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FOREWORD

Food allergy is daffecting the lives of millions of people around the world and is on the rise. The emergency and life-
threatening nature of the disease with the burden of anaphylaxis and its increasing prevalence, makes it a major
public health problem. Governments and the general public are expected to face increasing direct and indirect costs,
due to its major effects on life style and quality of life. Unfortunately, a high number of unmet needs remain to be
resolved because of gaps in current scientific knowledge in pathophysiology, preventive measures, standardization
and patient care.

To tackle this huge global health problem, the EAACI decided to develop “EAACI Food Allergy and Anaphylaxis
Guidelines”. We aimed to develop a comprehensive set of documents on food allergy and severe allergic reactions,
embracing all stakeholders. Our efforts during the guidelines development enabled us to establish a working model
involving all related sections and interest groups of our Academy and helped to develop a network of affiliated
scientists, clinicians and patient organizations across the globe.

The guidelines were drafted by more than 70 expert authors from all around the world. All sections of the EAACI,
Pediatrics, Immunology, Dermatology, Asthma, Junior Members and Affiliates and Interest Groups of Food Allergy,
Allied Health, Allergy Diagnosis, Insect Venom Hypersensitivity, and Primary Care were directly involved in their
development. Twenty one international patient organizations were involved from the beginning within the frame of
EAACI Patient Organization Committee. The European Society of Pediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN), the European Society of Emergency Medicine (EuSEM), and the Association for Teacher Education in
Europe (ATEE) were involved as international associations. A panel of 30 international experts has reviewed the
Guidelines, which have also gone through public consultation.

We would like to thank all of the authors and organizations for their contributions, the EAACI Executive Committee
Members of the last two terms, and particularly Prof. Antonella Muraro for her leadership and commitment. We are
certain that this effort, followed by a structured dissemination program will have a major impact on improving the
wellbeing of patients with food allergy in Europe and around the world.

Cezmi A. Akdis Nikolaos Papadopoulos
EAACI Past President EAACI President
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PREFACE

The lack of public understanding of food allergy is hugely affecting the recognition of the disease and of its impact
at the community level including the quality of life and costs issues. In addition, very few people are aware that a
severe allergic reaction, such as anaphylaxis, can result in death. As a consequence, anaphylaxis is still frequently
mismanaged, both by patients and healthcare professionals. There is a need for better education of health professionals
and the public. As part of its Mission, the European Academy of Allergy and Clinical Immunology (EAACI) initiated a
project on food allergy and anaphylaxis in 2012 which combined a public campaign with the development of scientific
outputs and guidelines, intended to translate best science into best practice. The EAACI Food Allergy and Anaphylaxis
Guidelines are devoted to improving the overall care of the patient suffering from food allergy and anaphylyaxis.
The aim has been to provide scientific update on the latest evidence in the field establishing a platform where all
the stakeholders can share their knowledge and ultimately create links and networks around the patients and their
families.

The EAACI Food Allergy and Anaphylaxis Guidelines group has undertaken this unprecedented project over the last
2 years. Within the group, six task forces have comprehensively reviewed food allergy and anaphylaxis in children,
adolescents and adults. The activity has been grounded in evidence with the use of comprehensive systematic reviews
and, where appropriate, meta-analyses of the literature. The work was carried out by a wide range of health care
professionals and scientists along with the involvement of both patient groups and regulators.

