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ABSTRACT
Allergic diseases are common in the growing population and have been increasing
worldwide. Allergic sensitization, i.e. presence of Immunoglobulin E in the blood, is
important for development of allergic disease and sensitization to foods often precedes
sensitization to inhalant allergens. Peanut allergy is one of the most prevalent food
allergies. It is rarely outgrown and is one of the major causes of fatal and near-fatal
allergic reactions. However, asymptomatic peanut sensitization is common, but due to the
risk of severe reactions, most peanut sensitized individuals have been regarded as peanut
allergic from a clinical point of view. As a consequence, this has resulted in decreased
quality of life due to fear of severe reactions.
The overall aim of this thesis has been to analyse sensitization patterns to inhalant
allergens over time, and to analyse birch pollen- and peanut-IgE antibodies and IgE to
peanut allergen components in relation to symptoms of peanut allergy.
The study populations in this thesis emanates from A) 4 089 children from a birth cohort
(BAMSE) – with follow up at several time points up to eight years of age, Paper I-III and
V, and from B) material from a clinical database, established during 2007-2010 of 237
consecutive children with suspected peanut or tree nut allergy, and attending the
outpatient allergy clinic at Sachs’ Children’s Hospital. Of these children, 98 were
included in study V based on sensitization pattern to peanut allergen components.
Paper I describes the dynamic process of sensitization to inhalant allergens. Between four
and eight years of age, the proportion of children sensitized to any of the inhalant
allergens tested increased from 15% to 25%. At both four and eight years the prevalence
of IgE to birch and cat dominated, but sensitization to timothy and dog increased
relatively more during this period.
In Paper II we showed that children at school age, sensitized both to birch pollen and
peanut are less likely to exhibit high IgE levels to peanut and report symptoms to peanut
as compared to children with sensitization to peanut, but not to birch pollen.
In Paper III IgE reactivity to peanut allergen components in 200 eight-year-old children
was investigated. Peanut symptoms were reported in 87% of the children with IgE
reactivity to any of the storage proteins of the peanut allergen extract Ara h 1, 2 or 3. This
is to be compared with 17% of children with IgE reactivity to Ara h 8 (Bet v 1
homologue), but not to Ara h 1, 2 or 3. Furthermore, symptoms were found to be more
severe in children with Ara h 1, 2 or 3 IgE reactivity.
Paper IV is a case report from Sachs’ Children’s Hospital, highlighting that sensitization
to Ara h 6, homologous to Ara h 2, even in the absence of this latter protein component
may cause severe reactions to peanut. This is likely to occur rarely.
Paper V supports the suggestion that sensitization to Ara h 8 reflects mild OAS or peanut
tolerance at oral peanut challenge. However, sensitization to so far unidentified
determinants in peanut may in rare cases cause symptoms.
In conclusion, sensitization to inhalant allergens is a dynamic process and birch
sensitization dominates at the age of eight. Peanut component Ara h 1-3 sensitization is
very often associated with true peanut allergy. Isolated Ara h 8 sensitization seems to
indicate peanut tolerance. However, all peanut proteins related to IgE-mediated reactions
may not yet have been identified and characterized.
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1 INTRODUCTION
1.1

SENSITIZATION, DEGRANULATION AND IMMUNOGLOBULIN E

Allergic disease develops when the immune system reacts to a substance, an allergen
which in general is harmless1. The allergen is usually a protein in inhaled pollen or
animal dander, or a protein from an ingested food item. When the allergen passes the
epithelial barrier in the lung, skin or intestine and encounters the cells of the immune
system, a process called sensitization may take place2, Figure 1. The allergen is taken
up by the antigen presenting cell (APC), which via MHC class II molecule signals to
the naïve CD4+ T-cell to develop into a type 2 helper T cell (Th2-cell). The Th2-cell
produces cytokines IL-4 and IL-13 and stimulates B-cells to produce allergen-specific
Immunoglobulin E (IgE) antibodies. The secreted IgE bind to Fc receptors on mast
cells in the connective tissue and on basophil leucocytes in the circulation. The mast
cells and basophils are coated with specific IgE – the individual is sensitized to that
specific allergen. At a following exposure when the same allergen enters the body, the
allergen binds to specific IgE on the mast cell and basophil, Figure 2. Cross-linking of
bound IgE activates the mast cell or basophil to degranulate and release inflammatory
mediators, such as histamine, proteases and different cytokines, giving rise to vascular
dilatation, smooth muscle contraction, inflammatory cell recruitment and tissue
damage. Even in non-allergic individuals the mast cells are coated with IgE, but
polyclonal IgE. Thereby, no cross-linking leading to degranulation take place3.
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Figure 1. Sensitization exemplified by exposure to peanut allergen. Adapted from Abbas and
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Figure 2. Exposure to peanut allergen in a peanut sensitized individual. Adapted from Abbas
2

and Rindsjö

Why some individuals produce IgE at exposure to a certain allergen, and others do not,
is unknown. The important role of IgE in the development of allergic disease is on the
other hand well documented4, 5. The IgE antibody was discovered in 1967 by two
different research groups6, 7. The IgE molecule consists of two identical heavy chains
and two identical light chains with one variable region on each chain. The four chains
are attached together by disulphide bonds into a Y-shaped molecule. The variable
regions make antibodies capable of binding many different allergens, including
macromolecules and chemical compounds, and each antibody clone is specific for one
allergen. However, IgE produced against one allergen may bind to other structurally
similar allergens with similar epitopes (= determinants). Such binding is called crossreactivity3.
1.2

