trauterine life and early childhood reveals which 
factors are most critical for defining the state of 
disease or dysfunction, and the correlation with 
factors of exposure provides means to develop 
intervention strategies.

2. Allergic diseases and asthma in the context 
of population and environmental health. Nat-
ural and man-made environment like air quality, 
water and soil, and also all the physical, chem-
ical, biological and social features of our sur-
roundings have a major influence on the control 
and severity of allergic diseases and asthma. 
In the field of allergy, public health and envi-
ronmental health perspectives should promote 
a healthy environment for allergic patients; in-
tensify primary and secondary prevention; and 
influence public policies in all sectors as well 
as address the fundamental causes of environ-
mental and socioeconomic threats to patients. 
The “One Health” concept evaluating the inter-
connections between human, environment and 
animal health and food and water safety should 
be further assessed. Defining a step-wise ap-
proach for environmental intervention in high-
risk groups at the population level is further 
warranted.

3. Drug development and biomedical engineer-
ing. Advanced therapies (gene therapies, cell 
and tissue therapies, regenerative medicine), 
the increasing number of biologicals and bio-
similars soon exceeding the number of chemi-
cal drugs and the introduction of sophisticated 
devices and biomedical engineered products, 
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all call for a new approach in drug development, 
evaluation and monitoring. Standard and quality 
criteria for drug development of new advanced 
therapies and biotechnological products, while 
requesting the same accuracy and reliability, 
may differ from “old” chemical drugs in terms of 
study design and evaluation techniques.

4. Big data and information technology. The 
availability of new information technology for 
collecting, analyzing and relating the “big data” 
provided by the real world opens new horizons 
to a new, more comprehensive knowledge. In 
fact, computers will not only be instruments to 
provide answers by elaborating data on the ba-
sis of pre-defined algorithms, but will be able to 
learn themselves from data analysis (machine 
learning) and to provide solutions on the basis 
of original algorithms. Artificial Intelligence will 
certainly favour a tremendous progress in med-
ical sciences, but will also create a new relation-
ship between humans and machines with rele-
vant implications in ethics and responsibilities 
of the medical profession. A significant shift in 
the doctor-patient relationship is expected with 
the well-informed patient advocating for its own 

care and connected in real time with the health-
care provider that is provided with personalized 
information from patient portals. Availability 
of big data requests that industry, regulatory 
bodies, scientists and clinicians accept trans-
parency policies which make their data availa-
ble to the community through open platforms. 
Big data imply a risk for citizens’ and patients’ 
privacy. This should be protected by adequate 
regulations and accurate anonymization tech-
niques of individual personal data.

5. Translational research and implementa-
tion science. Translational research fosters 
the multidirectional and multidisciplinary in-
tegration of basic research, patient-oriented 
research, and population-based research, with 
the long-term aim of improving the health of 
the public. Cost-effectiveness of prevention and 
treatment strategies is also an important part 
of translational science. Implementation sci-
ence focuses on identification of all major con-
tributions to improvement of health care, from 
individual factors up to policy and public health 
interventions.  

METHODOLOGY FOR EVIDENCE GENERATION – STANDARDS AND QUALITY 
CRITERIA

Well-designed original studies, guidelines for sam-
ple collection, repositories and biobanks standards 
for use with emerging and anticipated technologies, 
validated criteria for selecting the best assay(s) to 
assess biological response for the research ques-
tion of interest, better disease models, high quality 
systematic reviews and real-life studies should be 
facilitated with a high standard methodological ap-
proach proving causality instead of associations. 
Quality of life scores should be validated across 
European countries and healthcare costs should 
be assessed across different countries in Europe. 
Efficient patenting of inventions and support for 
generation of spin-off and private partnership 
models are critical as well. These models should 
also include a proof of concept center that can 

conduct critical clinical studies (phase 2a). Highly 
networked and interdisciplinary research centers 
are extremely important for the successful future 
of allergy and asthma research. 

Relevant mechanistic studies will allow a better 
understanding of the responses to microbial expo-
sure/infection, in particular in early life will guide 
proper intervention. Controlled human infections 
combined with systems biology will provide a 
wealth of mechanistic data and insight into very 
early infection processes that precede asthma 
exacerbations and into strategies to reduce their 
augmenting effects on inflammation. Identifica-
tion of microbiome patterns that associate with 
medicinal efficacy together with tools for the cli-
nician to integrate microbiome assessments into 
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routine clinical practice (including standardization 
of assessment method and the algorithms used 
to determine risk/benefit outcomes) will result in 
personalized medicine improvements. In describ-
ing disease endotypes one must recognize that the 
pathogenic pathway is highly complex, including 
several determinants and heterogeneous, since 
not all determinants are present in all patients at 
all time points. Assigning unique mechanisms and 
biomarkers for each endotype is crucial for the 
validity of the endotype. Defining the hierarchical 
position of distinct cytokines in the pathogenesis 
of allergic diseases with the description of mean-
ingful and clinically useful endotypes is needed 
to ensure the success of cytokine inhibition and 
to transform the therapeutic landscape in allergic 
diseases in a precision based fashion. Data driven 
disease endotyping using new statistical tools (Su-
pervised analysis, Latent Class Analysis, Bayesian 
Network Analysis, Topological Data Analysis, etc.) 
shift the research approach from the phenotype/
cluster approach with investigator-imposed sub-
jective disease clustering (hypothesis driven) to an 
unbiased, endotype/biomarker driven approach.

