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Welcome

Welcome to EMJ Allergy & Immunology, the inaugural edition of a journal that offers comprehensive
coverage of the latest and most important developments in allergy and immunology research and care.
This includes a selection of peer-review articles exploring the current issues and challenges in the field
and an in-depth review of the European Academy of Allergy & Clinical Immunology (EAACI) congress
from earlier this year.

Thousands of participants descended upon the EAACI 2016 congress, held in the Austrian city of
Vienna earlier this June. Its programme was designed to appeal to a diverse audience with an emphasis
on marrying together scientific research and clinical practice. This journal provides a review of just
some of the many insightful and informative research presentations at the congress, including a selection
of those recognised and awarded by the EAACI as the best presentations overall. The topics of research
featured in the abstracts include the impact of climate change on pollen in the air and exploring the
role of the allergist in eosinophilic oesophagitis.

There is also a round-up of the most important news and announcements to come from the congress,
which put a particular emphasis on the increasing importance of precision medicine to the field.
The announcement made by the President of the EAACI stressing this importance will serve to promote
a greater awareness of this novel therapeutic approach. Meanwhile, the organisation has also called for
co-ordinated effort across the European Union by policy makers to improve the care and prevention
of allergic diseases, which has been characterised by the EAACI as a health concern on a pandemic scale.

An array of peer-reviewed articles is also presented here, which engage with important issues in the
field while offering invaluable insight into how they are to be addressed. There is a discussion of
the need for biomarkers as an alternative approach towards effectively monitoring the complex
pathophysiology of eosinophilic oesophagitis. The emerging understanding of the role of respiratory
microbiota in asthma has also been discussed here and how it may direct future research and treatment.

We hope you enjoy the first EMJ Allergy & Immunology journal and find its content to be informative
and useful to your own practice and research in the field. We look forward to creating and sharing
many more editions and hope that many readers will be enthused to contribute to future issues.

Spencer Gore

Director, European Medical Journal

European Medical Journal Allergy & Immunology is published annually.
For subscription details please visit www.emjreviews.com

All information obtained by European Medical Journal and each of the contributions from various sources is as current and
accurate as possible. However, due to human or mechanical errors, European Medical Journal and the contributors cannot
guarantee the accuracy, adequacy, or completeness of any information, and cannot be held responsible for any errors or
omissions. European Medical Journal is completely independent of the review event (EAACI 2016) and the use of the
organisations does not constitute endorsement or media partnership in any form whatsoever.

Front cover and contents photograph. Vienna, Austria, home of EAACI 2016.
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Foreword

Prof Dr Jacques Bouchard

Associate Professor of Clinical Medicine, Laval University; Head of the Medicine
Department, La Malbaie Hospital, Québec City, Québec, Canada.

Dear Colleagues,

It is with great honour that | have accepted the opportunity to work with the European Medical Journal
as the new Editor-in-Chief for the Allergy and Immunology journal. This represents a great challenge
and a continuation of everything | have been involved in since the beginning of my career: knowledge
transfer to my colleagues and health professionals.

In 2016, the world is changing in every aspect with new scientific evidence emerging every day.
The incidence of allergic diseases seems to be increasing in many industrialised countries. Our knowledge
is continuously challenged by all the new data reaching us.

We should exchange what we know, whether this comes from evidence-based medicine or clinical
experience. This information should be transmitted to peers and translated to satisfy patients’ needs;
this is the ultimate goal of our journal. Our mission is also to be in a constant mode of bidirectional
communication, so that readers have the opportunity to be involved in a discussion.

In this inaugural edition, we have selected some very interesting articles for you to catch up on all the
latest research in the field of allergy and immunology. A review included comes from Arvind Bamanikar
which covers all aspects of drug allergy, alongside Rose Hamm’s review of the physiopathology of
allergic drugs reactions. We also have two articles on eosinophilic oesophagitis; one by Neeti Bhardwaj
and Gisoo Ghaffari with the basic science and what we should look out for in terms of diagnosis, and
the second considering a variety of treatment options by Anna M. Lipowska et al.

As you are no doubt aware, the European Academy of Allergy and Clinical Immunology (EAACI)
congress was held in June this year in the beautiful city of Vienna, Austria. It was a great success with
a lot of very interesting topics covering all aspects of the practice of allergy. Naturally, the European
Medical Journal team were in attendance to be able to bring you the most up-to-date and exciting of
research updates from the meeting.

EMJ Allergy and Immunology strives to be the number one place for clinicians and researchers
seeking unbiased and up-to-date information on the most important topics in the field of allergy
and immunology; it is with great excitement that | will be involved in this goal.

Best wishes,

A ———=
Jacques Bouchard

Associate Professor of Clinical Medicine, Laval University; Head of the Medicine Department,
La Malbaie Hospital, Québec City, Québec, Canada.
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EAACI ANNUAL CONGRESS 2016

IMESSE WIEN EXHIBITION AND CONGRESS CENTER,
VIENNA, AUSTRIA
11™-15™ JUNE 2016

Welcome to the European Medical Journal
review of the 60" Annual Meeting of the
European Academy of Allergy and

Clinical Immunology Congress

been the musical capital of Europe and this year hosts the annual European

Academy of Allergy and Clinical Immunology (EAACI) Congress with the
ideal location for its ‘Waltzing with Allergens’ theme. The melodious theme of this
event was given the ideal impetus for orchestrating its attendees in a Congress
Ball in a city that remains internationally renowned for its music and culture.

‘ he largest and most populated city in Austria, Vienna has for centuries

Last year, the EAACI 2015 Congress in the Spanish city of Barcelona attracted
close to 8,000 attendees from more than 100 different countries. EAACI 2016
remained equally attractive this year by providing over 1,800 abstracts for
discussion and presentation in oral presentations, poster discussions, and guided
poster presentations. The congress was also an opportunity for the EAACI to
celebrate its 60™ year of dedication to improving the health of all people affected
by allergic diseases and asthma. An exhibition was featured at the event detailing
the history of the EAACI and highlighting the advances made in the field of
allergy and immunology over the past decades.

Over 100 authors at the congress were the recipients of awards for abstract
presentations deemed the best overall in the oral abstract, poster discussion,
and thematic poster sessions. Each received a certificate of recognition and a
€200 prize. The EAACI also continued its annual tradition of honouring European
clinicians and researchers who have made significant contributions to the field of
allergology, bestowed this year upon the following four individuals.

Presented at the EAACI 2016 opening ceremony, the Daniel Bovet Award for
improving treatment and prevention of allergic disease went to Prof Erkka
Valovirta, Department of Clinical Medicine, University of Turku, Turku, Finland.
The EAACI recognises the work of Prof Valovirta in advocating the treatment of
allergies in Europe, including his time spent as President of the European Federation
of Allergy and Airways Disease Patients’ Associations (EFA) from 1997-2003.
Prof Valovirta is also known for his work in allergology societies such as the
EAACI and the World Allergy Organization (WAO), and for the last 8 years has
been dedicated to practical field work as part of the Finnish Allergy Programme.




The 2016 Clemens von Pirquet Award for Clinical Research was awarded to
Prof Magnus Wickman, Institute of Environmental Medicine, Karolinska Institutet,
Solna, Sweden. Prof Wickman was one of the first scientists to study the natural
history of allergic disorders, atopic dermatitis, and asthma in childhood and
adolescents in birth cohorts. His work is recognised for uniting population-based
medicine and epidemiology with clinical medicine, molecular allergology,
and genetics and epigenetics. From 1994-2014 he was the principal investigator
of the Swedish population-based cohort (BAMSE). Investigating the influence
of environmental and other factors for the development of atopy and asthma,
Prof Wickman was a leader of the project which followed 4,000 newborn
individuals until early adulthood.

Prof Jan de Monchy, Department of Internal Medicine, University Medical Center
Groningen, Groningen, Netherlands, was the recipient of the 2016 Charles Blackley
Award for Promotion of the Speciality. Prof de Monchy has long been working in
the field, registering as an allergologist in 1980 and has been recognised for his
strong advocacy of the speciality throughout his career. In 2007, he became the
President of the European Union of Medical Specialists (UEMS) for the allergology
board where he remained for 8 years, whilst also serving the EAACI as an adjunct
member of the Executive Committee. Prof de Monchy has also been recognised
for his involvement in the publication of an important paper, ‘Allergology in
Europe: The Blueprint’. It provided a description of the rationale for the medical
speciality of allergology, underlining the need for quality in allergy healthcare and
the importance of allergy centres.

Finally, Prof Cezmi Akdis, Director of the Swiss Institute of Allergy and Asthma
Research (SIAF), Davos, Switzerland, has been the recipient of several international
awards, including the Ferdinand Wortman Prize in 1996, the Swiss Society
Immunology Award in 1996 and 1998, and the WAO Award in 2013. Prof Akdis has
been recognised for a long and distinguished career in allergy and immunology
research. He has published more than 450 papers and the focus of his research
incorporates the areas of developing novel vaccines and treatment modalities,
the epithelial barrier in asthma and allergies, and disease endotypes.

9T0C I1OoVvVv3

This year’s EAACI 2016 was an informative event that provided updates on the
latest developments and emerging trends in the allergy and immunology field.
In particular, it highlighted the increasing importance of improving allergy
prevention and care, whilst also stressing the pressing need for all of Europe to
tackle allergic diseases together. These are issues requiring close attention and
substantial effort from everyone involved in the field to tackle. We look forward
to checking in next year at EAACI 2017 in Helsinki, Finland, to hear about the
progress made.

ALLERGY & IMMUNOLOGY ¢ August 2016 EUROPEAN MEDICAL JOURNAL



Congress Highlights

President of EAACI Draws Attention disease pathogenesis together with defining

to Novel Precision Medicine validated and qualified biomarkers are key
approaches to precision medicine,” she added.

THE PRESIDENT of the EAACI has highlighted
the importance of precision medicine for the

management of allergic diseases. ¢¢ Wide consensus between

academia, governmental
regulators, and industry for
further development and

Precision medicine is an innovative therapeutic
approach, which takes into account individual
variability in genes, environment, and lifestyle.

It differs from personalised medicine by application of precision medicine
focussing on which current approaches in management of allergic
will be effective with patients based on diseases is of utmost importance. 99

particular factors, rather than developing
unique treatments for them. It is considered
widely relevant to the management of
asthma, rhinitis, food allergy, and atopic
dermatitis. Its approach consists of treatments
based on molecular, immunologic, and
functional endotyping of the disease, patient
participation in the decision-making process
of therapeutic actions, and the consideration
of predictive and preventative aspects of
the treatment.

“Wide consensus between academia,
governmental regulators, and industry for
further development and application of
precision medicine in management of allergic
diseases is of utmost importance,” explained
Dr Antonella Muraro, President of the EAACI,
Zurich, Switzerland. “Improved knowledge of

ALLERGY & IMMUNOLOGY -+ August 2016 EUROPEAN MEDICAL JOURNAL
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anniversary

According to a press release from the 60t
EAACI congress dated the 13" of June 2016,
bringing precision medicine into clinical
practice could help reduce the epidemic
of allergies and chronic airways diseases.
[t mentions progress having already been
made in profiling Type Il immune response-
driven asthma. However, for precision medicine
to be effective within healthcare centres
substantial medical advances first need to
be made. This includes improved disease
taxonomy, complete patient monitoring using
novel digital technology, and an improved
understanding and common usage of disease
phenotypes, endotypes, and biomarkers

preferentially at the point of care.

Biomarkers Recognised as an
Effective Approach for Allergy
Diagnosis and Treatment

BIOMARKERS are an important discovery
for the implementation of precision medicine

16 ALLERGY & IMMUNOLOGY -+ August 2016

approaches aimed towards improving allergy
diagnosis and treatment.

This is according to an EAACI press release

dated 13" June 2016. Also mentioned
was that biomarkers were a central topic
of research presented at EAACI 2016,

emphasising its importance as a building
block towards precision medicine in regards
to allergic diseases.

The value of biomarkers in the paediatric
diagnosis and treatment of allergies has
also been identified in research. Researchers
from London and Manchester universities
in the UK presented a study at EAACI 2016
which revealed how the identification of
specific allergens could assist clinicians in
tackling the symptoms of allergic diseases.
The research team discovered a group of
allergens unique to children with a persistent
controlled wheeze. This would allow the
children with the allergens present to be
identified during their early years of life as
susceptible to the symptom of wheezing,
which could inform early interventions
for treatment.

‘MiRNAs signature’ that could
be used in a similar approach as
a biomarker towards identifying
asthma pathology.

Additionally, the potential for future
therapeutic approaches was identified as the
result of profiling microRNAs (miRNAs) on
eosinophils, specialised immune system cells.
The researchers found that the profile could
discriminate between asthma and a healthy
status. This was described as a ‘miRNAs
signature’ that could be used in a similar

approach as a biomarker towards identifying
asthma pathology. This could offer new insights
into the disease and inform the development
of effective treatments in the future.

EUROPEAN MEDICAL JOURNAL



EAACI Publishes a User’s Guide
to Molecular Allergology

A WORLD DEBUT has been made in a recent
announcement by EAACI| regarding the
launch of their new user guide in molecular
allergology. This is according to an EAACI
press release dated the 13 June 2016, which
also explains that the guide is the result of
contributions from over 50 key opinion
leaders. The new developments in molecular
allergology have been brought together into
the impressive guide allowing clinicians to
obtain detailed information on sensitisation
patterns. It will also facilitate more accurate
interpretation of allergic symptomes.

The new developments in molecular
allergology have been brought
together into the impressive

guide allowing clinicians to obtain
detailed information on sensitisation
patterns. It will also facilitate

more accurate interpretation of
allergic symptomes.

The information provided in the book is seen
as an example of how molecular allergology
is linked to precision medicine and its
advancement of the therapeutic benefits
of this approach. It is claimed to provide
the basis for a more refined and earlier

diagnosis of allergic reactions, allowing an
individualised management of the patient
and approaches to prevention.

ALLERGY & IMMUNOLOGY + August 2016

The book can be found on the EAACI
website and its contents are split into three
parts, beginning with the general concepts
of molecular allergology. It then moves on
to its various applications in clinical practice,
offering information on various allergies
such as soy allergy, peanut allergy, and
cockroach allergy. Finally, the book explores
the clinical relevance of cross-reactive
molecules such as those making up the
prolifin protein; which between 10% and 60%
of pollen allergic patients are sensitised to
according to this. In the preface, the EAACI
President, Dr Antonella Muraro, explains the
huge significance of the new guide at a time
when patients of all ages are suffering from
the steady rise in incidence of allergic
disease, anaphylaxis, and comorbidities with
allergy. She also calls for better education of
healthcare professionals to address this
important issue, and thus the reasoning behind
the EAACI’s timely publication of the user
guide on molecularallergology describing its
components, the clinical benefits of testing for
components, as well as how to interpret results
including understanding cross-reactions.

EUROPEAN MEDICAL JOURNAL
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EAACI Calls for National Efforts in
Tackling Allergies Across Europe

THE CO-ORDINATED efforts of policy makers
across Europe is required in order to tackle
the burden of allergies on public health
issues according to EAACI.

The EAACI| has called upon national and
European Union (EU) policy makers to
co-ordinate their actions towards improving
allergy prevention and care. According to
an EAACI press release dated 13" June 2016,
allergies are a public health concern on a
pandemic scale which require immediate and
concerted action. It is believed that by 2025
more than 50% of all Europeans will suffer
from an allergy. Therefore, disease prevention
is considered vital to controlling the burden
to public health that is likely to skyrocket in
the coming vyears. This includes not only
the burden on patients’ quality of life, but
also healthcare costs, economic loss due to
missed workdays, and reduced productivity
from the impact of the symptoms of allergy.

ALLERGY & IMMUNOLOGY ¢ August 2016

During the EAACI 2016 congress, meetings
were held to progress EU policies and
discuss concerted actions to bring about the
necessary changes to tackle the issues of
allergies in Europe. Among those in attendance

at the meetings were EU stakeholders,
representatives of EAACI leadership, EU
allergy patient advocates, and members

of industry.

Allergies are a public health concern
on a pandemic scale which require
immediate and concerted action.
It is believed that by 2025 more
than 50% of all Europeans will
suffer from an allergy.

In  April 2016, the European Parliament
Interest Group on Allergy and Asthma
highlighted the health concern of allergies

through an event which involved over
400 members of the public and included
members of the European Parliament.

The ‘Test, Inform, Prevent’ event was held in
the European Parliament in Brussels which
performed skin-prick allergy tests. It found
that 53% of the participants tested positive
for an allergy who were then provided with
further information about how allergies can
be diagnosed, managed, and prevented.
Sixteen MEPs took the test and three of
them subsequently joined the interest group.

EUROPEAN MEDICAL JOURNAL
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Frans Timmermans

Vice President of the Netherlands Anaphylaxis/European Anaphylaxis Taskforce; Chair,
European Academy of Allergy and Clinical Immunology’s Patient Organisations Committee;
Co-Chair, International Food Allergy and Anaphylaxis Alliance.

