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Abstract

Anaphylaxis is the most severe reaction of an IgE-mediated hypersensitivity. Data
about affected patients may help to improve our knowledge of anaphylaxis and its
medical care. We analysed data from the anaphylaxis registry of German speaking
countries with regard to the provoking allergens and treatment modalities of ana-
phylaxis in children and adolescents.

Inclusion criteria were severe systemic allergic reactions with concomitant pulmo-
nary and/or cardiovascular symptoms. The data are collected by a password-con-
trolled online-questionnaire. For this analysis, data of 197 reported anaphylactic
reactions from children and adolescents registered between 2006 and 2009 were
included.

The data show that within the registered cases the most frequently affected organ
systems for children and adolescents were the skin (89%) and the respiratory tract
(87%) followed by symptoms of the cardiovascular system (47%) and the gastrointes-
tinal tract (43%). The most frequent elicitors were food allergens accounting for 58%
of cases, followed by insect venom (24%) and drugs (8%). The most frequent food
allergens were peanuts followed by tree nuts and animal related food products. In
18% aggravating factors such as physical exercise were noted by the clinicians. 26%
of the analysed patients had experienced more than one reaction. The data regarding
the emergency treatment show that antihistamines (87%) and corticosteroids (85%)
were often used but that adrenaline was rarely used (22% of the registered cases).

Taken together these data show that the analysis of anaphylaxis by registration
of affected individuals can provide data about provoking allergens and treatment
measures but also suggest the impact of aggravating factors on anaphylactic reac-
tions. The under-represented usage of adrenaline indicates the need of educational
measures for patients and their physicians.
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Anaphylaxis is the most severe reaction associated with IgE-
mediated hypersensitivity. Recent epidemiological data sug-
gest that the prevalence of anaphylaxis has increased over the
last years (1, 2). In general, only limited epidemiological data
about anaphylaxis are available, in particular for children
and adolescents. The calculated incidence rates for this age
group have been suggested to range between 0.2 (UK) and
10.5 (USA) per 100 000 person-years (3, 4). Whenever data
about anaphylaxis is assessed it has to be considered that
there is no commonly agreed definition of anaphylaxis and
the acquirement of data varies widely (5-9). More data are
available about the causes of anaphylaxis in children and
adolescents. Tree nuts, peanuts, fish, hen’s egg and cow’s
milk have been reported as the most frequent allergens (4, 7,
10, 11).

Augmentation factors, also called cofactors or aggravating
factors, are suggested to be involved in the activation of
some anaphylactic reactions. This means, while exposure to
the allergen alone is tolerated, the combination of the aller-
gen with augmentation factors may lead to an anaphylactic
reaction (12). In children, physical exercise seems to be the
most important augmentation factor (10, 11, 13). With
respect to food, wheat-dependent exercise-induced anaphy-
laxis is most frequent, but other augmentation factors such
as infections, drugs, psychological factors or menstruation
have been previously suggested (10, 11, 14). However, clinical
studies exploring the exact role of such augmentation factors
are missing.

Adrenaline is the generally agreed first line treatment for
anaphylaxis. In addition, patients who had been suffering
from anaphylaxis should receive an adrenaline autoinjector
for the case of a future emergency (15, 16). The need for
the prescription of additional antiallergic drugs for the use
in an emergency situation by the patient is controversial. In
the US it is common to prescribe only the adrenaline au-
toinjector solely, although sometime it is accompanied by a
H1-antihistamine (16, 17). However, in Europe it is recom-
mended that patients who have had a severe allergic reac-
tion should receive oral antihistamines and oral
corticosteroids besides the adrenaline autoinjector (18, 19).
For those patients, who suffer in addition from allergic
asthma, inhaled short acting beta-2-agonists are another
important class of drugs (9, 19).

The few previously published data of the German-speaking
area concerning the treatment of anaphylaxis in an emer-
gency indicate a need of improvement. Adrenaline is pre-
scribed by few doctors and the use of emergency drugs by
the patient is low (7, 20).