ALLERGY RELATED DISEASES

In allergic individuals, exposure to an allergen against which the individual is sensitized
may lead to allergic symptoms. The symptoms can be immediate, within minutes, or
rather late and occurring first after 6-24 hours via the mechanisms and mediators
described above (1.1). Symptoms may occur from the respiratory tract (asthma, rhinitis,
conjunctivitis, laryngeal oedema), from the oral cavity and gastrointestinal tract (OAS,
esophagitis, nausea, vomiting, abdominal cramping, diarrhea), from the skin (eczema,
flush, urticaria) or from the cardiovascular system (hypotension, bradycardia, syncope,
loss of consciousness, death). Anaphylaxis is a term which is used for a multiple organ
reaction after exposure to foods, drugs or insects stings1, 3, 8, 9.
Food allergy, and in particular pollen-related food allergy, is the focus of this thesis.
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Clinical characteristics of the different allergic manifestations included in this thesis,
are mainly described in the section of methods (3.2.4).
1.2.1 Definitions
1.2.1.1 Asthma
The asthma phenotype is described by the Global Initiative for Asthma (GINA) as “a
chronic inflammatory disorder or the airways in which many cells and cellular elements
plays a role. The chronic inflammation is associated with airway hyper-responsiveness
that leads to recurrent episodes of wheezing, breathlessness, chest tightness, and
coughing, particularly at night or in the early morning. These episodes are usually
associated with widespread, but variable, airflow obstruction within the lung that is
often reversible either spontaneously or with treatment.”10
1.2.1.2 Rhinitis
The Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines (developed in
collaboration with the World Health Organization) defines allergic rhinitis as
“symptoms caused by immunologically mediated (most often IgE-dependent)
inflammation after the exposure of the nasal mucous membranes to offending allergens.
Symptoms of allergic rhinitis include rhinorrhea, nasal obstruction or blockage, nasal
itching, sneezing, and postnasal drip that reverse spontaneously or after treatment.
Allergic conjunctivitis often accompanies allergic rhinitis.”11
1.2.1.3 Eczema
Diagnostic criteria of eczema were defined by Hanifin and Rajka in 198012. The
definition has been further developed by the United Kingdom Working Party criteria
and can be used when a skin condition likely is eczema: Itchy skin condition in the last
12 months plus at least three of, involvement of skin creases, personal history of
asthma/rhinitis, generally dry skin, onset before two years of age and flexural
dermatitis13.
1.2.1.4 Anaphylaxis
A position paper for anaphylaxis in children has been prepared by the EAACI
Taskforce on Anaphylaxis in Children, defining anaphylaxis as a “severe, lifethreatening generalized or systemic hypersensitivity reaction”. The clinical criteria are:
acute onset, two or more organ systems involved (skin-mucosa/ respiratory tract/
cardiovascular system/ gastrointestional tract) or hypotension after exposure to known
allergen8, 9, 14.
1.2.2 Prevalence and natural course of allergy
Allergic disease in the population worldwide has increased dramatically over the last
decades, but seems to level off in the Western world15-17. There are large worldwide
geographical differences in prevalence of asthma (3%-38%), rhinoconjunctivitis (2%24%) and eczema (2%-22%)16.
Allergic symptoms often show a progression throughout childhood from food
hypersensitivity and eczema in early childhood to inhalant allergy with asthma and
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increasing prevalence of rhinoconjunctivitis in school age. This process is often
referred to as “the atopic march”18, 19. The natural course of sensitization follows the
same route: sensitization to food items in early childhood followed by increasing
prevalence of sensitization to inhalant allergens from preschool age and onwards20, 21.
In Sweden, the prevalence of sensitization to any inhalant or food allergen increases
with age from 18%-24% in preschool age22, 23 to 20%-25% among young
schoolchildren24, 25. The prevalence of allergic disease in the Swedish paediatric
population is about 6%-8% for asthma24, 26, 5%-17% for rhinoconjunctivitis (increasing
with age)24, 25, 27, 11%-23% for eczema25, 26 and 2%-8% for doctor diagnosed (14%24% for self-reported) food allergy28-30.
1.2.3 Adverse food reactions, food allergy and peanut allergy
According to the 2010 US National Institutes of Allergy and Infectious Diseases
(NIAID)-sponsored guidelines, food allergy is defined as an “adverse health effect
arising from a specific immune response that occurs reproducibly on exposure to a
given food”31, which means that all adverse reactions from foods are not food allergies.
Classification of adverse food reactions are illustrated in figure 3. Except food allergic
reactions, food items may cause health effects in different ways: food poisoning with
staphylococcus aureus endotoxin is one example of toxic reaction to food32. Lactose
intolerance is a non-immunologic deficiency of lactase and lead to gastrointestinal
symptoms due to undigested lactose33. Celiac disease is an immunologic, but nonallergic autoimmune disease, with intolerance to food items containing gluten from
mainly wheat34. There are also food allergies, which are not IgE mediated, for example
contact dermatitis and food protein-induced enterocolitis syndrome (FPIES) with
typical symptoms of vomiting, diarrhea and hypotension usually within two hours after
ingestion of the food35. However, this thesis focuses on IgE-mediated food allergy only
and in particular peanut allergy.
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Figure 3. Classification of adverse food reactions (adapted from Burks )

Clinical peanut allergy has been reported in 0.2%-1.8% of children and has increased in
westernized countries during the last decades36-40. The prevalence of peanut
sensitization is about 3%-6%40-42. Reactions to peanut may be severe43-45, are usually
not outgrown46-48 and has a negative impact on quality of life49, 50. In many countries
peanut sensitized children, irrespective if they have experienced allergic symptoms to
peanut at ingestion41, 42, 51, have been advised to avoid peanuts.
1.2.4 IgE cross reactivity between pollens and food items
“Panallergens” is a term used for families of proteins that have similar function and
molecular structure and are present in many different types of plants in nature52. Crossreactivity of IgE between members of these families are common, due to their structural
similarities. Important plant protein families are the Pathogenesis-related (PR) proteins
including the Bet v 1 related proteins, the profilins, the prolamin superfamily with lipid
transfer proteins (LTP) and 2S albumin and the cupin superfamily with 7/8S and 11S
globulins. In order to belong to the same plant protein family the proteins have to be
homologous in amino acid sequence or very similar in their biological function and
structure53. All characterized allergens are listed by the World Health Organization and
International Union of Immunological Societies (WHO/IUIS) Allergen Nomenclature
Sub-committee in a database established in 1984 based on the Linnean system
(www.allergen.org).
Oral Allergy Syndrome, or pollen-food allergy syndrome, is since decades a wellknown type of food allergy54. Typically, a pollen allergic individual experiences
symptoms from the oral cavity when ingesting certain raw fruits or vegetables. This
phenomenon is experienced by a majority of pollen allergic individuals. Now we know
5

that symptoms from the oral cavity often is caused by cross-reactivity of pollen IgE to
homologous determinants of the symptom eliciting food53, 55, 56. However, some
individuals exhibit local symptoms from the oral cavity as the first sign of a subsequent
systemic reaction57, 58. This fact has made the definition of OAS difficult. There is a
need for better diagnostic methods to differ between harmless cross-reactions and
potentially severe allergy.
1.3