Q: Amongst your many roles, you are a founder
and current vice president of the European
Anaphylaxis Taskforce and as such you have a
unique insight into the international issues and
efforts to increase awareness of anaphylaxis.
What changes to the healthcare system in the
Netherlands, and the rest of Europe, do you think
would be beneficial to these efforts?

A: For some reason the impact of the rising
prevalence of allergic diseases and thus also the
risk of anaphylaxis in society, from a quality of health
and economic perspective, is still underestimated.
This might be one of the reasons why, on a
national and international health policy level, the
priorities are low in comparison with other chronic
diseases. It might also be related to the general
outlook of allergies as “well it's just sniffing and
coughing”, and “it’s not so severe, you can cope
with it”. When you realise however, that all these
small disturbances from the outside world on your
daily life are linked to an economic figure, these
inconveniences accumulate into a very large
amount of lost income. Just think of lost work
days due to inability to work or inability to perform
well due to loss of concentration.

| think policy makers must realise that allergies,
particularly the ones with a risk of anaphylaxis, are
a very serious problem in society which can be
more or less easily dealt with. We need to be
prioritising allergies and implementing better
registration systems to monitor and assess the
impact of allergies on and in society; on a societal
as well as an individual level. As engineers we
believe that to measure is to know, and if this
information is available, one can see where to
address the problem and how to solve it.
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Q: What first interested you about the field of
allergy and immunology?

A: | got into the field of allergy and later
immunology solely due to the fact that our
youngest daughter, Beatrijs, had an anaphylaxis
incident after accidently consuming a peanut.
We rushed her to the hospital and fortunately she
did survive. After this incident we were referred
to an allergist nearby and she was diagnosed
with several food allergies of which milk, peanut,
and tree nuts could give her a severe reaction.

As there was little general public knowledge
about this extreme variant of allergic reaction
we have been the first to set up an
information point which evolved into the Dutch
information, knowledge, and training centre, the
Nederlands Anafylaxis Netwerk. Due to the
extensive international contacts, | also began the
European Anaphylaxis Taskforce, as a platform for
international and interdisciplinary interaction to
raise awareness on the issue.

Q: How important is research into prevention
strategies, and how does this research translate
to public health?

A: Research is a very important part of raising
awareness and advocacy. Without research, one
cannot proceed.

However, research has a broad definition and
when | look at this area of research, one sees that
the area of research is mainly focussed on the
medical discipline. Societal studies in the field
of allergies are rare and although it is important
to find out how allergies are prevented and why
some individuals become allergic and others not,
it will take a long time to find these answers.
Societal studies may give an insight into how
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people with allergies cope in their daily lives
including how they communicate with their inner

and outer circles. More generally, what is the
public’s perspective of allergies and anaphylaxis,
how much do they know, do they realise what
impact the disease has? All of this information will
help in preparing for public health strategies and
measurements to raise the quality of life of people
with allergies and those with a risk of anaphylaxis.

Q: How do meetings such as the European
Academy of Allergy and Clinical Immunology
(EAACI) congress facilitate scientific discourse?
How have such meetings changed since you first
began attending them?

A: These meetings enhance the scientific
discourse in a great way as the congresses
(the annual congress is not the only one EAACI
organises) have several allergy-related platforms
where the scientific results are presented
and discussed to an ever increasing audience.
The congresses also facilitate young clinicians
and researchers to present their own ideas and
findings with poster sessions and oral abstract
presentations. Also, due to the openness of EAACI,
they are unique in having set up a patient
organisations committee platform thus facilitating
the collaboration, discourse, and discussion
between representatives of patients, clinicians,
and researchers.

Q: What exciting research presented at last year’s
EAACI has had the greatest impact on current work?

A: Actually there were several exciting research
presentations last year. | will mention two that
have impacted our current work most. Firstly, the
ongoing effort in structuring and harmonising
allergy guidelines across Europe which | hope from
there can develop across the world for food allergy
and anaphylaxis. Secondly, the results of the
introduction of peanuts in the early life of children
with a high-risk of developing a peanut allergy.

66 Research is a very important
part of raising awareness and
advocacy. Without research,

one cannot proceed. %
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Q: What risk factors are dominating current research
into food allergies?

A: A major risk factor is the continuation of
available funding at a national and international
level. Although the European Union (EU) has
provided profound financial support into
researching the different aspects of food allergy,
another risk factor is that research into anaphylaxis
occurring can, ethically, only go on until a certain
point. Thus, results in this field will always be
on the safe side because the trials have to stop
prematurely to reduce the risk of severe adverse
events, meaning the results are limited because
the study has to stop.

is our
immunological

Q: How strong
of the basic
underscoring allergy?

current understanding
mechanisms

A: Well there are very different levels of
understanding of the basic immunological
mechanisms. Within the EAACI| target group |
think the basics are fairly understood. If you look at
the general public, | have to say that even a basic
understanding of what the immune system s,
is very low, and that is if they even know. Let me
give you an example: during my training sessions
where the symptoms were being shown and
explained, the term ‘organ system’ was introduced
for the purpose of explaining anaphylaxis. When
the audience was asked if they knew the meaning
of the term and how many organ systems a human
had, most of the time the vast majority did not know
the answer. So we still have a lot of work to do in
teaching the general public, even the most basic,
immunological mechanisms underscoring allergy.

Q: What are the most important strategies for the
management and prevention of allergic reactions
and anaphylaxis in your view?

A: First, one needs to have a proper diagnosis
and guidance by clinicians. It is important that
clinical colleagues from other medical specialities
are educated in allergy and anaphylaxis, thus
preventing adverse advice or wrong diagnosis. We
need more allergy specialists. When an individual
has had the proper diagnosis it is important he or
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she knows what they react to and if the risk
is constructed of a severe allergic reaction or
anaphylaxis. Once that is explained they know
what to avoid, and more importantly how to avoid!
Only avoidance will prevent allergic reactions and
anaphylaxis occurring!

Q: What are the fundamental motivations behind
your work?

A: As said previously, the first and strongest
motivator is my daughter Beatrijs as she is at risk
of peanut and tree nut induced anaphylaxis. So

Ingebjorg Skrindo

ENT Specialist, Department of Otorhinolaryngology,

Q: Tell us about your role as Chairman of
the Norwegian Society of Allergology and
Immunopathology. In what ways does this body
help improve the quality of patient care in this
area of medicine in Norway?

A: As the Chairman of the Norwegian Society of
Allergology and Immunopathology in Norway,
my main focus is to ensure that doctors of
different specialities with interests in allergology
have a common meeting platform for discussion
and education. We think that if we work
together, our patients will benefit from a more
complete treatment.

Q: To what extent has our understanding of ear,
nose, and throat (ENT) conditions developed since
you began working in this area?

A: This question is a little bit difficult to answer.
Of course, both the understanding and treatment
of cancer is changing rapidly, also in ENT!
In allergy, | think the main shift has been from
‘avoidance of allergens’ to ‘tolerance of allergens’,
especially regarding the increase in immunotherapy.

...the understanding and treatment
of cancer is changing rapidly...
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from this perspective, making the world a safer
place for her is my fundamental motivation.

Q: If you could offer one piece of advice to a
budding immunologist, what would it be?

A: Talk to patients, their representatives, and
collaborate with the EAACI Patient Organisations
Committee and spread the word of your
interesting, inspiring, and explorative work.
There are so many new things to discover in the
field of immunology that you will feel like an
ancient explorer discovering new worlds.

Akershus University Hospital, Larenskog, Norway.

Q: In your view, what more could governments
and healthcare providers do to ensure greater
awareness of the causes of ENT conditions amongst
the general population in Europe?

A: | think governments and healthcare providers
are doing a great job, and need to keep up
the good work when it comes to reduction of
smoking and alcohol consumption, etc. Additionally,
| think knowledge of allergy and asthma, including
prevention and treatment, will benefit from a high
focus in the next few years.

Q: How would you describe the quality of medical
treatment in Norway? What lessons could other
countries learn from the Norwegian experience?

A: We have a very good healthcare system in
Norway for everybody, independent of where you
live, your income, or insurance. | think this idea of
equality is something | really appreciate with our
healthcare system.

Q: Which of your achievements are you most
proud of?

A: | am not sure. Maybe just being a good clinical
ENT doctor!
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Q: What are likely to be the biggest challenges
facing medical practitioners in the field of allergy
and immunology over the next decade?

A: Predicting the future is never easy! However,
| do think we will still see an increase in the
prevalence of allergic diseases and maybe also in
the variety of allergies, leading to a higher demand
for treatment. | am especially curious about what
will happen in the field of immunotherapy!

Q: What is the main focus of your academic
research? Is this focus likely to shift in the
coming years?

A: My main focus is immunoglobulin E sensitisation
among children and the development of allergic
rhinitis in children. | am hoping that | will be able to
work on this for a long time!

Nikolaos G. Papadopoulos

Q: What advice do you have for medical students
who are thinking of beginning a career in allergy
and immunology?

A: | would advise them to go for it! Allergy and
immunology is a really interesting field with huge
progress both in basic research and in clinical
treatment. | think we will be able to cure more
allergies with immunotherapy in the future and |
think it will be fun to be a part of the progress!

Q: How far do we have to go before we fully
understand the mechanisms and biology of
allergic conditions?

A: Well, will we ever know everything? | am not
quite sure...

Professor of Allergy and Paediatric Allergy, Centre for Paediatrics and Child Health, Institute of Human
Development, University of Manchester; Royal Manchester Children’s Hospital, Manchester, UK.

Q: What first inspired you to enter the field of
allergy and immunology?

A: That was quite a while ago and the process was
not completely straightforward. | was attracted by
the complexity of interaction with the environment
and more specifically, in tropical infectious
diseases which | had come across during my early
travels. Exploration of infectious diseases led me
to studying immunology, as the key interphase
with bugs. At the next stage, while | was amazed
from the different aspects of immunology, | had
to make a choice on a professional activity that
could help patients in parallel to doing research.
Among the various options, allergy came up as
the most promising and attractive one.

Q: What areas of research do you believe would be
most beneficial for creating a better understanding
of how respiratory allergies develop and how they
can be prevented?
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A: Any research which is genuinely open-minded
and methodologically sound cannot be anything
but beneficial. It is not always necessarily cost-
effective though and in our times we need to
prioritise research that is most promising in terms
of translational potential. Current breakthroughs
in -omics, and personalised and systems
approaches should be able to deliver bedside-
relevant results soon.

Q: From your previous experiences with European
Union (EU) funded projects, do you feel there is
adequate funding available for research into
respiratory allergic disorders and diseases at
national and international levels?

A: If one takes into account the huge burden
and cost of these conditions, or compares it to
other domains, funding in the area of respiratory
allergies is quite low. It appears that part of the
decision for funding prioritisation is affected by
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‘impressions’ and therefore respiratory allergies
are frequently considered low priority. It would
not be the case if objective criteria were used.
International funding could also improve in order
to stimulate transnational collaborations. Science is,
and should be global, but most funding agencies
are local or regional.

Q: Do you think there is enough public awareness
across Europe concerning the risk factors involved
in the development of various allergies and in
knowing how to decrease the levels of exposure
to these risks?

A: There is some public awareness on risk factors
such as tobacco smoke or pollution and an
increased sensitivity, although not necessarily
always backed by evidence in relation to diet.
Everybody would agree that our Western lifestyles
and stress are to blame for much of the current
disease burden. Unfortunately, we cannot claim
that there are major interventions that may
reduce allergies at a public health level. Recently,
food introduction practices have been scrutinised,
but we still need to incorporate these new
findings into different cultural environments.
So, | think we need more awareness about the
problem, but take care on coming up with
solutions that are not completely proven.

Q: You were involved in the co-ordination of the
European Commission funded PreDicta project
which came to an end in March earlier this year
after more than 5 years of research. Can you offer
any insights into some of the research findings of
the project?

A: PreDicta was an exciting project and has
already resulted in a few dozen scientific
publications. The most interesting findings are only
now being analysed and prepared for publication.
Among these, | can identify a couple of my
favourites such as the ability of human rhinoviruses
to escape antibody recognition; the capacity of
the virus to drive allergic inflammation at the
epithelium level as well as the potential to block
the virus with antisense technology.
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Q: Do you anticipate a significant increase in
the development of biotechnological products
intended to cure allergic disorders such as food
allergies, in the near future?

A: We are living at the epoch of biologicals; when
| was starting my career we were producing
‘magic bullets’ suggesting that they would be able
to cure everything. Now is the time that such
promises are yielding results. In addition, modified
allergens and other biotechnological advances are
giving us enormous potential. However, greater
flexibility on the part of the regulators would be
an enormous help in this arena.

Q: What are some of the risk factors involved in
the development of food allergy disorders and
how important is an increased understanding of
these factors?

A: Understanding the natural history of a disease
and recognising the factors that affect it is
clearly crucial. In relation to food allergies, we
know that the type of food, rate of introduction
and/or consumption, and the environmental
context of exposure are important. What we still
need to understand is the precise quantitative
aspects of the above: how often, how soon,
how much, under what level of ‘tolerising’ or
‘sensitising’ factors.

Q: What are the current bottlenecks in research
which if resolved, could significantly contribute to
developing approaches and tools for the effective
management of food allergies?

A: Funding, regulation, and fragmentation are the
major bottlenecks for research in allergy. We have
argued for higher prioritisation from funding
agencies, more reasonable regulation (e.g. use
of allergen extracts or recombinant proteins for
skin testing, requirements for study design in
relatively rare allergies, etc), and European and
international research integration.

¢¢ Understanding the natural history
of a disease and recognising
the factors that affect it is

clearly crucial. %
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Q: What do you feel to be the greatest achievement
thus far in your career? What goals have you set
for yourself to be achieved in the future?

A: | feel that my career has been smoothly
building up; we have contributed in the
understanding on how a viral infection interferes
with allergy at several levels. Also, and this has
been a great satisfaction, we have taken steps
towards ‘curing’ children with food allergies using
oral desensitisation. In the future, | would like to
see effective antiviral and/or vaccine approaches

Cem Akin

Associate Professor, Harvard Medical School; Director,

Hospital, Boston, Massachusetts, USA

incidence of asthma attacks.
On the food allergy front, | expect real bedside
treatments for most foods.

influencing the

Q: What advice would you offer to someone
considering a career in the field of allergy
and immunology?

A: If it is their passion, it will not let them down!
There is huge scope for understanding mechanisms
through research, educating others, and improving
the lives of patients. What more could a scientist
or a physician hope for?

Mastocytosis Center, Brigham and Women’s

Q: What first motivated you to work in the field
of allergy and immunology and then to direct
your research towards the mast cell
disorder mastocytosis?

A: When | was little, | was determined to find a
cure for cancer to help humanity. That childish
enthusiasm followed me to medical school.
| started reading about the immune system and
thinking about using it to Kkill tumour cells.
As | found out more about the immune system,
my interest shifted to disorders of immune
regulation and allergy. | was introduced to
mastocytosis  during my allergy/immunology
fellowship at the National Institutes of Health (NIH).
| was attracted to researching mastocytosis as a
unigue neoplastic disorder of an innate immune
system cell (mast cell) mostly presenting
with allergy-like symptoms where the traditional
boundaries of  haematology-oncology  and
allergy overlapped.

Q: What specific areas of the disorder are you
currently exploring and what developments do
you hope to achieve from doing so?

A: 1l am not sure if we will ever be able to find a way
to completely eliminate the mast cells in the
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human body but | am always interested in finding
new ways to inhibit activation of mast cells or
limiting their survival. These treatments would not
only help patients suffering from mastocytosis
but also those with very common diseases such as
allergic rhinitis, asthma, food allergies, and
chronic urticaria.

Q: How far has our understanding and treatment
of mastocytosis improved since you first began
working in this area?

A: When | started working on mastocytosis,
the KIT D816V tyrosine kinase mutation was just
identified in some patients with advanced disease.
By improving the detection methods, we and
others have shown that the mutation occurred in
virtually all patients with adult onset mastocytosis
and that it was not only limited to mast cells
but also involved other haematologic lineages in
some patients. These findings highlighted the
importance of targeting the mutation by kinase
inhibitors as a potential therapeutic mechanism.
We also realised that it may not be as rare of a
disease as once thought. By using the same
sensitive detection methods, we have found clonal
mast cells as the underlying cause of anaphylaxis
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in some patients. Recent research indicated that
a substantial number of patients with bee sting
allergies may also have mastocytosis as an
underlying aetiology.

Q: Do you believe that in the near future treatment
for the disorder could be curative or preventative,
as opposed to current approaches which aim to
relieve the symptoms?

A: We currently do not have a curative drug
for mastocytosis, however good progress has
been made towards identifying new drugs and
treatment modalities that would slow down the
progression of aggressive disease variants such
as mast cell leukaemia. It is important to realise
that mastocytosis is not a single clinical entity
and its spectrum ranges from a benign indolent
disease to very aggressive variants associated
with decreased life expectancy. Most clinical
trials with new drugs are conducted on patients
with aggressive mastocytosis. It is possible that
what slows down the progression of aggressive
mastocytosis may be curative for indolent variants.

Q: Please tell us about your leading role as a
director of the Mastocytosis Center at Brigham and
Women’s Hospital in the USA. What do you feel
have been the greatest achievements made by
the centre in the treatment and evaluation of
the disorder?