In the present study we report clinical data from affected
children and adolescents in the German speaking area, who
had experienced anaphylaxis. Our objectives were to charac-
terize the clinical features, the site of reaction and the most
common provoking allergens of anaphylaxis in children and
adolescents. Furthermore, we wish to describe additional fac-
tors — possibly aggravating factors, which may contribute to
the elicitation of an anaphylactic reaction in children and
adolescents and finally we describe the medical care of the
cases.
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Methods

Since July 2006 voluntarily reported data from allergy special-
ized centres about patients who experienced a severe systemic
allergic reaction have been registered in Germany, Austria and
Switzerland. 71 allergy clinics and 4 allergy private practices
are connected to the registry. The registry consists of an online,
security protected questionnaire. The questionnaire includes
demographical data and data about the clinical symptoms, the
cause of the reaction, possible augmentation factors, location
of the reaction and frequency of the reaction in addition to
data about diagnostic and therapeutic measures, which have
been performed in the affected individuals.

To consider possible augmentation factors the following
features were asked in the questionnaire: if the reaction
started during or shortly after physical exercise, if the patient
was under stress at the time point of the reaction, if an acute
infection was ongoing, if the patient has drunken alcohol or
taken drugs (specifically asked about acetylsalicylic acid
(ASA), ACE-inhibitor, AT-2-antagonist and beta-blocker), if
women had their menses or if some other considerably condi-
tions were present at the time point of the reaction. These
items are obtained by the history of the attending physicians
and are not proven by provocation tests.

In regard to the frequency of the reaction, it was asked if the
patient had previous severe reactions comparable to the one
which is reported to the registry. The information about the
emergency treatment were gathered through the patient’s his-
tory and through reports from the emergency hospitalizations.
The information about the use of the self-administered emer-
gency drugs is obtained from the patients or their parents.

Inclusion criteria for being accepted to the registry are severe
systemic allergic reactions with at least one pulmonary and/or
cardiovascular symptom. At least one of the following symp-
toms had to be present: dyspnoea, stridor, apnoea, tachycardia,
drop in blood pressure, collapse or cardiac arrest. Our focus is
on life-threatening symptoms independent of an existing defini-
tion of anaphylaxis. Accompanying symptoms of the skin and
the gastrointestinal tract and mild symptoms of the respiratory
tract and the cardiovascular system are registered as well.

Every anaphylactic reaction in patients visiting the centre,
which meets the inclusion criteria, should be reported to the
registry (independent of the age of the patient or the cause of
the anaphylactic reaction). For acceptance in this data analy-
sis, reactions are only considered if they had happened less
than 12 months ago before the first visit date in the centre.
This rule and the fact that the reactions should be reported
after the diagnostic work up should increase the data quality.

The data acquirement was approved by the local ethics
committee. Data processing and analysis was done with SPsS
for Windows (Version 16.0).

Results
Patients and clinics

A total of 1281 anaphylactic reactions, which occurred from
2005 to 2008, were registered. Seventy-one reactions had to
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be excluded because they occurred before 2005. Further 45
reactions were excluded due to the missing inclusion criteria
of pulmonary or cardiovascular symptoms or due to unpro-
ven diagnosis of anaphylaxis. Consequently 1165 reactions
went into the overall analysis, these were 968 reactions in
adults (18-85 yr) and 197 reactions in children and adoles-
cents (3 months—17 yr).

Within this survey the 197 reactions of children and
adolescents were analysed. The analysed data of children
and adolescents were delivered by 36 centres. These were 21
paediatric clinics, 1 private paediatric allergy practice, 13
dermatology clinics and 1 pulmonology clinic, all of them
specialized in allergy. Among the different German speaking
countries 3 reporting centres were from Austria, 5 from Swit-
zerland and 28 from Germany. Approximately one fourth of
the 75 centres did not report cases. The other centres not
contributing data to the present analysis see adult patients
only.

Since 30 registered cases were from the pilot phase, where
a detailed symptom registration was not realised, the analysis
of symptoms of the anaphylactic reactions covers 167 cases.

The patient cohort included in this analysis were 197 chil-
dren and adolescents each with one anaphylactic reaction.
The median patient age of that cohort was 10 yr with a mini-
mum of 3 months to a maximum of 17 yr. The majority of
patients were male (68%).

