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Background: Anaphylaxis in children and adolescents is a
potentially life-threatening condition. Its heterogeneous clinical
presentation and sudden occurrence in virtually any setting
without warning have impeded a comprehensive description.
Objective: We sought to characterize severe allergic reactions in
terms of elicitors, symptoms, emergency treatment, and long-
term management in European children and adolescents.
Methods: The European Anaphylaxis Registry recorded details
of anaphylaxis after referral for in-depth diagnosis and
counseling to 1 of 90 tertiary allergy centers in 10 European
countries, aiming to oversample the most severe reactions. Data
were retrieved from medical records by using a multilanguage
online form.
Results: Between July 2007 and March 2015, anaphylaxis was
identified in 1970 patients younger than 18 years. Most incidents
occurred in private homes (46%) and outdoors (19%). One
third of the patients had experienced anaphylaxis previously.
Food items were the most frequent trigger (66%), followed by
insect venom (19%). Cow’s milk and hen’s egg were prevalent
elicitors in the first 2 years, hazelnut and cashew in preschool-

aged children, and peanut at all ages. There was a continuous
shift from food- to insect venom– and drug-induced anaphylaxis
up to age 10 years, and there were few changes thereafter.
Vomiting and cough were prevalent symptoms in the first
decade of life, and subjective symptoms (nausea, throat
tightness, and dizziness) were prevalent later in life. Thirty
percent of cases were lay treated, of which 10% were treated
with an epinephrine autoinjector. The fraction of intramuscular
epinephrine in professional emergency treatment increased
from 12% in 2011 to 25% in 2014. Twenty-six (1.3%) patients
were either admitted to the intensive care unit or had grade IV/
fatal reactions.
Conclusions: The European Anaphylaxis Registry confirmed
food as the major elicitor of anaphylaxis in children, specifically
hen’s egg, cow’s milk, and nuts. Reactions to insect venom were
seen more in young adulthood. Intensive care unit admissions
and grade IV/fatal reactions were rare. The registry will serve
as a systematic foundation for a continuous description of
this multiform condition. (J Allergy Clin Immunol
2016;nnn:nnn-nnn.)
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As the most severe course of an acute allergic reaction,
anaphylaxis occurs in patients of all ages, but most research and
guidelines are focused on adults.1-3 Typical elicitors and the
clinical presentation of anaphylaxis in children and adolescents
were shown to be different from those in adults,4 calling for
specific research and targeted guideline development for a
pediatric population.5,6

Increasing frequencies of allergic diseases have been observed
over recent decades, but there is considerable uncertainty in
whether this reflects true variations in disease frequency or
differences in perception, labeling, and diagnostic habits.7 Little
is known about the occurrence of severe allergic reactions and
time trends on a population level,8-10 and even less is known for
pediatric anaphylaxis.11,12

Food items are the most common triggers of severe allergic
reactions in childhood, with some allergens, such as cow’s milk
and hen’s egg, specific to young ages. However, age-dependent
distributions have not been published for adequately large
populations to account for less frequent causes. The clinical
picture of anaphylaxis in children, especially that in infants, is
different from that in adults.4,13 This varied clinical picture
reflects differences in allergen absorption, a developing immune
system, and lack of preschoolers’ ability to talk about subjective
symptoms. Interpretation of diagnostic tests (eg, tryptase
measurement) is valid only in light of age-dependent reference
values and experience in pediatric allergology. Confirming the
causal role of a suspected elicitor can become a tedious venture,
even more so in children.

Emergency treatment, long-term management, and counseling
are supported by current guidelines2,14 but are only partly adapted
to pediatric settings.15 For example, there is a long-standing
debate about the application and dose of epinephrine as the
first-line treatment for anaphylaxis.16 Reactions initially treated
by a layperson rely on epinephrine autoinjectors, which are also
available for younger patients but not for infants.17 Implementa-
tion of treatment recommendations has been assessed in the
general population,18 but data on emergency management in
children and adolescents are lacking. Counseling to reduce the
risk of recurrent reactions and emergency drug prescriptions
could be tailored based on age-specific distributions of
comorbidities and cofactors, such as asthma or physical exercise.