This book represents a compilation of the output of the EAACI Food Allergy and Anaphylaxis Guidelines Group. The
first section covers food allergy. It is based on three systematic reviews covering the epidemiology, the diagnosis
and the management of food allergy; these are presented in four chapters (1.1, 1.2., 1.3, 1.4) that summarise the
evidence in these areas. These data have been used to generate the food allergy diagnosis and management guidelines
(Chapter 1.5). The second section focuses on prevention. A systematic review of the food allergy prevention literature
(Chapter 2.1) was used to develop evidence based prevention guidelines for food allergy (Chapter 2.2). The third
section focuses on quality of life in food allergy. A systematic review of the literature (Chapter 3.1) looked for food
allergy quadlity of life instruments that were appropriately developed and validated. These data were used to generate
food allergy quality of life guidelines (Chapter 3.2). The fourth section focuses on anaphylaxis. It is imbedded within
two systematic reviews of the literature, the first focuses on the epidemiology (Chapter 4.1) and the second on the
management of anaphylaxis (Chapter 4.2). These data were then combined to generate guidelines for anaphylaxis
(Chapter 4.3). Section 5 focuses on the community where many reactions to foods take place. The last section focuses
on the food industry and how it might help to reduce the burden associated with food allergy and anaphylaxis. Each
of the sections also looks forward, highlighting which research gaps should be prioritised and what public health
interventions are required to minimise the burden of food allergy and anaphylaxis.

All the chapters in this book represent manuscripts that have been published in the journal Allergy. Wiley has kindly
given permission to reproduce these in this book. Supplementary material associated with each of the guidelines
chapters can be found as appendices at the end of each chapter. The supplementary material for the other chapters
is available online via the EAACI website.

This book represents the work of over 70 individuals The EAACI food allergy and anaphylaxis guidelines would not
have been possible without their hard work and dedication to this activity. We would particularly like to thank the
steering group leads: loana Agache, Carsten Bindslev-Jensen, Vicky Cardona, Anthony Dubois, Susanne Halken, Karin
Hoffmann-Sommergruber, Lars Poulsen, and Thomas Werfel who ensured that the guidelines remained on track during
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their development. We are hugely indebted to Aziz Sheik for leading the methodology team who were fundamental
to synthesising the evidence base for this project. We would particularly like to thank Sukhmeet Panesar who project
managed this element of the project. We thank all the experts, who kindly reviewed the draft manuscripts and helped
us to develop them into the final documents reproduced in this book, and the patient’s group representatives who were
heavily involved in developing each of the chapters; they are listed at the beginning of each chapter.

We are also very grateful for all the EAACI members who responded to our call for comments about the draft documents
in June 2013. The guidelines group are extremely appreciative of the support of our past President Cezmi Akdis
and our current President Nikos Papadopoulos for this activity, as well as for the support of all the other Executive
Committee members. We would like to thank the EAACI Headquarters staff for their support of this project. Finally we
would also like to express our appreciation of our personal assistants, Lynn Reeves in Southampton and Catherine
Crowley in Padua.

It has been an exciting journey. However, having scientifically robust and thoroughly researched guidelines is just the
beginning; it is their application in health professionals’ daily work that will make a real and tangible difference to
clinicians and their patients.

Antonella Muraro and Graham Roberts

Editors
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SECTION 1

FOOD ALLERGY
DIAGNOSIS
AND
MANAGEMENT






THE EPIDEMIOLOGY
OF FOOD ALLERGY IN EUROPE

SYSTEMATIC REVIEW AND META-ANALYSIS

Bl Nwaru', L Hickstein?, SS Panesar?, A Muraro?, T Werfel®, V Cardona®, AEJ Dubois’, S Halken®, K
Hoffmann-Sommergruber?®, LK Poulsen'®, G Roberts''"'3, R Van Ree'4, BJ Vlieg-Boerstra'®, A Sheikh® '® on
behalf of The EAACI Food Allergy & Anaphylaxis Guidelines Group

EAACI Food Allergy & Anaphylaxis Guidelines Group: CA Akdis, R Alvarez, K Beyer, C Bindslev-Jensen, V
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Niggeman, N Papadopolous, | Skypala, M Worm
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Background: Food allergy (FA) is an important atopic disease although its precise burden is unclear.
This systematic review aimed to provide recent, up-to-date data on the incidence, prevalence, time-
trends, and risk and prognostic factors for FA in Europe.

Methods: We searched four electronic databases, covering studies published from January 1, 2000
to September 30, 2012. Two independent reviewers appraised the studies and qualified the risk of
bias using the Critical Appraisal Skills Programme tool.