Symptoms of anaphylaxis

In the cohort of 167 registered anaphylactic reactions in chil-
dren and adolescents the most frequently affected organ sys-
tems were the skin (89%) and respiratory tract (87%)
followed by symptoms of the cardiovascular system (47%)
and the gastrointestinal tract (43%) (Table 1). If single symp-
toms were considered, dyspnoea was the most common regis-
tered symptom (75%), followed by symptoms of the skin
such as urticaria (67%), angioedema (47%) and pruritus
(29%). The fifth most common sign was stridor (23%) fol-
lowed by the gastrointestinal symptom of vomiting (22%)
and the cardiovascular symptom of vertigo (22%) (Table 1).
One fatal reaction of a 13-yr-old girl caused by peanut
allergy was registered.

Provoking allergens

Among the most frequent elicitors of anaphylaxis, food aller-
gens accounted for 58% (n = 115) of the cases, followed by
insect venom (24%; n = 47) and drugs (8%; n = 16). Inter-
estingly, specific immunotherapy was also registered by 1.5%
(n = 3) of all cases as a cause of a severe systemic allergic
reaction. Other causes accounted for 2.5% (n = 5) and latex
for 0.5% (n = 1) of the cases. In 5% (n = 10) of the cases
the provoking allergen was given as unknown.

A detailed analysis of food allergens revealed that legumes
(n = 36), and in particular peanuts (n = 26), are the most
frequent food allergens causing severe allergic reactions. This
was followed by tree nuts (n = 29), in detail 11 cases of
hazelnut and 5 cases of cashew. The third most frequent food
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Table 1 Symptoms of registered anaphylactic cases in children
and adolescents (659 registered symptoms in 167 cases)

Symptoms of registered cases n (%)
Cutaneous 148 (89)
Urticaria 111 (67)
Angioedema 78 (47)
Pruritus 49 (29)
Flushing 21 (13)
Erythema 16 (10)
Respiratory 145 (87)
Dyspnoea 125 (75)
Stridor 39 (23)
Apnoea 4(2)
Cardiovascular 78 (47)
Vertigo 36 (22)
Drop in blood pressure 23 (14)
Tachycardia 15 (9)
Reduction of consciousness 15 (9)
Collapse 14 (8)
Cardiac arrest 1(1)
Gastrointestinal 72 (43)
Vomiting 36 (22)
Nausea 34 (20)
Abdominal pain 27 (16)
Diarrhoea 8 (5)

allergens were animal-related food products (n = 26) such as
cow’s milk (n = 11) and hen’s egg (n = 8). Other food aller-
gens like fruits, vegetables or cereals accounted for severe
allergic reactions only in single cases (Table 2). Combinations
of food like e.g. tree nuts and legumes were registered in five
cases all together. In addition some cases were only given
with the food group name, e.g. animal-related food, tree nuts
(Table 2). In these cases the food was not specified in more
detail. In three cases the food, which caused anaphylaxis, was
not specified at all and was only indicated as ‘food’.

Accompanying factors

Accompanying factors — which might be regarded as aggra-
vating factors — were observed in 18.3% (n = 36) of all
cases. The most frequent factors were exercise (n = 19; 10%)
and drugs (n = 12; 6%). Among drugs the most common
substances were non-steroidal anti-inflammatory agents
(n = 5) and antipsychotic drugs (n = 4). Five children (3%)
were suffering from an infection when experienced the severe
allergic reaction. Psychological stress was given in three cases
(2%). Menstruation was given in 3 (10%) among 29 female
adolescents aged from 13 to 17 yr. Alcohol consumption was
not reported in this series of registered cases. In four patients,
more than one accompanying factor was registered. The most
frequent observed combination of an allergen with another
factor was the consumption of food allergens followed by
physical exercise (n = 10). This was most frequently the case
when tree nuts (n = 3) were the eliciting food allergens, but
also the following food allergens were given once each: apple,
pepper, wheat, fish, peanut, sesame and a combination of
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Table 2 Food allergen panel eliciting anaphylaxis in children and
adolescents (proportion of food allergen groups and number of sin-
gle food allergens eliciting anaphylaxis; n = 115)

Food groups Single food n

Legumes (n = 36; 31.3%)

N
()

Peanut
Legumes*
Pea
Chickpea
Lupine
Soy
Hazelnut 1
Cashew

Almond

Walnut

Tree nuts*

Pistachio

Para nut

Animal-related food (n = 26; 22.6%) Cow's milk 1
Hen's egg

Fish

Shellfish

Animal-related food*

Apple

Mango

Lychee

Sesame

Garlic

Spices*

Tree nut & Legume
Animal food & Vegetables
Celery

Pepper

Cereals*

Wheat

Foodt

Tree nuts (n = 29; 25.2%)