A: The centre was established approximately
5 years ago and acts as a platform to bring
together the clinicians and researchers interested
in mastocytosis and to facilitate cross-disciplinary
interactions for the ultimate goal of improving
patient care. It is completely funded by patient
donations and has a modest budget. We have
launched a patient registry database project and
also have plans to create a tissue repository,
which ideally would be accessed by anybody
with a good idea on a collaborative basis after
appropriate institutional review board approvals.
We have identified new forms of mast cell disease

including syndromes presenting with mast
cell activation and helped establish diagnostic
criteria  and identify a pathologic basis of
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these syndromes.
industry to guide their efforts in new drug
development and select the patient population
that would most likely benefit from a given
therapeutic approach.

We are also working with

Q: What new developments and research can be
expected from the Mastocytosis Center in the years
to come?

A: Our ultimate goal is to obtain external funding
or a ‘centre grant’” that would protect the
investigators’ time for research. We need to
understand better how mast cells function in
physiologic processes in order to find ways to
inhibit their growth or activation products. We are
hoping to be at the forefront of drug discovery
research and clinical trials.

Q: How would you describe the quality of care
given to patients with mastocytosis and other
related mast cell disorders in the USA? How does
this compare with Europe in your opinion?

A: There are only a few centres of expertise for
mastocytosis in the USA. Our referral numbers
continue to grow each year and | would like to
think that it is a sign of appreciation by the
physician and patient community. Since it is
impossible for these few centres to see all
patients in the country, it is important to raise
the awareness of the disease and educate the
physician community in general to the point
that they know when to suspect the disease
and conduct an appropriate workup close to
where the patient lives. | see education efforts
as a crucial mission of our centre. | have seen
many referrals from the community who have
already gone through an excellent diagnostic
workup which might be an indication that the
education efforts are paying off. Here, | would also
like to thank the patient support organisations
for their partnership with us in advancing the
education on the disease. In Europe, mastocytosis
research is much better organised in comparison
to the USA, owing to the European Competence
Network on Mastocytosis (an initiative
spearheaded by Prof Peter Valent at the University
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of Vienna, Vienna, Austria), which brings together
researchers and clinicians from many centres,
from different countries, around their collaborative

projects, and in their annual meetings. | have
been privileged to attend these meetings as a
member of their medical advisory board.

Q: What role do you expect biotechnology
companies to play in the continuing research and
development of new treatments for mastocytosis,
mast cell disorders, and more widely in the allergy
and immunology field?

A: No man is an island in medical research in
this day and age. | think the partnership
between the biotechnology companies and
academics is the key to finding new treatments
for the disease. The academicians have the
knowledge on the disease, and biotech has the
drugs and funding. While mastocytosis itself
may still be regarded as a rare disease, some
of the new drugs targeting mast cell survival
and activation for patients with mastocytosis may
also potentially benefit millions of patients with
more common diseases such as allergic disorders.

Amir Hamzah Abdul Latiff

Q: What has been the proudest achievement of
your career to date? And what specific goals do you
hope to achieve in future work?

A: My proudest achievements are when | receive
handwritten thank you cards from patients or
parents. | would like to collect as many of those
as possible in the future.

Q: What advice do you have for medical students
who are thinking of beginning a career in allergy
and immunology?

A: | cannot think of a better field to pursue for
inquisitive young minds. The study of allergy and
immunology is the study of how humans cope
with their environment. | think this field of study
will only become more important in the future
as we continue to rapidly change our
environment and expose ourselves to increasingly
unnatural environments and threats. They will
not be disappointed by their decision.

¢6¢ | see education efforts as a

crucial mission of our centre. 99

Consultant in Paediatrics, Clinical Immunology and Allergy, Department of Paediatrics, Pantai Hospital,

Kuala Lumpur, Malaysia; President, Malaysian Society of Allergy and Immunology (MSAI); Board Member,
Asia Pacific Association of Allergy, Asthma and Clinical Immunology (APAAACI).

Q: What first attracted you to working in the
allergy and immunology field and then to direct
your focus on paediatric medicine?

A: | actually started to specialise in paediatric
medicine with the intention to eventually
subspecialise in nephrology. Hence for my masters
research thesis | settled on the subject of steroid-
sensitive nephrotic syndrome (SSNS). | was strongly
encouraged to study the immunological aspects
of SSNS, whereby it was regarded that the immune
system played a role in its mechanism. It was
then that | was attracted to the field of clinical
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immunology and allergy, and pursued this further
as a second specialisation.

Q: What areas of research are you currently
exploring and what insights do you hope to gain
from doing so?

A: Being away from the academic field for nearly
a decade meant that exploring research
opportunities boiled down to a simpler research
area for which data on current prevalence of
allergies in Malaysia is sorely needed. This may
seem mundane, but given that no new data has
emerged in the last 10 years on the prevalence
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of allergic diseases in Malaysia, particularly food
and drug allergies as well as anaphylaxis, it is
imperative to establish these in order to ascertain
the burden of allergic diseases, from the health
and economic aspects.

Q: How far has our understanding of the factors
determining the development of allergies advanced
since you first began working in this field?

A: In my nearly 20 years in the field, there have
been more questions than answers on the
epidemic that is allergies. Whilst many factors
have emerged that may throw light on the rising
development of allergies and are brought to the
forefront, not a single factor enjoys a sense of
belief of being more significant from one than the
other, be it from microbiomes to climate change.
It is more likely that these multiple factors are
interplaying, and that combinations of these factors
in the right proportions leads to the development
of allergies. Translational studies become more
relevant towards this understanding and these
studies are steadily revealing paths for newer
therapeutic measures in the treatment of allergies.

Q: What are the greatest barriers to tackling these
allergic diseases and disorders, and how can they
be overcome?

A: The greatest barriers to tackling allergic
diseases is creating the awareness that handling
allergic diseases requires a holistic, integrative,
and personalised approach in their diagnoses and
treatment. It is not merely a simple organ-based
style of treatment when symptoms appear, but
seeking pre-morbid situations via clinical history
to establish those at risk of developing more
complex allergic diseases. In other words, look
and seek to understand the patient with allergic
diseases rather than the allergic diseases affecting
a patient. Thus, it is important that allergic
diseases are managed by fully trained allergists.

¢¢ |n my nearly 20 years in the field,
there have been more questions
than answers on the epidemic

that is allergies. %9
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Q: Do you anticipate immunotherapy, a potentially
curative treatment, to overtake antihistamine
medication as the prevalent treatment approach
to allergies?

A: This will depend on where we are practising,
given the starting cost is never cheap enough to
persuade policy makers to employ immunotherapy
as the first modality of treatment. Granted it
is potentially curative and in the long-term
generally cheaper than all conventional anti-
allergic medications bundled together. Naturally,
not everyone with relevant allergic disorders for
which immunotherapy is an option would need to
undergo the treatment. Once those patients are
identified, then immunotherapy will be advised
and commenced sooner rather than later.
Nonetheless the high cost factor remains and
there needs to be a mechanism of reimbursing
these patients, whether it be via insurance or
government funding. Fortunately, this is possible
in  many instances but not exhaustive, and
immunotherapy should in principle be available to
all patients requiring the treatment.

Q: How would you describe the quality of care
given to patients with an allergic disorder or disease
in Malaysia, where you currently practise?

A: For as long as allergy and clinical immunology
are not recognised as a subspecialty of medicine,
there will be an insufficient approach in providing
high quality of care to patients with allergic
diseases. Once there is a recognition of this
subspecialty then will come the realisation that
many allergic diseases are not as ‘simple’ as they
are made out to be and their understanding
requires specialists devoted to this specific field
of medicine. This is in tandem with the fact that
the pathophysiological mechanism of allergic
diseases becomes more complex and treatment
will require astute clinical judgement that only
allergists and/or clinical immunologists could
provide from their extensive training and research.
Thus, whilst there is enough quality of care, it is
not optimal at its best and there is certainly room
for improvement.
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Q: In light of your involvement with the Allergy-
Free Nation Initiative in Malaysia, do you think that
a country free from allergies is achievable?

A: The Allergy-Free Nation (AFN) initiative came
about via the Malaysian Society of Allergy and
Immunology (MSAI) due to a feeling that the
prevalence of allergic diseases is increasing in
Malaysia, and that further steps are needed to
prevent this rise. As mentioned earlier, good quality
data has been scarce or not forthcoming on the
current prevalence of allergic diseases in Malaysia.
Hence the AFN campaign was launched with an
Allergy Awareness Survey amongst a select group
of the population in the area around the capital
city of Malaysia, i.e. Kuala Lumpur, which exceeded
8,000 people (and still ongoing). The results
would hopefully gauge the prevalence and the
degree of understanding of allergic diseases
amongst the general population. From there
on, the second stage of the initiative would be
the structuring of a National Allergy Road Map
to tackle the problem of allergic diseases from
various angles, impressing upon the policy makers
to take note of the seriousness of allergic diseases
which would have a significant impact on the
health of the nation and economy. The AFN
initiative is very ambitious and, whilst not
achievable for a foreseeable period, there is
always the possibility that with time, and discovery
of the aetiology of allergic diseases via research
co-operation through global networking, a country
could be free of allergic diseases.

Q: In the years to come do you expect there to
be an increasing demand made on this field of
medicine to respond to changing environments
which could expose people to new forms of
allergens and infections?

A: | would hope so, and the road is a winding
one to say the least, as a more concerted effort
is taken to address the basic requirements in
delivering high quality management of allergic
diseases, both diagnostic and treatment,
along with  an in-depth consideration of the
underdiagnosis and undertreatment of allergic
diseases. The demand is certainly there now and it
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is bound to increase rapidly if no major steps are
taken to dampen the rapidity of this epidemic of
the 21 century. That rise is certainly related to the
changing environments, as has been alluded to,
and it may transform into a more challenging and
complex situation with an altered natural history
of these allergic diseases. We have to act now.

Q: What do you feel has been the greatest
achievement in your work to date? What goals
have you set for yourself in future work?

A: | still feel that | have made no great achievement
until I can convince the policy makers to stand up
and take note of the gravity of the situation.
Patients suffering from allergic diseases and other
immune-mediated diseases (including primary
immunodeficiencies, [PID]) need the best possible
high quality healthcare system to be in place for
them. Putting this in place would be a major
goal, and from there on hopefully we would see
allergy and clinical immunology recognised as
a specialised field of medicine in its own right.
Parallel to this would be the follow-on to the AFN
initiative, with the Malaysian Allergy Road Map.
Another major goal | have is to address the issue
of increasing awareness for PID, where allergic
diseases can co-exist. PID are still not well
recognised and are often underdiagnosed, with
our current data suggesting we have only
diagnosed 2% of PID patients in Malaysia. This is
actually comparable with data from other parts of
the world, and emphasises the exact reason
why clinical immunology must be recognised;
clinical immunologists and allergists are best
suited to deal with immune-mediated diseases.
These goals would need to be in place very soon,
as Malaysia approaches our 2020 vision to be a
developed nation.

Q: What advice can you give to medical students
considering a career in allergy and immunology?

A: | would not stop medical students considering
a career in allergy and immunology given the
background painted thus far. We need more medical
students specialising in this field, particularly in
Malaysia, in order to achieve our 2020 vision.
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With their knowledge we can build the nation
further, forming a new generation of highly trained
clinical immunologists and allergists who are
competent in all aspects of clinical management,
laboratory skills, and research background, with

Sarah Karabus

the ability to teach and generate even more
clinical immunologists and allergists to meet the
demand of the nation.

Paediatric Allergist and Paediatrician, Christiaan Barnard Memorial Hospital; Senior Lecturer, Allergy
Division, Red Cross War Memorial Children’s Hospital, Cape Town, South Africa.

Q: What first motivated you to enter the
allergy field and then to focus your work in
paediatric allergy?

A: My primary training was in paediatrics and as |
completed this, the opportunity became available
for a fellowship position in paediatric allergy.
Allergy was something that | had had precious
little exposure to during my paediatric training so
it was an opportunity to continue learning. There
was only one position available, so if one did
not jump at it, the opportunity would only come
around again in 2 years.

Q: To what extent do you feel the treatment and
care of paediatric allergic disorders have improved
since you first began working in this area
of medicine?

A: | think that the growing awareness of allergy
as an important speciality has led to a greater
understanding of the pervasiveness of allergic
disease and thus better resources being allocated.
Allergy as a speciality has only recently been
officially recognised as such in South Africa.

Q: What significant improvements in treatment
approaches towards tackling these disorders do
you anticipate emerging in the near future?

A: There are numerous emerging treatment
approaches. Some of the very exciting fields
include the prevention of allergic disease,
immunomodulation/immunotherapy, as well as
other specific targeted therapies.
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Q: How important are immunotherapy approaches
towards allergic disorders and do you feel
this treatment option will become increasingly
common in clinical practice?

A: Absolutely and it is happening already. Thus far,
this is the only possible way that allergic disease
can be ‘cured’ rather than merely treated.

Q: In regards to life-threatening food allergies
experienced by children, do you feel that their
exposure to the risk of a severe reaction in public
spaces, particularly within South Africa where you
currently practice, is adequately managed and
prepared for?

A: Unfortunately, this is not the case. Public
awareness on how to recognise the symptoms of a
severe allergic reaction as well as how to manage
it is severely lacking. Great work is currently being
done in schools during public awareness drives
on radio and television but this is driven mainly
by the Allergy Society of South Africa (a non-
government organisation), private individuals,
companies, and other interested groups;
therefore scope is limited and is on an ad hoc
basis. There is very little participation on a national
health department level which is sorely needed.

¢¢ Allergy was something that |
had had precious little exposure
to during my paediatric training
so it was an opportunity to

continue learning. %9
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Q: What are some of the greatest challenges you
currently face in your own practice toward the
effective  management and treatment of child
allergies and how do you intend to tackle them?

A: The main challenges are awareness and
education. It takes hours educating a family about
the child’s condition, about the medications, and
the need for good follow-up care. In South Africa
another huge obstacle is financial. Most, but not all
of the treatments that are available internationally
are available here. However, the vast majority of
our population are unable to access the care they
need due to financial and social constraints.

¢6 South Africa is a developing
country and clearly research is
not always the top priority when

it comes to funding. 29
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Q: Do you feel that there is an adequate research
focus on allergic diseases and disorders in South
Africa? How does this compare with other parts
of the world?

A: South Africa is a developing country and clearly
research is not always the top priority when it
comes to funding. However, | do feel that we do
very well with our limited resources; our academic
units have produced excellent work that has been
recognised internationally and continues to do so
to date.

Q: Is there any advice you would offer to
someone considering entering the field of allergy
and immunology?

A: This is an exciting field with new developments
every day; you can never be bored in this field!
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MEETING SUMMARY

This symposium provided an overview of the current and future technologies and treatments used
in the field of allergen immunotherapy (AIT). Prof Ralph M&sges explored the concept of pre-seasonal
immunotherapy in overcoming the problem of recurrent allergy, focussing on the use of Pollinex® Quattro
versus the use of symptomatic treatment according to current guidelines. The use and mechanisms of
adjuvants was explored by Prof Randolf Brehler, who discussed the use of adjuvants in AIT including
delivery systems, immunopotentiators, and targeted delivery systems to facilitate optimum immune
responses with the potential of a lower injection burden and increased efficacy of treatment. Prof Thomas
Kundig concluded the symposium with an overview of the future of AIT and the use of virus-like
particles (VLP) in harnessing the innate immune system response to protect against allergens.

post-treatment years. This is illustrated in the
landmark study by Durham et al! where the
treatment of rhinoconjunctivitis in response to
grass pollen led to an initial decrease in symptoms
in the first season, with a sustained clinical
effect in Seasons 2 and 3. Long-term efficacy and
disease modification continued to be observed in

Ultra-short Course Immunotherapy
Professor Ralph Mdsges

The European Medicines Agency (EMA) defines
four criteria for the market authorisation application
for AIT: the treatment of allergic symptoms;

the sustained clinical effect of the treatment;
the long-term efficacy and disease-modifying
effect of the treatment; and curing the allergy
with sustained absence of allergic symptoms in
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follow-up Seasons 1and 2!

However, the question that remains is whether AIT
is able to cure allergies. An epidemiological study
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in 790 German patients in Germany undergoing
AIT found that 100% of patients expected a total
cure of their allergy after treatment? Evidence
of long-lasting clinical efficacy of AIT has been
demonstrated in a study where birch pollen
immunotherapy resulted in a long-term loss of
Bet v 1-specific T helper (Th)2 responses,
transient induction of allergen-specific interleukin
(IL)-10-producing T receptor 1 cells and synthesis
of immunoglobulin  (Ig)E-blocking  antibodies
in  serum.® In children, pre-seasonal grass
pollen immunotherapy for 3 years was effective
and a 12-year follow-up after the cessation of
immunotherapy in the same study cohort revealed
an ongoing clinical benefit.* Prospective evaluation
of sublingual immunotherapy (SLIT) given for 3,
4, or 5 years showed that in the patients receiving
SLIT for 3 years, the clinical benefit persisted for
7 years. In those receiving immunotherapy
for 4 or 5 years, the clinical benefit persisted
for 8 vyears, however symptoms reappeared.®
Revaccinating these patients with therapy resulted
in clinical benefit as seen before; however, often
adherence to therapy, particularly if it is SLIT,
can be a problem.