Results: Seventy-five eligible articles (comprising of 56 primary studies) were included in a narrative
synthesis and 30 studies in a random-effects meta-analysis. Most of the studies were graded as at
moderate risk of bias. The pooled lifetime and point prevalence of self-reported FA were 17.3%
(95%Cl 17.0-17.6)and 5.9% (95% CI 5.7-6.1), respectively. The point prevalence of sensitization
to > 1 food as assessed by specific-lg was 10.1% (95% Cl 9.4-10.8) and skin prick test 2.7%
(959 Cl 2.4-3.0), food challenge positivity 0.9% (95% CI 0.8-1.1). While the incidence of FA
appeared stable over time, there was some evidence that the prevalence may be increasing. There
were no consistent risk or prognostic factors for the development or resolution of FA identified, but
sex, age, country of residence, familial atopic history, and the presence of other allergic diseases
seem to be important.

Conclusions: Food allergy is a significant clinical problem in Europe. The evidence base in this area
would benefit from additional studies using standardized, rigorous methodology; data are particularly
required from Eastern and Southern Europe.

Originally published as: Nwaru BI, Hickstein L, Panesar SS, Muraro A, Werfel T, Cardona V, Dubois AEJ, Halken
S, Hoffmann-Sommergruber K, Poulsen LK, Roberts G, Van Ree R, Vlieg-Boerstra BJ, Sheikh A. on behalf of The
EAACI Food Allergy & Anaphylaxis Guidelines Group. The epidemiology of food allergy in Europe: a systematic
review and meta-analysis. Allergy 2014;69:62-75. © 2013 John Wiley & Sons A/S. Published by John Wiley
& Sons Ltd
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Epidemiology of food allergy in Europe: a review

BACKGROUND

During the past 50-60 years, the frequency of asthma
and other atopic diseases, such as atopic eczema/
dermatitis and allergic rhinitis, has increased in many
Western countries. They now represent a substantial
burden to healthcare systems and the society (1-5).
Whilst the incidence of these diseases may have peaked
in some settings (3), it has been suggested that the
frequency of food allergy (FA) appears to have increased
during the last 10-20 years (6-10), leading to the
thought that FA may have different risk factors (6, 8).

Despite the suggested increasing frequency of FA
and the attributed public health burdens (6-10),
estimates of the actual incidence and prevalence are
uncertain. Relatively few epidemiological studies have
utilized the gold standard of diagnosis — the double-
blind, placebo-controlled food challenge (DBPCFC) in
defining FA (6, 8). Most frequency estimates have been
based on lay perceptions or specific Immunoglobulin E
(IgE) or skin prick test (SPT) sensitization to common
food allergens. Both self-perception and allergic
sensitization are known to substantially overestimate
the actual frequency of FA (11-13).

This systematic review is one of seven inter-linked
evidence syntheses that have been undertaken to
provide a state-of-the-art European synopsis of the
current evidence base in relation to epidemiology,
prevention, diagnosis and clinical management,
and impact on quality of life. They have been used
to inform clinical recommendations in the EAACI
Guidelines for Food Allergy and Anaphylaxis. The aims
of the systematic review were to: (1) estimate the
frequency of FA; (2) investigate time-trends; and (3)
identify potential risk and prognostic factors for the
development of FA in Europe.

METHODS

Protocol and registration

The protocol of this review has been published
previously (14) and it is registered with the
International Prospective Register of Systematic
Reviews (PROSPERO; http://www.crd.york.ac.uk/
prospero/, reference CRD42013003704).

Search strategy
A highly sensitive search strategy was designed (see

EAACI

Box E1) to retrieve all articles combining the concepts
of food allergy and epidemiology from electronic
bibliographic databases. See online supplement for
further details.

Inclusion and exclusion criteria

The following studies were included: systematic reviews
and meta-analyses, cohort studies, cross-sectional
studies, case-control studies and routine healthcare
studies published in Europe between January 1, 2000
and September 30, 2012. These were chosen to
ensure that the highest levels of European evidence
were pooled based on the aims of the review. Reviews,
discussion papers, non-research letters and editorials,
case studies, and case series plus animal studies and
all randomised controlled trials were excluded. See
online supplement for further details.