Fruits (n = 5; 4.3%)

Spices and other (n = 5; 4.3%)

Combination of food (n = 5; 4.3%)

Vegetables (n = 3; 2.6%)

Cereals (n = 3; 2.6%)

W =N=2N=-DH="="W-=NN=-2NPWOW-="=NWWHI == = =NO

Food (n = 3; 2.6%)

* In these cases the exact eliciting food was not specified.
T In these cases the food was not specified at all.

hazelnut and peanut. The second most common combination
of an allergen with another factor were insect venoms and
exercise (n = 0).

Recurrent reactions

Recurrent reactions may happen throughout childhood and
may be a risk factor for fatal reactions. Indeed, in 26% of
the affected patients a previous reaction before the one
reported in this study was registered. Seventy-five per cent of
these repetitive reactions were caused by foods. Among these
most frequently peanut (26%) was given as the eliciting food.

Treatment of anaphylactic reactions

The primary care of the affected patients was provided by
different persons or institutions, including emergency settings
(57%), relatives using the emergency drugs (15%), general
practitioners (14%), allergists (6%), patients (3%) and other
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persons (2%) using the emergency drugs. Six out of 176
patients (3%) did not receive any treatment (Fig. 1). In 21
patients no information concerning the primary care was
available.

The most frequently applied drugs were intravenously
administered corticosteroids (50%) and antihistamines (46%),
but also the oral application of these drugs (oral corti-
costeroids = 29%, oral antihistamines = 41%) and rectal
application in case of corticosteroids (6%). In total, antihista-
mines were given in 144 (87%) cases and corticosteroids in
142 (85%) cases. Other emergency measures such as volume
support (23%), inhalant beta-2-agonists (22%) and oxygen
(15%) were also given.

Adrenaline was administered 12 times intramuscularly, 12
times intravenously, 11 times by inhalant applications and
surprisingly 2 times subcutaneously (Fig. 2). Overall, adrena-
line was used in 37 out of 167 cases (22.2%).
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Figure 1 Persons or institutions providing primary care to anaphy-
lactic patients (n = 176). In 21 patients no information was available.
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Figure 2 Panel of applied drugs among registered cases (432
applied drugs in 167 cases). In 30 cases no information was
available.
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In 6 out of 167 cases the patient did not receive any ther-
apy at all. In 30 cases no information concerning the treat-
ment given were available.

Discussion

The registry of German speaking countries is a clinical regis-
try with the aim to characterize a patient cohort suffering
from anaphylaxis and to obtain information about the medi-
cal care of these patients. It provides clinical data in its pres-
ent form and cannot deliver epidemiological data like rates
of incidence or prevalence.

We observed that the life-threatening respiratory symp-
toms were more frequent (87%) than cardiovascular ones
(25%). The most common concomitantly affected organ was
the skin [urticaria (67%) and angioedema (47%)]. Although
food is the main cause of anaphylaxis in children, symptoms
of the gastrointestinal tract occurred less frequently (43%).
Considering the overall appearance of anaphylaxis in children
and adolescents we identified in our cohort the skin (89%)
and the respiratory tract (87%) as major target organs, which
has also been shown in previously published data (3, 7, 21).
Also the dominance of the life-threatening respiratory symp-
toms has been described previously. Pumphrey described that
most fatal food anaphylaxis were caused due to difficulty in
breathing and most iatrogenic and venom reactions due to
shock (9). Furthermore it was assumed that the age of
patients does not influence the mode of symptoms. To clarify
these observations in more detail large patient cohorts are
needed.

Several previous studies have shown that food allergens
are the most frequent provoking allergens in anaphylaxis in
children and adolescents (4, 7, 13). The proportion of 58%
for food as an allergen in our study is within a comparable
range from other European studies (7, 13).