DIAGNOSTIC METHODS FOR FOOD ALLERGY IN GENERAL AND
PEANUT ALLERGY IN PARTICULAR

1.3.1 Serum IgE analysis and skin prick testing
During the last decade the field of diagnosing food allergy has developed rapidly. Skin
Prick Testing (SPT) was introduced in 1942 and is still widely used59, 60. In daily
clinical work, SPT is used more or less as a “yes or no answer”; to confirm if there is an
IgE response to the allergen or not. However, wheal diameter at SPT correlates with the
likelihood of clinical allergy61-65 but the SPT results are sensible for variation due to
circumstances at testing, such as age and skin reactivity65, but also batch age and skill
of the person performing the test . The first commercial serum IgE test, the radioallergosorbent test (RAST), was introduced in 19725, 66. It utilized solid phase allergens
incubated with patient’s sera. Bound IgE was detected with a radio-isotopically labeled
anti-IgE reagent and radioactivity was measured with a gamma counter. High counts on
the gamma counter were proportional to high levels of IgE5, 66. The technique
developed further into quantitative IgE results by using enzyme labelling and not
radioactivity. However, the basic chemistry is the same. Today, there are a couple of
companies performing IgE assays, for example Immulite by Siemens Healthcare
Diagnostics and ImmunoCAP by Thermo Fisher Scientific (formerly Phadia AB). The
ImmunoCAP test is a “sandwich immunoassay”; the allergen of interest is bound to a
cellulose capsule and reacts with specific IgE in the sample serum. After washing,
reacting IgE molecules are detected by adding enzyme labelled anti-IgE.
1.3.2 Quantitative IgE
In 2001, Sampson et al established threshold specific allergen IgE-levels indicating a
95% likelihood of a clinical reaction to the major food allergens egg, milk, peanut, fish,
soy and wheat67. Probability curves for likelihood of reaction in relation to specific IgE
levels were plotted. The study subjects were paediatric patients attending the Mount
Sinai Hospital and were therefore highly selected. The 95% decision point for peanut
extract IgE was set to 15 kUA/L67. Since the test is based on crude peanut extract it did
not differentiate between sensitization to clinically relevant or harmless allergen
components in peanut. Other studies have used similar probability curves to predict
allergy68, 69.
1.3.3 Molecular allergology
1.3.3.1 Molecular allergology in general
The allergen nomenclature is based on the Linnean system (e.g. peanut is named
Arachis hypogaea) as mentioned. Plant-derived allergens, are named with the three first
letters in the genus of the allergen source (e.g. “Ara”) followed by the first letter(s) in
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the species (e.g. “h”) and an arabic number indicating the chronology of allergen
discovery (e.g. “1”).
In 1948 reactions in the mouth and lips were described among patients with rhinitis
during spring time70 and in 1977 an association was shown between birch pollen
sensitized patients and positive skin test to for example apple and carrot71.
In 1991, Ebner et al identified cross-reactivity of the major birch pollen allergen Bet v 1
and with similar protein structures on the apple proteins, explaining a large proportion
of OAS in birch-allergic individuals when eating apple. The following decades, the
field of molecular allergology advanced and many plant-derived food allergens were
molecularly and chemically classified55. Two different forms of food allergy were
distinguished: one form where the sensitization process to an allergen (stable to gastric
digestion) started in the gastrointestinal tract and a second form where prior inhalant
allergen sensitization caused cross-reaction to food allergen components, i.e. the food
allergy provoking proteins. Another route of sensitization through the skin has also
been discussed72, 73.
The pathogenesis-related (PR) proteins are often involved in cross-reactions between
pollen and plant-derived food. There are several types classified in 17 families; birch
pollen Bet v 1 and peanut Ara h 8 belong to the PR-10 family. The expression in plants
is induced by stress factors such as infection, freezing, wounding or senescence of the
plant. They have antimicrobial and toxic effects. They are also present constitutively in
many plants and are thought to have other essential functions in plant life except from a
defence function74.
Profilins constitute another panallergen protein superfamily. Like PR proteins, profilins
are often causing cross-reactivity between pollen and plant food IgE. Peanut profilin is
named Ara h 5. Profilins are actin-binding proteins present in most eukaryotic cells and
are important for the cell cytoskeleton. They were first described as allergens in pollens
1991 and later in many fruits and vegetables75, 76.
Carbohydrate cross-reactive determinants (CCDs) are allergen structures on
glycoproteins. CCDs are widely distributed in plants and similar structures are also
found on insect venoms77. IgE to CCDs are common in allergic individuals but have
low biological activity78.
The most important allergens in many plant-derived food items are the storage proteins
which belong to two super-families (cupins and prolamins). They constitute a large
proportion of the protein content in many plant foods, in particular in tree nuts,
legumes, seeds and cereals79. They have a compact 3D structure which make them
stable to heat and digestion80. Hence, sensitization through the gastrointestinal route is
possible.
In 2007 when this thesis project was initiated, allergen components had so far not been
used in clinical practice. Although the different routes of sensitization were discussed,
the clinical impact of sensitization to different food allergen components had just begun
to be understood.
1.3.3.2 Molecular allergology and peanut allergens
In 2007, eight peanut allergens were recognized by the (WHO/IUIS) Nomenclature
Subcommittee. Ara h 1 and Ara h 2 were characterized by Burks et al in 1991-199281,
82
and Ara h 3 was identified a couple of years later83, 84. These three major peanut
allergens are all peanut storage proteins of the Prolamin (Ara h 2, 2S albumin) and
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Cupin (Ara h 1 7/8S globulin and Ara h 3 11S globulin) super-families. Ara h 4 is
nearly identical with Ara h 385, 86. Ara h 5, Ara h 6 and Ara h 7 were identified in
199987. Ara h 5 is a member of the profilins superfamily and Ara h 6 and h 7 (as well as
already mentioned Ara h 2) are 2S albumins of the Prolamin super-family. In 2004,
Mittag et al characterized Ara h 8 belonging to the PR-10 proteins of which the major
birch pollen allergen Bet v 1 is a member51. The Ara h 8 protein is 46% identical to
birch pollen Bet v 1 in amino acid sequence and therefore Ara h 8 IgE is cross-reactive
with Bet v 151. Mittag and co-workers also found out that Ara h 8 was very unstable to
gastric digestion and rather unstable to heat. Other researchers have studied the
allergenecity of Ara h 1 and Ara h 2 and found them highly stable to heat and digestion
and even described enhanced allergenicity after roasting88-90. Profilins like Ara h 5 were
known as minor allergens of low clinical relevance56. However, for example the celery
profilin (Api g 4)91 and the profilin in zucchini92 have been shown to elicit clinically
relevant reactions.
1.3.4 Oral Food Challenges
According to the EAACI position paper on food challenges a food challenge should be
performed either to confirm or exclude the diagnosis of food allergy, for scientific
reasons, for determination of threshold value of the food or for determining the
allergenicity of a food. Food challenges can be performed as an open oral food
challenge (OOFC) or as a double-blind placebo controlled food challenge (DBPCFC).
In each DBPCFC, neither the patient, nor the doctor or nurse know if the challenge is
performed with the food item or with placebo. DBPCFC is the “gold standard” method.
An OOFC is often sufficient in children younger than three years, when only objective
immediate signs are studied or when there is a high probability of a negative outcome93.
At peanut DBPCFC, it is important to hide the peanut taste and texture in order to
ensure that the challenge is really blind. At the same time, the peanut allergens have to
be available, i.e. the blinding must not affect the allergen reactivity. Using vehicles with
high fat content is effective for blinding, but reduces the availability of peanut
proteins94. Recipes for optimizing blinding and allergen availability has been
developed95.
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2 AIMS
The overall aim of this thesis was to analyse sensitization patterns over time to inhalant
allergens and furthermore to analyse birch pollen- and peanut IgE levels and IgE to
peanut components in relation to peanut allergy symptoms.