Component-resolved diagnosis (CRD) can boost 
accuracy of the diagnosis and optimise the ther-
apeutic outcome. Combination of CRD with prop-
er in vivo challenge in validated allergen exposure 
chambers will definitively contribute to improve 
the current diagnosis protocols for allergic diseas-
es. Biotechnology together with the explosion of 
the –omic approaches is contributing to signifi-
cantly refine the diagnosis of allergic diseases.

To allow looking ‘backwards’, prospective longi-
tudinal cohorts and Integrating data from several 
cohorts that together mimic all life stages are re-
quired in combination with integrated systems bi-
ology and immunology. Multilayer “omics” analysis 
of longitudinal cohort studies is very much needed 
to simultaneously obtain various types of reliable 
biomarkers. Resulting data will not only allow more 
precise phenotyping, but may also provide prog-
nostic factors for allergy and asthma development. 
Validated methods assessing the developing hu-
man immune system from intrauterine life to all 
age groups are desired.

Longitudinal studies with and without treatments 
and specific evaluation of gene-environment inter-
action at different stages of human development 
(e.g. in utero, early life, peripubertal, etc) are re-
quired in childhood and adults to better understand 
the natural disease progression and opportunities 
of medical interventions.

Studies that address both the relevance of specif-
ic developmental windows and the importance of 
coincident exposures, including lifestyle factors, 
diet and the concept of One Health; one of the best 
models are environmental wide association stud-
ies (EWAS) and the integrative multidimensional 
exposomics where cross-omics and bioinformat-
ics tools link exposure data to biochemical and 
molecular changes in the body. The usage of the 
biological response (allostasis) as the footprint of 
transient exposure is also required to better un-
derstand risk and protective factors for allergy and 
asthma

INNOVATIVE APPROACH

A roadmap using “omics”-technologies to-
wards personalized therapeutic and preven-
tion approaches in allergic diseases should be 
developed based on scientific and clinical research 
including big-data management, legal, and regula-
tory aspects. To move beyond a selection of few 
genes/drugs, the successful adoption of pharma-

cogenomics into routine clinical care of allergic 
diseases and asthma should be prioritised

The exposomic approach is particularly applica-
ble to the study of environmental causes of allergic 
diseases and asthma since provides risk profiles 
instead of single predictors, while concomitant ac-
cess to biological data, exposure data, and health 
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outcomes evaluates the biologic plausibility of 
the hypothesis. Host-environmental interactions 
should be scrutinised under a developmental focus. 
Exposome-focused projects are needed to examine 
the complex interplay of environment and genetics 
to determine the most cost-effective interventions 
for reducing the risk of allergic disease. A key chal-
lenge is to learn the types of exposures, potential 
interactions, and the exact timings and amounts 
that impact health. Personalized/precision inter-
ventions and efficient home, school, workplace and 
even city planning can be developed to reduce the 
risks associated with exposome, such as pollution. 
Innovative approaches may include: geographic 
information, system-based pollutant models and 
personal remote sensing devices and applications 
for smartphones to monitor and record personal 
exposures; electronic medical records to access 
lifelong exposure information and computer search 
engines to analyze information; innovative meth-
ods for chemical measurements using high-resolu-
tion mass spectrometry; computer-based models 
and predictions to combine the cumulative expo-
sures with personal genomics, therefore helping to 
guide healthy choices for diet, exercise, and health 
behaviors. An integrated surveillance network for 
the environment impact on allergies and asthma is 
of great benefit. Exposure data can be cross-refer-
enced with clinical data from sentinel physicians’ 
networks or, in the last few years, with symptom 
load patients’ networks. These last concepts re-
ceive support from the new information technol-
ogies and are very important for doctors to better 
diagnose allergy, and for the patients to better 
manage their disease.

