From Department of Clinical Science and Education, S6dersjukhuset

Karolinska Institutet, Stockholm, Sweden

Severe reactions to foods in childhood

- clinical perspectives, epidemiology and risk management

Mirja Vetander

S\U\ INJ‘)\

% 1= Karolinska
3 > Institutet

41\0\’0 x‘b@

Stockholm 2014



All previously published papers were reproduced with permission from the publisher.
Published by Karolinska Institutet. Printed by E-print

© Mirja Vetander, 2014
ISBN 978-91-7549-420-3



ABSTRACT

Food allergy is a public health issue, particularly among children, and seems to be
increasing worldwide. Allergic reactions to foods vary in terms of symptoms and
severity. Anaphylaxis, the most severe allergic reaction, can be fatal. Food allergy has
significant negative impact in the daily lives of allergic children and their families.

The overall aim of this thesis was to gain knowledge about severe reactions to foods
among Swedish children with regard to epidemiology, clinical perspectives (study I and
I respectively), and risk management (study III). Study I (paper I and II) is an
emergency department (ED) medical record study based on a retrospective chart review
performed at three hospitals in Stockholm targeting children with anaphylaxis and
allergic reactions to foods during 2007. Study II (paper III) is a cohort study where
children identified in study I were investigated in relation to new ED visits during the
follow-up period 1 January 2007 — 30 June 2010. Study III (paper IV) is a qualitative
study where 10 focus group discussions were conducted with 31 parents of food-
allergic children to explore strategies of risk management.

The main findings in relation to the three study areas in this thesis are:

Epidemiology: The incidence of anaphylaxis managed at paediatric EDs in Stockholm
during 2007 was 32 per 100 000 person-years and food was involved in 92% (paper II).
The incidence of subsequent ED visits for reactions to foods among children with a
prior ED visit due to reactions to foods was 92 per 1000 person-years. Previously
known food allergy was a risk factor for subsequent ED visits (paper I1I).

Clinical perspectives: The current guidelines presented in the European Academy of
Allergology and Clinical Immunology position paper on anaphylaxis in children were
not entirely easy to apply when classifying and grading the severity of anaphylaxis in
our study population. We attribute this difficulty to lack of description of some
respiratory and neurological symptoms and use of subjective wordings (paper I).
Among 371 children who visited the EDs due to acute reactions to foods, tree nuts and
peanuts were the most common eliciting foods. Among children under three years these
allergens were actually as common triggers as milk and egg (paper II). Most children
prescribed with adrenaline auto-injectors did not use their device when they
experienced anaphylaxis (paper II and III). The severity of previous reactions to foods
could not accurately predict the severity of subsequent reactions. However, treatment
with adrenaline often hampered the classification of change in severity (paper III).

Risk management: The management of food allergy risk permeates many aspects of
everyday life according to the parents in study III. Although most followed the norm of
constant risk avoidance and vigilance, some took calculated risks in specific situations
where the parent could observe and manage the danger. Parents did this to
counterbalance the burden of the food-allergic condition, not only for the child but also
for the family as a whole (paper IV).

In summary: This thesis provides novel data on the epidemiology and clinical
characteristics of anaphylaxis and severe reactions to foods among Swedish children. In
addition, it provides information about the unpredictability of the food allergic
condition and the difficulties associated with studying the disease. Finally, it
demonstrates the impact of risk management on parents and family life, and also how
risk avoidance and calculated risk-taking are intertwined and can be seen as two sides
of the same coin: parent responsibility.
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1 INTRODUCTION

Food allergy is an increasing paediatric public health problem affecting nearly 8% of
all children (1). Allergic reactions to food can vary substantially in terms of both
manifested symptoms and severity. Anaphylaxis, the most severe food allergic reaction,
can be fatal.

The true incidence of anaphylaxis among children on a population basis has not yet
been established. This is partly due to the fact that until recently there has been a lack of
agreement on the definition and criteria for diagnosis of anaphylaxis. According to
current criteria — which are widely accepted internationally — anaphylaxis is an acute
allergic reaction involving two or more organ systems after exposure to a likely
allergen, or hypotension alone after exposure to a known allergen for that patient (2).

To date, it has not been possible to predict the severity of reactions in individuals
allergic to food (3). Since there is neither a cure nor preventive treatment for food
allergy at present, management is restricted to careful avoidance of the offending food
and constant preparedness to respond to accidental exposure. However, despite the best
efforts, complete avoidance is difficult and the fear of a fatal reaction often causes
considerable anxiety in families of food-allergic children. In fact, food allergy has been
shown to have a significant detrimental impact on quality of life (4).

When this doctoral project was initiated, the incidence of anaphylaxis among Swedish
children was unknown. Very few paediatric studies had investigated acute allergic
reactions to foods in relation to sex and age, eliciting foods, clinical characteristics and
management. Furthermore, the utility of the newly proposed criteria for classification
and severity grading of anaphylaxis had not been evaluated. In addition, knowledge
about recurrent allergic reactions to foods in the paediatric population was scarce,
especially with regard to risk factors for re-reactions and the risk of subsequent
reactions being more severe. Finally, little was known concerning how parents
perceived management of food allergy.






2 BACKGROUND

2.1 ALLERGIC DISEASES

Food allergy and anaphylaxis belong to the group termed allergic diseases, as do
asthma, rhinitis, drug allergy, insect allergy, eczema, urticaria and angioedema.
Allergic diseases are increasing worldwide and are estimated to affect 30-40% of the
world population, thus representing a major health problem (5). Although there are
large geographical differences in the prevalence of allergic diseases, with the highest
frequencies in countries with a Western lifestyle (6, 7), children bear the greatest
burden worldwide (5). A study done in Sweden reported that over half of all children
were affected with an allergy-related disease at some time during their first 12 years of
life (8). There is significant co-morbidity between allergic diseases, with allergic
symptoms often showing a progression throughout childhood, referred to as the
atopic march (9). The first manifestations are often eczema and food allergy in
infancy followed by development of rhinoconjunctivitis and allergic asthma at
school-age.

The onset of allergic disease is a result of the immune system interpreting normally
harmless substances (i.e. allergens or antigens) as foreign, leading to an imbalanced
and harmful immune response (10). Usually allergic reactions are caused by allergen-
specific immunoglobulin E (sIgE) antibodies. A personal and/or familial tendency to
produce IgE antibodies at a high rate in response to exposure to supposedly harmless
substances is referred to as atopy (10). The term sensitisation is used to describe
elevated levels of sIgE antibodies in serum. In allergic individuals, exposure to an
allergen against which the individual is sensitised may lead to allergic symptoms which
can be acute or delayed. However, it is far from always the case that clinical symptoms
correspond to the presence or the levels of sIgE. Hence, sensitisation does not equal
allergy (11).

The determinants of allergic diseases include interplay between genetic and
environmental factors as well as the timing of these exposures (12). Indeed, the
influence of genetics is strong, with a positive family history of allergic disease being
a significant risk factor for development of allergic conditions (13, 14). However,
genetic factors cannot explain the rapid increase in the prevalence of allergic diseases
in the last decades. Hence, environmental factors must be central to the development
of allergic disease, although their effects may partly be mediated through epigenetic
mechanisms (15).

In fact, there appear to be many environmental factors associated with the
development process that may have contributed to the worldwide increase of allergic
diseases, including loss of protective factors and addition of risk factors. Such factors
include aspects of lifestyle, dietary habits, exposure to microbes, indoor and outdoor
environment (exposure to smoking, traffic-related air pollution) and climatic variation
(7). For example, it has been hypothesised that increased cleanliness and reduced
family size, both leading to decreased microbial exposure, could explain the global
increase in allergic diseases; this theory is often referred to as the hygiene hypothesis
(16, 17). Lifestyle factors associated with the anthroposophic way of life and living on
a farm have also been reported to decrease the risk of allergic diseases in childhood



(18, 19). Although the recent increase in allergic disease most likely reflects changes
in the interactions between the external environment and genes, the aetiologic
mechanisms involved are currently unclear (11).

2.2 FOOD ALLERGY AND ANAPHYLAXIS

2.2.1 Definitions
Food allergy

Food allergy was recently defined as an adverse health effect arising from a specific
immune response that occurs reproducibly on exposure to a given antigen (20). This
definition encompasses immune responses that are (1) IgE-mediated, (2) non-IgE-
mediated, (3) mixed IgE-mediated and non-IgE-mediated and (4) cell-mediated
(Figure 1). The absolute majority of acute allergic reactions to food are IgE-mediated;
thus IgE-mediated food allergy is the focus in this thesis. However, food protein-
induced enterocolitis syndrome, which is a non-IgE-mediated disorder, can also
present with acute symptoms such as repetitive emesis and dehydration a few hours
after exposure to the offending foods (20).

Non-immunological adverse food reactions are more common than true food allergy
and are caused by food intolerance, which is an effect of pharmacological properties
of the food (21). Examples include tyramine-induced nausea and headache, metabolic
disorders like lactose intolerance, and bacterial food poisoning.

Adverse Food Reaction

Non-Immune Mediated
(primarily food intolerance)

Immune Mediated
(food allergy and celiac disease)

Figure 1. Classification of adverse food reactions from Boyce et al (20).

IgE Mediated Non-IgE Mixed IgE and || Cell Mediated
Mediated Non-IgE
eg. acute eg. food Mediated eg. allergic
urticaria, oral protein-induced contact
allergy entheropathy, eg. eosinophilic dermatitis
syndrome celiac disease gastroenteritis
Metabolic Pharmacologic Toxic Other/
Idiopathic/
eg. lactose eg. caffeine eg. scombroid Undefined
intolerance fish toxin
eg. sulfites




Anaphylaxis — definition and grading of severity

Anaphylaxis was first described in 1902 by Richet and Portier: they injected dogs with
toxins from sea anemones with the intention of demonstrating the development of
immune resistance. However, instead of developing immunological protection, the
dogs had severe allergic reactions and died after receiving the second injection. Richet
and Portier called this reaction ‘against’ phylaxis (protection) or anaphylaxis (22). In
humans, anaphylaxis can have both underlying immunological (IgE-mediated or non-
IgE-mediated) and non-immunological mechanisms (23). However, the vast majority
of cases are mediated through an immunological IgE-dependent mechanism as
described below.

Until recently there has been a lack of widely accepted criteria for anaphylaxis.
However, the 2006 symposium of the National Institute of Allergy and Infectious
Disease (NIAID) and Food Allergy and Anaphylaxis Network (FAAN) proposed a
consensus definition of and criteria for anaphylaxis to satisfy epidemiological, research
and clinical needs (2). According to this definition, anaphylaxis is a serious allergic
reaction that is rapid in onset and may cause death. The proposed diagnostic criteria for
anaphylaxis are presented in Table 1. In brief, anaphylaxis is a probable diagnosis in
presence of symptoms from two or more organ systems after exposure to a likely
allergen, or hypotension alone after exposure to a known allergen for that patient.

Table 1. Clinical Criteria for Diagnosing Anaphylaxis™®

Anaphylaxis is highly likely when any one of the following three criteria is fulfilled:
1. Acute onset of an illness (minutes to several hours) with involvement of the skin,
mucosal tissue, or both (eg, generalised urticaria, itching or flushing,
swollen lips-tongue-uvula)
AND AT LEAST ONE OF THE FOLLOWING:
A) Respiratory compromise (eg, dyspnea, wheeze-bronchospasm, stridor, reduced
PEF, hypoxemia)
B) Reduced blood pressure or associated symptoms of end-organ dysfunction (eg,
hypotonia [collapse], syncope, incontinence) OR
2. Two or more of the following that occur rapidly after exposure to a likely allergen for
that patient (minutes to several hours)
A) Involvement of the skin-mucosal tissue (eg, generalised urticaria, itch-flush,
swollen lips-tongue-uvula)
B) Respiratory compromise (eg, dyspnea, wheeze-bronchospasm, stridor, reduced
PEF, hypoxemia)
C) Reduced blood pressure or associated symptoms (eg, hypotonia [collapse],
syncope, incontinence)
D) Persistent gastrointestinal symptoms (eg, crampy abdominal pain, vomiting) OR
3. Reduced blood pressure after exposure to known allergen for that patient (minutes to
several hours)
A) Infants and children: low systolic blood pressure (age-specific) or greater than 30%
decrease in systolic blood pressure**
B) Adults: systolic blood pressure of less than 90 mm Hg or greater than 30%
decrease from that person’s baseline

* Ref: Sampson et al 2006 (2)

PEF: peak expiratory flow

**Low systolic blood pressure for children is defined as less than 70 mm Hg from 1
month to 1 year, less than (70 mm Hg + [2 % age] from 1 to 10 years, and less than 90 mm
Hg from 11 to 17 years.



The NIAID-FAAN criteria for anaphylaxis correspond fully to the criteria presented by
the European Academy of Allergology and Clinical Immunology (EAACI) Taskforce
on Anaphylaxis in Children in 2007 (24) and by the World Allergy Organization in
2011 (25). So far, the NIAID-FAAN criteria have turned out to be highly sensitive
but less specific (26).To date, there is no world-wide agreement on how anaphylaxis
should be graded in terms of severity, although a proposal was presented by the
EAACI Taskforce on Anaphylaxis in Children in 2007 (24).

2.2.2 Pathogenesis

Although the immune systems of all individuals recognise food antigens as foreign
most people do not develop food allergies. The process of developing oral tolerance
to foods is brought about mainly by the action of regulatory T cells and dendritic cells
as well as local immune responses. In addition, commensal microbes in the
gastrointestinal tract seem to play an important role in driving the immune responses
by inhibiting the development of allergic responses to food antigens (27, 28).

However, individuals with food allergy develop pathological immune responses when
they encounter food allergens (Figure 2). In the initial phase of the development of
IgE-meditated food allergy the allergen passes epithelial barriers and is taken up by an
antigen-presenting cell (APC) such as the dendritic cell (11). Fragments of the ingested
antigen are then presented on the major histocompatibility complex (MHC) molecule
which together with other co-stimulatory molecules bind the naive T-helper cell. At
this point the antigen-presenting cell will decide whether the naive T-helper cells will
develop into Th1, Th2 or Th17 effector cells or regulatory T cells (11). In the food
allergic individual, naive T-helper cells will differentiate into Th2 cells producing the
cytokines IL-4 and IL-13. These cytokines stimulate B-cells to produce allergen-
specific IgE (sIgE) antibodies. These secreted sIgE antibodies circulate in serum and
bind to high-affinity receptors (Fce RI) on mast cells in the connective tissue and on
basophil leukocytes in the circulation. The individual is now sensitised to that specific
food allergen (11).