Study selection

The titles of retrieved articles were checked by two
independent consultant reviewers according to our
selection criteria and categorized as: included, not
included, and unsure. The abstracts of papers in the
unsure category were retrieved and re-categorized
as above after further discussion. Full text copies of
potentially relevant studies were obtained and their
eligibility for inclusion was independently assessed
by two reviewers (BN and LH). Any discrepancies
were resolved by consensus or a third reviewer (AS)
arbitrated.

Risk of bias assessment

Risk of bias in the studies was independently carried
out by two reviewers (BN and LH) using adapted
relevant versions of the Critical Appraisal Skills
Programme (CASP) tool (http://www.casp-uk.net/). An
overall grading was assigned to each study based on
the grading obtained from the various components of
the study (i.e., the appropriateness of the study design
for the research question, the risk of selection bias,
exposure and outcome assessment). Discrepancies
were resolved by consensus or a third reviewer (AS)
arbitrated.

Analysis, synthesis and reporting

A customized data extraction form was developed and
independently used to obtain relevant data from each
study by two reviewers (BN and LH). Discrepancies
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Articles identified
through database searching
(n=4053)

Additional articles identified
through other sources

(n=9)

Y Y

Articles after duplicates removed
(n=3810)

Articles excluded
(n=3416)

\ 4

Articles screened
(n=394)

Y

« On the basis of title (n = 1 803)
« On the basis of abstract (n = 1 613)

Full-text articles excluded
(n = 285)

\4

Full-text articles assessed for eligibility
(n=109)

»[ « Clearly not about FA

* FA in other conditions

* Not European study

« Published prior to 2000

Further full-text articles excluded
(n=24)

\/

« Not population-based/not within
review scope

Not sure

\4

Articles included in qualitative synthesis
(n=75)
These articles are based on 56 studies

\

Studies included in quantitative
synthesis (meta-analysis)
(n=30)

were resolved by discussion or arbitration by a third
reviewer (AS). We recalculated all the frequency
estimates of any FA occurrence if adequate data were
provided by authors by using minimal measured events
rather than extrapolated ones. The 95% confidence
intervals (95% Cl) of our recalculations were computed
by using the Wilson score method without continuity
correction (15). We performed a random-effects meta-
analysis for clinically and methodologically comparable
studies to estimate the frequency of FA. We calculated
the age-stratified pooled estimates for the age group

« Articles needing translation (n = 10)

Figure 1 PRISMA flow diagram for studies on the
epidemiology of FA in Europe, January 2000 -
September 2012

0-17 years (children) and 18 years and over (adults).
We also present the pooled estimates stratified by
geographical region in Europe. Statistical analysis
was undertaken using STATA 11 (Stata Corp, College
Station, Tx). See online supplement for further details.

RESULTS

Study selection and characteristics

Figure 1 shows the PRISMA flowchart for our study
selection and screening. Seventy-five papers (based

EAACI
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Table 1 Summary of range of estimates of the frequency of FA in Europe by self-report, skin prick (SPT)
positivity, IgE positivity, food challenges, and symptoms or clinical history: estimates from studies published

between 1 January 2000 and 30 September 2012

Frequency of FA

6-10

Age bands, years

11-17

POINT PREVALENCE
Self-report 1.7-9.8% 1.6-387%  1.6-244%  1.6-244%  3.5-19.6% 3.3%
Positive IgE 19.4-203% 4.1-215%  4.1-520% 4.1-16.1% 20-21.9%  9.0-16.8%
Positive SPT 2.2-4.3% 3.2-45% 1.8-6.1% 1.8-6.1% - -
ST P 1.3-4.6% 4.6% 4.6% 4.6% 2.2% 2.2%
positive IgE

T[S 1.6-13.1% 13.1% 0.1-13.1%  0.1-13.1% - -
positive SPT

ACE 77 2.7-3.0% 2.1-6.8% 1.1-2.1% 1.4-2.3% - -

food challenge

Food challenge 0.3-4.2% 0.0-4.2% 0.4-4.2% 0.1 -5.7% 0.1 -3.2% 2.9%
LIFETIME PREVALENCE

Self-report 5.7-384%  57-384% 57-41.8% 10.6-384% 9.5-350% 155 -35.0%

on 56 primary studies) were included in the narrative
synthesis (16-89), and 30 studies were included in
the meta-analysis (Figure 1). Further details are found
in the online supplement (Table E1).