The systematic analysis of mechanisms under-
lying environmental priming and mechanisms of 
tolerance related to this priming are key aspects 
that need to be addressed in future. Using very 
comprehensive analysis methods, it is now possi-
ble to assess both: the complex environment and 
the complex nature of the immune system. Under-
standing the complex unit of microbiome, epithelial 
cells, dendritic cells, macrophages and innate lym-
phoid cells as well as T and B cells of the adaptive 
immune response will generate further innovations 
and access to allergy prevention. The best possible 
understanding about the functions and character-
istics of the skin, intestinal and respiratory barriers 
is a prerequisite for the development of strategies 

in order to uphold barrier integrity and, especially 
in case of disease, to support the recovery of dis-
turbed barriers. Research on cofactors increasing 
symptom severity or the risk of sensitisation is of 
similar importance.

Prevention is the key priority, with a potentially 
enormous impact. The effect of intervention dur-
ing all early lifetime intervals from pre-conception, 
gestation, birth mode, and early childhood should 
be evaluated. Primary preventive interventions 
aimed to reduce exposure levels in the workplace 
are crucial to reduce the occupational disease bur-
den. Nevertheless, due to the complexity of the dis-
ease, high regulatory demands and lack of funding 
is quite challenging. A long-term view needs to be 
implemented: the really big prize lies much further 
upstream, where compelling evidence is emerging 
of return on investment from public health pro-
grammes and work in schools, communities and 
housing. Although the precision medicine revo-
lution has potential to transform environmental 
measures and to develop into precision health and 
precision prevention We still have a long way to go 
to more effectively identify who should be target-
ed. Some environmental interventions like air qual-
ity regulation cannot be targeted to any subgroup, 
genetic, or otherwise. Others, like breastfeeding, 
vaccination, antismoking campaigns, exercise, or 
diets, could in principle, but they need to prove 
practical or cost efficient. The most effective pre-
vention would be to identify those at high risk to 
avoidable exposures. However, simply evaluating 
genetic risks is not sufficient, since we need to 
co-factor the interaction with environment. Collab-
orative work amongst European and international 
centers to collectively research the prevention of 
atopic diseases and asthma using rigorous stand-
ardised study methodologies is desirable. Once key 
exposures and potential interventions are identi-
fied, a comprehensive approach among clinicians, 
patients, health care organizations, insurance pro-
viders, government agencies, and urban planners 
must be undertaken to establish cost-effective 
primary and secondary prevention strategies to 
reduce these risks and promote wellness. National 
allergy and asthma action plans promoting prima-
ry and secondary prevention of allergic diseases 
should be coupled with increased public awareness 
of allergic diseases and their prevention and with 
training of healthcare professionals and medical 
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students on how to inform on primary and second-
ary prevention of allergic diseases

A revised disease taxonomy should be agreed, 
based on the whole spectrum of needs (patients, 
healthcare systems, research). Endotype-based 
classification based on thorough investigation of 
the pathophysiological mechanisms contributing 
to the disease will provide more insight in the in-
ter-individual variability of clinical presentation 
and treatment response in patients with identical 
phenotypes. This nomenclature would describe 
diseases on the basis of their intrinsic biology in 
addition to traditional “signs & symptoms”, lead-
ing to better understanding of  allergic disease 
mechanisms, pathogenesis and treatments. The 
revised disease taxonomy  should also allow easy 
incorporation of newly appearing data to existing 
knowledge.  The novel terminology would make our 
discipline stronger and broader.

Implementing precision medicine in the clinical 
setting requires seamless integration of data from 
clinical evaluations and bio-medical investigations 
with genomics and other endotyping profiling to 
characterise an individual patient’s disease pro-
gression followed by mainstreaming all these data 
back to the point of care in a format that is ready 
and easy to use by the clinician. Reconciling con-
cerns about rising costs, accessibility and afforda-
bility of the precision medicine approach is central 
to the debate on implementing precision medicine 
at a larger scale. Designing methods for streaming 
data capture, real-time data aggregation, machine 
learning, predictive analytics and visualization 
solutions to integrate wellness or health monitor-
ing data elements with the electronic medical re-
cords maintained by health care providers permits 
better resource utilisation. The development of 
computational approaches and tools to effective-
ly integrate multidomain data (such as cognitive 
IT-systems) and real-time databases for molecular 
profiling data could become a pragmatic solution 
to several knowledge management problems in the 
practice and science of precision medicine. “Inter-
ventional informatics” approach can substantially 
improve human health and wellness through the 
use of data-driven interventions at the point of 
care of broader population levels. An agreement 
between all stakeholders on a flexible framework 
balancing the use of randomised control trials (the 
golden standard for evidence at present) against 

“big data” and observational analysis while includ-
ing health-economic impact analysis (encompass-
ing cost effectiveness and long-term savings) for 
regulatory and payer approval are essential steps 
to move the field forward. Learning how healthcare 
professionals engage with and use precision-medi-
cine care pathways and what resources are needed 
to promote high-quality care of patients will serve 
to orient the dynamic governance that includes all 
stakeholders and is designed to remain agile and 
responsive to emerging opportunities and expe-
rience. Global, multi-discipline partnerships and 
rethinking healthcare are important prerequisites 
to move the field forward. Both science and poli-
cy priorities need to be defined agreed and imple-
mented. The collaborative medicine approach with 
open access to research databases worldwide will 
speed up the discovery of new targets. We need 
to encourage “valuable” innovation and enterpris-
es willing to assume the risk in developing pre-
cision-medicine approaches, while continuously 
measuring and documenting the benefit.