At a subsequent exposure the allergen will cross bind to allergen-specific IgEs on the
mast cell and basophil, thereby activating the cells. This results in a degranulation
process with release of inflammatory mediators such as histamines, leukotrienes and
proteases. These inflammatory mediators lead to vasodilatation, increased vascular
permeability, smooth muscle contraction, inflammatory cell recruitment and tissue
damage, thus causing the allergic reaction (11, 29, 30). The mast cells of non-allergic
individuals are also coated with IgE but since these are polyclonal, cross-linking does
not occur (31).

Sensitisation to foods can occur through the gastrointestinal tract: most of these food
allergens are heat stable, resistant to acid degradation, and resistant to proteolysis
(28). Sensitization can also occur to inhaled plant and tree pollens through the
respiratory tract after which IgE-mediated allergic reactions to foods containing
cross-reacting epitopes may develop. These allergens are usually labile proteins that
are easily degraded. Extra-intestinal sensitisation through the skin may also occur.
Food allergens derived from plants are classified based on their structural and
biological properties with different levels of allergenicity depending on their
resistance to processing such as heating and enzymatic actions (28).
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Figure 2. Mechanisms involved in the development of IgE-mediated food allergy.
Adapted from Gomez et al (29).

2.2.3 Epidemiology

Estimates of the actual incidence and prevalence of food allergy and anaphylaxis are
uncertain. Comparisons of epidemiologic data are often complicated due to
differences in allergy definitions, methodologies, and characteristics of the study
populations with regard to ages and exposures. In addition, few studies investigating
the epidemiology of food allergy have used the gold standard of diagnosis: the
double-blind placebo-controlled food challenge (32). As to anaphylaxis, the study of
its epidemiology has until recently been hindered by the lack of widely accepted
criteria for anaphylaxis. Notwithstanding these challenges, several systematic reviews
on the epidemiology of anaphylaxis and food allergy have been published in recent
years (32-36). True for food allergy as well as anaphylaxis, self-reported rates are
generally higher than those determined on the basis of medical history and clinical
testing (3, 34, 37, 38).

The occurrence of food allergy and anaphylaxis appears to have increased in recent
decades (3, 39-45). However, regarding the prevalence of food allergy there have
been occasional reports on a levelling off in the last ten years (46, 47).

Anaphylaxis

In 2006 the Working Group of the American College of Allergy, Asthma, and
Immunology published a comprehensive review of studies written in English (34).
There, the authors estimate the lifetime prevalence of anaphylaxis to be between 0.05
and 2%, with the highest number of incident cases among children and adolescents. In
areview on the epidemiology of anaphylaxis in Europe the authors report the life-time



prevalence to be 0.3% (95% CI 0.1-0.5) and the incidence rates for all-cause
anaphylaxis range from 1.5 to 7.9 per 100 000 person-years (35). Population-based
estimates of anaphylaxis incidence rates among children are scarce (48-52) and vary
widely: from 5 (51) to 314 (52) episodes per 100 000 person-years. Varying
populations, different study designs and diverse classifications of anaphylaxis
contribute to the divergent estimates.

Fatalities due to anaphylaxis are extremely rare. In the UK the rate of fatal anaphylaxis
irrespective of cause is documented to be 0.33 deaths per years per million inhabitants
(53) while the rate of deaths due to food-induced anaphylaxis was 0.06 per year per
million children younger than 16 years during the period 1990 to 2000 (54). In Sweden
there have been two fatalities among children due to food-induced anaphylaxis in the
last six years according to professional allergologists.

Food allergy

Food allergy affects more than 1% but less than 10% of the population according to a
recent systematic review performed by Chafen et al (33). However, the authors
conclude that the evidence for the prevalence of food allergy is severely limited by the
lack of uniform criteria for making a diagnosis. According to a meta-analysis by Rona
et al the prevalence of allergy to any foods is 12% in children and 13% in adults when
assessed by self-reported symptoms (based on 23 studies) and 3% for all ages when
assessed by clinical testing and medical history or double-blind placebo controlled food
challenge (6 studies)(36). In a recent large population-based study from Australia,
more than 10% of one-year-old children had challenge-proven IgE-mediated food
allergy to raw egg (8.9%), peanut (3.0%) or sesame (0.8%) (55). However, the
majority (80%) of the infants with raw egg allergy actually tolerated baked egg. In
Sweden the prevalence of doctor-diagnosed food allergy among 12-year-old children
of a large national population based survey is 8% according to parental report (56), a
figure which conforms with the findings in several recent studies on the prevalence of
self-reported food allergy among children (57-59).

2.2.4 Provoking allergens
Food allergens

Food allergens are usually proteins, but sometimes haptens (i.e. a small molecule that
can elicit an immune response only when attached to a large carrier such as a protein)
and occasionally carbohydrates. Any food can trigger an allergic response, and more
than 170 foods have been reported to cause IgE-mediated reactions (3). However, a
limited number of foods cause the majority of food allergic reactions worldwide with
milk, egg, soy, wheat, peanut and tree nuts accounting for over 80% of the reactions
in children (28). The distribution of allergens depends on dietary practices and thus
varies from country to country. For example, fish and shellfish commonly elicit allergy
among children in the Mediterranean countries (60, 61) while sesame seed allergy is
frequent in Israel (62). In Scandinavia the most prevalent childhood food allergies
have been reported to be to egg, milk and peanut in young children and to fruit and
vegetables in older children (63). Where allergies to fresh fruits and vegetables are
concerned, there is often a link to pollen allergy. This is called pollen-associated food
allergy syndrome or oral allergy syndrome; up to half of all pollen allergic individuals
experience mild oropharyngeal symptoms after eating certain raw fruits and vegetables
(64, 65). Food triggers also include additives such as spices, parasites such as the



nematode Anisakis simplex which can be found in fresh fish, and carbohydrates
contained in fresh red meat (23).

Other triggers

Although foods are by far the most common cause of anaphylaxis in children, other
triggers like insect stings and medications also cause anaphylaxis in the paediatric
population (23). Medication-triggered anaphylaxis can for example be caused by
antibiotics, nonsteroidal anti-inflammatory drugs and allergens used in
immunotherapy. Other less common triggers include latex, exercise, underlying mast
cell disorders and inhaled allergens such as animal dander and grass pollen (23). In
some cases, no trigger can be identified and the anaphylaxis is classed as idiopathic
(23).

2.2.5 Symptoms

Food allergies cause a wide spectrum of clinical signs and symptoms depending on
the nature of the reaction. The onset of symptoms of acute IgE-mediated reactions to
foods ranges from within seconds to a few hours after exposure to the allergen. IgE-
mediated food allergic reactions vary substantially in severity with anaphylaxis being
the most severe form. Several organ systems can be affected: the skin (e.g. flush,
urticaria, angio-oedema), the respiratory tract (e.g. wheeze, cough, stridor, cyanosis,
rhinitis, conjunctivitis, ), the gastrointestinal tract (e.g. nausea, vomiting, diarrhoea,
abdominal pain), the central nervous system (e.g. anxiety, headache) and the
cardiovascular system (e.g. syncope, hypotension, arrhythmia). The most common
manifestations of anaphylaxis are urticaria and angio-oedema, which occur in 90% of
patients (66). Children are more likely to experience respiratory compromise than
hypotension or cardiovascular shock (23, 67). Isolated respiratory symptoms are rare
(68). Oral symptoms such as tingling and pruritus are common among patients with
pollen-associated food allergy syndrome; this mild localised reaction often subsides
within minutes of ingestion although some patients may experience more systemic
symptoms which occasionally progress to anaphylaxis (69).

Many signs and symptoms of allergic reactions overlap with other diseases and
conditions. Differential diagnoses to consider include asthma exacerbations,
aspiration of foreign objects, acute generalised urticaria and/or angio-oedema,
anxiety, food poisoning, systemic mast cell disorders, hypoglycaemia and septic
shock (70). However, the multisystem involvement that is a hallmark of anaphylaxis
makes it easy to recognise in most cases.

2.2.6 Diagnosis

The diagnosis of food allergy as well as anaphylaxis is primarily based on a detailed
medical history and careful physical examination. As for anaphylaxis, it remains a
clinical diagnosis and there is to date no reliable diagnostic test although elevated levels
of histamine (in plasma or in urine) or serum tryptase sometimes can be useful in
confirming an acute episode of anaphylaxis. However, serum tryptase levels are often
normal among patients with food-induced anaphylaxis (23). The assessment of
anaphylaxis triggered by insects is quite straightforward since the trigger often is
obvious and methods for measuring venom-specific IgE-levels are commercially
available. Conversely, assessment of medication-triggered anaphylaxis is often



hampered by the lack of appropriate reagents for use in skin tests or for measurement of
medication-specific IgE levels (23). Since the focus in this thesis is allergic reactions to
foods, the assessment of anaphylaxis from other triggers will not be discussed further.

When assessing a patient with suspected allergic reactions to foods, history-taking
should focus on the elicited symptoms and their severity, the relationship between the
intake of the food and the onset of symptoms and the amounts that triggered the
reaction. Dietary details are crucial, especially when the trigger is not obvious. For
example, if the reaction occurs after ingesting a meal prepared outside the home,
speaking to people who prepared the food is the only way to identify hidden
ingredients. In addition, possible cofactors such as exercise, ingestion of medications,
acute infections and emotional stress should be asked for (25). However, medical
history has limited positive predictive value and further tests are needed (3). To
diagnose IgE-mediated food allergy, skin-prick tests, sIgE measurements and oral
food challenges are recommended, whereas intradermal testing and measurement of
total serum IgE are not (71).

Skin-prick tests and sIgE tests are certainly useful for diagnosis and can also be used
to prospectively follow up the sensitivity of a patient. These methods are highly
sensitive and it has been recognised that the probability of a clinically relevant allergy
is associated with the wheal sizes elicited by a skin prick test and the concentration of
sIgE-antibodies in the serum. However, studies correlating skin test wheal size or
sIgE to the clinical outcome food allergy report varying diagnostic cut-off levels (1).

In addition, these tests have rather low specificity and false negative results occur (1,
72).

Component-resolved diagnostics, the next generation of sIgE tests, enables the
quantification of IgE-antibodies against individual allergen components at a molecular
level within an allergen extract (73). Component-resolved diagnostics might
differentiate clinical reactivity (IgE biding to ‘potent’ stable allergens) from less
clinically relevant sensitisation (binding to labile proteins), but severe reactions can
occur despite lack of noted binding to the allergens being measured (1).

Oral food challenges might be required for final diagnosis when tests are inconclusive
or if they are negative and the initial reaction was severe. This procedure should be
done by qualified personnel and in facilities that are prepared to handle anaphylaxis
(28). The gold standard is the double-blind placebo-controlled food challenge, but this
is an expensive, protracted procedure. Therefore most units perform open challenges.

2.2.7 Management
Acute management

Acute management of anaphylaxis include rapid assessment of the patient’s airways,
breathing, circulation, mentation and skin, and prompt intramuscular administration of
adrenaline at a first aid dose of 0.01 mg/kg to a maximum adult dose of 0.5 mg (25).
The dose can be repeated every 5-15 minutes if needed. Adrenaline is the first line
treatment for anaphylaxis; it reduces morbidity and mortality via its alpha- and beta-
adrenergic properties, which increase blood pressure and decrease upper airway
obstruction, urticaria, angio-oedema and wheeze. The patient should be placed on the
back or in a comfortable position with the legs elevated. Supplemental oxygen,
nebulised beta-2 adrenergic antagonist and intravenous infusion of (for example) 0.9%
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saline should quickly be given if needed. Second-line medications include
antihistamines and glucocorticoids, which are recommended in most anaphylaxis
guidelines although the evidence base for these medications in the initial management
of anaphylaxis is poor. Up to 11% of children with anaphylaxis may experience a
second phase of symptoms 1-78 hours after the initial symptoms have resolved, so
called biphasic reactions. Thus, monitoring in a medically supervised setting after
resolution of symptoms should be considered with the duration of monitoring being
individualised based on the severity of the reaction (25).

Long term management

To date there are no recommended preventive medications for food allergy, hence
management relies on allergen avoidance and readiness to treat allergic reaction
promptly if they occur (1, 20). Comprehensive education about avoidance includes
information about the importance of reading labels, the potential for cross-
contamination and high-risk scenarios such as eating at restaurants and travelling.
Sometimes avoidance of entire food groups should be recommended because of cross-
reactivity between certain foods (1). Care should be taken to ensure that the diet
provides adequate nutrition, especially for children with multiple allergies. Many
food allergies are outgrown, so regular re-evaluations are needed.

In addition to food avoidance, the patient should be taught to recognise the signs and
symptoms of allergic reactions and be prescribed medications to use in case of future
reactions. Exactly what makes a patient suitable to be prescribed adrenaline auto-
injectors (AAls) is debated and current prescription practices vary widely (74, 75).
However, a previous episode of anaphylaxis is certainly an indication for
prescription. Again, education is a crucial: the child and his/her caregivers should be
told how and when to use the AAI. They should also be supplied with a personal
management plan, preferably one that emphasises the key symptoms and signs that
should lead to adrenaline injection (25). Since up to 20% of patients with anaphylaxis
require repeated adrenaline dosing, patients should be advised to carry two AAls (76).
All patients with IgE-mediated food allergies should be prescribed antihistamines to
be used for mild symptoms and never in place of adrenaline (77). Children with
asthma should also be advised to use inhaled bronchodilators liberally if experiencing
an allergic reaction.

Although there is no cure for food-induced allergic reactions to date, there is effective
treatment for patients with anaphylaxis triggered by insect stings: subcutaneous
immunotherapy with relevant insect venom will achieve protection in up to 98% of
children (25).

2.2.8 Comorbidity and heredity

Children with food allergy have been reported to be 2-4 times more likely to have
other allergic diseases such as asthma, eczema and respiratory allergies compared to
children without food allergy (39). In particular, eczema and food allergy are highly
associated (20, 78): up to 37% of children under 5 years of age who have moderate to
severe atopic dermatitis are reported also to have IgE-mediated food allergy (79). In
patients with asthma, the coexistence of food allergy may be a risk factor for severe
asthma exacerbations (71). Children who develop allergy to one foodstuft are at higher
risk of developing more food allergies (80). As to heredity, having a biological parent
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or sibling with a history of allergic rhinitis, asthma, eczema or food allergy is a strong
risk factor for development of food allergy (71, 81).

2.2.9 Prognosis
Development of tolerance

Spontaneous clinical tolerance develops in some food-allergic individuals, and
resolution tends to occur in allergen-specific patterns. For example, allergy to egg,
milk, wheat, and soy is generally outgrown during childhood, whereas allergies to
peanut, nuts, and seafood are usually lifelong. However, if the first episode of an
allergic reaction is accompanied by a high level of specific IgE against the triggering
food, the allergy tends to persist over time (3, 20). Patients who have developed
tolerance can sometimes suffer a ‘relapse’ of their allergy. Research has indicated that
once tolerance is established, the likelihood of recurrence may be decreased if the
patient eats the food frequently (77). However, there are many uncertainties in this
field.