Paper I: to assess changes in prevalence of IgE and IgE-levels to inhalant allergens
between four and eight years of age in a large population-based birth cohort (BAMSE).
Paper II: to investigate reported symptoms of peanut allergy in relation to levels of IgE
antibodies to peanut and birch pollen in a cohort of children (BAMSE) who were
evaluated at both four and eight years of age.
Paper III: to investigate IgE reactivity to different peanut, birch and grass pollen
allergen components and CCD, in relation to symptoms to peanut in children from a
Swedish birth cohort (BAMSE) at eight years of age.
Paper IV: in a case report of a 15-year-old boy to illustrate occurrence of peanut Ara h
6 sensitization in the absence of Ara h 2 sensitization and reaction to peanut at
exposure.
Paper V: to investigate the risk of systemic reactions at oral challenge with peanuts
among children sensitized to peanut component Ara h 8, but not to Ara h 1-3.
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3 MATERIALS AND METHODS
3.1

STUDY DESIGN AND STUDY POPULATION

The first three papers of this thesis are based on the birth cohort BAMSE. Paper IV is a
case report of a patient at Sachs’ Children’s Hospital, Södersjukhuset, Stockholm. The
fifth paper combines study subjects both from the BAMSE cohort and from Sachs’
Children’s Hospital.
3.1.1 BAMSE birth cohort
BAMSE is a prospective longitudinal population based birth cohort of 4 089 children96.
The abbreviation “BAMSE” stands for “Children, Allergy, Milieu, Stockholm,
Epidemiological Study” (Barn, Allergi, Miljö i Stockholm, en Epidemiologisk studie).
The main original aim of the BAMSE study was to establish risk factors for the
development of allergy related diseases in childhood up to the age of four.
Through Child Health Care Centers (barnavårdscentraler), attended by 99.8% of all
new born infants the first year of life97, inclusion of two months old children born
between February 11 1994 and November 22 1996 were made. Inclusion was to be
closed when a calculated number of 4 000 children was reached. Target population was
all children born in certain areas of central and North-Western Stockholm, chosen to be
representative of the Stockholm area with suburbs, Figure 4.

Figure 4. Recruitment areas, BAMSE birth cohort, 1994-1996.

During the recruitment period 7 221 children were born in the specified areas. Of these,
477 (6.6%) could never be reached and another 1 256 (17.4%) were excluded due to the
exclusion criteria: plan to move within 1 year, not Swedish speaking, seriously ill child,
older sister or brother already included in the study. Of the remaining eligible 5 488
children 4 089 (75%) completed the first questionnaire when the child was about two
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months of age and infants enrolled at this time point were defined as the study
population, Figure 5.
7221 children born in the recruitment
areas
477 (6.6%) children could not be contacted

BAMSE
cohort

6744
1256 (17.4%) children were actively excluded
5488 eligible
1399 (25.5%) of the families declined to participate or
never answered
The study population
The parents of 4089 (75%) children
answered the first questionnaire when
the median age of the child was 2
months

Study I
Complete data
concerning IgE at 4
and 8 years of age.
N=2033

Sachs’
Children’s
Hospital

Study II
Complete relevant
answers to Q4 and Q8
and IgE data on peanut
and birch at 4 and 8
years of age.
N=1928

Study III
200 randomly collected
children:
50 sensitized to peanut
50 sensitized to peanut
and birch
50 sensitized to birch
50 not sensitized to
peanut or birch
N=200

237 patients referred to Sachs’ childrens’
Hospital and blood-tested for nut allergy

Study V
Complete data
concerning IgE to
Peanut and birch at 8
years of age.
Sensitization to peanut
component Ara h 8 and
not to Ara h 1-3.
N=62

Study IV
Case report, patient
from Sachs’ Children’s
Hospital.

Study V
Patients from Sachs’
Children’s Hospital.
Sensitization to peanut
component Ara h 8 and
not to Ara h 1-3.
N=98

Figure 5.Study design and included study subjects in the five papers of this thesis.

Posted parental questionnaires on parental allergy, lifestyle factors, socio-economic
status and environmental factors were completed when the child was two months old
(baseline questionnaire). When the child was 1, 2, 4 and 8 years the parents answered
questions mainly on the child’s symptoms of allergy related diseases. In the cohort of
4 089 children, response rate at each follow up was 96%, 94%, 91% and 84%,
respectively. At four and eight years of age all children with completed questionnaires
at the current follow up were invited for a clinical examination including blood
sampling. From these examinations, sera was available in 2 614 (64%) and 2 461(60%)
of the 4 089 children at four and eight years of age, respectively. Later follow ups at 12
and 16 years of age (on-going) were not included in this thesis and will not be
discussed further, Figure 6.

11

1994

1995

1996

1997

1998

1999

2000

Baseline (2 months):
Exposure
questionnaire and
dust
N=4089(100%)

2001

2002

2003

2004

2005

2006

2007

2008

2009

8 year follow up
questionnaire: 3431 (84%)
Spirometry: 2613 (64%)
Blood: 2461 (60%)
2 year symptom
questionnaire
N=3843 (94%)

1 year symptom
questionnaire
N=3925 (96%)

4 year follow up
questionnaire: 3720 (91%)
Dust: 3610 (88%)
PEF: 2966 (73%)
Blood: 2614 (64%)

2010

2011

2012

16 year follow up
On-going!
Questionnaire,
Spirometry, Blood,
etc. About 75%
response rate
expected

11-14 year
follow up
questionnaire
N=3371(82%)

Figure 6. Timeline of the BAMSE study follow-ups 1994-2012.