Risk of bias assessment of studies

The overall risk of bias grading of the studies indicated
that almost all of the studies (54 of 56 studies) were
graded as at ‘moderate’ risk of bias (Table E2).

Frequency of FA

Table 1 presents the summarized ranges of estimates
for different age groups, by different assessment
methods of FA, and includes the point prevalence for
all FA assessment methods and life-time prevalence
only for self-reported FA. Detailed results are shown
in Tables E1- E6.

Self-reported FA

The overall pooled point prevalence of self-reported
FA was 5.9% (95% Cl 5.7-6.1) (Figure 2). The pooled
point prevalence among children was higher than
among adults and highest in Northern Europe than in
other regions (Figure 2). The overall pooled life-time

EAACI

prevalence of self-reported FA was 17.3% (95% ClI
17.0-17.6),and thiswas similar in children andin adults
and highest in Eastern Europe than other regions and
lowest in Southern Europe. High prevalences were also
reported in Western and Northern Europe (Figure E1).
However, even after stratification by age and region,
there was still significant heterogeneity between the
studies (P < 0.001 for 12).

FA by positive SPT or IgE to food allergens

The overall point prevalence of positive specific-lgE
to at least one food was 10.1% (95% Cl 9.4-10.8)
and higher among children than adults (Figure E2). The
overall point prevalence of positive SPT to at least one
food was 2.7% (95% CI 2.4-3.0) without differences
between Northern and Southern Europe (Figure E3).
After stratification by age and region, there was still
significant heterogeneity between the studies (P <
0.001 for 1?).

FA defined by symptoms plus allergic sensitization and
by clinical history or food challenge

The overall pooled point prevalence of symptoms plus
positive IgE to at least one food was 2.7% (95% ClI
1.7-3.7), and slightly higher among children than
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%