Risk factors for severe allergic reactions

The severity of a reaction depends on multiple factors, related both to the host and the
event (82). The dose of the allergen, the allergenicity, the form in which the foodstuft is
ingested (raw or cooked, e.g. if the allergen is sensitive to heat or gastric juice) are all
of importance for the risk and severity of a reaction (83). However, the amount of food
that elicits a reaction, i.e. the threshold levels, varies considerably, not only between
different individuals (84-86), but also in the same individual at different times (87).
This variability is probably explained by other factors that affect reaction severity, so
called co-factors. Examples of co-factors are alcohol, medication (for example aspirin),
physical exercise, concurrent infections, other ongoing allergic disease such as asthma,
and pollen allergy (82, 83). Ingestion on empty or full stomach might be taken into
account as well (3). Co-factors that amplify anaphylaxis have been described in up to
20% of paediatric patients (88).

Since multiple factors contribute to the severity of an allergic reaction, it is hardly
surprising that many studies to date report difficulties predicting the severity of the next
reaction on an individual basis (87, 89-92). For example, Pumphrey et al found that
more than half of the deaths due to food-induced anaphylaxis in the UK 1999-2006
occurred in patients whose previous reactions had been mild (93). However, there are
some known risk factors for fatal food-induced anaphylaxis such as a previous life-
threatening anaphylactic episode, delayed administration of adrenaline, and active
asthma (23, 53, 94, 95). Severe reactions have also been reported to be more likely in
adolescents (96) and in youths with multiple food allergies (57).

2.2.10 Primary prevention

Until recently it was assumed that allergen exposure early in infancy was a risk factor
for food allergy but today there is a shift towards the opposite notion that prolonged
allergen avoidance might instead be a risk factor (15). It is proposed that prolonged
allergen avoidance bypasses induction of oral tolerance, while still allowing food
sensitisation through alternative routes, particularly through the skin (1). According to
this hypothesis, which has so far been supported by most epidemiologic studies, it is the
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timing and balance of cutaneous and oral exposure that determine whether the child
develops an allergy or tolerance (97).

In a recent comprehensive review by Sicherer and Sampson (1) the recommendations
for primary prevention of food allergy are: Healthy diet during pregnancy and no
maternal allergen avoidance during pregnancy or while breast-feeding. Exclusive
breast-feeding for at least four months if at risk for allergy and when unable to do so,
hydrolyzed infant formula should be considered. Not to delay introduction of solid
foods beyond 4-6 months, including allowing allergenic food although not necessarily
as weaning foods. However, it should be noted that studies on these topics show
conflicting results. As for studies investigating whether prebiotics or probiotics can
have a protective effect, the findings have so far been contradictory and inconclusive
(1, 15).

2.2.11 Effect on everyday life

Food-allergic patients and their families are continually confronted with the necessity
of dietary vigilance and the possibility of sudden onset of severe reactions. Thus, it is
hardly surprising that food allergy has been repeatedly shown to impair quality of life
in the affected families (98-104). In fact, children with peanut allergy have been
reported to have a poorer quality of life than children with insulin-dependent diabetes
mellitus (105). Furthermore, parents of peanut-allergic children report more disruption
of daily activities than parents of children with rheumatologic diseases (106). Food-
allergic children and their parents are burdened with a variety of tasks in everyday life,
such as checking every step in the process of purchasing and preparing food and
educating extended family members, child care providers and teachers to ensure the
child’s safety (4, 107, 108). Getting accurate information about ingredients when eating
away from home is associated with difficulties, which influences decisions such as
which restaurant to go to and where to go on vacation (104, 109). Regarding potential
limitations on social activities, parents of food-allergic children have been reported to
avoid letting their children participate in age-appropriate activities such as playing at
friends’ houses or attending birthday parties (104, 110).

Since total allergen avoidance often is difficult despite the best of efforts, there is
always a risk of unexpected and potentially life-threatening reactions. The burden in the
affected families appears to be related to this element of living with risk (4). The
defining elements of risk are uncertainty and possible negative outcome (111). In fact,
food allergy has been described as an important example of risk (112) as life with this
condition involves uncertainties, danger and constant risk management (113). Eating is
a fundamental human need, but among allergic individuals, food can be regarded as
dangerous. Consequently, children with food allergy can be seen as ‘children at risk’.
However, relatively little is known about the experiences of living with the risk
associated with this condition and even less has been done to explore risk management
in everyday situations in depth.

When exploring the experiences of those living with long-term conditions, qualitative
research can provide insights that quantitative studies cannot (114). In recent years a
handful of qualitative papers have been published exploring experiences of food allergy
management among affected children and adolescents (115-119) their parents (100,
108, 120) or both parties (121, 122). These studies confirm that crucial parts of the
experience of living with food allergy are being at risk of, and living in fear of, adverse
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reactions as well as the never-ending task of constant vigilance and decision-making.
For example, Gillespie et al found feelings of living with risk and fear to be
predominant among mothers of food-allergic children (120). ‘Living with risk’ was
also identified as a major theme in a recent qualitative investigation into the maternal
experience of having a child with severe food allergy (108).
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3 AIM AND RESEARCH QUESTIONS

In this thesis, the overarching aim was to gain knowledge about the epidemiology and
clinical characteristics of severe reactions to foods among Swedish children and
furthermore to explore risk management among parents with food-allergic children.

The specific research questions were:

Are the widely accepted criteria for anaphylaxis and the severity grading presented in
the EAACI position paper on anaphylaxis in children (24) applicable on Swedish
children? (Paper I)

What is the incidence of anaphylaxis requiring emergency department care in the
paediatric population? Among children who visit the emergency department due to
reactions to food: what are the clinical characteristics? Which foods elicit reactions and
how are the children managed? (Paper II)

Among children who have visited the emergency department due to reactions to food,
what is the incidence and what are the risk factors for subsequent emergency
department visits due to reactions to foods? Can the severity of previous reactions be
used to predict the severity of subsequent reactions? (Paper I1I)

How do parents understand and manage the risks posed by food allergy in the context
of everyday life? (Paper V)
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4 MATERIAL AND METHODS

Figure 3 illustrates how the study areas, research questions, papers and studies in this
thesis relate to each other. Study I (papers I and II) and study II (paper III) are
quantitative studies while study III (paper IV) has a qualitative approach.

4.1 STUDY DESIGN AND STUDY POPULATIONS

4.1.1 Study I: An ED medical record study

This population-based case study was done on children 0 to 18 years old who had
visited the ED of any of the three paediatric hospitals in Stockholm County. Inclusion
criteria were any acute reaction to foods or anaphylaxis irrespective of cause. The study
period was from 1 January through 31 December 2007. The hospitals were Sachs’
Children and Youth Hospital, and the two branches of Astrid Lindgren’s Children’s
Hospital in Solna and Huddinge. The catchment area of these hospitals was Stockholm
County.

To identify eligible patients we searched for 19 possible discharge codes selected from
the International Classification of Disease, tenth revision (ICD-10) (Table 2). A pre-
review was performed of children admitted to Sachs’ Children and Youth Hospital
January to March 2007 or during another randomly selected three months the same year
(May, June and August) with ICD codes J45, .20, 1.24.6, L27 and K52.2 as the only
diagnosis. Since we did not identify any child with anaphylaxis among these children,
records with these ICD codes as the only diagnosis were not reviewed further.

Table 2. The discharge codes initially used for retrieval of clinical emergency
department records (/CD-10)

Code Diagnosis

J45 Asthma

K52.2  Allergic and dietetic gastroenteritis and colitis

L20 Atopic dermatitis

L27 Dermatitis due to substances taken internally

L24.6 TIrritant contact dermatitis due to food in contact with skin

L50.0 Allergic urticaria

L50.9 Urticaria, unspecified

T63 Toxic effect of contact with venomous animals

T78.0 Anaphylactic shock due to adverse food reaction

T78.1 Other adverse food reactions, not elsewhere classified

T78.2 Anaphylactic shock, unspecified

T78.3 Angioneurotic oedema

T78.4 Allergy, unspecified

T78.8 Other adverse effects, not elsewhere classified

T78.9 Adverse effect, unspecified

T80.5 Anaphylactic shock due to serum

T88.1  Other complications following immunisation, not elsewhere classified

T88.6 Anaphylactic shock due to adverse effect of correct drug or medicament
properly administered

T88.7 Unspecified adverse effect of drug or medicament
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4.1.2 Study ll: A cohort study

In this cohort survey, children identified in study I with ED visits due to allergic
reactions to foods during 2007 (the index reaction) were reinvestigated in relation to
new ED visits due to reactions to foods. The follow-up period was between 1 January
2007 and 30 June 2010. Children not resident in Stockholm County at the time of the
index reaction were excluded since they were rather unlikely to have visited any of the
paediatric EDs in Stockholm at a new allergic reaction to foods.

4.1.3 Study lll: A focus group study

In this qualitative study we conducted focus group discussions with parents of children
with food allergy with the aim of exploring the parents’ understanding and
management of food allergy. Participants were recruited consecutively among parents
of the children identified in study I who in 2007 had attended the EDs at either Sachs’
Children and Youth Hospital or Astrid Lindgren’s Children’s Hospital in Solna due to
acute reactions to foods. In spring 2008 we sent a letter to the identified families
inviting the parents to participate in an online survey about their child’s food allergy.
This letter included brief information about our plans for a subsequent interview study.
To be able to answer the web-site survey the parents had to have sufficient knowledge
of Swedish.

The parents invited to participate in the study were those who had confirmed in the
online survey that their child’s ED visit in 2007 was due to an allergic reaction to foods
and that their child had current food allergies. The parents of children with ED visits to
Sachs’ Children and Youth Hospital were invited to participate in 2009 by letter and
were contacted by phone a few weeks later and asked if they wished to participate. The
parents of children with ED visits to Astrid Lindgren’s Children’s Hospital in Solna
were instead invited by e-mail in 2010. In the letter and the e-mail we explained the
purpose of the study and that declining participation in the study would not affect their
contacts with the clinic. The parents were encouraged to participate regardless of their
perception of the degree of severity of their child’s food allergy.

4.2 METHODS

4.21 Studylandll

Review procedure

In study I all medical records at the three paediatric hospitals that pertained to children
identified according to the selected ICD codes were reviewed in detail. Two trained
paediatric allergologists took the decision on inclusion or not for all uncertain cases.
Among children with repeated ED visits during 2007 we included only the first record
in study I unless the child had reacted to different foods on different occasions, in
which case we included one record per eliciting food. This was done to avoid
oversampling of symptoms to a specific food. The only exception was during
calculation of the incidence of anaphylaxis in paper II.

In study II the medical records of all children in the cohort were reviewed to identify
any visits to the EDs at Sachs’ Children and Youth Hospital, Astrid Lindgren’s

Children’s Hospital in Solna and in Huddinge during the time for follow-up. We also
reviewed medical records from two new local emergency units affiliated with Astrid
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Lindgren’s Children’s Hospital in Solna and in Huddinge that opened during the
follow-up period, since children with milder reactions to foods could have been
admitted there when they visited the EDs. Concerning children for whom there was any
uncertainty as to whether the ED revisit was caused by an allergic reaction to foods, a
trained paediatric allergologist was consulted.

Data collection

Information regarding each ED visit was recorded with the same procedure in study I
and II. We had access to complete medical records from the ED visits including notes
taken during ambulance transport as well as by the nurse in charge at admission.
Furthermore, we had access to referral letters written at discharge from the EDs and
medical records from in- and out-patient visits at the three paediatric hospitals prior to
and after the ED visits.

Recorded symptoms and signs were entered in an online database designed for this
purpose. Clinical data were extracted using a predefined protocol. Symptoms and signs
entered in the database were those objectively registered by health care staff as well as
subjective symptoms reported by the patients and described in the clinical records.
Vomiting and diarrhoea were entered in the database even when only reported by the
patient or parents, provided these symptoms had occurred shortly before admittance.
Signs and symptoms were assumed absent if they were not reported or reported as not
present. Information about current allergic diseases, probable eliciting agent,
prescription of self-injectable adrenaline, pharmacological treatment and referral for
follow-up was also collected. The eliciting food was recorded as ‘mixed food’ in study
I and as ‘unknown’ in study II if the patient had eaten foods containing many different
and sometimes unknown components or meals with several foods where it was not
possible to discover the culprit allergen. When two triggers were observed they were
also included in this category.

4.2.2 Study Il

The parents that accepted the invitation to participate in the focus group discussions
were allocated to groups according to the age of their child (above/ below 9 years of
age) as parenting a younger or older child can involve different experiences of risk
management. We aimed for each group to include four to six parents. The focus group
sessions were carried out in neutral rooms (not located at the emergency departments)
at the Sachs’ Children and Youth Hospital and Astrid Lindgren’s Children’s Hospital in
Solna. The discussions were moderated by M-L Stjerna, the social scientist on the
research team. She had previous experience of carrying out both focus group
discussions and individual interviews with grown-ups and young people in studies
concerning food and eating and tobacco consumption. M Vetander attended all
interviews acting as a silent observer until at the end of the interviews, when she
answered medical questions that had been raised by the parents during the interviews.
The observer was attentive to the interaction between participants and after each focus-
group session the interviewer and the observer shared their perceptions of the group
interaction.

Each focus group session started with an introduction: the moderator and the observer
introduced themselves and the moderator introduced the overall topic for the group
discussion. The moderator then opened up for the participants to share experiences as
parents of food-allergic children, with a first question about how they had experienced
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the hospital emergency visit, and then followed up with questions about how life with
the food allergic child had evolved thereafter. The notion of risk was not introduced to
the parents as part of the introduction. The discussions were monitored according to a
topic guide used in all sessions, covering everyday management of the allergy at home,
in nursery, school and other arenas such as restaurants and during vacations. To
encourage discussion between parents an adrenaline auto-injector was shown. All focus
group discussions were digitally recorded with the parents’ permission and transcribed
verbatim by M-L Stjerna.

4.3 DEFINITIONS AND OBJECTIVES

4.3.1 Classification of reactions in study | and Il

To classify anaphylaxis and grade its severity we used the EAACI position paper on
anaphylaxis in children (24). As already stated, these criteria correspond to the NIAID-
FAAN criteria for anaphylaxis (2). However, both identification of anaphylaxis and
severity grading according to the EAACI position paper were associated with some
difficulties, which are presented in detail in the result section. To be able to classify
anaphylaxis and grade severity we used a slightly modified version of the EAACI
position paper, presented in Table 3, page 24. Severity of reactions was ultimately
classified into: 1) No anaphylaxis, no adrenaline given, 2) No anaphylaxis, adrenaline
given, 3) Anaphylaxis. Anaphylaxis was further classified into mild, moderate and
severe.