Data from a survey of 296 allergists in Italy on the
use of SLIT to treat allergic rhinitis and asthma
revealed that after 1 year of SLIT only 45% of
patients remained on therapy and only 15% of
patients completed the full therapy course of
3 vyears.® When SLIT adherence was compared
with subcutaneous immunotherapy in a large
German cohort treated with specific grass pollen
immunotherapy, results indicated that there was
no difference in the levels of adherence with
either modes of administration.” Hence, there
is a need for AIT that is effective and results in
increased adherence.

Ultra-short pre-seasonal subcutaneous therapy
may therefore provide a better choice for patients.
Pollinex® Quattro is a unique allergy specific
immunotherapy with three active components: an
allergoid, monophosphoryl lipid A (MPL), and micro
crystalline tyrosine. Polymerisation of the allergen
to create an allergoid reduces the number and
specificity of specific IgE epitopes whilst retaining
much of the IgG reactivity, so that the dose can
be increased without compromising tolerability.
MCT is employed as a natural depot that
allows for controlled allergoid release from the
injection site. The rapid metabolism of MCT,
the half-life of which is approximately 48 hours,
permits the short-course nature of Pollinex Quattro.
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The MPL component acts as an adjuvant whose
activity is restricted to the toll-like receptor 4
and stimulates immune response from allergen-
specific Th1 cells. Together, these components
allow for a reduction in injections per year from
more than 20 on average to just 4 pre-seasonal
injections, so that within 3 weeks the full dose
can be administered. A randomised, double-blind,
placebo-controlled Phase llb study assessing the
clinical efficacy of modified short ragweed pollen
adsorbed to MCT + MPL illustrated the synergistic
effect of adding MPL to MCT by increasing
efficacy by a further 25%% compared with non-
adjuvanted AIT. Similar short-term immunotherapy
with allergoids and the addition of MPL improved
symptoms in >93% of pollen-allergic patients after
3 years.?

The benefits of short-course AIT were further
demonstrated in a non-interventional study in
adults, adolescents, and children suffering from
recurrent allergic rhinitis who had successfully
undergone  AIT  (regardless of route of
administration or product) 5-10 years earlier and
who could choose either treatment with Pollinex
Quattro (four injections) or state-of-the-art
symptomatic therapy. The primary endpoint was
assessment of the efficacy of AIT with Pollinex
Quattro during 30 days of the pollen peak
based upon a change in rhinitis or conjunctivitis
symptoms or change of medication, as
documented in a diary. All patients had access
to symptomatic treatment. Combined symptom
and medication scores were significantly and
consistently lower than those of the control group
during 30 days of the peak grass pollen season,
demonstrating the efficacy of the tested AIT.
The percentage of patients not using additional
symptomatic medication during the 2014 and
2015 grass pollen seasons was significantly lower
(p<0.001) in the group treated with Pollinex
Quattro than in the control group, and tolerability
assessment by the patients demonstrated that
over 80% of patients tolerated injections well or
very well, and the remaining indicated moderately
tolerating the injections. There were no major
safety issues identified, with 30% of patients
experiencing injection site reactions.

In summary, results from large clinical trials have
shown that revaccination with Pollinex Quattro is
successful in treating patients who redevelop an
allergy many years after their initial AlT, leading to
an improvement in symptoms with a reduction in
the frequency of therapy administration. New
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advances in AlIT exceed the effects of symptomatic
treatment according to current guidelines.”®

Adjuvants in Immunotherapy
Professor Randolf Brehler

An ideal vaccine must initiate an innate immune
response capable of directing the adaptive
immune response toward efficient inactivation
and removal of the pathogen, followed by the
development of immune memory. Adjuvants are
added to vaccines to enhance the immunogenicity
of highly purified antigens that have insufficient
immune-stimulatory capabilities Adjuvants work
by extending antigen exposure, increasing
antibody titres, enhancing cell-mediated and
mucosal immunity, and supporting the production
of cytokines. Their use in vaccines reduces the
number of injections required for effective
immunisation and stabilises vaccine formulations.

Several adjuvants have been used for vaccine
development, with  aluminium being one.
Intraperitoneal delivery of aluminium resulted in
activation of IL-1B via the NLRP3 inflammasome,
the activation of dendritic cells, promotion of
inflammatory monocytes, and enhancement of
antigen uptake.”? Although the ability to drive an
antibody titre response is greatly improved by the
use of adjuvants, there are some disadvantages;
for example it has been suggested that aluminium
has a propensity to accumulate in tissues.®
There are no preclinical models on the kinetics of
aluminium localisation after subcutaneous injection
based on the allergy formulations that currently
exist, therefore this required investigation.
The analysis of absorption of aluminium in rats
after four injections with a 3-4 day interval showed
that the depot of aluminium from the injections
persisted at the injection site for 180 days.®
Extrapolation of this data from rats to humans
would predict that an aluminium-containing
adjuvant would be retained at the subcutaneous
dose site for up to 37 years.®

There is discussion about whether a long-lasting
allergen depot is necessary for the immunological
efficacy of a vaccine or for subcutaneous AIT.
In @ mouse model, removal of the injection site
(ear pinna) as early as 2 hours after administration
had no appreciable effect on antigen-specific
T and B cell responses, indicating that antigen
depot does not play an important role in alum
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adjuvant activity!* Although aluminium is used
as an adjuvant for many diseases, oil-in-water
emulsions and MPL plus aluminium are also used,
with several others currently being investigated.”

Delivery retardation of the adjuvant allows the

slow and sustained release of an allergen
for continuous stimulation of the immune
system in order to reduce side effects and

to enhance efficacy. In animal experiments,
induction of 1gG depends preferentially on the
aluminium concentration rather than on the
allergen concentration® Further investigation
in a clinical trial however, was not able to prove
that a specific immunotherapy preparation with
increased aluminium adjuvant and decreased
allergen concentrations was clinically efficacious.”
Furthermore there is debate about the chronic
toxicity of aluminium in the context of neurologic
disorders and autoimmune and inflammatory
syndrome. It has previously been shown to
increase Th2 sensitisation!® Its use in patients
with renal insufficiency may contribute to its
accumulation in the body, particularly in the bone
and brain.

An alternative depot adjuvant to aluminium is MCT
which forms a highly stable vaccine with allergens
and has been shown to facilitate interferon gamma
and IL-10 secretion and induce less IgE but similar
IgG responses in comparison with aluminium.”
MCT elicits the Th1 response, is compatible with
other adjuvants, and has a proven safety profile.
Its half-life (48 hours) allows for a prolonged
immune exposure yet with regiment that allows
a rapid up-dosing regimen.

Adjuvants, whether they act as delivery systems,
immunopotentiators, or vector systems, are a
key part of AIT with the ability to stimulate the
immune system whilst demonstrating a proven
safety profile.

Future Immunotherapy:
Virus-Like Particles

Doctor Thomas Kiindig

Immunological memory is based upon exposure to
an antigen which then results in the proliferation
of specific B and T cells and the subsequent
formation of memory B and T cells. AIT needs to
be able to elicit enough of an immune response
to build immunological memory to be successful.
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Other than increasing allergen dose, which may
have negative safety implications, alternative
methods to increase the efficacy of AIT have
long been sought after. Direct intralymphatic
immunotherapy into a subcutaneous lymph node
markedly enhanced protective immune responses,
so that both the dose and the number of allergen
injections could be reduced, making intralymphatic
immunotherapy safer, faster than other forms of
immunotherapy, and most importantly, enhancing
patient convenience and compliance.®® Lymph
nodes are key structures that co-ordinate the
type and specificity of immune responses to an
allergen, most importantly, it is in the lymph nodes
where antigen-presenting cells such as dendritic
cells present the allergen to T and B lymphocytes.
Thus, lymph nodes are key structures that vaccines
and immunotherapeutic agents must reach to
generate antigen-specific responses that can
change the course of an allergy. In one clinical
trial, patients were randomised to receive either
54 subcutaneous injections with pollen extract
over 3 years or 3 intralymphatic injections over
2 months. Results showed that three low-dose
intralymphatic allergen administrations increased
tolerance to nasal provocation with pollen within
4 months and reduced treatment time from
3 years to 8 weeks.? However while a patient only
requires three injections, the equipment needed
to locate lymph nodes as well as the extra time
required for the procedure certainly represent
the disadvantage.

With epicutaneous immunotherapy (EPIT), the
allergen is delivered to the epidermis where it is
picked up by Langerhans cells or dermal dendritic
cells and transported to the lymph node. In two
clinical trials, the application of 12 and 6 patches
of EPIT led to approximately 70% amelioration in
allergic symptoms versus only 20% amelioration
in the placebo group.?? In order to achieve this
effect, the skin must be prepared by removing the
stratum corneum, allowing the allergen to enter the
epidermis. This is because the epidermis is highly
resistant to molecules passing through it and thus
techniques investigated so far have utilised very
high concentrations of allergen.

Dangerous pathogens are associated with
molecular ‘patterns’ (PAMPs). These can be
in the form of bacterial DNA, viral RNA, and
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lipopolysaccharides which trigger the immune
system to produce a response. PAMPs induce the
activation of antigen-presenting cells (dendritic
cells and B cells) by activating toll-like receptors.
An approach to improving AIT includes the
addition of adjuvants. MPL is such an adjuvant.
Formulated from the cell wall of the bacterium
Salmonella minnesota, MPL elicits a strong
immune response.

A potential solution to the problems of existing
AlT, i.e. poor uptake of subcutaneously injected
or orally administered allergen by dendritic cells,
skin barriers reducing efficacy of EPIT, patient
adherence, and time spent with a patient, is VLP.
The function of a virus capsid is to protect the
DNA or RNA of the virus and as such, there have
been attempts to load bacterial or viral DNA
into the capsid to act as an adjuvant in therapy.
After subcutaneous injection, a VLP is the perfect
size for being transported via lymph vessels
into the lymph nodes. Also a quasi-crystalline
array of antigenic epitopes strongly enhances
B cell responses, as cross-linking numerous B cell
receptors can activate B cells to produce
antibodies without the need for T cell help. This is
known as a ‘T cell independent antibody response’.
Attaching Fel dl on the surface of a VLP to
desensitise mice showed that the mice were
protected against anaphylaxis.?® This protection
is still seen, even in the absence of T cells and can
even be transferred from one mouse to another
by simply making an adoptive serum transfer.
Injecting a VLP loaded with hundreds of allergens
on the surface of the particle is surprisingly safe
in highly allergic individuals, mainly due to the
inability of the particle to diffuse into tissue to
cause mast cell degranulation.

The subcutaneous vaccination of humans with
VLP loaded with allergen resulted in an increase
in 19G, particularly IgG1 and 1gG3, subclasses that
are typically observed after a viral infection;
however, the antibodies to this particle dropped
to baseline levels within a year? In order to
overcome this, a novel VLP has been developed
and testing has revealed that it is able to generate
a long-lived IgG response. The use of this particle
in a future vaccine, such as the peanut vaccine,
may help to further potentiate the immune
response and protect allergic individuals.
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MEETING SUMMARY

Hereditary angioedema (HAE) is a rare autosomal dominant condition caused by a deficiency or
dysfunction of C1 esterase inhibitor (C1-INH) that normally blocks activation of CI, the first component
of the complement cascade. The condition manifests as recurrent self-limiting episodes of angioedema,
without urticaria or pruritus, most commonly affecting the skin or mucosal tissues of the upper respiratory
and gastrointestinal tracts! Symptoms are disabling and can be life-threatening when affecting the
upper airways.! Low awareness of the condition and its resemblance to other disorders typically leads
to delays in diagnosis.? Multiple mutations of the human CI-INH gene (SERPINGT) have been identified,
some of which cause HAE and some of which do not.! Genetic testing alone is therefore not diagnostic of
HAE and needs to be supplemented with biochemical testing and hereditary information. There are
mixed opinions among clinicians and scientists on the utility of genetic testing for diagnosis of HAE.
The objective of this symposium was to raise awareness of HAE and its diagnosis, along with the role of
genetic testing, familial testing, and future diagnostic methods for this disorder.

Dr Stephen Jolles chaired the symposium and opened with a presentation on current diagnosis of HAE.
Prof Marco Cicardi presented on biomarkers that enable earlier diagnosis of HAE; and in the final
presentation, Dr Coen Maas discussed the future of HAE diagnosis. Interactive voting and question and
answer sessions were used to elicit the opinions of the audience at intervals throughout the symposium,
which was concluded with a general discussion session.
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Diagnosing Hereditary
Angioedema Patients Today

Doctor Stephen Jolles

Initial diagnosis of HAE centres around clinical

presentation and physical findings. Patients
typically present with self-limiting episodes
of angioedema (without wurticaria or pruritus),

which most commonly affects the skin or mucosal
tissues of the upper respiratory and gastrointestinal
tracts. Diagnosis is supported by biochemical
testing that should ideally be conducted twice,
with at least 1T month between tests. A family
history of HAE is supportive of diagnosis, but
not required. HAE affects approximately 1 in
50,000 people, with equal prevalence in men and
women.>> Unfortunately, diagnosis is often delayed,
typically by 10-18 years.>> Type | HAE is the most
prevalent, accounting for about 85% of cases, and
is characterised by low CI-INH and C4 levels.3®
Type Il HAE (15% of cases) presents with normal

or elevated but dysfunctional CI-INH and low
C4 level 3>
HAE has an autosomal dominant inheritance

pattern, with one copy of the affected gene being
sufficient to cause the disorder. HAE can also
arise from spontaneous mutations in people with
no family history of the disorder, accounting for
20-25% of HAE cases.® Inherited forms of HAE
are caused by a mutation in the SERPINGI (serine
proteinase inhibitor clade G) gene, which is
mapped to chromosome 11 (11912-q13.1). SERPINGT
contains eight exons and seven introns and is
prone to large deletions and duplications.”
Type | HAE is caused by mutations throughout
SERPINGT that results in impaired protein folding
or secretion.”” Mutations in Type I HAE involve
the active site of exon 8, which results in a
dysfunctional protein that impairs binding to
proteases.” Interestingly, about 10% of people with
SERPINGT mutations are asymptomatic.”

Over the years, a variety of different methods have
been used for the diagnosis and classification of
HAE, including whether or not a particular drug
is successful in treating idiopathic histaminergic
angioedema; biochemistry and immunology
testing of acquired C1-INH deficiency; biochemistry
exclusion (+/-) of angiotensin-converting enzyme
(ACE)-induced acquired angioedema (AAE);
history and biochemistry of Type | and Type |l
HAE; genetics of hereditary Factor XIlI (FXII)
angioedema; and biochemistry and genetics of
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normal Cl1-INH-HAE. Different tests are therefore
required to reach a diagnosis depending on the
setting. In routine immunology and biochemistry
laboratories, protein (C3, C4, CI-INH) and
functional (fC1-INH) tests are generally available.
Protein tests require a serum sample, measured by
nephelometry or radial immunodiffusion, which,
although may be subject to interference with
lipidaemia, haemolysis, or icterus, are generally
very reliable.® Functional tests (required for Type Il
HAE diagnosis) are performed on serum samples
by sandwich enzyme-linked immunosorbent assay
(ELISA) (of activated Cls); the main issue with
this test is sample delay, so fresh samples need
prompt freezing if transport is needed and a delay
before analysis is anticipated.® New functional
tests in development aim to mirror more closely
pathways of interest in HAE and use biotinylated
activated FXII (FXll-a) or biotinylated kallikrein
bound to avidin-coated plates for the detection
of bound C1-INH.2

There are several additional causes of low C4
other than HAE. These include AAE, systemic
lupus erythematosus, vasculitis, antiphospholipid
syndrome, cryoglobulinaemia (essential or
secondary, e.g. to hepatitis B virus and hepatitis C
virus), cold agglutinin disease (Immunoglobulin M
red blood cell), C4 nephritic factor (C4b2a),
viral infections with parvovirus, genetic null alleles
(C4a and C4b), and rarely, advanced liver disease.’
In AAE, the expected patient profile would be low
C4, low Clg, both antigenic and functionally
low CI1-INH, and anti-C1 INH antibodies (in 70%
of patients). AAE is a disease with late onset
(>40 years of age) and there is usually no family
history of the disorder.o"

There are two categories of HAE with normal
C1-INH-HAE with FX/I mutations and without FX//
mutations. HAE with normal CI1-INH presents
predominantly in adulthood and may have more
frequent involvement of the tongue, uvula, and
face, but there is no erythema multiforme.*
Idiopathic angioedema needs to be excluded as
this disorder also presents with normal CI-INH.*

In conclusion, clinical history, physical examination,
and supportive family history are central in
the diagnosis of HAE. Frontline biochemical
testing involves C4, C1-INH, and fC1-INH, optimally
repeated a month or more apart. In patients with
normal results, there may be an additional role
for testing during an attack, because a normal
C4 during an attack in HAE is an extremely rare
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event. Some current diagnostic tests may have
utility in therapeutic monitoring, but are unable
to predict disease severity or explain variability
between patients.