Non-responders and actively excluded families (N=1 418) were contacted in 1996 with
a two pages questionnaire on key exposures (parental smoking, keeping of pets and
allergic heredity). Response rates were 58% and 83%, respectively. Parental allergy or
keeping of pets did not differ, but parental smoking was significantly higher in the nonresponder-excluded group as compared to the families included in the BAMSE study
(maternal and paternal smoking 18% maternal and 23% paternal smoking in nonresponders vs 9% maternal and 17% paternal smoking in included families)96.
Study I included only children from which blood was obtained at both four and eight
years of age (N=2 033).
Study II included children where data on symptoms to peanut and IgE antibody levels
to birch and peanut at both four and eight years of age were available (N=1 928).
Study III had a nested study design: among the 2 480 children from whom blood was
drawn at 8 years of age, 200 children representing four different patterns of
sensitization to peanut and birch pollen were randomly selected: group A consisted of
50 of 52 children sensitized to peanut, but not to birch pollen; group B consisted of 50
of 141 children sensitized to both peanut and birch pollen; group C consisted of 50 of
237 children sensitized to birch pollen but not to peanut. Finally, group D consisted of
50 of 2012 children with sensitization neither to peanut nor to birch pollen.
Study IV was a case study and did not involve the BAMSE cohort.
Study V included 160 children recruited both from the 8 year follow up of the BAMSE
cohort (n=62) as well as patients from Sachs’ Children’s Hospital (n=98) based on
sensitization to peanut allergen components, see 3.2.1.2.
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3.1.2 Study subjects recruited from the Sachs’ Children’s Hospital
The allergy unit at Sachs’ Children’s Hospital is one of two hospital based allergy units
in the Stockholm County with an outpatient clinic managing referrals of allergic
children and providing specialized health care for children with moderate to severe
allergy related diseases.
Paper IV is a case report of a 15-year-old boy who was referred from the allergy unit of
Sachs’ Children’s Hospital to the Day Ward at the same hospital for an oral peanut
challenge.
Paper V: From 2007 until 2010 a clinical database of 237consecutive children,
attending the outpatient allergy clinic at Sachs’ Children’s Hospital with suspected
peanut or tree nut allergy, was established. Of the 237 children 192 children had IgE
≥0.35 kUA/L to peanut extract and 98 of these children were included based on their
sensitization pattern to peanut allergen components (see 3.2.1.2).
3.2
3.2.1