4.3.2 Objectives
Study I — Paper I and 11

Both papers I and II are based on study I and have a descriptive approach. In paper [ we
evaluated whether the classification of anaphylaxis proposed by the EAACI Taskforce
on Anaphylaxis in Children in 2007 was applicable on Swedish children who had
visited an ED due to reactions to foods during 2007.

The objective in paper Il was to describe the overall incidence of anaphylaxis,
irrespective of cause, in a paediatric ED setting and to describe reactions to foods in
relation to sex, age, triggers, clinical characteristics and management.

Study II — Paper I11

In paper III the objectives were to investigate the incidence and potential risk factors
for subsequent ED visits for food allergic reactions among children with a prior ED
visits due to reactions to foods. In addition, we also set out to determine the risk of
impairment at re-reactions in this group of children.

Study III — Paper IV

In paper IV the aim was to explore the way parents understand and manage the food
allergy risk in the context of everyday life, as ‘situated risk’. The notion of situated risk
refers to how different situations in everyday life can be framed as risky by the
individual (123).
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4.4 ETHICAL APPROVAL

Ethical permission for all studies was granted by the regional ethics review board at
Karolinska Institutet, Stockholm, Sweden. Register numbers for the permits were:
Study I: 2008/569-31, 2012/1051/32

Study II: 2008/569-31, 2010/1040-32, 2012/1051/32

Study III: 2008/569-31, 2012/1051/32

4.5 ANALYSIS

4.5.1 Statistical analysis (Paper I-lll)

All statistical analyses were carried out with the statistical program SPSS (version 18
and 20, SPSS, Inc, Chicago, USA).

Paper I and II

Prevalence rates were expressed as percentages in paper I and II. In paper II the
continuous variable age was expressed as mean, median and range. The incidence of
anaphylaxis per 100 000 person years was calculated from the population of all
children 0-18 years of age living in Stockholm during 2007, in total 447 739 (124). For
statistical comparison, dichotomous variables were analysed with either the Chi-square
test or Fisher’s exact test. The One-Sample Kolmogorov-Smirnov test was used for
comparisons of distribution between variables. Due to the multiple comparisons
performed in this paper, we considered a p-value of < 0.01 to be significant.

Paper I11

Prevalence rates were presented as percentages. Means, range and standard deviation
were compiled for the continuous variable age. Dichotomous variables were compared
with the Chi-square test and the independent t-test was used to compare means. A p-
value of <0.05 was considered to be significant. The incidence rate of ED revisits was
computed as the number of events divided by the sum of the patient-years at risk and
expressed as the rate of ED revisits/100 patient-years.

Cox proportional hazards regression was used to estimate relative risks (RRs) and the
corresponding 95% confidence intervals (Cls) for possible risk factors for ED revisits.
Person-time of follow-up was computed for each child from the date of the index
reaction in 2007 to the date of the first ED revisit, date of 18th birthday, date when the
child moved away from Stockholm county, or end of follow-up (30 June 2010),
whichever occurred first. To examine the proportionality assumption, cumulative
hazard functions for all covariates were plotted.

Patient characteristics evaluated as possible risk factors for ED revisits included sex,
age group, hospital of initial recruitment, season of the first ED visit, severity of the
index reaction, eliciting foods at the index reaction, history of specific atopic diseases
prior to the index reaction (i.e. food allergy, asthma, eczema and allergy to inhalant
allergens), and prescription of adrenaline auto-injector before the index reaction. The
same covariates were assessed for the possibility of confounding and included in the
final model if they changed the estimate of the crude RRs by more than 10%. These
factors were age, eliciting food, food allergy, asthma, allergy to inhalant allergens and
prescription of adrenaline. Sex was a priori kept in the final adjusted cox proportional
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hazard model. Since food allergy is highly correlated with asthma, allergy to inhalant
allergens and prescription of adrenaline, the last three covariates were not included in
the final model.

4.5.2 Qualitative analysis (Paper IV)

In study III (paper IV) the focus group discussions were analysed qualitatively with the
aim of exploring parents’ understanding and management of food allergy. In the
analysis we adopted a dialogical perspective on the interaction that takes place in focus
groups. As described by Markova et al, each contribution in a focus group discussion is
interdependent on previous and future contributions (125). Consequently, the unit of
analysis is not the individual, but rather the interaction and tensions between different
thoughts, ideas and arguments as they appear in the discussions.

The transcribed focus group discussions were first analysed by drawing boundaries
between topical episodes, that is, when participants discussed or accounted for a certain
topic during a sequence of time. Topical episodes that dealt with the same topic were
joined together, labelled and categorised as a topic, in this case with a focus on different
aspects of allergy management. The recurrent topics were then grouped into a smaller
number of major themes. Attention was also given to topics that were treated as taken
for granted and topics that led to debate or were questioned during the group
discussions. The initial identification of topical episodes in the transcripts and emerging
topics was performed by M-L Stjerna, and the subsequent analysis and discussion of
the patterns of topics and major themes was done within the research group.
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5 RESULTS

5.1 UTILITY OF THE EAACI POSITION PAPER ON ANAPHYLAXIS IN
CHILDREN (PAPERI)

Five hundred thirty-one (531) medical records were identified and manually reviewed
(Figure 4). Two children were excluded due to incomplete documentation in the
medical records. In all, 371 children were found to have had ED visits due to acute
reactions to foods during 2007. Among these 371 children, 10 had more than one ED
visit caused by reactions to different foods on different occasions, yielding 381 records
for final analysis.

_________________________________________________________________________________________________________________________

: Astrid Lindgrens’ Sachs’ Children and Astrid Lindgrens’
Ve Children’s Hospital, Youth Hospital Children’s Hospital,
s Solna N=271 N=144 Huddinge N=116

i Stepwise procedure: :

' 1. Identification of codes

i 2. Preliminary exploratory study of
: codes in relation to reactions to foods .

i 3. Decision of inclusion criteria for
records

'
' 4. Review and evaluation of records

Reactions to foods
N=371

Astrid Lindgrens’ Children’s Hospital, Solna N=169
Sachs’ Children and Youth Hospital N=119
Astrid Lindgrens’ Children’s Hospital, Huddinge N=83

Figure 4. Flowchart of the review of clinical records of children who visited the ED at
any of the three paediatric hospitals in Stockholm, Sweden, 1 Jan— 31 Dec 2007

5.1.1 Encountered difficulties and proposed modifications

Among the 371 children with ED visits due to acute reactions to foods, 46 different
symptoms or clinical signs were retrieved from the medical records of which 37 were
described in the EAACI position paper on anaphylaxis in children. However, when
attempting to use the criteria for identification and severity grading of anaphylaxis
proposed in the EAACI position paper (24), we encountered some difficulties.

In the EAACI position paper abdominal pain is classified as mild or crampy and is only
considered to be indicative of anaphylaxis if crampy and persistent. In addition
wheezing is classified into mild or moderate. However, in our retrospective analysis of
medical records the extent of wheeze and abdominal pain could seldom be retrieved.
For example, in some medical records the only description of respiratory compromise
was the term ‘affected breathing pattern” which we considered to be indicative of
respiratory compromise when classifying anaphylaxis. We considered abdominal pain
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irrespective of severity as a sub-criterion for anaphylaxis. Among children fulfilling the
criteria for anaphylaxis, we considered abdominal pain and wheeze to be indicative of
moderate anaphylaxis while affected breathing pattern was considered to be indicative
of mild anaphylaxis.

Furthermore, we found six symptoms in the medical records that were not mentioned or
defined in the EAACI position paper: chest tightness, non-barky cough, speaking
difficulties, muffled voice, tiredness and somnolence. We considered the first four
symptoms to be indicative of respiratory compromise when classifying anaphylaxis. As
to severity grading of anaphylaxis, we considered chest tightness and tiredness to be
indicative of mild anaphylaxis while cough, speaking difficulties, muffled voice and
somnolence were considered to be indicative of moderate anaphylaxis.

According to these findings we suggested some modifications of the EAACI Taskforce
position paper on anaphylaxis in children table ‘Grading the severity of anaphylactic
reactions’ marked in bold in Table 3. We used our slightly modified criteria for
anaphylaxis and severity grading when classifying anaphylaxis in paper I, II and III.

5.1.2 Classification of severity

After we had modified the criteria for anaphylaxis and severity grading suggested in the
EAACI paper, 128 children fulfilled the criteria and 243 did not. Among children who
did not fulfil the criteria for anaphylaxis, 70 had been given intramuscular adrenaline at
home, in the ambulance or at arrival at the hospital, which might have prevented
anaphylaxis. In the anaphylaxis group, 4% (n=5) were classified as having mild, 81%
(n=104) as having moderate and 15% (n=19) as having severe anaphylaxis.

Table 3. Suggested modification (marked in bold) of the EAACI position paper table
‘Grading the severity of anaphylactic reactions’ (24).

Grade Skin Gastrointestinal Respiratory Cardiovascular Neurological
1 Mild Sudden itching of ~ Oral pruritus, oral Nasal congestion Tachycardia Change in activity
eyes and nose, ‘tingling’, mild lip and/or sneezing, (increase >15 level, anxiety,
generalised swelling, nausea or rhinorrhoea, throat  beats/min) tiredness
pruritus, flushing, emesis, mild pruritus, mild
urticaria, angio- abdominal pain wheezing, chest
oedema tightness
2 Moderate  Any of the above Any of the above, Any of the above, As above ‘Light-headedness’,
crampy abdominal hoarseness, cough, feeling of
pain, diarrhoea, barky cough, ‘impending doom’,
recurrent vomiting swallowing or somnolence
speaking
difficulties,
muffled voice,
stridor, dyspnoea,
moderate wheezing
3 Severe Any of the above Any of the above, Any of the above, Hypotension* and/or ~ Confusion, loss of
loss of bowel control ~ cyanosis or collapse, consciousness
saturation <92%, dysthythmia, severe

respiratory arrest bradycardia and/or

cardiac arrest

The severity score should be based on the organ system most affected.
* Hypotension defined as systolic blood pressure: age 1 month to 1 year <70 mmHg, age 1-10 years < [70 mmHg + (2 x age)]; age
11-17 years <90 mmHg
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5.2 ANAPHYLAXIS AND REACTIONS TO FOODS IN THE ED (PAPER II)

As described in paper I, 371 children were found to have had 381 unique reactions to
certain foods that led to visits at the ED of any of the three paediatric hospitals in
Stockholm County during 2007. These children were subdivided into three groups:
group A/ anaphylaxis (n = 128), group B/ no anaphylaxis, but adrenaline administered
(n=70) and group C/ no anaphylaxis, no adrenaline administered (n = 173). An
additional 12 children with anaphylaxis that was probably not caused by foods were
identified, among whom the triggers were specific immunotherapy (n = 2), insect sting
(n=1), exposure to furred animals (n = 4), exercise (n = 1) and idiopathic (n = 4).

5.2.1 Incidence of anaphylaxis

Anaphylaxis irrespective of cause was found among 140 children, of whom 128 reacted
to foods. Another three children had repeated ED visits during 2007 caused by the same
food and were classified as having had a mild allergic reaction at their first visit to the
ED but anaphylaxis at the second visit. Accordingly, 143 children had anaphylaxis and
food was the trigger for 92%. With a population of 447 739 children 0-18 years of age,
the incidence of anaphylaxis in Stockholm County in 2007 was 32 per 100 000 person
years irrespective of trigger. The corresponding incidence of food-related anaphylaxis
was 29 per 100 000 person years.

5.2.2 Additional results
Demographic data and allergic co-morbidity

Table 4 presents demographic data and allergic co-morbidity among the 371 children
with acute reactions to foods. The majority of the children had a history of allergic
disease (73%) at admission and 60% a history of food allergy. Children without
anaphylaxis that had not been given adrenaline were significantly younger, were less
likely to have allergic diseases and had been prescribed adrenaline in an adrenaline
auto-injector (AAI) significantly less frequently (all P-values <0.01) compared with
anaphylactic children. These differences were not seen when comparing anaphylactic
children with children without anaphylaxis that had been given adrenaline.

Table 4. Anthropometric data and co-morbidity among 371 children prior to visits due
to reactions to foods to the paediatric EDs during 2007.

Anaphylaxis ~______ Noanaphylaxis
Adrenaline No adrenaline
administered administered
N=128 N=70 N=173
n (%) n (%) n (%)
Girls n=176 (47%) 57 (45) 31 (44) 88 (51)
Age in years (mean/median), 6/4 6/6 7/6 5/2
Any allergic disease co-morbidity, n=270 (73%) 103 (80) 56 (80) 111 (64)
Asthma, n=109 (29%) 47 (37) 26 (37) 36 (21)
Eczema, n=94 (25%) 39 (31) 18 (26) 37 (21)
Urticaria, n=10 (3%) 4(3) 2(3) 4(2)
Allergy to inhalant allergens, n=107 (29%) 46 (36) 28 (40) 33(19)
Previously known food allergy, n=222 (60%) 87 (68) 52 (74) 83 (48)
Adrenaline auto-injector prescribed before ED 38 (30) 25 (36) 14 (8)

visit, n=77 (21%)
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Among the 371 children with reactions to foods, 183 (49%) were in the age group 0-3
years. In this age group only 28% had anaphylaxis compared with 40% among the 188
children that were 4 years or older (P-value < 0.001). However, in absolute numbers,
anaphylaxis was most prevalent among the youngest children.

Eliciting foods

Peanuts and tree nuts, particular cashew, were the dominating eliciting food types,
followed by milk and egg (Table 5). Other foods causing anaphylaxis not listed in
Table 5 were kiwi, banana and cucumber (n = 1 for each foodstuff). In 26% of the
children, no specific eliciting food could be identified since the ingested meal had
contained several food items that could have triggered the reaction.

Among children with anaphylaxis and reported allergy to pollen (n=35), admission due
to anaphylaxis tended to be more common during the deciduous tree pollen season
March-May compared with the rest of the year (P-value 0.015).

Reactions to milk and egg were common in infants but uncommon, or even
nonexistent, among teenagers. Meanwhile, reactions to peanuts and tree nuts showed an
increasing prevalence with increase of age (Figure 5). Interestingly, reactions to peanut
or tree nuts were just as common as reactions to milk or egg in children below 3 years
of age (P-value 0.38).

Table S. Eliciting foods among 371 children with 381 ED visits due to reactions to
foods. Only eliciting foods associated with reactions to foods in at least five children
are presented.