During his presentation, Dr Jolles asked the
audience whether or not genetic testing was
available to them in their practice. A total of
56% of the audience responded ‘yes’, while 44%
do not have genetic testing available. Dr Jolles
then asked the audience the most common
reason for them conducting genetic testing: the
majority (50%) voted for diagnostic uncertainty;
14% for routine part of work-up; 14% for family
testing; 6% to rule out HAE; and 16% never use
genetic testing.

Biomarkers: Improving Diagnosis
Professor Marco Cicardi

There are various approaches available to diagnose
angioedema. These include the identification
of aetiology, pathogenic mechanisms, and
phenotypes, and the stratification of phenotypes.

Identification of Aetiology

Angioedema due to CI-INH deficiency was
identified by Virginia Donaldson as the biomarker
that defines a group of patients with the
phenotype of recurrent angioedema. Two types
of angioedema due to CI1-INH deficiency exist:
the inherited autosomal dominant form (HAE),
and the non-inherited form caused by anti-Cl
INH antibodies (AAE) and/or lymphoproliferative
disease.” HAE due to a mutation in the FX// gene
(known as the Thr328Lys mutation) has been
traced back to a gene rearrangement in a single
person. People with this type of HAE have a
different phenotype to those with HAE due to
Cl-INH deficiency.®* Patients with angioedema
due to deficiencies in ACE can be identified by the
pattern of relapses after discontinuation of ACE-
inhibitor therapy.”

Identification of Pathogenetic Mechanisms

Bradykinin is the main mediator of angioedema.®
In HAE with FXII mutations, FX/I mutant proteins
are cleaved and rapidly activated by plasmin
and escape inhibition by CI-INH, thereby causing
excessive bradykinin formation.” In ACE-inhibitor-
related angioedema, catabolism of bradykinin is
reduced due to inhibition of ACE (which degrades
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bradykinin). Overall levels of bradykinin are
increased, but cleavage of the precursor to
bradykinin (high molecular weight kininogen) is not
increased.®” |diopathic histaminergic angioedema
is diagnosed when angioedema without wheals
stops recurring upon continuous treatment with
an H1 histamine receptor blocker (up to 4-times the
approved dose).?

Identification of Phenotypes

Phenotypes can be used to diagnose or sub-
categorise groups of patients. In a nationwide
survey of 983 ltalian patients with HAE (87% with
Type | and 13% with Type 1), a diagnosis of C1-INH
deficiency could be made based on reduction in
C1-INH function (median value: 20% for Type |
and 19% for Type I1).2° Antigenic CI-INH, however,
was within the normal range for Type Il patients
(median value: 96%) but not for Type | patients
(median value: 21%), demonstrating the value of
this technique in categorising Type | and Type Il
patients.?° In patients with FX// mutations, there is
a large difference in phenotype, as male patients
rarely experience oedema whereas female patients
almost always do.”

Several different forms of angioedema can
therefore be identified. Diagnosis of acquired
idiopathic non-histaminergic angioedema is based
on the exclusion of C1-INH deficiency, ACE inhibitor
therapy, evidence for causative agents, absence
of family history of angioedema, and absence of
mutations in the FXIl gene.?? In addition, there
are two groups of patients, those that respond to
anti-histamine treatment and those who do not.?
Bradykinin has been shown to be an essential
mediator in most subtypes of angioedema without
wheals (Figure 1).22

Stratification of Phenotypes

Recurrent angioedema without urticaria is
associated with degradation of bradykinin, which
is broken down (cleaved) by kallikrein!? Cleavage
results in two-chain high molecular weight
kininogen molecules that can be visualised by
electrophoresis and used as a biomarker for
different forms of angioedema.? In patients with
C1-INH HAE, kininogen is a potential biomarker
for disease severity, as patients with fewer
symptoms have lower levels of cleaved kininogen
than patients who are more symptomatic.?*
Several other proteins have been shown to be
involved in the bradykinin-forming cascade,
including the plasminogen activator urokinase and
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vascular endothelial-like growth factor (VEGF);
VEGF could potentially be used as a biomarker
to distinguish different forms of angioedema or
disease severity.?>?%

In conclusion, C1-INH deficiency, mutations in FXI//,
and treatment with ACE-inhibitors are diagnostic
of specific forms of angioedema. Evidence of
histamine as the mediator distinguishes one form
of AAE. Other forms of angioedema are defined
only by the clinical profile and the exclusion of
specific diagnoses. Markers to stratify patients with
angioedema are still only partially identified and
need to be further refined.

Question and Answer Session

Prof Cicardi was asked if he could provide further
insight into the classification of non-histaminergic
angioedema, and responded that the important
issue is that in these patients, a mechanism
exists that is different from the mechanism in
patients that respond to antihistamine. Histamine
may play a role in these patients, but is not the
main mediator.

When asked if the kinetics of CI-INH and fCI-INH
differ upon administration of CI-INH in people with

hereditary versus those with AAE, Prof Cicardi
responded that the kinetics are very different
within patients. Patients with CI1-INH deficiency
demonstrate much more rapid catabolism of
CI1-INH than healthy people.

In response to the question of whether or not
high molecular weight kininogen can serve as a
prognostic biomarker, Prof Cicardi responded that
kininogen may serve as an acceptable biomarker
in the future, but the technical application and
sensitivity of the assay needs improvement.

Looking Towards a Future of Improved
Risk Stratification and Management

Doctor Coen Maas

As presented by Prof Cicardi, bradykinin is an
important disease mediator in HAE. Accurate
detection of bradykinin production during an
angioedema attack, however, is challenging as
its production is localised and difficult to detect
systemically.® Bradykinin is also rapidly broken
down by kinases, which makes detection even
more difficult.

Involvement of bradykinin ( Response to S Idiopathic
antihistamines histaminergic (IH-AAE)
|:| Involvement No identified
Probable involvement cause [~
D ) ) \ No response to Idiopathic non-
[[] Possible involvement antihistamines “I histaminergic (INH-AAE)
-
| Acquired |
C1-INH No family history N Acquired C1-INH
deficiency onset age >40 deficiency (CI-INH-AAE)
—
ACEI No other cause of| ACEI related
treatment angioedema (ACEI-AAE)
Angioedema ~
without wheals .
C1-INH Genetic C1-INH Hereditary C1-INH
deficiency deficiency ! deficiency (C1-INH-HAE)
- -
FXII N Hereditary FXII
[ Hereditary | 7 mutation (FXII-HAE)
Normal /
C1-INH [~
\ Family history Normal C1-INH
of angioedema . hereditary (nC1-INH-HAE)

\

Figure 1: Classification of angioedema without wheals and involvement of bradykinin.??

ACEI: angiotensin-converting enzyme inhibitor; FXII:
angioedema; HAE: hereditary angioedema.

Factor XllI; INH: esterase inhibitor; AAE: acquired
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Figure 2: Cleavage of kininogen, producing high molecular weight cleaved kininogen.

Bradykinin is the end-product of the contact
activation system that results from cleavage from
its precursor protein, kininogen, by kallikrein.
This process results in the production of high
molecular weight cleaved kininogen (Figure 2).
High molecular weight cleaved kininogen may be
a suitable biomarker for contact activation as it
is insensitive to kinases and readily detectable in
the systemic circulation of healthy subjects.

In addition to cleavage by kallikrein, during an
angioedema attack, kininogen is cleaved by several
other enzymes and this may occur without the
accompanied release of bradykinin. One of these
enzymes is plasmin, and cleavage of kininogen by
either kallikrein or plasmin results in similarly sized
products when assayed by Western blotting.?®
Evaluation of kininogen cleavage using this
method is therefore not adequate to accurately
measure bradykinin production, and an assay
with small (17 kDa) highly-specific monoclonal
antibodies known as nanobodies is being
developed to accurately differentiate kallikrein-
cleaved kininogen.*°

FXIl is the initiator of the contact activation
system, and collective evidence points towards a
role for FXII in angioedema attacks. This enzyme
normally has several cleavage sites. People with
mutations in FX// have an additional cleavage
site in FXII, which causes the enzyme to fragment
and activate more rapidly” In three types of
FXII-HAE, mutants of FX//I that are associated
with angioedema were found to be particularly
sensitive to activation by plasmin, resulting
in higher levels of FXIl. When no pathological
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mutations are present, several other enzymes
may also be involved in FXIlI cleavage, including
neutrophil elastase.®® Indeed, studies indicate that
neutrophil elastase and kallikrein act synergistically
to activate FXI//.3°

To summarise, kallikrein-cleaved kininogen is a
circuit marker for bradykinin production and a
potential surrogate marker for HAE. It is important,
however, to understand that cleavage may not
always represent bradykinin formation and the
bradykinin-forming mechanism is best analysed
under controlled conditions to prevent peri-
analytical artefacts, tailored sampling procedures
may be required. The study of FXII is key to
understanding disease mechanisms in HAE, and
may lead to identification of the underlying cause
of attacks and, as yet, unidentified mechanisms in
this disease.

Question and Answer Session

Dr Maas was asked if there was a marker for risk
of angioedema attack and responded that studies
investigating the natural triggers of FXII activation
have demonstrated that plasminogen levels
correspond well with disease activity” In patients
with HAE and FX/I mutations, the risk corresponds
with the enzyme that triggers FXI/l. Different
triggers may activate FXIl in different patients.
In general, however, bradykinin production is a
good surrogate marker for disease activity.

A member of the audience asked Dr Maas
if patients have co-existent histaminergic and
bradykinin-activated HAE. Dr Maas responded
that there is a mechanistically strong overlap
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between histaminergic reactions and the formation
of bradykinin, and that this has been observed
in patients with anaphylactic shock (without
angioedema).’ In animal models, at least 50% of
the hypotension in anaphylactic shock is directly
attributable to bradykinin®? Bradykinin may
therefore be secondary to a histaminergic reaction
in patients.

When asked if taking samples during an attack
would improve the quality of analysis, Dr Maas
responded that it would. However, where plasma
samples are useful, serum samples have the caveat
that they will be fully clotted and all kininogen
will be cleaved. However, samples taken during
an attack can be informative in detailing the
difference between the active and inactive phases
of angioedema.

Finally, to a question of whether biomarkers will
be used to aid treatment of angioedema, Dr Maas
responded that it was possible, but the amount
of bradykinin required in patients with idiopathic
angioedema needs to be elucidated first.

Discussion Q&A and Interactive Voting
Interactive Voting

Dr Jolles opened the session and asked the
audience what proportion of family members have
been tested in their clinical cohorts. There was
wide variation in the proportion of clinicians that
conduct genetic testing and those that do not.
Only 17% of the audience have conducted genetic
testing on 75-100% of family members, while
11% have conducted no genetic testing on family
members.

Dr Jolles then asked the audience what proportion
of their patients should have a genetic diagnosis
of HAE. Just over 44% of the audience responded
that >75% of their patients should have a genetic
diagnosis, compared with 21% that thought that
<10% should be tested.

Finally, Dr Jolles asked the audience what the main
barriers to genetic testing were. The main barriers
were cost (39% of the audience) and availability
(34%). Difficulties in testing family members was
voted by 18% of the audience, and only 9% thought
it was unnecessary.
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Discussion Q & A

Several questions were posed by members of
the audience:

Q: How useful is genetic testing in patients with an
HAE clinical phenotype and clinical manifestations,
but who have normal C4, C1-INH, and fC1-INH?

Prof Cicardi responded that the diagnosis of
C1-INH deficiency is based on a biochemical
diagnosis, so genetic testing will not necessarily
help these patients. It can, however, determine if
the cause of CI1-INH deficiency is genetic,
which may be useful if there is no family history.
A test for FXII could, however, be useful and may
tell you why a patient has angioedema.

Q: Is biochemical testing in CI1-INH deficiency
sufficient for a diagnosis of HAE?

Prof Cicardi responded that for many patients,
genetic testing is not useful. A particular level
of CI1-INH deficiency has to be reached before
angioedema occurs and this cannot be predicted
by genetic testing. Even if a mutation in CI-INH is
demonstrated, it does not mean that the activity
of the gene is modified.

Dr Jolles said that genetic testing could be useful
for exclusion purposes in cases that are difficult
to diagnose. In addition, novel mutations that are
found and associated with an appropriate clinical
presentation and biochemical results and that are
then included in genetic databases would increase
the probability of being able to more accurately
diagnose HAE in the future.

Q: What should be the approach in patients in
which a new mutation variation is found? And,
secondly, in patients in which no mutations are
found for C4 and C1-INH?

Prof Cicardi responded that segregation studies
need to be conducted first to evaluate the
relationship between any new mutation and
the function of CI-INH, and, in the second case,
Dr Jolles highlighted that genetic testing does
have limitations in that only exons are generally
evaluated; mutations in introns or upstream of the
gene will not be detected.

Q: Should genotyping be the preferred diagnostic
test for newborns and children?

Prof Cicardi responded that infants (<1 year of
age) may have CI-INH levels that are inconclusive.
In these patients, if there is already a family history
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of the disease, genetic testing may be the most
precise method of diagnosis. After 1 year of age, -«

C1-INH function can be used.

members are encouraged to be tested for HAE
Genetic testing
possibly due to

is not routinely conducted,
lack of availability, cost,

and that a firm diagnosis can be established

Symposium Summary

Dr Jolles summarised
discussion from the symposium:

HAE is caused by C1-INH deficiency *

or dysfunction
e Current diagnosis is

family testing: it is

the presentations and

based
presentation, C4 and CI-INH testing, and/or
important that family

in most cases of Type 1 and 2 HAE with

biochemical testing

* Biomarkers could potentially help to identify

triggers for HAE attacks and guide

clinical treatment

Kallikrein-cleaved kininogen is a potentially

attractive surrogate marker for bradykinin

on clinical

formation, and therefore HAE
Research developments are improving our
understanding of the processes involved in HAE
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Award Winners at the European Academy of
Allergy & Clinical Immunology Congress 2016

Over the 4 days of the EAACI 2016 congress,
prizes were awarded to the best abstract
presentations in the Oral Abstract Session,
Poster Discussion Session, and Thematic
Poster session. This amounted to a total of
124 abstract award winners who received a
certificate and €200 prize money. In each
session type, prizes were awarded to
the best single abstract submitted under
the wvarious session titles. Winners were
selected by two session chairs according to a
criteria evaluating the scientific content and
methodology of the research, its novelty
and originality, and the ability of the
presenter to present the abstract concisely
and clearly as well as answering any questions.
Due to the high volume of award winners,
not every individual can be recognised but
below is a selection of some of the significant
research presented this year.
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Thematic Poster Session

From the ‘Learning from the case reports’
session, Dr Claus R. Johnsen and his team
(Denmark) were the abstract prize winners
for their presentation: ‘Severe food allergy to
water chestnut - water caltrop (Singoda flour):
a case report’. The abstract discussed a rare
case of a 37-year-old man who presented oral
allergy symptoms alongside other symptoms,
such as vomiting and abdominal cramps,
within the 2 hours following the intake of
legumes battered in water chestnut (singoda)
flour. It is a widely used plant across Asia,
Australia, tropical Africa, and islands of the
Pacific and Indian Oceans and is considered
a ‘safe’ food for allergic subjects. The patient
had previously experienced two severe
reactions after eating water chestnut products
and a series of clinical tests, including a food
challenge and skin-prick, confirmed the
diagnosis of the allergy. To the knowledge of
Dr Johnsen and the research team this is the
first case presented with a food allergy to
water chestnut, also known as water caltrop,
and this may be an underdiagnosed allergy.

To the knowledge of Dr Johnsen
and the research team this is the
first case presented with a food
allergy to water chestnut, also
known as water caltrop, and this
may be an underdiagnosed allergy.

Ms Samantha Tyler and colleagues (UK)
received the award in the ‘Allergy
epidemiology’ category for their presentation
‘Innovative nasal filters allow for allergen
exposure monitoring and are acceptable
to wear’. The research highlighted in the
presentation explored the feasibility of
individuals wearing a nasal filter over the
course of a day to assess the full spectrum
of allergens which are breathed in during a
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normal daily routine. The researchers sought
to find a new and innovative approach to
the assessment of allergen exposure that
would take into account a much wider range
of allergens than the amount yielded from

analysing a common sample type, settled
dust. The nasal filter consisted of a
membrane that removed particles by means
of interception and impaction, and the
researchers found that significant levels
of allergens were readily detectable in the
nasal filter once extracted. The majority of
volunteers who wore the device forgot they
were wearing it within 60 minutes of putting
it on and they did not experience a difference
in breathing resistance. These filters could
be a simple and easily wearable method that
could potentially allow for a wider spectrum
of allergen sources to be investigated and
assist in a better understanding of their role
in the development of allergic disease.