Study Percentage (95% CI) Weight
1
Children (0-17 years) i
1
Caffarelli (2011) - | 1.60 (0.90,2.90)  2.00
Flokstra_de_Blok (2011) ¢ 2.10(1.60,2.80)  7.30
Kristinsdottir (2011) - 5.50 (4.40,6.90)  4.28
Kvenshagen (2009) ! 38.70 (34.60, 43.00) 1.64
Ostblom (2008) _—— *— 13.80 (12.50, 15.40) 10.97
Osterballe (2005) L 11.90 (10.00, 14.10) 2.87
Penard_Morand (2005) . 2.10(1.80,2.50)  21.32
Pereira (2005) L= 12.00 (10.50, 13.70) 4.89
Rance (2005) - 470(3.90,5.50)  8.68
Sandin (2005) | —-— 22.90 (20.00, 26.00) 2.46
Steinke (2007) . 5.00 (4.50,5.40)  28.20
Venter (2008) - 8.30 (6.70,10.30)  2.85
Venter (2006) o 11.80 (9.60, 14.20) 2.55
Subtotal (I-squared = 99.3%, p = 0.000) ] 6.86 (6.58, 7.15) 100.00
. I
Adults (>= 18 years) !
Falcao (2004) -~ 5.20 (3.70, 7.10) 1.82
Kanny (2001) . 3.50(3.30,3.70)  85.94
Marklund (2004) : - 18.70 (16.80, 20.80) 4.01
Mossakowska (2008) -o-} 3.30 (1.80, 6.00) 0.83
Osterballe (2009) ! —— 19.60 (17.00, 22.40) 2.33
Osterballe (2005) s 14.10 (12.00, 16.50) 5.07
Subtotal (I-squared = 99.1%, p = 0.000) b 5.05 (4.82, 5.28) 100.00
1
. 1
Overall (I-squared = 99.2%, p = 0.000) | 5.89 (5.71, 6.07)
]
T T T T T
PANEL 1 0 10 20 30 40 50
%
Study Percentage (95% Cl)  Weight
Western Europe i
Flokstra de Blok (2011) *! 2.10 (1.60, 2.80) 5.34
Kanny (2001) - 3.50 (3.30, 3.70) 72.72
Penard-Morand (2005) ., 2.10 (1.80, 2.50) 15.60
Rance (2005) - 4.70 (3.90, 5.50) 6.35
Subtotal (I-squared = 96.0%, p = 0.000) | : 3.28 (3.12, 3.45) 100.00
. I
Sourthern Europe I
Caffarelli (2011) - 1.60 (0.90, 2.90) 48.68
Falcao (2004) -~ 5.20 (3.70, 7.10) 51.32
Subtotal (I-squared = 94.2%, p = 0.000) O 3.45 (2.45, 4.45) 100.00
. I
Northern Europe !
Kristinsdottir (2011) - 5.50 (4.40, 6.90) 9.37
Kvenshagen (2009) : —&— 38.70 (34.60,43.00)  3.58
Marklund (2004) | -~ 18.70 (16.80,20.80)  10.14
Ostblom (2008) I 13.80 (12.50, 15.40)  24.01
Osterballe (2009) H - 19.60 (17.00,22.40)  5.89
Osterballe (2005) [ 11.90 (10.00, 14.10)  6.28
Osterballe (2005) | = 14.10 (12.00, 16.50)  12.82
Pereira (2005) I 12.00 (10.50, 13.70)  10.71
Sandin (2005) | - 22.90 (20.00, 26.00)  5.38
Venter (2008) 1= 8.30 (6.70, 10.30) 6.23 . .
Venter (2006) - 11.80 (9.60, 14.20) 5.8 Figure 2 Pooled point prev-
Subtotal (I-squared = 97.8%, p = 0.000) ! 3 14.51(13.88, 15.15)  100.00 alence of self-reported FA
I 1 .
Europe stratified by age (PANEL 1) and
Steinke (2007) - 5.00 (4.50, 5.40) 100.00 K .
Subtotal (-squared =%, p =) [y 5.00 (4.55, 5.45) 100.00 geographical region (PANEL 2)
I . . . .
Eastern Europe | in studies published in Europe
Mossakowska (2008) - 3.30 (1.80, 6.00) 100.00 between Janua ry 2000 and
Subtotal (l-squared = .%, p =.) < 3.30 (1.20, 5.40) 100.00
. i September 2012. Markers rep-
Overall (I-squared = 99.2%, p = 0.000 5.89 (5.71, 6.07
(s P ) ! ¢ ) resent percentages and 95% ClI
T T T TT and boxes represent the size of
0 10 20 30 4043 50

PANEL 2

the study
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%

Study Percentage (95% Cl) Weight
Children (0-17 years) i

Kristinsdottir (2011) —5—»— 3.00 (2.20, 4.00) 64.47
Roehr (2004) ————— 4.60(3.30, 6.40) 35.53

Subtotal (I-squared =69.1%, p = 0.072)

Adults (>= 18 years)

Q 3.57 (2.77, 4.37) 100.00

Zuberbier (2004) - 2.20 (1.80, 4.70) 100.00

Overall (I-squared =71.2%, p = 0.031)

2.66 (1.66, 3.66)

1
Subtotal (I-squared =.%, p =.) <:{> 2.20 (0.75, 3.65) 100.00
1
1
1
: 1
1
1
1
1
|
2

PANEL 1 0

%

Study Percentage (95% Cl) Weight
i

Northern Europe i
1
1

Kristinsdottir (2011) —— 3.00 (2.20, 4.00) 100.00
1

Subtotal (I-squared =.%, p =.) <> 3.00 (2.10, 3.90) 100.00
1
1
1
|

Western Europe i
1

Roehr (2004) | ——%———— 4560 (3.30, 6.40) 15.29
1
1

Zuberbier (2004) —_— 2.20 (1.80, 4.70) 84