Not anaphylaxis Anaphylaxis
N=252 N=129
n (%) n (%)
Tree nuts and/or peanut, n=148 86 (34) 62 (48)
(39%)

Tree nuts, n=58 (15%) 34 (13) 24 (19)
Cashew nut, n=19 (5%) 9(4) 10 (8)
Hazelnut, n=11 (3%) 8(3) 3(2)
Almond, n=8 (2%) 5(2) 3(2)
Walnut, n=7 (2%) 5@2) 2(2)
Pistachio, n=6 (2%) 3(1) 3(2)
Other tree nuts, n=5 (1%) 2 (0.8) 3(2)

Peanut, n=53 (14%) 29 (12) 24 (19)

Nuts unspecified, n=37(10%) 23 (9) 14 (11)

Egg, n=43 (11%) 28 (11) 15 (12)
Milk, n=34 (9%) 26 (10) 8(6)
Fish, n=12 (3%) 11 (4) 1(0.8)
Seeds, n=7 (2%) 4(2) 3(2)

Sesame seeds, n=5 (1%) 2(0.8) 3(2)

Wheat, n=6 (2%) 3(1) 3(2)
Shellfish, n=6 (2%) 5(2) 1(0.8)
Apple, n=6 (2%) 4(2) 2(2)
Mixed foods*, n=99 (26%) 69 (27) 30 (23)

* Intake of several foods at the same time
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Figure 5. Eliciting foods in relation to age among 371 children with 381 ED visits due
to acute reactions to foods.

Symptoms and management

Irrespective of severity grading, cutaneous signs and symptoms were most common,
occurring in 74% of all cases. Symptoms from the oral cavity, gastrointestinal tract and
lower airways were more frequent than symptoms of cardiovascular or neurological
origin (34%, 29% and 28% versus 4% and 7%, respectively). There were no fatal cases
or any child with cardiac arrest during the study period. However, three children lost
consciousness, one of whom also had respiratory arrest. This was a 4-year-old boy with
known food allergy (milk, egg and hazelnut), asthma and eczema who had been
prescribed an AAI After a meal at his day-care centre, where he had eaten pancakes
claimed to be milk and egg free, he vomited and then developed generalised urticaria
and breathing difficulties. During ambulance transport he had a short respiratory arrest.
Adrenaline was not administered until arrival at the ED.

Seventy-one per cent of the children with anaphylaxis were administered adrenaline
either before arrival at the hospital or at the ED, of whom 22% were given repeated
doses. Among children with anaphylaxis who had been prescribed an AAI before the
ED visit, 55% (21/38) did not use it. Children with anaphylaxis and underlying asthma
tended to present with acute wheeze more often than anaphylactic children without
underlying asthma (P-value = 0.01). Follow-up was arranged for 71% of the children
who came to the ED with acute reactions to food, regardless of severity.

5.3 RECURRENT REACTIONS TO FOODS IN THE ED (PAPER IlI)

Among the 371 children with ED visits owing to allergic reactions to foods during
2007 identified in study I, 13 children were not resident in Stockholm County, leaving
358 children for inclusion in the cohort. During the follow-up period (1 January 2007 —
30 June 2010) 80 of 358 children (22%) visited the ED again due to recurrent reactions
to foods. Nineteen children revisited the ED more than once during follow-up (Figure
0).
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At the time of the index reaction, children who later came back to the ED were similar
to children who did not in terms of proportion of girls, age, sex, severity of the reaction
and eliciting foods. However, allergic co-morbidity tended to be more common in
children with ED revisits, and the link between ED revisits and either food allergy or
prescription of an AAI before the index reaction was significant (p < 0.01).

Children with ED visits due to allergic
reactions to foods during 2007

n=371
Excluded: Children not v
resident in Stockholm Study population
COU.Ilty 2007 n=358
e / \
Children with no ED Children with ED
revisits revisits
n=278 n=80

P i
i No. of ED revisits: i
i 1: 61 children. 2: 10 children. 3: 5 children. 4: 2 children, 5: 1 child, 7: 1 child i
H ]

Figure 6. Description of the cohort of children with index visits to an ED during 2007
due to reactions to foods and final allocation into two groups: children with ED revisits
versus children with no ED revisits due to reactions to foods during follow-up.

5.3.1 Incidence of and risk factors for revisits
Incidence

In the cohort consisting of 358 children, 80 children had at least one ED revisits due to
recurrent reactions to foods over a period of 873 patient-years. This yields an incidence
rate of 9 ED revisits per 100 patient-years.

Risk factors

Known food allergy before the index ED visit in 2007 was identified as a risk factor for
ED revisits (adjusted RR =2.30, 95% CI 1.35-3.94) and for children with two or more
food allergies the adjusted relative risk was 2.79 (95% CI: 1.56-5.00). Furthermore,
prescription of an AAI before the index reaction was also significantly related to the
risk of ED revisits (adjusted RR =2.02, 95% CI 1.17-3.49). We observed no
statistically significant associations with other potential risk factors such as sex, age,
other atopic diseases, eliciting food at the index reaction or severity of the index
reaction. However, allergy to inhalant allergens before the index reaction was
associated with a tendency towards increased risk of ED revisits (adjusted RR = 1.73,
95% CI10.97-3.10). The more severe the index reaction, the more the relative risk for
ED revisits increased, although it did not reach statistical significance.
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5.3.2 Change in severity of the reactions

As to severity of the reactions at the ED revisit among the 80 children with recurrent
reactions, 16 (20%) of the children had mild-to-moderate anaphylaxis and 4 (5%) had
severe anaphylaxis. The remaining 60 (75%) children did not fulfil the criteria for
anaphylaxis, though it should be kept in mind that 27 had been given adrenaline that
may have prevented anaphylaxis.

Compared with the index reaction, 21% were having a more severe reaction at the time
of the ED revisit, 38% a less severe reaction and the remaining 41% a reaction of
comparable severity. Three children (4%) with mild index reactions (no anaphylaxis,
no adrenaline given) had severe anaphylaxis at the ED revisit. However, as illustrated
in Figure 7, treatment with adrenaline either at the index reaction or at ED revisit often
hampered our classification of change in severity. For example, among 28 (44%) of the
63 children who were having a comparable or less severe reaction at the ED revisits,
treatment with adrenaline may have influenced the change in severity.

45% 1
n=33
40% 1 n=30
35% A
30% A
. O Treatment with adrenaline
E 25% 1 hampering classification of
‘g n=17 change in severity
g 20% A B Treatment with adrenaline, if
S .
[-w given, does not hamper
classification of change in
15% - severity
10% ~
5% A
0% -

More severe Comparable Less severe
reaction at the ED severity at the ED reaction at the ED
revisit revisit revisit

Figure 7. Change in severity of the reactions among 80 children with repeated ED
visits due to allergic reactions to foods. The total height of each bar represents the
percentage of children in a given stratum of change in severity of the reaction (ED
revisit compared to the index reaction). The white area of the bar represents the
percentage of children in a given stratum of change in severity in which treatment with
adrenaline could have influenced the severity of the reaction, thereby hampering
classification of change in severity.
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5.3.3 Additional results
Eliciting foods

Tree nuts or peanuts caused 35% of the reactions at the ED revisits, egg and milk 13%
of the reactions respectively, and other specified foods 19% of the reactions. For 21%
of the children the eliciting food was unknown. When comparing the eliciting foods at
the ED revisits and at the index reactions, we found that 19 (24%) children had reacted
to the same food and 14 (18%) to a different food. For the remaining 47 children (59%)
it was not clear from the medical records whether they had reacted to the same food
item or not.

Compliance with adrenaline auto-injectors

Fifty-seven (71%) of the 80 children who revisited the ED had been prescribed an AAI
before the ED revisit, of whom 23 (40%) used it at the time of the ED revisit. However,

among the 17 children who experienced anaphylaxis at the ED revisit and had been
prescribed an AAIL only 4 (24%) had used the device.

Children with multiple ED revisits

Nine children had three or more ED revisits during follow-up. At the time of their
second ED revisit all nine children had an established contact with the health care
system and the majority were being treated by a paediatric allergy specialist. Six (67%)
of these nine children had known allergy to egg or milk at the index reaction. These six
egg- or milk-allergic children had a total of 26 ED revisits and the eliciting food was
egg or milk at ten of the 26 ED revisits, other specified foods at seven and unknown at
nine of the ED revisits.

5.4 PARENTS’ EXPERIENCES OF MANAGING RISK RELATED TO
FOOD ALLERGY (PAPER IV)

Among the 95 parents invited to participate in the focus group sessions (44 by letter
and 51 by e-mail), 40 accepted the invitation. However, due to late cancellations, 31
parents finally participated in the study: 25 mothers and 6 fathers of children aged one
to 17 years (Table 6). The 31 parents were all native Swedish-speaking, with a level of
education ranging from upper-secondary school to university. All children had been
diagnosed with a food allergy, either single food or multiple, and most of them had
been prescribed an AAIL Ten focus group sessions were scheduled, to make it possible
for all parents to find time to participate. This meant that the number of participants in
each group was fairly small. Eight groups included three or four participants and two
groups had just two participants due to late cancellations. Focus group sessions 1-7
were performed at Sachs’ Children and Youth Hospital and sessions 8-10 at Astrid
Lindgren’s Children’s Hospital in Solna.

During the focus group sessions the parents clearly recognised the similarity in their
experiences and all participants took part in the discussions. Qualitative analysis of the
material revealed risk as a prominent subject during the group discussions. We
identified four recurrent topics related to how risk is managed in everyday life and in
different social contexts: ‘Constantly being one step ahead’, ‘Making unsafe zones
safe’, ‘Calculated risk taking’ and ‘Sometimes you have no choice’. These recurrent
topics were grouped into two major themes, risk avoidance and risk taking.
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Table 6. Information about the participants in the focus group sessions

Focus group Number of The sex and ages** of the participating parents’
session number participants* children

1 2(1M,1F) 2 boys (5 years (n=2))

2 2(2M) 1 girl (3 years), 1 boy (3 years)

3 4(3M, 1F) 4 girls (3 years (n=2), 6 years (n=2))

4 4(2M,2F) 3 girls (3 years (n=2), 5 years), 1 boy (8 years)

5 33M) 3 boys (14 years, 17 years (n=2))

6 3(2M, IF) 2 girls (9 years, 12 years), 1 boy (17 years)

7 33M) 1 girl (4 years), 2 boys (4 years, 5 years)

8 33M) 1 girl (8 years), 2 boys (4 years, 7 years)

9 43 M, 1F) 1 girl (8 years), 3 boys (3 years, 5 years, 8 years)
10 33M) 1 girl (10 years), 2 boys (10 years, 14 years)

* M: Mother, F: Father. ** Ages at the time of the focus group sessions

5.4.1 Risk avoidance
Constantly being one step ahead

In every focus group session, the parents talked in detail about all the precautions

they take to protect their children from coming into contact with the foods the child is

allergic to. Lurking in the background is the risk of a severe allergic reaction; a threat
of what could happen if not enough attention is paid or if one does not act correctly in
the case of a severe reaction. They described the ways they try to manage this risk by
planning ahead and by maintaining routines to ‘check’ every step in the process of
purchasing and preparing food (parents are given a number within each focus group

(Fg):

Mother 1: I think we spend a good twenty minutes more than anybody else in the
grocery shop because we read everything (on the labels), even on things
we think we know one hundred per cent, we still have to read it, because
suddenly it has changed and can contain traces of nuts (...) and that’s
the only lifeline we have, to read everything. (Fg 5)

The parents also question the trustworthiness of the information from the food
companies and they gave examples of contradictory food labelling. To identify the
allergen in the child’s meal or snack is often difficult since it can be disguised in
foods not immediately associated with the allergen:

Mother 3 I am so pleased she is not allergic to milk protein any longer, I thought
that was hard because there are so many products containing milk, you
can’t imagine, you know, like spices, I can understand that people don’t
think about milk in mixed spices or margarine or bread crumbs. (Fg 3)

The parents spoke about how they have to be constantly alert in case something were
to happen: ‘always having the cell phone at hand’ or always bringing the child’s
allergy medications:

Mother 1:  What I am most afraid of is that her throat is going to swell, anything else
you can cope with, it could be unpleasant, but if your throat swells, you
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cannot breathe and then you die, so to speak, and this is when it (the auto-
injector) helps. (Fg 2)
It is obvious that the AAI has a unique position in terms of being a lifesaver and
safeguard. However, as one father explained, the AAI is not the first choice rather the
last resort if nothing else works, the ‘heavy artillery’.

Making unsafe zones safe

Another recurrent issue in the focus group discussions concerned risk and safety in
different social arenas where the child spends time such as the family home, nursery,
school, the playground, the houses of friends or grandparents, restaurants, airplanes and
social events such as children’s parties or holiday trips. Most parents talked about their
home as a safe zone where they can ensure that the child will not be exposed to the
food allergen/allergens in question. However, even at home it can be difficult to be in
control of everything, and this safe zone could suddenly become unsafe. When the
parents discussed areas outside the home, they continuously assessed them as safe or
unsafe. For example, the nursery can be safe when you can trust the staff but suddenly
become unsafe when there are deviations from the ordinary routine:

Father 1: A new assistant at the day-care centre gave her (allergic to milk protein)
a sandwich with cheese, believing that she was lactose-intolerant, there
is no lactose in this cheese, and when this happened, it was my wife
who picked her up, she was completely swollen and had difficulties
breathing. (Fg 3)

The parents described how they strive to make unsafe zones safe, for example by
letting the child have his or her own glass and plate at the nursery, by educating others
to make them understand how the allergy ‘works’, by asking the neighbours never to
offer the child anything to eat at the playground or by bringing their own food to
children’s parties or restaurants. The parents also talk about how they have to impel
others, even close relatives, to take the necessary precautions. They reasoned that this
necessity could be due to the ‘disguised’ character of food allergy, invisible until the
moment when the child has a reaction: ‘they don’t really understand it until it happens’.

5.4.2 Risk taking
Taking calculated risks

Against the norm of constant risk avoidance, a counter discourse of taking calculated
risks emerged: some of the parents described how the efforts to prevent their children
from getting into contact with the food allergens lead to undue restrictions in family
social life. To become less circumscribed, they take calculated risks by introducing
and testing products that may contain the food allergens, in order to find out whether
the child can tolerate the product. The rights and wrongs of taking such calculated
risks were discussed in greater detail in one of the focus groups:

Mother 2: I think you should always be paying attention, but all this reading (of
labels) and all these traces of nuts everywhere nowadays, it’s...