The ‘Pediatric anaphylaxis: the cold as a
trigger’ presentation won Dr Joana Cosme
et al. (Portugal) the award in the category of
‘Aspects of paediatric atopic manifestation,
management and quality of life’. It reports on
a case of anaphylaxis induced in a 14-year-old
girl by cold stimuli, a severe manifestation of
cold urticaria which is rarely presented in a
patient of this age. The girl was referred to an
allergy clinic after twice losing consciousness
and generalised urticarial lesions after
swimming in the ocean. A series of successive
episodes experienced by the patient is then
described in the research, including an episode
of angioedema localised to the lips after
eating an ice cream, a second angioedema
episode of the thumb after carrying a glass
of cold water, and an episode after a
walk on a windy day. After the diagnosis of
cold-induced urticarial and anaphylaxis
was established by an ice cube provocation
test, the patient was treated with second
generation antihistamines, with a higher
dosage given during the colder seasons.
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After beginning treatment, no more episodes
of a loss of consciousness occurred with
only two episodes of urticaria after exposure
to windy weather. No more symptoms
following consumption of cold drinks or
foods were presented. The patient was also
prescribed an adrenaline auto-injector and
was advised to limit cold exposure during
cold weather.

Oral Abstract Sessions

Dr Valérie Verhasselt and her team’s
presentation (France) ‘Early oral exposure to
house dust mite allergen through breast milk:
a potential risk factor for allergic sensitization
and respiratory allergies in children’ abstract
presentation was deemed the best in the
‘Prediction and prevention of childhood
atopic disease’ category. The abstract reports
on a study investigating whether early oral
exposure to a major house dust mite (HDM)
allergen through breast milk modifies the
risk of allergic sensitisation and respiratory
allergies in children. Children breastfed by
mothers with a history or asthma or allergies
with high levels of the Dermatophagoides
Pteronyssinus 1 HDM allergen in their milk
were compared to those with mothers
who had low levels of the allergen, as
confirmed by enzyme-linked immunosorbent
assay. The results showed that high levels of
D. pteronyssinus 1in milk had an increased risk
of asthma or allergic rhinitis. It also showed
an increased risk of allergic sensitisation in
children at 5-years-old who had been
breastfed by mothers with high levels of the
allergen. It was concluded that oral exposure
to the HDM allergen through Dbreast
milk may contribute to the subsequent
development of respiratory allergies in
children. These findings are considered by the
researchers to provide the basis for future
research into inhibiting the priming activity of
mothers’ milk with the HDM allergen present.
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In the ‘Food allergens: Biochemical
characterisation and allergenicity’ session,
Prof Inomata Naoko and coworkers (Japan)
won the award. The presentation was titled:
‘High prevalence of peamaclein sensitization
in fruit allergy with negative IgE reactivity to
Bet v 1 homologues and profilin’. Peamaclein
was recently reported to be a new allergen
in peach allergy but proteins homologous to
peach peamaclein have been found in many
other plants. The research team investigated
the sensitisation to paemaclein in fruit allergy
patients with negative Immunoglobulin E
reactivity to Bet v | homologues and the
profilin protein, which are marker allergens
for pollen-food allergy syndrome. They found
a high prevalence of sensitisation among
patients who presented these markers
indicating that those sensitised might also
have allergies to multiple fruits and that
peamaclein could be a cross-reactive allergen.
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Poster Discussion Sessions

The prize winner in the ‘Allergy and asthma
in children’ category was Dr lana Markevych
and colleagues (Germany) for their
presentation ‘Early life travelling does not
increase risk of asthma, allergies and atopy

until 15 years: results from GINIplus and
LISAplus’. The research offered a response
to speculation that travelling to places

substantially different from a person’s home
environment in terms of climate, vegetation,
and food early in life could increase the
exposure to future unknown allergens.
This could then promote the development of
allergies. The researchers collected detailed
data on individuals travelling around and out
of Europe during the first 2 years of their life
alongside a range of atopic outcomes and
potential confounders for up to 15 years. The
conclusions drawn from their longitudinal
analysis of 5,996 people indicated that
travelling abroad appears to be neither
adverse nor beneficial in relation to the
development of allergies. Although replication
is needed in future epidemiological studies,
the research could be important for parents
considering travelling with their small child
who worry about the risk of development of
various atopic conditions.
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The conclusions drawn from their
longitudinal analysis of 5,996 people
indicated that travelling abroad
appears to be neither adverse

nor beneficial in relation to the
development of allergies.

Dr Shintaro Suzuki and others (Sweden)
were awarded the prize for the abstract
presentation ‘Severity of allergic asthma
is associated to multiple dog and/or cat
allergen component sensitization” in the
‘Factors associated with asthma severity’
category. The goal of the study that was
presented was to determine the distribution
of dog and cat allergen component

sensitisation in a random population of
adults and relate the degree of sensitisation
to allergic asthma severity. The patient cohort
consisted of 2,006 people, 744 of them had
asthma and 1,262 did not. Those with allergic
asthma were screened for allergen-specific
IgE to cat and dog and those with a
measurement of serum IgE >0.35 kUA/L
were screened for the specific cat and
dog allergy components: Fel d 1, 2, 4 and
Can f 1, 2, 3, 5, respectively. Sensitisation to
two or more cat or dog allergen components
was associated with an increased prevalence
of asthma combined with allergic rhinitis.
A combined sensitisation to cat and dog
allergens increased the risk of expressing
more signs of asthma severity.

Sensitisation to two or more cat or dog allergen components was
associated with an increased prevalence of asthma combined

with allergic rhinitis.

{1-15 June 2016

Wen Eingang Wien Eingang
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CLIMATE CHANGE IMPACT
ON POLLEN IN THE AIR:
A MODELLING STUDY

*Mikhail Sofiev

Finnish Meteorological Institute, Helsinki, Finland
*Correspondence to mikhail. sofiev@fmi.fi

This study considered possible changes in
atmospheric transport of aeroallergens that can be
expected due to climate change. The ongoing and
forthcoming meteorological changes will affect
all stages of pollen formation and distribution
(Figure 1), but the analysis leaves out the processes
of plant development and pollen formation, thus
concentrating only on the atmospheric transport!

Analysis of meteorological trends in the past and
those expected for the future highlighted:

* A reduction of mean wind speed, with
simultaneous empowering of storms

* An increase of specific humidity but uncertain
trends of relative humidity in which reduction
was noticeable in spring in Central and
Northern Europe and in summer in the South

* An increase of duration and severity of dry
spells, with simultaneous increase in power of
individual rains. The total precipitation amount
stays almost constant or grows

Estimating the climate impact on pollen dispersion
and deposition can only be based on model
simulations because this impact is not observable;
meteorology affects the plant habitat and pollen
production much more than its transport in
the air. Distinguishing between these processes
using only pollen observations is impossible.
Model assessments can reveal the impact of each
factor separately but it is hard to demonstrate
that the obtained results represent the reality.
However, pollen behaviour in the atmosphere is
comparatively well established; basic physical laws
are valid regardless of the atmospheric conditions
and their current representation in dispersion
models is sufficient for pollen calculations.?

Release from plants

Pollen
concentration
in air

Meteorological
and environmental
factors

Transformation,
interaction with
chemicals

Deposition
sedimentation,
scavenging

Figure 1: A schematic view of the main parts of pollen life cycle in the atmosphere.

Modlified from Sofiev and Bergmann?
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Therefore, transport with wind, mixing, and
deposition can be analysed with confidence. The
water budget of the flying grain and its water
exchange with the surrounding air are studied
much less, thus making it difficult to analyse the
trends due to changing hydrological cycle and
air humidity.

Keeping in mind the above uncertainties, only
the most pronounced and physically grounded
conclusions can be taken forward. In particular,
the impact of the meteorological trends on pollen
dispersion in Europe will probably lead to a
reduction of the pollen transport distance and a
corresponding restructuring of the load pattern.
One can expect lower concentrations far away
from the sources but the changes in the near fields

are more uncertain due to competition of various
factors. Pollen dispersion modelling over the last
33 years still suggests, in most cases, that the
near-source concentrations grew by ~0.1% per year,
with simultaneous reduction in remote regions.
This conclusion is in the general agreement with
other studies made for ‘conventional’ pollutants.
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THE ROLE OF
THE ALLERGIST
IN EOSINOPHILIC
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Eosinophilic oesophagitis (EoE) is an emerging
disorder, affecting both adults and children.
Therapy consists of local steroids, various diets,
and, in case of stenosis, dilation of the oesophagus.
Elemental diets induce a histological remission of
90.8%, while the so-called six food elimination diet
(the avoidance of wheat, milk, eggs, soy, peanuts/
tree nuts, fish, and sea food) has a remission
rate of 74%. This would support food allergy as
a cause of EoE. Furthermore, almost 75% of
children and up to 91% of adults express specific
immunoglobulin  (Ig)E  against environmental
allergens and food allergens.

Nevertheless, diets directed by specific IgE test
results against food allergens have failed so far.

ALLERGY & IMMUNOLOGY -+ August 2016

In a study by van Rhijn et al. all patients
received a tailor-made diet based on the result
of a microarray assay (ISAC). Only one of the
participating patients showed a histological
response in the biopsy of the oesophagus, all
other patients showed no improvement. This result
is supported by other studies investigating the
usefulness of skin-prick testing, patch testing, and
specific IgE in serum (CAP, RAST). Furthermore,
anti-lgE was just as effective as placebo when
used as treatment in EoE while this therapy
has proven its usefulness in severe asthma and
chronic urticaria.

An explanation for the failing of specific IgE
testing as guidance for a diet in EoE could be
the failure of the allergens themselves. It is well
known that both tests for inhalant and food
allergens can be false positive and false negative.
A false positive result can be explained by the
presence of minor allergens in an extract that
can bind specific IgE but have no biological
activity, for instance carbohydrate cross-reactive
determinants. Using fresh food for skin testing
could induce the problem of contamination, e.g.
using the same knife for slicing both fruit and nuts.

The different varieties of apple for instance
can cause a false negative test, since some
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apple species contain fewer allergens than others.
Other causes for false negative tests are the
disappearance of allergens after sterilisation (heat-
labile allergens) and defatting (oleosins), in addition
to problems regarding the reproducibility of
allergen extracts in general.

One of the roles of the allergist is to consider
these factors and optimise testing in EoE, not
only by improving extracts but also through
reading allergy tests within 20 minutes, which
is fitting for IgE mediated diseases, and to
do late readings in order to evaluate the
non-lgE mediated pathophysiological mechanisms.
However, results of this delayed reading have so far
been disappointing.

The other roles of the allergist therefore remain of
importance, treating concomitant allergic diseases
such as allergic rhinitis, asthma, and eczema
according to international guidelines. Furthermore,
together with the dietician the allergist is required
to advise patients in maintaining a balanced
diet by means of introducing other foods to
replace the components that have to be avoided
and if necessary, to support the patients with
supplements. Finally, allergists are important in the
process of reintroducing food into a patient’s diet.

In conclusion, it can be stated that the role of
the allergist is to support and assist the
gastroenterologist, together with the dietician,
to optimise diagnostics and treatment for the
EoE patient.

DUPILUMAB IMPROVES
HEALTH-RELATED
QUALITY OF LIFE AND
ABSENTEEISM IN NASAL
POLYPOSIS PATIENTS:
RESULTS FROM A
PHASE IIA TRIAL

*Claus Bachert

Head of Upper Airways Research Laboratory and
Chief of Clinics ENT-Department,
University Hospital Ghent, Ghent, Belgium
*Correspondence to Claus.Bachert@ugent.be

RESEARCH OBJECTIVES

Chronic  rhinosinusitis  with  nasal  polyposis
(CRSWNP) affects between 1% and 4% of the
general population!® The CRSWNP symptoms are
chronic, and substantially impair health-related
quality of life (HRQoL),*> which has been reported
for patients both in the USA* and EU.°> The impact
of CRSWNP on HRQoL has been shown to be
comparable to congestive heart failure and chronic
obstructive pulmonary disease patients.* Medical

50 ALLERGY & IMMUNOLOGY -+ August 2016

interventions for CRSWNP are often inadequate;
the impact of intranasal corticosteroids in reducing
polyp size and impairment of sense of smell is
limited. Short courses of oral corticosteroids
(OCS) are recommended as adjunctive therapy
in severe disease;” however, there is little rigorous
clinical support for a positive benefit/risk profile
for OCS wuse. It has been indicated that the
duration of clinical benefit is variable and may
decrease with repeated courses of treatment.?
When medical treatments prove inadequate and
appropriately directed medical management fails
or is contraindicated, as is frequently the case,
surgery is the only remaining alternative for
symptomatic nasal polyposis (NP) patients.?
Although the benefits of surgery for NP have
been established, polyp regrowth with recurrence
of symptoms is reported to occur in 40-90% of
patients. A history of asthma, aspirin sensitivity,
and previous sinus surgery have all been found
to be predictive factors for polyp recurrence;®
similarly to high immunoglobulin (Ig)E, serum-IgE

and interleukin-5 concentrations in the polyp
tissue.® A proof-of-concept Phase Ila study
demonstrated the efficacy of dupilumab in

treating patients with CSwNP. When added to a
background of mometasone furoate nasal spray
(MFNS), dupilumab reduced nasal polyp burden.®
The objective of the current analysis was to assess
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the effect of dupilumab on HRQoL outcomes and
productivity in patients with CSWNP.

RESEARCH PROCESS

In a multicentre, international, randomised, double-
blind, placebo-controlled, parallel-group, Phase lla
study, adults with CSwWNP received either dupilumab
(n=30) or placebo (n=30) on a background of
MFNS for 16 weeks (NCT01920893).° Chronic
rhinosinusitis-specific QoL was measured using
the Sino-Nasal Outcomes Test (SNOT-22); general
HRQoL was assessed wusing the self-rated
EuroQolL-5D visual analogue scale (EQ-5D VAS),
and the 36-ltem Short Form Health Survey
(SF-36). Absenteeism was defined as annualised
mean number of days missed from work as a
consequence of CSWNP (days/patient/year).

CONCLUSIONS

Dupilumab demonstrated efficacy in patients with
CSwWNP, considering both clinical and radiographic
outcomes. Dupilumab also resulted in a significant
improvement in SNOT-22 score, self-rated EQ-5D
VAS, and mental health component summary
score of the SF-36 when compared with placebo.
Employed patients receiving dupilumab had
significantly fewer sick leave days and improved
productivity. Injection site reactions, headache, and
nasopharyngitis were the most frequently reported
adverse events with dupilumab.

Broader Implications of the Results

There are a limited number of therapies available
for patients with CSwNP. Furthermore, the current
standard of care, in many patients, has only modest
effects on the symptoms, which substantially
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impact HRQoL. Therefore, newer therapies are
required that not only impact the clinical outcomes,
but also improve HRQoL and productivity.
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This article provides a very good and concise clinical review of drug allergy. Many aspects
of drug allergies are well described, including the establishment of diagnosis and the
management of some of the most common drug hypersensitivity reactions, such as allergic
reactions to acetylsalicylic acid, non-steroidal anti-inflammatory drugs, and some antibiotics.
The article is well presented and provides a simple table that clearly illustrates the potential

processes that underlie the development of some drug allergies. This is a must-read for
any clinicians or researchers working in the area of drug allergies.

Prof Jacques Bouchard
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ABSTRACT

Drug allergy, in clinical practice, includes a wide spectrum of immunologically-mediated hypersensitivity
reactions, also called drug hypersensitivity reactions (DHRs). It can present with diverse clinical
manifestations and can have various underlying pathophysiological mechanisms. Drug allergies often
require a number of investigations and this can sometimes lead to a delay in treatment of the original
disease. Drug allergy can affect quality of life too. It does contribute to significant morbidity and even
mortality which is largely avoidable. Meticulous relevant details in history and clinical examination are
often rewarding in arriving at the correct diagnosis. Patients with underlying chronic airways diseases
such as asthma may benefit from skin tests and graded allergen challenges. Procedures to induce drug
tolerance are sometimes helpful in the drug allergy management. Likelihood of cross-reactivity among
drugs should be taken into account while choosing alternative medication. Measures for drug allergy
reactions are mostly supportive and usually include topical corticosteroids and oral antihistamines.
However, systemic corticosteroids may be required in severe DHRs along with adrenaline in the event
of anaphylaxis. The most effective approach towards the problem of ‘drug allergy’ is discontinuing or
avoiding the offending culprit. Procedures to induce drug tolerance may be considered as a temporary
measure toward tolerance to the offending drug if there is no alternative available.

This article aims to provide a simple clinical review of drug allergy and plan of action for the diagnosis as
well as management of some of the most common DHRs, such as allergies to acetylsalicylic acid,
non-steroidal anti-inflammatory drugs, penicillins, sulpha drugs, cephalosporin, contrast media in imaging
procedures, anaesthetic agents, and vaccines.