Insect venom and drugs were the second and third most
frequent cause of anaphylaxis in children and adolescents.
These data are in line with data from the German study of
Mehl et al., in which insect venom was the second most fre-
quent allergen of anaphylaxis (7). However, in this study spe-
cific immunotherapy was the third most frequent cause of
anaphylaxis in children (7). This finding was not confirmed in
our study. One reason for this difference might be that the
inclusion criteria by Mehl et al. were not as strict as for the
anaphylaxis registry resulting in 24% of their cases not show-
ing life-threatening symptoms. Another reason might be that
the study from Mehl et al. considered primarily paediatri-
cians from private practices (77% of the responding physi-
cians), whereas within the anaphylaxis registry the majority
of reporting doctors are from clinic based allergy centres
(95%). This assumption is strengthened by the observation
that specific immunotherapy is more frequently determined
as an allergen for severe allergic reactions if cases from pri-
vate practices are considered (22).

Which medical doctor is reporting also has an impact on
the registration of fatal reactions, which are probably under-
represented in this German-speaking registry. The specialized
centres see patients, who have suffered from an anaphylactic
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reaction, to perform the allergy follow-up, but do not have
information about fatal reactions. To receive reliable data on
fatal reactions information, data from emergency rooms or
other hospital departments must be considered.

Among food allergens, peanut was the most frequent food
allergen — also for recurrent reactions. The only registered
fatal reaction was caused by peanut as well. Peanut is well-
known to be responsible for severe allergic reactions even
after the ingestion or inhalation of very small amounts (3, 9,
110).

Data about the identified causes of the anaphylactic reac-
tion are reliable, as they were delivered from specialized
allergy-clinics, which perform a detailed diagnostic work-up
in a standardized manner. However, the data about accom-
panying factors need to be taken with great care as these
have not been verified by provocation tests. Nevertheless we
suppose this is an important observation.

Accompanying factors were supposed in 18% of the cases.
Among these the most frequent suspected factor was exercise
(10%). A similar percentage (9%) was also observed in a
children-cohort by Novembre et al. (13), another study by
Uguz et al. (10) reported only 2.5%. Several reports have
proven the influence of exercise on anaphylaxis (10, 12, 23,
24). It is presumed that exercise leads to an increased mast
cell releasability and a dysfunction of the autonomic nervous
system (25, 26). In addition an increased gut permeability
may enhance the availability of allergenic proteins to the gut-
associated immune system (24).

Although we cannot prove the clinical relevance of the
supposed factors our observation together with numerous
reports from the literature suggest that they are most likely
important and that further investigations to clarify their exact
role are urgently needed.

Concerning the data about the emergency treatment it
should be taken into consideration that these data are gath-
ered from secondary and not from primary sources, e.g.
emergency physicians.

Only 20% of patients, relatives or other persons respec-
tively used their emergency drugs. Considering that in 26%
of the cases the reactions occurred repeatedly, patients should
always carry their emergency drugs with them and should
know how to use it. To achieve an improved handling of the
adrenaline autoinjector standardized educational programmes
with defined training items how to use the emergency drugs
and with information about the handling of allergens in daily
life are important. In Germany such a programme is cur-
rently under evaluation (27).

The finding that up to 50% of the severe allergic reactions
were observed and treated by emergency doctors supports the
view that the inclusion criteria of severity were fulfilled. How-
ever, although pulmonary and/or cardiovascular symptoms
were present in all registered cases, adrenaline was only used
in 22.2% of the registered cases. From previous studies it
became obvious that the frequency of the use of adrenaline
differs in Europe compared to the US. Adrenaline is much
more often used in the US (79-84%) whereas in Europe the
numbers are remarkably lower (11-18%) (3, 10, 13, 21). This
may reflect different views on treatment indications, but may
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also indicate the need for educational programmes in Europe,
not only for affected patients and their parents but also for
physicians. On the other hand, there are no data so far which
indicate that the more restrictive use of adrenaline in Europe
is accompanied by a higher rate of deaths. One may hypothe-
size that even severe anaphylactic reactions may be self-limit-
ing. Due to ethical reasons no prospective controlled studies
on the effectiveness of adrenaline in anaphylaxis are avail-
able. Appropriate models, which allow studying such effects,
are warranted.

In summary, the present data confirm that food aller-
gens are the main triggers of anaphylaxis in children and
adolescents in German speaking countries. Additionally the
data indicate that possible aggravating factors should
always be considered in the allergic assessment of
severe allergic reactions in children and young adults.
The high number of recurrent reactions and the low usage
of adrenaline in emergencies underline the need for educa-
tional programmes for the patients as well as for the
physicians.
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