Father 1: Yeah, we have decided, well of course you should be concerned, but
somehow in the end you get so caught in a bubble. It’s not that you
should be taking risks or be careless, but we have tested some products
with that kind of label (Mother 2: oh, how scary) with traces of nuts,
this is not what she is most allergic to, that’s milk and eggs and then
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nuts, certain nuts, but then we tested just a very small amount, gave her
just a mouthful to see what the reaction would be.

Mother 3:  We are just like you (Father 1: yes) usually we try to test the stuff, even
if it says, because otherwise you get so incredibly restricted (Father 1:
yes) it’s not that, [ understand both, but we have valued the social
aspects more, so we have the medicine at home and let her test the new
stuff at home and just small pieces at the time and we talk (Father 1:
you recognise the symptoms) exactly, we talk about how it feels,
tickling on the tongue, in the throat, and observe her, because it has
happened that she goes away when she has a reaction. (Fg 3)

When this risk taking is discussed among the parents, it is accompanied by accounts
of how you always try to do this is in a very controlled way: within certain limits,
testing small amounts of food, observing the child closely, having medicine at hand
or being close to the hospital.

Calculated risk-taking was also discussed in relation to the AAI. Although most parents
stress that the device should go with their children wherever they go, some say they
have decided to bring the AAI in certain situations only:

Mother 3:  So, the first half year I was so extremely cautious, we had one at the
nursery and one that was always in my bag, but [ mean, I have thousands
of bags and in the end I did not know which one the adrenaline injector
was in, so it ended up with us keeping it in the front hall and bringing it if
she was sleeping at a friend’s or travelling. (Fg 7)

In addition, some parents of adolescents expressed worries during the sessions about
their children not taking along the AAI when they leave home. For example, one
mother says that although her son recently had a severe reaction that rendered him
unconscious and he had to be taken to the hospital by ambulance, he still leaves the
AAI at home when he goes to friend’s parties, ‘he doesn’t want anybody else to know
about it’.

Sometimes you have no choice

Another recurrent topic in the discussions was that sometimes you actually have no
choice. If your child is multi-allergic it is nearly impossible to avoid exposure at all
times, and you then have to learn to live with the allergic reactions. For example, a
mother says that her daughter (allergic to egg, pistachio, cashew, hazelnuts, soy,
sesame) has had so many allergic reactions, and that they sometimes haven’t even
been sure what she has reacted to, and that it is therefore almost impossible to
completely avoid the allergens:

Mother 3: It is more important that she knows about her symptoms (Father 1: yes)
than trying to avoid everything, I think that is probably impossible and
then it almost feels as if it’s okay that she has had her reactions and that
we have had a social life somehow. (Fg 3)

Hence, the norm of risk avoidance is challenged both in active risk taking and in a
more passive acceptance of the impossibility of complete avoidance.
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6 DISCUSSION

The aim of this thesis is to increase the knowledge about severe reactions to foods
among Swedish children and more specifically with regard to clinical perspectives,
epidemiology and risk management. In this section the main findings in each paper are
discussed in relation to these three study areas with risk management being discussed
both from a parental and a clinical point of view.

6.1 CLINICAL PERSPECTIVES

6.1.1 Factors that hamper classification of anaphylaxis
Missing symptoms and subjective wording in current guidelines

In study I we found that the possibility of classifying and assigning a severity to
anaphylaxis according to current guidelines presented in the EAACI position-paper
(24) was hampered by a lack of description of some respiratory and neurological
symptoms. In the guidelines, for example, the symptoms speaking difficulties, speaking
with a muffled voice, non-barky cough, chest tightness and affected breathing pattern
were not listed, but we considered them indicative of respiratory compromise.
However, it could be argued that affected breathing pattern is a rather unspecific sign
and that the subjective symptom chest tightness could indicate anxiety rather than true
respiratory compromise. As to the missing neurological symptoms tiredness and
somnolence, these can be caused by medication if sedative anti-histamines have been
administered or be a sign of reduced brain perfusion indicating a severe reaction.

Conversely, information was sometimes missing in the medical records. According to
the EAACI position paper the severity of anaphylaxis will depend on whether wheeze
is mild or moderate and whether abdominal pain is mild or crampy (24). However,
information about the extent of wheeze and abdominal pain could seldom be retrieved
from the ED records, which also hampered our classification of anaphylaxis. Since the
classification into mild and moderate/crampy is rather subjective, this would be a
concern even in a prospective study.

Our classification of wheeze, abdominal pain and of the symptoms not mentioned in
the EAACI position paper will influence our results. For example, in study I we found
that very few children had mild anaphylaxis (N=5) in comparison to the number of
children with moderate anaphylaxis (N=104), which is in contrast to the finding of
others (89, 126, 127). Considering that we had made several modifications in order to
be able to grade severity of anaphylaxis, this disparity was not unexpected. Since our
possibility of distinguishing between mild and moderate anaphylaxis was limited, we
chose to classify anaphylaxis into the two groups mild-to-moderate and severe in study
II. The difficulties researchers encounter when attempting to classify and grade
anaphylaxis into severity according to current guidelines, although briefly mentioned in
some previous studies (127-130), have not been discussed in depth before.
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Low age

Another factor that may have hampered correct classification of anaphylaxis is low age,
thus being of importance particularly in study I, where 49% of the 371 children were in
the age group 0-3 years. Among infants, symptoms of anaphylaxis can be difficult to
recognise since subjective symptoms such as abdominal pain, general itching and
dyspnoea cannot be communicated. In addition, some signs of anaphylaxis can be
difficult to interpret since they also occur in healthy infants (for example vomiting
and drowsiness after feeding) or in children with viral infections (vomiting, rash,
conjunctivitis, rhinitis, cough) (131). A recent study performed in a paediatric ED-
setting in the US supports the notion that many of the signs or symptoms of food-
induced anaphylaxis are more difficult to recognise in infants (132). Our finding that
the proportion of severe reactions was significantly lower among the youngest
children (0-3 years) compared to older children, although in agreement with others
(133), could partly be due to these age-related difficulties and hence introduce a
misclassification of outcome.

Treatment with adrenaline

Adrenaline, the first choice drug in anaphylaxis according to guidelines worldwide, was
administered to 71% of the children in study I with anaphylaxis. This proportion is
considerable higher than in other European studies (60, 88, 134), although similar to
estimates from the United States (127, 130). In addition, a large proportion of the
children in study I and II who did not fulfil the criteria for anaphylaxis had been given
treatment with adrenaline (29% and 45%, respectively), thereby possibly preventing
anaphylaxis. The high rate of adrenaline treatment in our study population, although
satisfying from a clinical point of view, also led to some difficulties when we attempted
to grade change in severity in study II: among 44% of the children who paid a second
visit to the ED and then showed reactions comparable to or less severe than those
during the first visit, treatment with adrenaline actually hampered classification of
change in severity. Interestingly, the effect of early treatment with adrenaline on the

severity of the allergic reaction has seldom been discussed in previous studies in this
field.

6.1.2 Provoking allergens
Anaphylactic triggers in general

Food was the underlying cause of anaphylaxis in 92% of the cases. Such a high
proportion has not been described before (60, 88, 126-128, 130, 134-137), which might
have several explanations. Percentages of the causes of anaphylaxis are determined by
allergen exposure in the geographical area studied. In other paediatric studies in this
research field, all performed outside Scandinavia, insect venom is often the second
most common eliciting agent after foods, causing 4-24% of anaphylaxis (48, 88, 126,
130, 135, 137). In contrast only one child (0.7%) in our series had anaphylaxis due to
insect sting, which can probably be attributed to our study population’s limited
exposure to insect stings: Swedish summers are short, and the study was done in an
urban area where there are relatively few stinging insects. The importance of the study
site is illustrated by the fact that only 1 of 333 cases of anaphylaxis was caused by
insect sting in a Spanish study performed in an urban setting (52).

In addition, the proportion of triggers will depend on the classification and definitions
used. In our survey, echoing the findings of others (127-129), no specific eliciting food
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could be identified among 30 children with anaphylaxis who had ingested a meal
containing multiple food items shortly prior to the reaction. We classified these children
as having had a reaction to foods. However, if we had classified them as having
anaphylaxis to an ‘unknown’ trigger instead of to foods, as done in most previous
studies in this field, the proportion of children with anaphylaxis to foods would have
been 70.6% in our study population, a rate that would conform with previous reports.

Culprit foods in particular

Among foods involved in anaphylactic reactions in study I, peanut and tree nuts were
the dominating eliciting triggers, followed by egg and milk. These findings confirm
those of others (88, 126-129, 133, 138). Interestingly, reactions to peanut or tree nuts
were as common as reactions to milk or egg among children aged 0-2 years. In
agreement with our finding, Rudders et al report peanut-tree nuts to cause 40% of
anaphylactic reactions among infants, and egg-milk 49% of the reactions (133). In
addition, Ferrari et al found peanut and hazelnut to be common allergen triggers already
in the first 12 months of life among Swiss infants (139).

The fact that peanut and tree nuts, among tree nuts especially cashew, stand out as the
most common cause of anaphylaxis in study I may have several explanations. First,
parents whose children have reacted to peanut or tree nuts may be more prone to seek
medical care, since these foods are recognised as potentially life-threatening allergens
by society. Second, exposure to peanut and tree nuts is currently common in the
Swedish population, as peanuts and tree nuts in food and in snacks have become
increasingly popular during recent years. Third, peanut and tree nuts has been
demonstrated to be potent allergens in comparison with other major food allergens (85,
86). For example, peanut has been reported to case fatal reactions at a lower dose than
other foods (53), and cashew nut has been identified as an even more potent allergen
than peanut (140).

Based on the discussion above, and since nut allergy is more likely to be lifelong
(unlike allergies to milk and egg), we expected reactions elicited by tree nuts or peanuts
to show a stronger association with repeat visits to EDs than reactions elicited by milk
and egg. However, this was not the case in our study II. One may speculate that
accidental intake of food items such as milk and egg might be more likely than
accidental consumption of nuts since the former may be hidden in many products and
lack strong smell and flavour compared to nuts. Moreover, plates with pre-prepared
dishes for allergic children may be mixed up. Our finding that the majority of children
with multiple ED revisits were allergic to egg or milk supports this argumentation, as
do other reports on high rates of accidental reactions among children with milk and egg
allergy (126, 141-143). Most reactions to milk treated and with adrenaline have been
reported to occur at home (138), also indicating the difficulty of avoiding this allergen.
The difficulties associated with avoiding milk and egg due to their presence in multiple
products was also discussed in the focus group discussions in study III.

6.1.3 Food allergy — an unpredictable disease
Subsequent reaction severity — hard to predict

In study II 38% of the children had less severe reactions and 21% more severe reactions
at the ED revisit. The finding that the severity of the re-reaction could not be accurately
predicted by the severity of the index reaction has also been reported in recent

publications (89-92, 144, 145) The unpredictability of the food allergic condition is also
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illustrated by the finding of Glaumann et al that neither threshold dose, nor severity
scoring was reproducible among 27 peanut sensitised children undergoing a double-
blind placebo-controlled food challenge followed by a single-blind oral food challenge
(87).

As previously described, allergen dose and co-factors influence the severity of
reactions. For example Hompes et al report that aggravating factors such as physical
exercise were noted among 18% of children and adolescents with anaphylaxis (88).
Pollen allergy is sometimes mentioned as a co-factor in food-induced anaphylaxis (83).
Our data support this idea since pollen-allergic children in study I were at increased risk
of being admitted with food-related anaphylaxis during the pollen season.
Unfortunately, information about other intrinsic and extrinsic co-factors such as dose,
recent exercise and current infections was rarely available in the medical records and
could consequently not be addressed.

6.2 EPIDEMIOLOGY

6.2.1 Anaphylaxis

The incidence of anaphylaxis irrespective of cause was 32 per 100 000 person years in
study I. As already stated, there is only limited data about the incidence of
anaphylaxis in the paediatric population against which to compare our finding.
Reported incidence rates range between 5 and 314 per 100 000 person-years (51, 52)
with the lowest rate being reported from a retrospective study investigating the
epidemiology of anaphylaxis presenting to EDs in Florida (51). Meanwhile Decker et
al found an incidence rate of 70 per 100 000 person-years in the age group 0-19 years
in their retrospective report on all providers of medical care to residents of Olmsted
County in Minnesota (50). However, comparison of results is hampered by inconsistent
criteria for anaphylaxis as well as differences in study design.

The highest rate of anaphylaxis among children so far was reported by Tejedor et al
(52), who investigated the incidence of anaphylaxis among the general population of
the city of Alcorcon, Spain. Cases were recovered by reviewing electronic clinical
records from different public health settings (primary care, emergency department,
hospitalised patients and outpatient allergy clinic). This study is of special interest, as it
is one of few studies reporting the incidence rate of anaphylaxis among children that
has used the current criteria for anaphylaxis (2). The incidence rate of anaphylaxis
among children and adolescents ranged between 74 and 314 per 100 000 person-years
according to age group with the peak incidence rate among children in the age group 0-
4 years. Thus, the cited study’s estimates were higher than ours, probably mostly due to
the fact that they examined all health provider-diagnosed anaphylaxis, as further
discussed below.

There are reasons to believe that our estimate of the incidence rate of anaphylaxis
among children in our catchment area is lower than the true incidence of anaphylaxis in
the underlying population. Our study was designed to catch all cases of anaphylaxis
treated at the paediatric EDs in Stockholm County. Hence, our incidence rate does not
take into account that anaphylaxis is sometimes not severe enough to prompt a visit to
the ED. For example, some cases of anaphylaxis may have been treated by local health
care providers. Only half of the patients with anaphylaxis have been reported to be
treated at the ED in studies that collect data on cases from different public health
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settings (48, 52, 88). Due to the differences in health care systems and access to health
care, reports from other countries cannot be used to calculate missing episodes in our
study population. In addition, some cases may have resolved spontaneously or, among
patients prescribed with AAls, have responded to self-administrated adrenaline,
therefore not prompting the patients to seek medical attention at all; this phenomenon
has been described elsewhere (91).

Furthermore, as previously mentioned, the incidence rate of anaphylaxis may be
affected by our classification of symptoms. For example, with the exceptions of
vomiting and diarrhoea, we included only objective symptoms and signs registered by
the health care staff. Hence, objective signs that were reported by the parent or the
patient, but that had subsided before arrival to the ED were not included when
classifying anaphylaxis in our series, even in the cases where AAls had been used
before arrival to the ED. This decision was taken due to the imprecise and vague
information in the medical records concerning parental and patient reports of
objective signs. In addition, the 70 children in study I who were treated with
adrenaline at home, during transportation with ambulance or on arrival at hospital,
and who did not fulfil the criteria for anaphylaxis, were not considered to have had
anaphylaxis in our series. Through this approach we have probably missed some
cases of anaphylaxis.