Kevwords: Allergy, cephalosporins, drug hypersensitivity reactions (DHRSs), penicillins.
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INTRODUCTION

Drug allergy or drug hypersensitivity reactions
(DHRs) consist of any harmful or unintended
reactions to a drug that are known to occur at
doses used for prevention, diagnosis, or treatment!
DHRs or ‘adverse drug reactions’ are the terms
often used interchangeably and essentially consist
of adverse effects of drugs on the body which
resemble allergic reactions in clinical practice.
Drug allergies are specified adverse reactions,
for which a definite immunological mechanism
(either drug-specific antibody or T cell) is
demonstrated.? DHRs are common in clinical
practice and reported in up to 15-25% of patients,
with serious reactions occurring in 7-13% of
these patients.®*

DHRs are either predictable reactions that may
occur in anyone (Type A) or unpredictable that
will occur in only susceptible individuals (Type B).
Unpredictable reactions are estimated to occur
in approximately 20-25% of patients who
experience DHRs,'>® while drug allergy accounts
for approximately 5-10% of all DHRs.” Clinically,
DHRs are classified as immediate types which
typically occur within 1-6 hours after the last
drug administration. They manifest in the form
of urticaria, angioedema, rhinitis, conjunctivitis,
bronchospasm, gastrointestinal symptoms (nausea,
vomiting, diarrhoea, abdominal pain), anaphylaxis,
and anaphylactic shock. Non-immediate DHRs

occur as delayed onset urticaria, maculopapular
type eruptions, fixed drug eruptions, vasculitis,
toxic epidermal necrolysis (TEN), Stevens-
Johnson syndrome (SJS), drug reaction with
eosinophilia and systemic symptoms (DRESS),
acute generalised exanthematous pustulosis,
symmetrical  drug-related intertriginous, and
flexural exanthemas. In these reactions, internal
organs can be affected either alone or with skin
manifestations (DRESS, vasculitis) and include
hepatitis, acute kidney injury and acute renal
failure, pneumonitis, anaemia, neutropenia, and
thrombocytopenia; they may occur as early as
1 hour after the initial drug administration!
Predictable drug reactions are the most common
type of DHR and are usually dose dependent
and related to the known side effects, overdose,
and drug interactions. Unpredictable reactions
occur in an estimate of 20-25% of patients
who experience DHRs; generally, these reactions
are not related to the pharmacologic actions of
the drug.>®

Drug allergy is classified by the Gell and Coombs
classification of human hypersensitivity,
illustrated in Table 1 below.? This classification
system consists of immediate-type reactions
(immunoglobulin  [Ig]-E  mediated), cytotoxic
reactions (IgG/M-mediated), immune complex
reactions, and delayed-type hypersensitivity
reactions (cellular immune-mediated).8°

Table 1: Classification of drug allergies.

Reaction Type of immune Pathophysiology Clinical symptoms Typical chronology of the
type response reaction
I IgE Mast cell and basophil Anaphylactic shock, Within 1-6 hours after the
degranulation angioedema, last intake of the drug
urticaria,
bronchospasm
Il lgG and IgG and complement- Cytopenia 5-15 days after the start of
complement dependent the offending drug
1] IgM or 1gG and Cytotoxicity and Serum sickness, 7-8 days
complement or FcR | deposition of immune urticaria
complexes —
Vasculitis 7-21days after the start of
the offending drug
IVa Th1 (IFN-¢) Monocytic Eczema 1-21 days after the start of
inflammation the offending drug
IVb Th2 Eosinophilic Maculopapular 1to several days after the start
(IL-4 and IL-5) inflammation exanthema of the offending drug
DRESS 2-6 weeks after the start of
the offending drug
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Table 2 continued.

Reaction Type of immune Pathophysiology Clinical symptoms Typical chronology of the
type response reaction
Ve Cytotoxic T cells Keratinocyte death Maculopapular 1-2 days after the start of the
(perforin, granzyme mediated by Tcells exanthema offending drug for fixed
B, FasL) CD4 or CD8 drug eruption
SJS/TEN, pustular 4-28 days after the start of the
exanthema offending drug
Ivd T cells Neutrophilic AGEP Typically, 1-2 days after the
(IL-8/CXCL8) inflammation start of the offending drug
(but could be longer)

lg: immunoglobulin; FcR: fc receptor; FasL: fas ligand; SJS: Stevens-Johnson syndrome; Th1: T helper Type T;
Th2: T helper Type 2; DRESS: drug reaction with eosinophilia and systemic symptoms; TEN: toxic epidermal
necrolysis; IFN-c: interferon-c; IL: interleukin; AGEP: acute generalised exanthematous pustulosis.

The pharmacologic interaction with immune
receptors (‘p-i concept’) has also been proposed
in addition to drug hypersensitivity classification.
In this p-i concept scheme, a drug binds non-
covalently to a T cell receptor.

This leads to an immune response via interaction
with a major histocompatibility receptor, however
no sensitisation is involved because the
stimulation of memory and effector T cells
happens directly, which is similar to the concept
of superantigens.*®

Unlike immune-mediated drug reactions,
pseudoallergic reactions are not associated with
the production of antibodies or sensitised T cells,
but are often clinically indistinguishable from
DHRs. Non-steroidal anti-inflammatory  drugs
(NSAIDs), and angiotensin-converting enzyme
inhibitors are common causes of these non-
allergic reactions.®™?

RISK FACTORS

An increased risk of developing a drug allergy
is associated with host factors (e.g. age, gender,

genetic polymorphisms, certain viral infections)
and drug-related factors (e.g. frequency of
exposure, route of administration, molecular

weight). Drug allergy commonly occurs in young
and middle-aged adults, and is more often found
in women than men. Human leukocyte antigen,
HIV, and the Epstein-Barr virus have also been
linked to increased risk of building immunologic
response and reactions to drugs. Genetic
polymorphisms in drug metabolism influence
susceptibility to drug allergy. Drug administration
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via topical, intramuscular, and intravenous
methods are more likely to cause allergic drug
reactions than oral administration while intravenous
administration is associated with more severe
reactions. Prolonged high doses or frequent use
of drug are more likely to develop hypersensitivity
reactions than a single large dose. In addition,
large macromolecular drugs (e.g. insulin or horse
antisera) or drugs that form haptens (bind to tissue
or blood proteins and elicit an immune response),
such as penicillin, are also associated with a greater
likelihood of causing hypersensitivity reactions.®8316

Diagnosis

A thorough history and identification of clinical
signs and symptoms that are compatible with
drug-induced allergic reactions form the main
diagnostic method. Diagnostic tests include skin
testing and if warranted, graded challenges,
as well as the induction of drug tolerance
procedures which are advocated on the basis
of history and physical examination results.
A history should include details of all prescription
and over-the-counter drugs taken by the patient.
It is often rewarding to know the dates of drug
intake, formulation of the drug(s) taken, dosage,
and route of drug intake. Clinical symptoms and
signs developed with their timing and duration in
relation to drug intake, as well as previous drug
exposures and reactions, are also recorded.>"®
A thorough and careful physical examination can
help to define possible mechanisms underlying
the reaction and guide subsequent investigations
and diagnostic testing. The most common clinical
manifestations of drug allergy are seen on the
skin'”? and sometimes mucous membranes.
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Table 2: Differential diagnosis of drug allergy and a list of conditions to consider.

IgE-mediated drug allergy

Non-IgE-mediated reactions

(Urticaria, angioedema, anaphylaxis, bronchospasm):

Carcinoid syndrome

Insect bites/stings

Mastocytosis

Asthma

Food allergy

Scombroid fish poisoning

Latex allergy

Infection (EBV, hepatitis A, B, and C, gastrointestinal
parasites)

(Exanthema, DRESS, SJS, TEN):

Acute graft-versus-host disease
Kawasaki disease

Still’'s disease

Psoriasis

Insect bites/stings

Viral infection

Streptococcal infection

IgE: immunoglobulin E; EBV: Epstein-Barr virus; SJS: Stevens-Johnson syndrome; TEN: toxic epidermal
necrolysis; DRESS: drug rash with eosinophilia and systemic symptoms.

The most common cutaneous manifestation is
generalised exanthema (as a maculopapular rash),
which appears between a few days and 3 weeks
after drug exposure, usually starting on the trunk
and eventually spreading to the limbs. Urticaria
and angioedema that result from both IgE-
mediated and non-lgE-mediated mechanisms are
also common. SJS and TEN are the most severe
forms of drug reactions. SJS usually begins with
a maculopapular rash that often progresses
to bullae, mucous membrane ulcerations,
conjunctivitis, fever, sore throat, and fatigue. TEN
is a rare condition with similarity to SJS, however
TEN causes a large portion of the epidermis
to denude from the layers below, leading to
extensive skin sloughing and a scalded skin
appearance. The most common culprit for
SJS and TEN are sulphonamides and as such
should be avoided by the patient in the future!
Since the clinical manifestations of drug allergy
are mostly variable, it is necessary to exclude
other conditions that can mimic drug-induced
allergic reactions. Table 2 shows conditions in the
differential diagnosis of drug allergy.®

DIAGNOSTIC TESTS

IgE-mediated (Type |) reactions can be diagnosed
by diagnostic procedures such as skin-prick testing
and intradermal injection of the allergen. Skin
testing guidelines are standardised for penicillin.
The usefulness of skin tests for local anaesthetic
muscle relaxants are limited due to negative
results being more frequent, but they are very
sensitive for insulin or monoclonal antibodies. On
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the contrary, a negative test result is useful for
ruling out penicillin allergy and high molecular
weight proteins, although it does not exclusively
rule out the presence of a specific allergen.
Serum-specific IgE tests are available for some
drugs and are often expensive and less sensitive
than skin tests. It is necessary to remember that
most of these in vitro tests are not optimally
validated for drug allergy testing."®

Patch testing involves placing the allergen (at
non-irritant concentrations) on the patient’s back
for 48 hours and then assessing any reactions.
This type of testing is useful for the diagnosis of
various delayed (Type [V) skin reactions, but
is often not helpful for the diagnosis of SJS or
TEN.M267 - The measurement of histamine and
tryptase levels in the blood have been useful
in confirming acute IgE-mediated reactions,
particularly anaphylaxis; however, negative results
do not necessarily rule out acute allergic
reactions. Haemolytic anaemia may also be
confirmed with a positive direct and/or indirect
Coombs test.12%

The potential role of the basophil activation
test (the quantification of basophil activation by
flow cytometry) in the diagnosis of drug allergy
has been recently studied because basophils
are involved in both immune-mediated and
non-immune-mediated reactions. Although some
evidence suggests that the test is useful for
evaluating  possible  allergies to  B-lactam
antibiotics, NSAIDs, and muscle relaxants, further
confirmatory studies are needed before it is
widely accepted as a diagnostic tool.'8"°
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The most effective strategy is to avoid or
discontinue the offending drug. If an alternative
medication is available (with unrelated chemical
structures), cross-reactivity among drugs should
be taken into consideration when substituting
the agent!? Additional therapies, for example
topical corticosteroids and oral antihistamines,
may improve cutaneous symptoms. In the event
of anaphylaxis, adrenaline is administered by
intramuscular injection into the lateral thigh.
Systemic corticosteroids are normally used to
treat severe systemic reactions but should not
be given prior to or as a substitute to adrenaline
in the treatment of anaphylaxis.

Prevention of Future Reactions

Prevention of future reactions is an important
part of patient management. Allergy bracelets/
necklaces should be considered, particularly if
the patient has a history of severe forms of
drug-induced allergic reactions.® Procedures to
induce drug tolerance are expected to modify
a patient’s immunologic or non-immunologic
response to a drug temporarily, through the
administration of incremental doses of the drug.
Most regimens begin with a very dilute
concentration of the drug, then the dose is
increased every 15-20 minutes or so, usually with
double the dosage until a full therapeutic dose has
been administered after 3-8 hours. Drug tolerance-
induction procedures and graded challenges
are potentially harmful and should only be
performed by experienced personnel in facilities
with resuscitative equipment readily available.}?°

SPECIFIC DRUG REACTIONS

Acetylsalicylic Acid and Non-Steroidal
Anti-Inflammatory Drugs

Acetylsalicylic acid (ASA) and NSAIDs can cause
urticaria, angioedema, and anaphylaxis. Patients
suffering from chronic airway diseases such as
asthma, rhinitis, and sinusitis, may react to ASA
and NSAIDs that inhibit cyclo-oxygenase (COX)-.
The management of these patients involves
avoidance of aspirin and NSAIDs, as well as
aggressive treatment of the underlying respiratory
disorder. Selective COX-2 inhibitors almost never
cause reactions and can typically be taken safely
by patients with ASA/NSAID allergy.
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MANAGEMENT OF COMMON DRUG
ALLERGIES

Sulphonamides

Sulphonamide antibiotics are often associated
with delayed cutaneous maculopapular eruptions,
SJS, and TEN. Patients infected with HIV are at
increased risk of developing cutaneous reactions
to sulphonamide antibiotics.  Trimethoprim-
sulfamethoxazole is the drug of choice for the
treatment of a number of HIV-associated
infections, therefore many HIV-positive patients
with a history of adverse reactions to
sulphonamides still require treatment with this
antibiotic. Induction of drug tolerance procedures
can be used to safely administer trimethoprim-
sulfamethoxazole to HIV-positive patients with a
history of adverse reactions to the antibiotic.

Penicillin

Penicillin is the most frequent drug allergy,
affecting approximately 10% of patients. Ideally,
management of the patient with penicillin
allergy should include penicillin skin testing.
Approximately 90% of patients have negative
penicillin  skin test responses and can safely
receive cephalosporins as well as other B-lactam
agents. Carbapenems may be administered as a
graded challenge after prophylactic skin tests.?'??
Monobactams are generally well-tolerated by
patients with penicillin allergy, except if they have
had an allergic reaction to ceftazidime.?*?> Second
or third-generation cephalosporins may also be
considered, since the degree of cross-reactivity
with these agents and penicillin has been shown
to be lower than with first-generation agents.'?

Cephalosporins

Cephalosporins can commonly cause
maculopapular rashes and drug fever; urticaria is
less common and anaphylaxis is rarely seen.?® In
subjects with cephalosporin allergy, there is limited
cross-reactivity on immunological testing between
second and third-generation cephalosporins and
penicillins, but this does not necessarily indicate
clinical reactivity.?® If skin testing is positive and
no alternative drug exists, induction of drug
tolerance procedures may be attempted.”

Radiocontrast Media

Pseudoallergic and allergic reactions to
radiocontrast media can usually be prevented
through the use of pre-treatment with
medication, which includes oral corticosteroids
and H-antihistamines. Agents with low osmolarity
are better for use in such circumstances."”
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Anaesthetics

True allergic reactions to local or general
anaesthetics are very rare; reactions are usually
due to preservatives in the medication or due to
adrenaline. Allergy to inhaled anaesthetics is not
reported in the current literature.?

Vaccines

The seasonal flu vaccine or yellow fever vaccine
may contain small quantities of egg protein, for
which allergic response may be evoked.

CONCLUSIONS

Diagnosis relies on a meticulous history and
physical examination. Skin testing, and if warranted
graded challenges of allergen, and induction of
drug tolerance procedures may be required in
some instances. The mainstay of treatment for drug
allergy is avoidance of the offending drug. When
available, alternative medications with unrelated
chemical structures should be substituted.
Cross-reactivity among drugs should be taken
into consideration when choosing alternative
medications. If a particular drug to which the
patient is allergic is indicated and there is no
suitable alternative, procedures of induction of
drug tolerance may be considered for producing
temporary tolerance to the drug.
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ABSTRACT

Atopic dermatitis (AD) is one of the most common non-infectious diseases in the world. For over two
decades there has been considerable mobilisation to create a robust framework to address this global
problem (the International Study of Asthma and Allergies in Childhood [ISAAC] consortium). However,
information about Sub-Saharan Africa remains sparse, likely reflecting the increased focus placed on
infectious diseases. However, this region harbours the greatest environmental and genetic diversity and
thus offers enormous potential for understanding the differential environmental impact on human
populations predisposed to allergic diseases. Moreover, it is increasingly clear that many pathologies
share the same genetic determinants and this spans both non-infectious and infectious diseases. In this
review, we discuss the comparative genetics of the allergic diseases and then expand into infectious
diseases, notably malaria. We discuss the considerable overlap in the identified genetic determinants of AD
and malaria and develop a hypothesis based on the importance of saliva from mosquito bites, arguably
the most prevalent allergen in the region. Following the completion of the first phase of the African
Genome project, we stress the significance of more focus on allergic diseases in the region, which will
certainly generate an abundance of novel insight into the environmental and genetic determinants
of allergy and may also contribute to our understanding of arthropod-borne infectious diseases.

Keywords: Atopic dermatitis (AD), malaria, Africa, human genetics, mosquito bites.