Patient empowerment and patient centeredness 
in allergy and asthma care are essential steps for 
a sustainable healthcare system based on the 
precision medicine approach. Reaching the 5 Ps 
(self-efficacy, self-awareness, confidence, coping 
skills and health literacy) and the 5 Es (education, 
expertise, equality, experience, engagement) of 
patient empowerment is a joint effort of patients’ 
organisations and of healthcare professionals. 
Mapping allergy patient groups in Europe, their 
services, role, representativeness and challenges 
could help developing a database and targeted ca-
pacity building

Clinical care pathways to manage allergic diseas-
es are a major priority. Wrong orientation of the 
patient into non-evidence based care pathways is 
not uncommon, with effective treatment not being 
offered to patients. Optimization of the patients’ 
care pathways will undoubtedly result in reducing 
health care expenses.     

Electronic Health (eHealth) and mobile Health 
(mHealth) will continue to revolutionize the 
self-management of allergic diseases asthma. 
Through eHealth technologies, the real-time and 
continuous collection of patient-related data is fa-
cilitated enormously. Patient- and/or doctor-cen-
tered systems render support in the diagnostic 
process through Clinical Decision Support Sys-
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tems (CDSS) and improve adherence to the man-
agement plan. Health information technology (HIT) 
also allows a straightforward real-time collection 
of data for scientific purposes.  

Harmonisation and standardisation of training 
requirements for specialists and subspecial-
ists in allergy and clinical immunology is of vi-
tal importance. To improve harmonization of the 
training in Allergology, it is crucial to establish a 
full specialty in all European countries, and to de-
fine precisely its’ competences, including those in 
relation to paediatric allergy and clinical immunol-
ogy. Well-regulated subspecialties may form an 
intermediate step to the specialty. This general 
recognition will facilitate the creation of an ad-
equate network of allergy training centres. Only 
upon these premises, it will be possible to achieve 
a true harmonization of the training programs in 
Allergology allowing the mutual recognition and 
exchange of specialists within Europe. Training of 
other healthcare practitioners to develop leader-
ship in integrated care in allergic patients, ensure 
the safety of allergy care and optimize the out-
comes. Educating allied health, primary care prac-
titioners and pharmacists to deliver integrated 
care requires significant cultural and behavioural 
changes, and essentially, facilitation by secondary 
care allergy and asthma specialists. 

Competencies recognise the importance of at-
taining and demonstrating both practical skills 
and a theoretical grounding in the subject. They 
additionally provide a standardised framework of 
consistent quality criteria for the effective and safe 
allergy patient care against which practitioners can 
demonstrate proficiency both to themselves and 
also to other health care professionals within the 
multi-disciplinary team. Competency driven prac-
tice fits into the modern delivery of health care, 
which considers the team member’s competency 

to deliver the required care and not the ‘role’ or 
hierarchy of that person within the health system. 
Competencies for allied health care professionals 
working in allergy have been developed by the 
EAACI, but these need to be developed further 
by considering other providers, including primary 
care and pharmacists who may be providing al-
lergy care in isolated settings. E-learning tools 
facilitate outreach to a larger target population of 
healthcare professionals seeing allergic patients.

At the regulatory level, it is worth to note the re-
cent evolution of the legislation in some European 
states. These regulations might be extended to 
other countries in order to achieve European legis-
lation on environment control (air quality, smoking, 
indoor and outdoor pollution, invasive allergenic 
plants, standard occupational exposure), periodic 
health surveillance among exposed workers to de-
tect early signs of disease, reporting of new envi-
ronmental hazards, etc. Allergy and asthma treat-
ments should reach young children much faster, 
thus a revision of the pediatric investigation plan 
is urgently needed. Reimbursement policies should 
ideally be aligned across European states, with al-
lergen immunotherapy recognized as an effective 
and safe treatment with preventive potential.

Finally, healthcare costs will utilise at least 5% of 
their Gross Domestic Products of all countries in 
the world and this will make the biggest locomotive 
of the economy and highest public demand. The 
diseases in our scope affecting almost one third 
of the world population will be one of the highest 
public health burden. All patients should have easy 
access to new safe and effective drugs and other 
treatment options thanks to developing of models, 
which by reducing the risk of development invest-
ments will reduce the price of new medicines, and 
also help to establish heath policies on the basis of 
reasonable priorities and social equanimity. 
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