METHODS
Sensitization

3.2.1.1 Inhalant and food allergen sensitization
The blood samples from clinical examinations at four (N=2 614) and eight (N=2 461)
years of age in the BAMSE cohort were screened with Phadiatop® [a mixture of
common inhalant allergens: birch, timothy, mugwort, cat, dog, horse, mould
(Cladosporium herbarum) and house dust mite (Dermatophagoides pteronyssinus)] and
fx5® [a mixture of common food allergens: cow’s milk, hen’s egg white, soy bean,
peanut, cod fish and wheat] (ImmunoCAP®, former Phadia now Thermo Fisher
Scientific, Uppsala, Sweden). Sera with a positive Phadiatop or fx5, defined as IgE
levels ≥0.35 kUA/L, were analysed for allergen-specific IgE to the airborne and food
allergens listed above. Levels between 0.35 and 100 kUA/L were registered, and an IgE
concentration ≥100 kUA/L was in the statistical evaluation given the value of 101
kUA/L. Three percent of the analyses for allergen-specific IgE failed due to too scarce
amount of blood. The analyses were performed by a certified laboratory (the Clinical
Immunology and Allergy Unit, Department of Medicine, Karolinska Institutet and
Karolinska University Hospital, Stockholm).
Sensitization was defined as presence of IgE to the allergen tested at a level of ≥0.35
kUA/L
3.2.1.2 Peanut allergen component sensitization
In Study III, IV and V, IgE to peanut allergen components in sera was analysed. During
the timeframe of the studies the laboratory technique on allergen specific IgE
developed with availability of peanut allergen components for IgE testing. This is the
reason why different laboratory procedures were used in the different studies.
Microarray: In Paper III IgE to components from peanut (native Ara h 1, h 2, h 3,
recombinant Ara h 8), birch pollen (recombinant Bet v 1, Bet v 2), timothy pollen
(native Phl p 4, native Phl p 1, 5, 12) and peach (recombinant Pru p 3) as well as
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carbohydrate cross-reactive determinant (CCD) were measured using an experimental
in-house microarray developed and run by Phadia AB, Uppsala, Sweden. The purified
allergen components were spotted on nitrocellulose membranes on microscope glasses.
30 µl sample serum was added and incubated. After washing, bound IgE antibodies
were detected with fluorescent anti-IgE and fluorescence intensity was measured at
wavelength 635 nm98. Individual cut-off levels were established for each allergen,
based on background fluorescence from negative samples, and ranges between 400 and
600 FU.
ImmunoCAP®: In paper IV and V the common ImmunoCAP test (description, see
1.3.1) was used to analyse IgE to allergens of peanut protein components, birch pollen,
Bet v 1 and CCD. At the time of inclusion of patients in study V, the peanut allergen
components Ara h 1, h 2, h 3, h 8 and h 9 were commercially available (recombinant
extracts). At the time for challenge of the patients in paper IV and V the 2 S albumin
Ara h 6 (sequence Acc. No. Q647G9) was available in a limited amount at former
Phadia AB, Uppsala. Recombinant Ara h 6 was produced in Escherichia coli as a
hexahistidine-tagged recombinant protein using a synthetic gene construct and purified
by immobilized metal ion affinity chromatography followed by ion exchange
chromatography, as described99. Experimental ImmunoCAP Ara h 6 tests were
prepared100.
Of the 2 480 children from the BAMSE cohort with blood samples at eight years of
age, 195 were sensitized to whole peanut extract i.e. peanut IgE≥0.35 kU/L. All these
children were further analysed with ImmunoCAP in November 2009 for IgE to
available peanut allergen components and 62 of these were sensitized to Ara h 8 but not
to Ara h 1, h 2 or h 3 and included (Ara h 8 IgE≥0.35 kU/L and Ara h 1-3
IgE<0.35kU/L) in study V.
In blood samples from the 237 children from Sachs’ Children’s Hospital peanut
components Ara h 1-3 and Ara h 8 were analysed (ImmunoCAP) in clinical routine. 98
patients were sensitized to Ara h 8, but not to Ara h 1, h 2 or h 3 and were therefore
included in study V.
3.2.2 Study subject characteristics
3.2.2.1 Questionnaires
Paper I-III: In the BAMSE study we used answers from parental questionnaires on
parental allergy, lifestyle and environmental factors when the child was two months old
(baseline questionnaire). Data from the questionnaires at one, four and eight years were
also used, in which the parents answered questions on symptoms of the child’s allergic
diseases, medications and breast-feeding. In the questionnaires for four and eight years
of age, specific symptoms on reactions to peanut and birch pollen were asked for as
well as active avoidance of peanut.
Paper IV-V: Parents of included children from Sachs’ Children’s Hospital in study V
received questions by posted mail concerning current peanut consumption similar to the
questions used in the 8 year of age BAMSE questionnaire. Those who did not answer
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via returning posted mail or email were asked the same questions via telephone calls by
physician or nurse.
3.2.2.2 Medical records (Paper IV-V)
In Paper IV, the case report, details of clinical history and laboratory details were
retrieved from the patient’s medical records at Sachs’ Children’s Hospital.
In Study V, a history of systemic reaction at peanut exposure was retrieved from
medical records when present and was also used for evaluation of reaction severity.
Furthermore, data on doctor’s diagnosis of asthma, allergic rhinitis/rhinoconjunctivitis,
eczema and food allergy, other than allergy to peanut, were also retrieved from the
same medical records. The International Classification of Disease, tenth revision (ICD10) was used.
3.2.2.3 Clinical investigations (Paper I-V)
Paper I-III and V: At four and eight years, all families with completed questionnaires in
the BAMSE cohort were invited to a clinical examination including pulmonary
function tests and blood sampling. At four and eight years, 2 614 (70%) and 2 461
(72%), respectively, of the invited families participated in a clinical examination
(including blood sampling). The examination was performed at the Department of
Occupational and Environmental Health, Stockholm County Council, by paediatric
nurses.
Paper IV-V: All children who underwent oral peanut challenge at Sachs’ Children’s
Hospital were interviewed and examined by a physician before challenge. Heart- and
lung-auscultation and inspection of oral cavity were performed and blood pressure was
measured before challenge and at challenge if symptoms occurred.
3.2.3 Oral peanut challenges (Paper IV-V)
Paper IV: The patient in the case report took part in a pre-study in order to evaluate a
three dosing steps procedure at open oral challenge (0.1 + 1 + 10 g of roasted peanuts at
20 minutes interval). This was done in patients where no reactions were expected.
Paper V: Oral challenge was performed in children without current peanut
consumption.
Inclusion criteria for oral challenge: Children with current sensitization to Ara h 8 but
not to Ara h 1, h 2 or h 3 and with no previous exposure to peanuts, avoidance of
peanuts for different reasons or anaphylaxis grade I or milder after previous exposure to
peanuts.
Exclusion criteria for oral challenge: Children with anaphylaxis grade II-III after
previous exposure to peanuts8. Children with on-going allergic reaction to other food
and inhalant allergens were also excluded.
Peanut tolerance: Children with reported peanut consumption at least at one occasion
in the last 12 months without symptoms or discomfort.
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3.2.3.1 OOFC (Open Oral Food Challenge), paper V
An open oral food challenge (OOFC) was performed in four stages: 100 mg, 1 g, 5 g
and an additional 5 g of pure roasted peanut with 20-minutes intervals, total amount
11.1 grams of peanut equivalent to 13-15 peanuts, followed by one hour observation
period after the final dose. Before the challenge, an intravenous catheter was
administered on all children, under local anaesthesia (EMLA®) when wanted.
3.2.3.2 DBPCFC (Double Blind Placebo Controlled Food Challenge)
In cases of a non-systemic or systemic reaction up to anaphylaxis grade I at OOFC or a
previous documented systemic reaction up to anaphylaxis grade I at peanut exposure, a
DBPCFC was performed95, 101. Double-blind, placebo-controlled food challenge was
performed by an experienced nurse using a challenge medium (chocolate brownie like
cookie) containing 11% peanut and 7% fat in increasing doses every 30 min in five
steps from 1 mg to 5 g peanut95, followed by a 2-hour observation period after the final
dose. The code for un-blinding was kept sealed for the study object, nurse and doctor
until both challenges (active and placebo) were completed.
3.2.4 Definition of outcomes
3.2.4.1 Paper I
The first study had a descriptive approach and main outcomes were sensitization to
different allergens at four and/or eight years of age. Definition of sensitization, see
paragraph 3.2.1.1 above.
When the study group of BAMSE children in this thesis was compared with the
children of the BAMSE study base (the original cohort) information on asthma, rhinitis,
eczema, exclusive breastfeeding, parental smoking, cat ownership and parental allergy
was used. The comparison was done in order to determinate if there were differences in
background factors between the study group and the entire cohort. Definitions were
based on questionnaire answers at 2 months (Q0), one year (Q1), four years (Q4) and
eight years (Q8) as follows:
Asthma: Q4 and Q8, respectively; Parental report of at least 4 episodes of wheeze in the
last 12 months or at least one episode of wheeze during the same period, combined
with prescription of inhaled steroids102.
Rhinitis: Q4 and Q8, respectively; Fulfilling the ISAAC definition of rhinitis – parental
report of prolonged rhinitis (sneezing or a runny or blocked nose) without common
cold the last 12 months prior to questionnaire16.
Eczema: Q4 and Q8, respectively; Parental report of dry skin in combination with itchy
rash for two weeks or more AND typical localization (face or arms/legs flexures or
wrists/ankles or neck) in the last 12 months prior questionnaire AND/OR doctor’s
diagnose of eczema since previous questionnaire102.
Exclusive breastfeeding: Exclusively breast fed 4 months or more (Q1)103.
Parental Smoking: Any of the parents smoked at least one cigarette per day at the time
of Q0104.
Cat ownership: Had a cat at home at the time of Q0104.
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Parental allergy: Mother AND/OR father with doctor’s diagnose of asthma and asthma
medication AND/OR doctor’s diagnose of hay fever in combination with furred petsand/or pollen-allergy at the time of questionnaire Q0105.
3.2.4.2 Paper II
Main outcomes were symptoms to peanut at four and eight years of age, respectively.
Secondary outcomes were symptoms to birch at four and eight years of age,
respectively.
Questionnaire data, at four and eight years of age and obtained prior to blood-sampling
were used. Symptoms to peanut and birch were defined as a positive answer to any of
the following questions in the four or eight year of age questionnaires:
Symptoms to peanut at four years: ‘After two years of age, has your child at any
occasion experienced any problems from eating peanuts such as vomiting, diarrhea,
eczema, urticaria/itching rash, swollen lips/eyes, itchy, blocked or runny nose or
asthma?’
Symptoms to peanut at eight years: ‘Is your child allergic to peanuts’. If yes, symptom
options were ‘nose/eye symptoms’, ‘mouth-itching’, ‘breathing difficulties’,
‘vomiting/diarrhea’, ‘eczema’, ‘urticaria’ or ‘excluded because of early symptoms’.
Peanut had to be indicated for at least one of these symptoms.
Symptoms to birch at four years: ‘Has your child at any occasion after two years of age
experienced problems with wheeze, cough, itching skin rash, sneezing, runny or
blocked nose or red itchy eyes when trees are leafing (month of May)?’
Symptoms to birch at eight years: ‘Has your child experienced wheeze or disturbing
cough, itching eczema or sneezing, runny or blocked nose or red itchy eyes related to
birch pollen?’
As in paper I, background factors and current allergy related disease (sex, parental
allergy, asthma, eczema, rhinitis, inhalant allergen IgE levels) in the study population
(N=1 928) were compared with the same data of children in the original cohort at two
months and eight years of age. The same definitions were used as in paper I (see
3.2.4.1).
3.2.4.3 Paper III
Main outcome was reported symptoms to peanuts at eight years of age as a
dichotomous outcome. Secondary outcome was type of symptom(s) to peanut or peanut
tolerance.
Peanut-symptomatic children
Positive answer was required to the following question in the eight-year-questionnaire
regarding the latest 12-month period: ‘Is your child allergic to any food item?’
Symptom options were ‘nose/eyes symptoms’, ‘mouth-itching’, ‘breathing problems’,
‘vomiting/diarrhea’, ‘eczema’, ‘urticaria’. Reactions to peanut had to be indicated on at
least one of these symptoms or reported as ‘excluded from the diet during the last 12
months because of previous symptoms’. Symptoms from nose/eyes or oral cavity were
considered as mild symptoms, whereas wheeze or dyspnoea were considered as severe