6.2.2 Recurrent reactions
Incidence rate of ED revisits

In study II, 80 of the 358 children in our cohort were found to have had ED re-visits
due to reactions to foods during the follow-up period (1 January 2007-30 June 2010)
yielding an incidence rate of 9 ED revisits per 100 patient-years. Since this study is
unique in investigating recurrent reactions to foods in a paediatric ED-setting, there are
no other studies to directly compare our findings against. Overall, there are few reports
on re-reactions to foods among children. Most of the previous studies that have been
published have investigated reactions to single foods and nuts (90, 91, 141, 146, 147)
and only occasional surveys report on re-reactions to multiple foods (75, 142). In
studies of accidental allergic reactions to single foods based on patient-parental reports,
the annual incidence rate of accidental allergic reactions was 40 per 100 patients among
84 milk-allergic children (141) and 12.5 per 100 patients among 1411 children with
peanut allergy (91). Fleischer et al, reporting on accidental reactions to multiple foods,
found a substantially higher annual incidence rate of 81 per 100 patients among 512
preschool children with documented or likely allergy to milk and egg followed
prospectively (142). Among 969 food-allergic children prescribed AAls and managed
by paediatric allergy clinics throughout the UK, the annual incidence of subsequent
reactions was 48 per 100 patients (75).

All the above-mentioned studies report incidence rates of subsequent reactions
irrespective of whether medical attention had been sought or not. Besides the fact that
our study addressed emergency department presentations only, our rather low
incidence rate of recurrent reactions to foods might have several explanations. Some
patients in our cohort might have outgrown their food allergy during the follow-up
period, in particular those with less severe reactions in our study group. In addition, we
might have included some children who were not actually food-allergic since the
diagnosis of food allergy was not definitively confirmed for all patients after the index
reaction in 2007. Our low incidence rate could also, at least in part, be attributed to the
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fact that a majority of the children in the cohort had medical follow-up after the index
reaction: adequate secondary strategies after reactions to foods have been shown to
reduce the risk of subsequent reactions (90, 143).

Risk factors for recurrent reactions

In study II, the only statistically significant risk factors for ED revisits within our
multivariable model were known food allergy before the index ED visit, with a more
pronounced risk among children with two or more food allergies, and prescription of
AAI before the index reaction. Factors associated with subsequent reactions among
food-allergic children reported by others are: more frequent and severe reactions (91,
146), higher number of baseline food allergies (142, 143) and higher number of
baseline allergen specific IgE (142). These findings are not surprising since all the
above-mentioned factors — including the risk factors identified by us — could be seen as
a proxy for more severe allergic disease, as well as markers for true food allergy.
Unfortunately, the possibility to predict subsequent reactions on an individual basis
based on these risk factors is poor.

6.3 RISK MANAGEMENT

6.3.1 Underuse of adrenaline auto-injectors

Delay in the administration of adrenaline is a consistent risk factor for fatal food-
induced anaphylaxis (93, 148-150). Therefore the low rate of use of AAIs among
children with anaphylaxis (45% in study I and 24% in study II) is of great concern.
Unfortunately this finding is in line with other reports (75, 93, 136, 142, 151-153). Due
to the retrospective design in study I and II, with the data being collected from clinical
records, we were not able to determine the reason for the limited use of AAISs.
However, in the focus group sessions in study III, some parents talked about how they,
or their adolescents, only bring the AAIs with them in certain situations, such as when
travelling. This confirms previous reports on limited carriage of prescribed AAls
among food-allergic children and their caregivers, despite medical advice (118, 142,
154-156). Other reasons for underuse of AAls pointed out in previous studies are lack
of knowledge on how to use the device (157), fear regarding its use (118, 126, 151,
158), being unsure whether the symptoms are severe enough to require anaphylaxis
treatment (75, 151, 159) or thinking it unnecessary to use the device (75, 159). The
perception that the AAI should only be used when facing severe, potentially life-
threatening symptoms is illustrated in our study III, in which parents talked about the
AALI being the last resort if nothing else works.

It is currently recommended that AAls should be prescribed along with written
emergency reaction plans listing symptomatic indications for AAI administration
(160). However, the formal evidence in support of management plans improving
outcomes in cases of anaphylaxis is limited (161, 162). In the most recent systematic
review investigating management plans, the authors conclude that the available
evidence to support use of self-management plans is encouraging but weak (163). The
questionable effectiveness of management plans is illustrated by the findings of a
recent survey of 969 patients at paediatric allergy clinics in the UK prescribed with
AAIs (75). All patients had been verbally informed and given written information by
an allergy doctor and/or nurse as well as an allergy management plan for indications
when adrenaline should be administered. They were also trained in administration

39



with a trainer device. Still, only a minority (17%) of the 245 participants who had
experienced anaphylaxis in the previous year had used their AAIL The most common
reason for nonuse was patient’s inability to recognise situations in which use of the
AAI was appropriate.

6.3.2 Balancing risk and burden

The analysis of the focus group material in study III reveals how the management of
allergy risk permeates most aspects of daily life. The constant vigilance parents in our
study adopted to avoid allergy risk echoes previous reports (100, 108, 120). Since
circumstances around the child can change suddenly, for example when there is new
personnel at the day-care centre, parents have the responsibility of preventing reactions
in the unpredictable environment of their child’s everyday life. Management strategies
vary, as do the degrees of fear and uncertainty, but ultimately the risk of a severe
reaction seems to remain a fundamental condition in parents’ lives. Constantly dealing
with the knowledge that something could happen seemed to be a vital aspect of child
food allergy management, as also described by others (100, 108, 120).

Interestingly, we found that the principle of constant vigilance is challenged in
discussions about taking calculated risks. Testing if, or to what degree, the child is
‘really’ allergic to certain food items was presented by some of the parents as a way to
avoid undue limitations in family social life. This risk-taking did not emerge as an
overall strategy but only in specific situations where the ‘danger’ can be observed and
managed by the parent. The phenomenon of balancing the burden of the food-allergic
condition by taking risks is well described among food-allergic adolescents (116, 118,
122, 164). Teenagers have been reported to take risks in order to fit in among peers, for
example not carrying their AAI due to its bulky design, and to knowingly eat food they
are allergic to (115-118, 121, 122, 164). A relationship between safety and burden
among food-allergic teenagers has been described by MacKenzie et al, who found that
the teenagers who were strictest at managing their food allergy also experienced the
highest burden and those who were least strict experienced the least burden (116).

However, reports on risk-taking among parents are scarce (108, 142). Rouf et al found
that mothers of food-allergic children accept the importance of the balance between
completely avoiding risk and maintaining a relatively normal life: taking calculated
risks was identified as necessary to achieve this balance (108). In addition, Fleischer
et al report 11% of the recurrent reactions among pre-school children allergic to milk
and egg could be attributed to purposeful exposure to known food allergens (142). The
authors argue that this calls for improved education of parents and others on the
importance of persistent vigilance. Notably, in our study, risk-taking did not emerge as
a lack of knowledge about vigilance: taking calculated risks certainly amounted to
actively risking an allergic reaction. However, when taking these risks, the parents still
draw on knowledge about allergen avoidance but the knowledge is evaluated in a
different context: the benefits of vigilance and food avoidance are weighed against the
benefits of a better social life, not only for the child but also for the family as a whole.
Hence, the constant vigilance and efforts to avoid allergens and talk about taking
calculated risks can be seen as two sides of the same coin: parental responsibility. And
being a ‘good’ parent may involve risk-taking.

Although the parental risk-taking in our study did not seem to be caused by

unawareness about the importance of vigilance, it was often linked to uncertainty.
Uncertainty as to what foods the child actually is allergic to, if the child tolerates traces
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of the allergen and if products with advisory labelling really contain the allergen.
Parental risk-taking by giving the child products with precautionary ‘may contain
allergens’ statements has also been described by others (108, 165, 166). The use of
voluntary allergen precautionary statements is increasingly common (167, 168); it
represents a non-quantitative approach for warning of potential cross-contamination
with food allergens (169) and patients and their parents tend to question whether there
truly is a risk of cross-contact (116, 121). The observation that parents of food-
allergic children have unmet information needs, leaving them uncertain how to
manage safety, has been reported previously (100, 120, 170).
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6.4 STRENGTHS AND LIMITATIONS

Epidemiological studies such as study I and II are potentially subject to two broad
categories of errors that may affect their precision and validity: random error (caused
by chance) and systematic error (caused by bias). High precision (sometimes called
reliability) depends on the absence of random errors while high validity depends on
the absence of systematic errors. The different sources of systematic errors are
information bias, selection bias and confounding. In qualitative research the findings
are evaluated in terms of trustworthiness instead of the conventional criteria of
validity and reliability used in quantitative research. The assessment of the
trustworthiness in qualitative health care research is often based on four criteria
proposed by Gupta in 1981: credibility, transferability, dependability and
conformability (171, 172). These terms are further discussed below. In this section
the strengths and limitations of the present investigations are discussed based on the
above presented concepts.

Study I and 11

A considerable strength is that we used criteria for anaphylaxis that are now widely
accepted internationally; this will allow our results to be compared with the findings of
current as well as future studies on the epidemiology and clinical characteristics of
anaphylaxis. Another strength is our extensive collection of data, where we retrieved
information not only from the medical records from the ED, but also from ambulance
reports, referral letters at discharge and the complete medical record of each child on
a regional level before and after the ED visit. In addition we used specific I[CD-codes
for anaphylaxis as well as non-specific codes for allergic symptoms, combined with
chart review to identify children with allergic reactions. This type of approach is likely
to provide the most complete and representative group of patients, as demonstrated by
others (173, 174). A strength specific of study I is its size and population-based
approach within a defined catchment area. As to study II, a major strength is that we
used Cox proportional hazard regression to estimate relative risks: using longitudinal
models we could account for differences in time of exposure, for example, that the
children contributed differently in relation to exposures and other factors since
observation time was not equal.

The primary limitations are the retrospective design and our reliance on the
documentation in the medical records for our data collection, since there is no
guarantee that information about all symptoms and signs at reaction and underlying
allergies was requested and noted down. It could be speculated that inclusion of some
signs and symptoms, especially mild ones, will depend on the physician’s competence
as well as the work load on the ED. This limitation was partly compensated by the fact
that we retrieved information from the complete medical records of each patient
including ambulance reports, referral letters and outpatient visits after the ED visits. It
should also be noted that although data collection from medical records has its
limitations due to the risk of missing information, the information is highly reliable
compared to parents’ or children’s retrospective recall of clinical features collected
from questionnaires. Consequently, memory bias or recall bias should be modest.

However, due to our study design, information bias is likely to be present, and this
must be considered when interpreting our results. First, and as already mentioned,
subjective signs such as the extent of abdominal pain could seldom be retrieved from
the medical records. According to the criteria for anaphylaxis, abdominal pain should
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be persistent and crampy to be considered indicative of anaphylaxis (2). We considered
abdominal pain regardless of severity as a sub-criterion for anaphylaxis, which may in
some cases have caused misclassification of anaphylaxis. Second, our reports on
allergic co-morbidity in the study population could be affected by information bias. A
larger proportion of children with anaphylaxis as compared to those without
anaphylaxis were seen and evaluated in outpatient clinics before or after the ED visit.
Investigation of allergic co-morbidity probably is more extensive in outpatient clinics
than in the ED, and thus the misclassification bias could be differential. Third, since
the individual aetiological agent was evaluated using only medical records, we might
have misclassified some of the children as having had reactions to food when the
reaction was actually caused by another agent. However, it would not have been
feasible to perform food challenges to confirm the trigger in all the children in the study
population. In addition, it would have been unethical to perform food challenges on
children with anaphylaxis, since the vast majority had suffered moderate or severe
anaphylactic reactions.

Limitations specific to study II are the potential for residual confounding and
confounding by severity in the analysis of risk factors for ED revisits. In addition, the
precision is affected by the fairly limited sample size, as indicated by the rather wide
confidence intervals in paper 3. Consequently, our non-significant associations should
be interpreted with caution since they may be inconclusive rather than truly negative.

Study III

In study III a qualitative design was used to explore parents’ experiences of allergy
management. A strength in the study design was the use of focus group discussions,
known to be particularly suited for the study of shared knowledge, opinions and
attitudes (175). Focus groups are described in the literature as a carefully planned
discussion designed to obtain perceptions on a defined area of interest in a permissive,
non-threatening environment (176). Some of the core elements are that the groups
should be relatively homogenous and small (6-12 members, even fewer when the
addressed topic is sensitive) and the moderator should be skilled and trained in leading
focus group discussions (177). These criteria were fulfilled in our study. However, it
should be noted that due to late cancellations, two groups had just two participants.
Since these dyads contributed rich narratives, they were included in the material. We
conducted several focus group sessions in two slightly different sites, both at children’s
hospital, thereby enhancing our confidence in our findings. Also, after ten focus group
sessions at two different sites, we argue that we reached a reasonable saturation of data.

Credibility deals with the quality of the research process and refers to how well data
collection and the analysis process address the research objective. In study III we as
researchers had different background and experiences: triangulation by researchers is a
strategy to enhance the credibility. Credibility was also enhanced by the use of frequent
citations in paper IV as well as by peer-review, where our interpretations were
discussed with researchers at Stockholm University who were not directly involved in
the study. However, we have not performed any member check as this is difficult to
carry out and, more importantly, not relevant to the research approach in this study of
experiences, knowledge and opinions as they emerge in conversations between parents.

Transferability concerns the question of whether our results are applicable to other

subjects and other contexts. The recruitment through the health care system with all
participants having experienced an ED visit quite recently, as well as the fact that
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most of the families had been prescribed AAls, suggests that the sample covered
parental experiences of managing severe food allergy and not food allergy in general.
Supporting this reasoning, many parents who declined to participate motivated their
decision by their child’s allergy not being a ‘big deal’ in everyday life since it was not
severe. In addition, our sample included only Swedish-speaking parents and most were
mothers. Hence, the transferability is limited to fairly well-educated Swedish parents
who responded to an invitation from the allergy physician. It is clearly possible that
other patterns of risk avoidance and risk-taking could be found in other groups of
parents, which calls for additional studies of parents from other backgrounds, to be
carried out in different sites.