Based on data collected in the European Anaphylaxis Registry
from2007 to 2015,19 the aimof this analysiswas to showdata on the
most severe allergic reactions occurring in children and adolescents.
This large-scale survey comprises data on elicitors, symptoms,
emergency treatment, and long-term management from 10 coun-
tries. The survey allows guideline adherence to be traced by
comparing treatment habits over 8 consecutive years. The overall
goal was to improve the timely recognition, emergency manage-
ment, and prevention of recurrent reactions by disseminating
knowledge of age-dependent distributions of pediatric anaphylaxis.

METHODS

Setting and design
The European Anaphylaxis Registry collected information on anaphylactic

reactions through aWeb-based data entry system. Data for the current analysis

were provided by tertiary referral centers specialized in pediatric allergology,

dermatology, or both in Germany, France, Switzerland, Ireland, Greece,

Austria, Spain, Bulgaria, Italy, and Poland. The study was approved by the

Ethics Committee at Charit�e - Universit€atsmedizin Berlin (the coordinating

center) and by the local ethics committees in all participating countries.

Participants
Children who experienced anaphylaxis were referred to the participating

specialized clinics for in-depth diagnosis, counseling, and, if possible, specific

immunotherapy. On their first visit, parents were asked to provide written

informed consent to allow registration of the child’s medical history and

reaction details in the database after completion of the diagnostic workup. The

study centers were asked to enter their most severe cases, usually with

circulatory or respiratory symptoms, butmilder anaphylaxis could be recorded

as well. Fatal anaphylaxis, known from either counseling of previous reactions

in the referral center or from an emergency physician’s notification, could be

recorded with the parents’ consent as well. Database entries were included if

the sex of the child and the year of reaction were specified and the age at

reaction was less than 18 years.

Data source and handling
The online data entry system comprised a German questionnaire for

Germany, Austria, and Switzerland; a French version for centers in France;

and an English version for all other participating countries. The questionnaire

was initially developed and piloted in the German Anaphylaxis Registry20,21

and translated/back-translated for international use. The questionnaire was

refined through yearly updates, with new items introduced based on expert

judgment. Interrater reliability was assessed by using repeated data entry by

2 independent professionals. Data collected through questionnaire versions

2 to 6 (n 5 134, 219, 167, 689, and 761) with entry dates from July 2007 to

March 2015 were used. Trained professionals in each study center retrieved

data retrospectively from the medical records, including laboratory measures

and emergency protocols. Raw study data were stored with pseudonyms on a

server at Charit�e - Universit€atsmedizin Berlin.

Variables
Specific areas covered have been reported earlier,22 and the online version

can be accessed throughwww.anaphylaxie.net. Age at reactionwas categorized

in 3 strata: preschoolers (0-5 years), schoolchildren (6-12 years), and adoles-

cents (13-17 years). Assuming primary documentation habits to differ

randomly, most variables were reported as a fraction of valid answers by item

(comorbidities, cofactors, details of previous reactions, symptoms and severity,

emergency treatment, and long-termmanagement). Therefore the denominator

used for calculating percentages might slightly vary from the column totals

shown. The location of reactionwas reported as a fraction of all cases, assuming

missing answers to represent categories not presented as default. Elicitors were

assessed by using a comprehensive list of typical foods, insect venoms, drugs,

and other less frequently expected causes of allergic reaction, such as latex or

allergen immunotherapy. Rare food items specified as free text entries were

reportedwithin thegroupof foodelicitors. Thediagnostic certaintyof the causal

agent was documented at the 2 levels knownversus suspected based on the local

allergy specialist’s individual appraisal, without specifying reasons for their

decision. Symptoms documented through free text were manually assigned to

default answer categories, where reasonable. Severity was graded

retrospectively based on the 4 levels of symptom profiles proposed by Ring

and Messmer23: grade II with involvement of at least 2 organ systems, grade

III with signs of circulatory and/or respiratory failure/shock, and grade IV

with circulatoryor respiratory arrest. The criteria for selectionof themost severe

caseswere (1) a knownelicitorwith grade III symptoms admitted to an intensive

care unit, (2) grade IV symptoms, or (3) fatal reactions.

Statistics
Cleaning and analysis of data were carried out by using the SAS 9.4 system

(SAS Institute, Cary, NC). Stratified analysis of frequencies was used to
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