17

symptoms14. Gastrointestinal symptoms, eczema and urticaria were not possible to
classify according to severity from questionnaires.
Peanut-tolerant children
Children with none of the symptoms mentioned above in relation to peanut
consumption and reported by the parents during the latest 12 months prior to Q8.
As in paper I, background factors and current allergy related disease (sex, parental
allergy, asthma, eczema, rhinitis, inhalant allergen IgE levels) in the study population
(N=200) were compared with the same factors of all children participating in the eight
years of age follow up. The same definitions were used as in paper I.
3.2.4.4 Paper IV
The described anaphylaxis was graded according to a modified definition of the
EAACI position paper on anaphylaxis in childhood8, 14. Two or more organ systems
needed to be involved in the reaction. Severity score (grade I-III) was based on the
organ system most affected.
3.2.4.5 Paper V
Main outcome in the peanut challenge study was outcome at oral peanut challenge.
Peanut tolerance: Children with reported peanut consumption at least at one occasion in
the last 12 months without symptoms or discomfort (not challenged). This could be
confirmed of all children recruited from Sachs’ Children’s Hospital and thus they were
regarded as tolerant (n=31). The 47 peanut tolerant children included from the BAMSE
cohort (definition see outcomes, Paper III) were not contacted further for logistic
reasons, they were considered tolerant at the time of inclusion in paper V (eight years
of age).
Outcomes of the oral food challenge:
Negative outcome:
- No objective symptoms during 60 minutes after last dose of peanut at oral
provocation and no parental report of late symptoms 24 h after challenge.
- Oral allergy syndrome (OAS), i.e. local symptoms from the oral cavity - itching
and tingling of the lips, mouth, and throat but without skin symptoms, breathing
difficulties or tissue swelling60.
Positive outcome:
- Systemic reaction with manifestations from the cerebrovascular system, gastrointestinal tract, lower respiratory tract or skin. For classification of a reaction as
anaphylaxis, symptoms were required to be present from the cerebrovascular
system or at least two of the following organ systems: gastro-intestinal tract,
upper or lower respiratory tract or skin. Severity score was based on the organ
system most affected8, 14.
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3.3

STATISTICAL ANALYSES

In Paper I-III the included children were compared to the BAMSE study base (the
entire cohort) with respect to background factors at inclusion (sex, parental allergy,
parental smoking and cat ownership) and at follow-up at four and eight years of age
(asthma, rhinitis, eczema, IgE-levels to inhalant and food allergens). Dichotomous
variables were tabulated on proportions and 95% Confidence Intervals (95% CI) were
calculated. Intervals that did not overlap were considered as statistically different.
Continuous variables (IgE-levels) had a skewed log distribution and were subject to a
logarithmic transformation before group comparisons with Student’s t-test.
Paper I-III and V used the following statistical measures and analyses: Prevalence was
expressed in total numbers and percentages. 95% CI were calculated when appropriate
and intervals that did not overlap were considered as statistically different. Chi-square
test was used for statistical comparisons of dichotomous variables. Fisher’s exact test
was used if one comparison group consisted of 5 observations or less. Allergen-specific
IgE levels were log normally distributed and subject to a logarithmic transformation
before analysis. Student’s t-test was used (on the logarithmic scale) for analysis of the
continuous IgE-variables. Mean IgE levels were presented as geometric mean (and
95% CI) in Paper I-III and as median (and range) values in Paper V.
Statistical analyses specific for the different papers:
In Paper I, Multiple logistic regression models were used for calculations of odds ratios
(ORs) and 95% CI between specific sensitizing allergen at 4 years in relation to
sensitization at 8 years106. Adjustments in the multivariate analyses were made for
parental allergy and sex, which affected the risk of sensitization to the outcome
allergens tested with 10% or more. Because allergic children are more likely to be
sensitized to multiple allergens, adjustments were made for each inhalant and food
allergen tested at 4 years.
In Paper II, the relationship between symptoms to peanut and IgE antibody levels was
estimated using a logistic regression model. The odds ratios (ORs) were estimated
using logistic regression models and 95% CI were generated. Fitted predicted
probability curves according to the levels of the specific IgE to peanut were plotted
using the results from the logistic regression. All tests were according to Wald106.
Logistic regression was also used to investigate peanut symptoms in relation to
sensitization to birch and timothy. Several models for identifying confounders were
run. Among others, variables of heredity, sex and exposure to tobacco smoke were
tested, but since they did not confound the results by 10% or more, they were not
included in the analyses.
In Paper III Spearman’s rank correlation test was used to establish the strength of
relationship between specific IgE antibody responses in the microarray.
Paper IV did not contain any statistical analyses.
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Paper V did not contain any statistical method specific for this study (see above, second
paragraph).
In all studies, p-values <0.05 were considered significant. All statistical analyses were
performed with STATA Statistical Software (release 9 and 11; StataCorp, College
Station, Texas, USA).
3.4

ETHICAL PERMISSIONS

Ethical permissions for all studies were received from the regional ethics review board
at Karolinska Institutet, Stockholm, Sweden. Register numbers for permissions were:
Study I: 93-189, 98-175, 02-420
Study II: 93-189, 98-175, 02-420
Study III: 93-189, 98-175, 02-420
Study IV: 2012/99-32
Study V: 93-189, 98-175, 02-420, 2010/1331-31/3, 2012/99-32
Informed consents were obtained from the parents, and in some cases also the child, in
all families participating in the studies.
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4 RESULTS
In Paper I-III, background data of children selected in the three studies were compared
to the same data of children in the BAMSE study base in order to investigate if any
selection bias existed in the study groups. Children in the study groups did not differ
significantly in sex, parental allergy or prevalence of asthma, eczema, rhinitis or in
levels of specific IgE (assessed using Phadiatop and fx5) at four or eight years of age
compared to remaining children in corresponding age group or in important
background factors of the study base in any of the studies (data not shown).
4.1