INTRODUCTION

Atopic dermatitis (AD) is a common chronic
inflammatory skin disorder that is often associated,

burden in this region. In Phases 2 and 3, several
other countries joined and yet information on the
allergy status remains sparse. Point prevalent
studies were carried out in 12 Sub-Saharan

either sequentially or concomitantly, with asthma
and allergic rhinoconjunctivitis. The  global
significance of these non-communicable allergic
diseases led to the establishment of the
International Study of Asthma and Allergies in
Childhood (ISAAC) consortium in the 1990s!
The aim of ISAAC was to establish baseline rates
of asthma, rhinitis, and eczema to enable global
comparisons, assessment of future trends, and to
provide a framework for aetiological research into
lifestyle, environmental, genetic, and medical care
factors affecting these diseases.? However, at its
inception (Phase 1), only three Sub-Saharan
countries (Nigeria, Kenya, and Ethiopia) were
included, likely because of the general focus on
infectious diseases that impose the major health
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countries, almost all in children aged 13-14 years
old and in urban settings. Rates ranged from 4.7%
in the Sudan to 19% in Ethiopia, with a mean of
14.5%.34 Only two studies have however, examined
AD trends over time (Phase 1in 1995 and Phase 3
in 2001-2). In Nigeria there was an increase in
lifetime prevalence of itchy rash (7.7% to 10.2%) in
children 6-7 years old but a strong decrease (26.1%
to 18%) in the 13-14 year olds. Physician-diagnosed
AD decreased significantly in both age groups.®
By contrast, the Kenyan study on 13-14 year olds
in rural cohorts revealed a similar increase in AD to
that found in the most studied African countries,®
Morocco and South Africa;” lifetime itchy rash
increased from 23.8% to 28.5% and physician-
diagnosed AD from 13.9% to 28.5%.
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The data on African populations is thus sparse
and needs to be improved, not only for the
specific public health burden that allergy may
impose on the region, but also because studies in
Africa may be pertinent for allergy worldwide. AD
is very prevalent in African-American children,?
highlighting ethnic  differential  susceptibility.
The human genome was shaped by the selective
forces present prior to the early human
migrations out of Africa, when infectious diseases
were likely of significant importance. Such
selection of strong pro-inflammatory responses
by infectious diseases may have negative
consequences in the form of allergic diseases
worldwide today.® The development of AD has
been associated with genetic polymorphisms, skin
barrier dysfunction, environmental exposures, and
host immune dysregulation. The pathophysiology
of AD may be associated with a child’s sensitisation
to specific environmental or food allergens in
association with skin barrier dysfunction. Africa
is an important region to study complex diseases
such as AD, because of its high genetic diversity,
large variation in climate, and environmental
conditions!® The importance of both human
genetic and environmental determinants of AD
makes the dearth of information from Sub-Saharan
Africa all the more frustrating. Following the
completion of the first detailed characterisation of
the African genome, it is now possible to benefit
from particularities of the African genome and
environment to address genetic and environmental
factors that contribute to complex multifactorial
diseases." Sub-Saharan Africa has a very particular
environment and one that needs special attention,
largely because of the high incidence of infectious
diseases. As we will discuss here, the likelihood
that there are shared human genetic determinants
underlying infectious and non-infectious diseases
should generate an increased capacity to identify
genes of interest. Furthermore, infectious agents
represent a facet of the environment that is rarely
considered, likely because of the relatively low
prevalence in societies where the majority of
allergic disease research is carried out.

COMPARATIVE GENETICS OF ATOPIC
DERMATITIS AND ALLERGIC DISEASES

Genome-Wide Association Studies

It is widely recognised that common multifactorial
diseases are caused by multiple genetic and
environmental factors and interactions among all
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these factors. With the development of genotyping
technologies, genome-wide association studies
(GWAS) have become the method of choice to
identify complex disease associated genes using
single nucleotide polymorphisms (SNPs) as
biomarkers.? One of the interesting features of
GWAS is that the same loci have been found to
be associated with several diseases (e.g. cancers,
cardiovascular diseases, autoimmune diseases),
suggesting that genes with a pleiotropic effect
may be more frequent than anticipated and may
play a key role in basic pathophysiological
mechanisms underlying a number of diseases.
AD is often associated with asthma and allergic
rhinitis, and it is likely that these three diseases
share common genetic and environmental
determinants.® The identification of pleiotropic
genes that are likely to influence master regulators
of biological processes is therefore of major
importance. Studying together diseases that are
suspected to share common genetic determinants
can facilitate the characterisation of such genes.

There have been several GWAS studies of AD in
European, Japanese, and Chinese populations.**
A total of 19 susceptibility genes have been
identified, suggesting that AD is influenced by
genes involved in epidermal barrier functions (e.g.
filaggrin [FLG]) and innate and adaptive immunity
amongst others (notably, interleukin [IL]-1 signalling
and nerve growth factor signalling).” The adaptive
immune response in AD is associated with increased
expression of the T helper 2 (Th2) cell cytokines,
IL-4 and IL-13® Recent studies have shown a
significantly greater number of /L-4, IL-5, and [L-13
messenger RNA (mRNA)-expressing cells in acute
skin lesions, and an increased number of Th2 cells
expressing /L-4 and /L-13 mRNA in unaffected skin
of AD patients.® Allergen-specific immunoglobulin
(Ig)E plays a crucial role in the pathogenesis of
allergic diseases by binding allergens and initiating
immunological responses. Approximately 80% of
patients with AD have elevated serum IgE and/or
immediate skin test reactivity to allergens.® There
is a strong genetic contribution to the variability of
the total IgE level. Several GWAS for total IgE
levels have identified two associated susceptibility
loci, 1923 and 5931, in European and mixed
populations including  African-American  and
Hispanic individuals.?°?? |n particular, a functional
SNP in 1923 significantly influenced the cell surface
expression of Fc fragment of IgE, high-affinity
receptor (FCeR1A) on basophils, and the regulatory
mechanism of FCeR1A expression via GATA2.2°
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Recent GWAS have revealed a number of
susceptibility loci shared by several allergic
diseases and phenotypes for bronchial asthma,
allergic rhinitis, the number of eosinophils, allergic
sensitisation, and total IgE levels. Moreover,
there are significant genome-wide susceptibility
regions overlapping AD and other allergy-related
phenotypes. Of particular interest is the
susceptibility loci 5g31.1 that contains RAD50 and
IL-13, amongst others.??°> The IL-4, IL-13, STAT6
pathway has been reported to be associated with
IgE and asthma and the /L-13 gene is the only
one found significantly associated with both
asthma and IgE by the GABRIEL consortium
GWAS.?® The association of STAT6 with IgE
reported by a previous GWAS was replicated by
the GABRIEL consortium.20.2¢

Filaggrin and Thymic Stromal Lymphopoietin

FLG plays an important role in the skin’s barrier
function and FLG loss-of-function mutations
have been associated with an increased risk of
developing persistent AD.?” FLG binds to and
condenses the keratin cytoskeleton to form tight
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bundles, flattening and strengthening the cells to
create a strong barrier. Subsequent proteolysis
leads to further degradation into hygroscopic
amino acids, which constitute one element of
natural moisturising factor. A defect in the
production of FLG creates a more porous skin
surface, resulting in epicutaneous sensitisation to
environmental allergens and activating the host
immune system, thereby resulting in local
inflammation, pruritus, and visible skin lesions. FLG
loss-of-function mutations are more commonly
found in individuals of European and Asian ancestry
compared with those of African ancestry.?® Indeed,
of the four most common European mutations
(R501X, 2282del4, R2447X, and S3247X), at least
one was found in 27.5% of whites compared with
5.8% of African-Americans.?®

In addition to FLG, the thymic stromal
lymphopoietin (TSLP) gene was found to be
located adjacent to a region (5q11.1) associated
with AD. TSLP is a cytokine produced by epithelial
cells (such as keratinocytes and bronchial
epithelial cells) and has an important role in
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conditioning dendritic cell (DC) maturation.
TSLP-activated DCs induce inflammatory Th2
cells that produce the classical Th2 cytokines IL-4,
IL-5, and IL-13, in addition to large amounts
of tumour necrosis factor (TNF). Interestingly,
mast cells activated by IgE binding to the high-
affinity IgE receptor (FceRIl) expressed high levels
of TSLP.

TSLP promotes Th2 cell responses associated
with immunity to some helminth parasites and
the pathogenesis of a number of inflammatory
diseases such as AD. Indeed, increased expression
of TSLP has been strongly associated with AD as
well as other allergic diseases, including asthma
and allergic rhinitis.®*32 Although FLG protein
contributes to the skin barrier, TSLP expression
occurs after antigen sensitisation through a
disrupted skin barrier and subsequently promotes
the immune responses resulting in inflammation
that leads to AD. In AD, epithelial cells markedly
increase TSLP expression in response to
inflammation, leading to macrophage activation,
DC maturation, induction of inflammatory Th2 cells,
and eventual chemoattraction of a suite of innate
immune cells, such as eosinophils, neutrophils,
and mast cells, with resulting pathological effects.
Genetic variants resulting in diminished TSLP
activity were protective against persistent AD
even in individuals with the FLG loss-of-function
mutation.3?33 Therefore, TSLP is a master regulator
of allergic inflammation in the skin and can
significantly influence the AD phenotype.

INFECTIOUS DISEASES AND
ALLERGIC RISK

There are many examples of infectious agents
that impact upon allergic risk. Severe respiratory
syncytial virus infection in infants increases the
risk of allergic rhinoconjunctivitis and allergic
asthma.’* Measles,*® hepatitis A, and tuberculosis
seemingly reduce atopy,*® whereas HIV infection
is associated with increased risk of asthma and
AD.*” Helminth infections are considered to reduce
clinical expression of an atopic tendency.® The
relationship of Staphylococcus aureus and patients
with AD is unusual in that S. aureus colonisation
is both a cause and a consequence of allergic skin
inflammation.®®* The allergic skin inflammation
associated with AD leads to increased colonisation
by S. aureus notably because of skin barrier
dysfunction and ineffective innate immune
responses. S. aureus in turn produces exotoxins
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(superantigens) that can penetrate the skin barrier
and contribute to the persistence and exacerbation
of allergic skin inflammation.®® Of particular
interest are pathogens that are transmitted
by haematophagous arthropods (mosquitoes,
sandflies, ticks) because of the allergenic nature of
their saliva.

Lessons from Malaria

Although the human genetic susceptibility to
malaria  has classically focussed on the
haemoglobinopathies (sickle cell, beta and alpha
thalassaemia), there is an wunusual relationship
between allergy and the mosquito-borne
protozoan parasite, Plasmodium falciparum, the
aetiological agent of lethal tertian human malaria.
Several lines of evidence support the concept
that susceptibility to malaria and atopy may be
related to the same immunological defect and/or
influence one another.

Impact of allergy on malaria infection outcome

At the phenotypic level, there is evidence that
allergy impacts upon risk of malaria. In Ethiopia,
atopic children had a higher prevalence of malaria
attacks, while in Tanzania maternal malaria had
a protective effect on wheezing in 4-year-old
children.®> AD, and to a lesser extent asthma, were
found to increase the risk of persistent clinical
malaria episodes, suggesting interference with the
developmental of clinical immunity to the
parasite.*®* Finally, there is some evidence that IgE
levels are elevated during malaria infections
and that the mosquitoes as well as the
parasites contribute to this state and thus may
exacerbate the immunological environment.#445
Notably, individuals classified as having moderate
or severe symptoms of AD (assessed using the
positive and negative predictive values of the
ISAAC questionnaire diagnosis criteria developed
for sub-tropical countries) had significantly
higher specific IgE levels against Culex, Aedes,
and Anopheles salivary gland extract.4345

Role of immunoglobulin E

Several findings suggest that IgE could play
a detrimental role during malaria disease
development. This was supported by data showing
that IgE levels were much reduced amongst
patients with uncomplicated malaria in comparison
with those suffering from severe malaria.*
Furthermore, immunohistological studies on brain
sections revealed the presence of IgE deposits in
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brain microvessels and on infected erythrocytes
from cerebral malaria patients as well as in
placentas infected with P falciparum.*” Various
immune complexes, which consist of either IgE

and antigen aggregates or IgE with IgG
anti-IgE, could bind to Fc receptors expressed
on monocytes that become activated,

giving rise to TNF-a secretion.*® In addition, IgE
levels were found to be higher in cerebral
P falciparum malaria when compared with
uncomplicated malaria.*®

Shared genetics

A mouse model (NCAic) for human atopic
disease was found to be susceptible to murine
malaria and a major quantitative trait locus
(derm?1) for atopic disease mapped close to the
region controlling parasitaemia (charl or pymr)
on mouse chromosome 9.45° Genome scan
linkage studies revealed four regions linked to
malaria phenotypes. 5p15-p13 and 13g13-g22
were found to be associated with clinical malaria
and 5g31-g33 and 12921-g23 with parasite
density.” While these regions are extensive
and contain many putative candidate genes,
it is remarkable that all four regions overlap
with those that have been previously identified
to be involved in asthma/atopy and especially
fe]= levels,>253 suggesting that common
mechanisms may be involved between both
pathogenic mechanisms. Moreover, a logarithm of
the odds (LOD) score >1 was found using both
analytical methods for the region containing
the high-affinity receptor for IgE (FceRIB on
11912.1). The regions 13q13-9g22 and 12921-923
contain genes known to increase total serum IgE
levels, namely PHFII53 and STAT6 genes.> The
Stat6 protein plays a central role in exerting IL-4
mediated biological responses. The /-4 gene is
located on 5931 together with important cytokines
(IL-13, IL-5, IL-9), a region found to be linked to
parasite density in this and previous studies and
consistently reported to be linked to asthma-
related phenotypes.® The cluster of cytokines on
5931, namely IL-4 and IL-13, are major cytokines
promoting the differentiation of Th2 cells that
are involved in the allergic response. Genetic
variants in /L-4 and /L-13 genes on 5931 and STAT6
on 12g21 have been consistently found associated
with total IgE levels and this is confirmed by
GWAS of this phenotype.?0%

Of particular interest is the 5p13 linkage region;
this includes several genes involved in innate
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immunity and notably the interleukin-7 receptor
(IL-7R). IL-7R plays a crucial role in signal
transduction of TSLP. TSLP receptor chain alone
binds to TSLP at low affinity. A combination of
TSLP receptor and IL-7R-a. chain results in high-
affinity binding. Fine mapping of this 5p region
using lllumina® GoldenGate revealed an association
with /L-7R at a LOD score of ~5 (unpublished data).

MOSQUITO BITES, ATOPIC
DERMATITIS, AND MALARIA:

AN UNDERLYING MECHANISM

It is recognised that the type of immune balance
driven by the parasite operates at a very early
stage post parasite delivery. The response of
sentinel cells, such as DCs, thus determines the
evolution of the immune response and can lead
to protection, tolerance, or immunopathology.
Mosquito saliva contains pharmacologically active
proteins and peptides® which provoke a localised
allergic reaction in the skin, and injection of saliva
into the skin during a mosquito bite induces the
production of IgE and IgG antibodies as well as
dermal hypersensitivity reactions.® This suggests
that the saliva can orientate the immune response
towards a Th2 profile.

The combination of this information leads us to
propose a mechanism underlying the observed
shared associations between AD and malaria
(Figure 1). Mosquito bites will lead to activation of
keratinocytes resulting in localised production of
TSLP that subsequently orientates immature DCs
to a Th2 profile. These in turn induce inflammatory
Th2 cells that produce associated Th2 cytokines,
which result in differentiation of B cells that
generate IgE. Cross-linking of IgE on the high
affinity receptors on mast cells causes their
activation and release of both TSLP and histamine.
Increased levels of histamine in plasma and tissue,
derived from basophils and mast cells, notably
following stimulation by IgE through the high
affinity receptor FceR1, are associated with the
severity of disease in humans infected with
P falciparum and in animal malaria models.>
The release of TSLP by mast cells will in turn
stimulate Th2 DC orientation and so forth.
Perturbation of the Th1/Th2 balance will certainly
impact upon the long-term development of
immunity to malaria parasites and the short-term
response to infection. Furthermore, the itch
and scratch cycle characteristic of AD will be
exacerbated by mosquito bites and saliva, which
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is a highly prevalent ‘environmental’ allergen in
Sub-Saharan Africa and elsewhere. Mosquito
bites will thus likely increase AD in individuals
genetically predisposed and with resultant
increased severity of malaria disease. Whilst
the same relationship would be predicted for
P falciparum endemic settings out of Africa,
it may not be the case for the other major malaria
parasite, spp. Plasmodium vivax, which induces
a very different immunological response. It is,
however, still unclear whether the parasites
themselves play an active role in such immune
deviation, exacerbate AD in turn and the extent
to which the parasites themselves benefit from
the increased severity of disease associated with
such an inflammatory terrain: the production
of specialised parasites stages, necessary for
transmission from human to mosquito, was reduced
in individuals with elevated IgE.*> Further research
on the physiological link between malaria parasite
infection outcome and AD and other IgE-associated
pathologies would be invaluable. Underlying
details notwithstanding, it is promising to note
that certain antihistamines have been effective
against malaria and the current anti-malarial of

choice, artesunate, against asthma.t®® It remains to
be seen whether next-generation allergic disease
treatments (IL-4/1L-13 agonists) also have beneficial
action against malaria parasites.

CONCLUDING REMARKS

The underlying causes of AD are multifactorial
and yet it has been recognised for some time that
environmental factors play an important role and
increase or decrease risk in individuals with a
genetic predisposition. Sub-Saharan Africa has
received relatively little attention and vyet
represents a region that is rich in environmental
and genetic diversity. A major challenge in
diagnosis of AD is the plethora of different
aetiologies that share similar symptoms. HIV/AIDS
associated cutaneous symptoms in particular,
may pose a significant challenge for AD differential
diagnosis in Africa.® Further focus on allergic
diseases in this region would be of immense
value to our understanding of the genetic and
environmental basis to allergic diseases and will
likely contribute to our understanding of infectious
diseases and most notably those transmitted by
biting arthropods.
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