Dependability refers to whether our findings would be replicated if the study was
repeated in the same context, with the same methods and with the same participants.
The fact that we used a topic guide that was decided on in advance and that the
moderator was very experienced in using the method increases the dependability of our
findings. Confirmability is a measure of how well the findings are supported by the
data collected and refers to whether the findings are affected by personal interests and
biases. We minimised the risk of bias introduced by my own and Dr Wickman’s
preconceptions (being physicians working with food-allergic children as our patients)
by leaving the initial data analysis to M-L Stjerna, who does not possess such
preconceptions.
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6.5 ETHICAL CONSIDERATIONS

In study I and II we had permission from the ethic committee at Karolinska Institutet to
review the medical charts without obtaining informed consent from the parents of the
children. In the process of identifying children who had visited the ED due to
anaphylaxis or allergic reactions to foods, we reviewed more than 500 medical records
of which 383 met our inclusion criteria. It is possible that some children and parents
would find this chart review an intrusion on their integrity.

In study III the participating parents gave their informed consent to participate in the
study. They had received written information where we explained the purpose of the
study and emphasised that their participation was completely voluntary and that
declining to participate would not affect their contact with the clinic. The parents also
had the opportunity to ask me questions regarding the study before deciding on
participating.

Focus group discussions raise two ethical issues of special importance: the fact that the
participant’s experiences are shared with all group members and not just the researcher,
and that the group discussion may give rise to stress and anxiety in some of the
participants (175). The first issue was addressed in our study by explaining the need for
confidentiality in the introduction to the focus group sessions. We also explained what
would be done with our notes and tape recordings and that all names would be fictitious
in the coming publications. As to the second issue, it is impossible to guarantee that
participants will not be upset by comments from others, given the group context.
However, we used small groups which is a recommended strategy when performing
focus-group sessions on sensitive topics (178, 179). In addition, I observed the parents’
reactions during the discussions and addressed the questions that appeared to have
caused distress among the participants at the end of each session. Also important from
an ethical perspective, I answered any medical questions that had been raised or
disputed during the discussions at the end of each session, and offered parents who
seemed to have unmet information needs a referral to a paediatric out-patient clinic.
Notably, most of the participants expressed that they were glad to have been given this
opportunity to discuss their experiences with other parents.
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6.6 CLINICAL IMPLICATIONS AND FUTURE PERSPECTIVES

Classification of anaphylaxis

Unambiguous diagnostic criteria for defining anaphylaxis are desirable not only in
research but also in the clinical setting, since accurate management depends on proper
identification of patients with anaphylaxis as well as adequate severity grading. In study
I and II we used the newly proposed and widely accepted criteria for anaphylaxis (2)
and we graded the severity according to the proposal in the EAACI position paper on
anaphylaxis in children (24). However, we found the possibility of classifying and
severity grading anaphylaxis according to these guidelines to be hampered by a lack of
description of some symptoms and by subjective wordings.

Based on our findings (paper 1) I would like to suggest that the symptoms non-barking
cough, chest tightness, speaking difficulties, speaking with a muffled voice, tiredness
and somnolence are included in future proposals for severity grading of anaphylaxis.
Furthermore, it would be desirable, although perhaps not feasible, if subjective
descriptions as mild and moderate could be changed to more concrete wordings.
However, such changes need to be validated.

Underuse of adrenaline auto-injectors

In study I and II (paper II and III) we showed that the majority of children with
anaphylaxis prescribed an AAI did not use their device when needed. This is of
particular concern since delayed administration of adrenaline is a consistent risk factor
for severe or even fatal anaphylaxis. Clearly there is a need for further research to
elucidate how best to encourage and motivate appropriate AAI usage. For example, it
would be interesting to explore why children and their caregivers are reluctant to use
the AAIs when experiencing anaphylaxis using a qualitative study design.

There is also a need for development and evaluation of standardised educational
programs with the aim of changing attitudes towards using the AAI to treat ongoing
reactions and to evaluate the benefit of management plans. Perhaps patient training and
support can be improved by the use of internet, apps and real-time simulation.

Food allergy — an unpredictable disease

Our finding in study II (paper 3) that the severity of subsequent reactions cannot be
accurately predicted from the severity of the index reaction adds to the picture of food
allergy as an unpredictable disease. Further research to find novel biomarkers and
improve diagnostic techniques to allow identification of those at particularly high risk
of severe reactions is clearly warranted.

However, as long as we are unable to predict the severity of subsequent reactions on an
individual basis, one could consider whether all children with a history of IgE-mediated
reactions to foods should be prescribed an AAI, an argumentation supported by
recently published guidelines sponsored by the National Institute of Allergy in the
United States (71). But before considering implementation of such an approach there is
aneed for research on what effect providing children with AAIs has on their quality of
life, as the few studies published so far investigating this issue show conflicting results
(98, 180). In addition, the effect on adherence as well as on health economy must be
studied. There is certainly a trade-off between over- and under-prescription of AAls:
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although some food-allergic children may experience severe life-threatening reactions
in the future, the majority will not.

Ultimately, since finding an effective treatment is the only way to eliminate the risk of
severe reactions, allergen-specific immunotherapeutic approaches such as oral
immunotherapy and non-specific therapies such as omalizumab need to be further
studied as to their safety and efficacy.

Handling uncertainty and worries

In study III (paper IV) we found that the norm of complete risk avoidance was
challenged by some of the parents in order to achieve balance between the burden and
the risk associated with food allergy. To live a life without taking any risks at all is not
an achievable goal, nor is it desirable. With that said, and based on the knowledge that
food allergic reactions can be fatal, risk-taking can hardly be encouraged in clinical
practice. However, as a clinician caring for food-allergic children and their families it is
important to be aware that calculated risk-taking occurs and to evaluate whether these
families have unmet information needs. Although the risk-taking in our study did not
emerge as a lack of knowledge about the importance of vigilance, it was often linked to
uncertainty: uncertainties regarding products with advisory labellings and sometimes
also regarding the child’s current allergies. Hence, I believe that decreasing uncertainty
among children with food allergies and their families is of utmost importance.

Different approaches and research needs can be considered in this context. First, a
thorough allergological work-up is necessary to provide the individual with complete
information about his or her food allergies, as are regular follow-ups to evaluate
whether the food allergies have resolved. Since an overly restrictive diet must be
avoided, food challenges should be performed liberally in case of uncertainty. Second,
uncertainty related to products with precautionary labels, or rather ‘may contain’ labels,
should be minimised. Third, the information on allergen thresholds that is currently
being developed through use of data from clinical challenges (168, 181) could be used
to guide low dose food challenges to evaluate an individual’s sensitivity, thereby
helping clinicians decide whether the patient should be advised to avoid foods with
precautionary labelling or not (168).

Finally, since unpredictability and uncertainty will remain cornerstones of the food-
allergic condition until cure is found, an important task for health care providers is to
help families cope with burdens and worries. Although a high level of anxiety certainly
create needs of special support, I would argue that parental worry should not be
regarded entirely as a problem to be minimised. Worry should rather be recognised as
an inherent aspect of managing a child’s food allergy, one that should be taken into
account and ‘given space’ in clinical practice. This is supported by the observation that
the parents in study III, who already had access to medical expertise and advice, still
clearly benefited from discussing the challenges of allergy management with other
parents. To make it possible for parents to share experiences in other contexts than the
traditional medical consultation, medical providers caring for food-allergic children and
their families should facilitate contact between parents, with support groups and with
allergy-related organisations.
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7 CONCLUSIONS

The separate studies in this thesis suggest the following conclusions:

The criteria presented in the EAACI position paper on anaphylaxis in children are not
quite applicable for classification and severity grading of anaphylaxis, in particular due
to lack of description of some respiratory and neurological symptoms, and use of
subjective wording.

The incidence of anaphylaxis managed at paediatric emergency departments in
Stockholm during 2007 was 32 per 100 000 person-years and food was the trigger in
92% of the cases. Although this rate lies within the range of previous reports on the
incidence of anaphylaxis among children, it is likely an underestimation of the true
incidence in the underlying population.

The majority of children prescribed AAIs do not use their device when they experience
anaphylaxis to foods.

The incidence of subsequent reactions to foods requiring emergency department care
among children who had previously visited the emergency department due to reactions
to foods was 92 per 1000 person-years. This rate cannot be directly compared to the
findings of others due to differences in study design. Previously known food allergy
and prior prescription of adrenaline were risk factors for subsequent emergency
department revisits. Unfortunately, the possibility of predicting subsequent reactions on
an individual basis based on these risk factors is poor.

The severity of previous reactions to foods does not appear to be an accurate predictor
of the severity of subsequent reactions.

The management of allergy risk permeates many aspects of everyday life in families
with food-allergic children. Although most parents follow the norm of constant risk
avoidance, some take calculated risks to have a less restricted social life. However,
constant risk avoidance and calculated risk-taking are intertwined and can be seen as
two sides of the same coin, i.e. parental responsibility. Being a ‘good’ parent may also
involve risk-taking.
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8 SAMMANFATTNING PA SVENSKA

Bakgrund

Fododmnesallergi dr ett 6kande folkhélsoproblem och drabbar upp till 8% av alla barn.
Reaktioner vid fododmnesallergi varierar i svarighetgrad; fran lindrig kléda i munnen
till anafylaxi. Det sistndmnda &r en snabbt insdttande reaktion fran flera organsystem
som &r potentiellt livshotande. Individer som haft anafylaxi bor darfor bara med sig en
adrenalinspruta eftersom skyndsam behandling med adrenalin intramuskulart i
dagslédget dr den enda effektiva behandlingen. Med dagens diagnostiska metoder ar
mojligheten att urskilja vilka individer med fododmnesallergi som I6per risk for svarare
reaktioner begransad. Eftersom det hittills inte finns ndgon botande behandling &r den
enda strategin att noggrant undvika fododmnet i friga samt att vara konstant beredd att
behandla eventuella reaktioner. Tyvirr dr reaktioner pd grund av oavsiktligt intag inte
ovanliga. Sjukdomens oforutsdgbara och potentiellt allvarliga karaktir leder ofta till en
negativ inverkan pa livskvaliteten hos de drabbade barnen och deras familjer.

Nar detta doktorandprojekt inleddes saknades kunskap om svéra reaktioner mot
féododmnen bland svenska barn avseende forekomst, orsakande fododmnen, akut
behandling, risken for fornyade reaktioner samt skillnader i svarighetgrad dver tid.
Dessutom hade inte anvéndbarheten av de d& nyligen foreslagna kriterierna for
klassificering och svarighetsgradering av anafylaxi utvdrderats. Slutligen var lite ként
om hur foréldrar upplever vardagen med ett barn som &ar foédodmnesallergiskt och deras
resonemang kring riskhantering.

Syfte

Det 6vergripande syftet med denna avhandling var att 6ka kunskapen om svara
reaktioner mot fododmnen bland svenska barn vad géller sévél epidemiologi och klinik
(studie I och II) samt riskhantering (studie III). Kunskap som kan ge 6kad insikt inom
sjukvérden och dédrigenom ett forbattrat omhédndertagande av barn med
fododmnesallergi.

Metoder

Studie I (delarbete I och II) 4r en journalgranskningsstudie pa Stockholms barnsjukhus
dar vi kartlagt akutbesok orsakade av reaktioner mot fododmnen samt av anafylaxi
oavsett utlosande orsak under 2007.

I studie II (delarbete III) har vi utfort en kompletterande journalgenomgéng bland de
barn som identifierats i studie I for att kartligga fornyade akutbesok pd grund av
reaktioner mot foédodmnen under perioden 1 januari 2007 till och med 30 juni 2010.
Studie III (delarbete IV) ér en kvalitativ studie dér vi utfort 10 fokusgruppsintervjuer
med 31 fordldrar till fododmnesallergiska barn for att utforska deras upplevelser av
riskhantering.

Resultat

De huvudsakliga resultaten i detta avhandlingsarbete uppdelat pa de studerade
omradena dr som foljer:
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Epidemiologi: Forekomsten av anafylaxi hos barn omhéndertagna péa Stockholms
barnsjukhus akutmottagningar under 2007 var 32 per 100 000 personar och fédodmnen
orsakade 92% av reaktionerna (delarbete II). Aterinsjuknande p4 grund av reaktioner
mot fododmnen som ledde till akutbesok bland de ovan ndmnda barnen var 92 per 1000
persondr under uppfoljningsperioden, det vill sdga néstan en pa tio under ett rs tid
(delarbete III).

Kliniska perspektiv: Véra forsok att klassificera och svérighetsgradera anafylaxi baserat
pa gillande riklinjer (24) forsvarades da beskrivning av vissa neurologiska och
respiratoriska symtom saknades samt pa grund av att subjektiva symtom behdvde
klassificeras (delarbete I). Bland de 371 barn med akutbesok pa grund av reaktioner
mot fododmnen under 2007 var jordnétter och tradnétter de fododmnen som orsakade
flest reaktioner. Bland barn under tre &r var det lika vanligt med reaktioner mot jord-
och tradndtter som mot 4gg och mjolk. Bland barn med pollenallergi var det vanligare
med akutbesok pa grund av anafylaxi mot fododmnen under pollensdsong jimfort med
resten av aret (delarbete II). Majoriteten av de barn som var forskrivna adrenalinspruta
anvénde sig inte av denna i samband med anafylaxireaktioner (delarbete II och III).
Bland barn med upprepade akutbesok pa grund av reaktioner mot fododmnen skiljde
sig svarighetsgraden mellan reaktionstillfdllena &t hos merparten. Tidig behandling med
adrenalin forsvarade dock ofta klassificieringen av forandring i svéarighetsgrad
(delarbete III).

Riskhantering: Den kvalitativa analysen av fokusgruppsintervjuerna visade att
riskhantering genomsyrade de flesta aspekterna av vardagslivet. Aven om de flesta
foraldrarna foljde normen att konstant undvika risker var det ndgra som tog berdknade
risker 1 specifika situationer, till exempel genom att ge barnet mat som kunde innehélla
spér av fododmnet barnet var allergisk mot samtidigt som de noggrant observerade
barnet och var beredda att ge behandling om barnet skulle fa en reaktion. Sadana risker
togs for att minska den sociala begransning sjukdomen medfor, inte bara for barnets
men ocksé for hela familjens skull (delarbete V).

Slutsats

Denna avhandling bidrar med nya kunskaper om anafylaxi och svéra reaktioner mot
fododmnen hos svenska barn vad géller forekomst, kliniska kdnnetecken och utlosande
orsaker. D4 vi studerat reaktioner som foranlett akutbesok bor det dock papekas att den
av oss rapporterade forekomsten av anafylaxi sannolikt dr en underskattning av den
verkliga forekomsten i populationen. Resultaten fran avhandlingen bidrar vidare till att
belysa fododmnesallergins oforutségbara karaktér samt de svarigheter som ér
associerade till att studera akuta reaktioner mot fododmnen. Slutligen visar
avhandlingen pa den stora inverkan riskhantering kan ha i familjer med
fododmnesallergiska barn samt att riskundvikande och risktagande kan ses som tva
sidor av samma mynt; fordldraansvar.
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