SENSITIZATION TO INHALANT ALLERGENS BETWEEN FOUR AND
EIGHT YEARS OF AGE (PAPER I)

At four years 309 (15%) and eight years 510 (25%) of the 2 033 children were
sensitized to at least one inhalant allergen (p<0.001). The prevalence of positive (IgE
≥0.35 kU/L) tests and the IgE concentrations, presented as geometric mean, of the
selected inhalant allergens in relation to age are presented in Figure 7. The prevalence
increased significantly with age for all allergens. Both at four and eight years, birch
pollen followed by pollen of timothy, cat and dog dander were the most common
sensitizing allergens.
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Figure 7. Prevalence of sensitization (IgE≥0,35 kUA/L) and geometric mean values in kUA/L to
specific airborne allergens at four and eight years of age in 2 033 identical children.
§ p-values for difference in group IgE levels at eight years as compared to four years of age.
* p<0.01 difference in prevalence at eight years as compared to at four years of age. Asarnoj et
al, Clin Exp Allergy. 2008 Sep;38(9):1507-13
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Sensitization at four years of age to common inhalant allergens was persistent in most
children at eight years of age (Table 1). This was true for 97% of the children sensitized
to pollen of birch, 86% to timothy, 97% to mugwort, 94% to dander of cat, 91% to dog
and 94% to horse at four years of age. Among these children all the allergen-specific
IgE-levels increased significantly (p<0.01) except for IgE levels of mould and mite
allergen. Among children with remittent sensitization, i.e. sensitization at four, but not
at eight years, only 38% of the children were mono-sensitized and as many as 20% of
the children were sensitized to 4 inhalant allergens or more. The allergen-specific levels
of all 48 children who remitted ranged from 0.35 to 3.92 kUA/L, geometric mean 0.75
kUA/L.
Table 1. IgE antibody levels (geometric mean) to inhalant allergens among children sensitized
at four or eight years only or sensitized both at four and eight years.†. Asarnoj et al, Clin Exp

Allergy. 2008 Sep;38(9):1507-13

Allergen

At 4 but not at 8
years
in 48 children
IgE

Both at 4 and 8 years
in 279 children

N

N

%

g.mean

IgE at 4 ɸ IgE at 8
§
%

(kUA/L)

g.mean

g.mean

(kUA/L)

(kUA/L)

At 8 but not at 4
years
in 426 children
IgE
N

%

g.mean
(kUA/L)

Birch

5

0.3

0.9

181 8.9

6.5***

21.3*** 119

5.9

3.4

Timothy

16

0.8

0.8

101 5.0

2.2***

10.0*** 178

8.8

2.6

Mugwort

1

0.1

0.5

31

1.5

1.2***

3.3***

104

5.1

1.3

Cat

7

0.3

0.7

111 5.5

3.3***

8.1***

142

7.0

2.6

Dog

8

0.4

0.6

85

4.2

2.2***

5.0***

144

7.1

1.1

Horse

4

0.2

0.7

58

3

2.9**

5.1***

71

3.5

1.5

Mites

11

0.5

0.9

25

1.2

1.4 NS

1.9 NS

56

2.8

1.4

Mould

6

0.3

0.7

12

0.6

2.2 NS

2.2 NS
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1.1

1.0

† Internal missing: 0.9%-2.2% (of 2033 children) for each allergen tested.
§ For all allergens, except mould and mites, the IgE antibody levels were significantly higher
among those with persistent sensitization compared to those with late onset sensitization.
ɸ For all allergens, except mould and mites, the IgE antibody levels increased significantly
between 4 and 8 years among those with persistent sensitization.
p<0.01,  p<0.001, NS= Not significant.

Among eight-year-old children we analysed the association between specific IgE levels
(kUA/L) to the pollens and furred animals and the number of allergens (pollen and/or
animal species) that the child was sensitized to. With increasing number of sensitizing
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pollens, the IgE levels to each of birch and timothy pollen increased. This pattern was
also seen for sensitization to furred pets.
We further analysed sensitization to inhalant and food allergens at four years of age and
the odd ration for persistent or onset of sensitization to the 4 most common inhalant
allergens (birch, timothy, cat and dog) at eight years of age. A multiple logistic
regression model adjusting for identified confounders such as sex and parental allergy,
but also for all allergens tested, was used. The odds ratios decreased after adjustment
for the other allergens which was most pronounced for IgE to mould spores, mugwort
pollen and horse dander, but comparably less for birch pollen and fx5. Sensitization to
any pollen among the four-year-olds increased the odds for sensitization to birch and
timothy at eight years. Furthermore, sensitization to birch pollen increased the odds
ratios significantly for sensitization to both cat and dog at eight years.
4.2

REPORTED SYMPTOMS TO PEANUT BETWEEN FOUR AND EIGHT
YEARS AMONG CHILDREN SENSITIZED TO PEANUT AND BIRCH
POLLEN (PAPER II)

At four years, 106 (5.5%) of the children were sensitized to peanut and 181 (9.4%)
were sensitized to birch. At eight years the corresponding proportions were 142 (7.4%)
and 293 (15.2%), Figure 8. From four and eight years the proportion of children
sensitized to peanut, but not birch (subgroup 1), remained essentially unchanged, 2.2%
and 1.9% at the two respective ages, whereas the proportion of children sensitized to
both peanut and birch pollen (subgroup 2) seemed to increase over the same period
(3.3% and 5.4%, respectively, p=0.002), Figure 8.
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117 (6%)

64 (3.3%)

7
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1
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de novosensitized
95
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Figure 8. Changes in sensitization to peanut and birch pollen between four and eight years of
age among 1 928 children living in Stockholm. Asarnoj et al, Allergy 2010 Feb; 65(2): 213–9.
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At four years 2.9% (n=56) of the 1 928 children reported symptoms to peanut and at
eight years the corresponding proportion was 5.7% (n=109).The prevalence of
sensitization to peanut in combination with reported symptoms to peanut was 1.8%
(n=34) at four years and 3.9% (n=76) at eight years of age.
At four years of age the proportion of children reporting symptoms from peanut did not
differ among peanut sensitized children with or without concomitant sensitization to
birch pollen (subgroup 2 vs subgroup 1); 34% vs 29% (p=0.53). However, at eight
years of age 76% of the children who were sensitized to peanut but not to birch pollen
(subgroup 1) reported symptoms to peanut, whereas among children sensitized both to
peanut and birch pollen (subgroup 2) only 46% reported such symptoms, p=0.002. All
types of peanut-related symptoms at eight years of age (see definition of symptoms
3.2.4.2), except eczema, were reported more frequently among children in subgroup 1
than in subgroup 2, Figure 9. Significant differences were seen for breathing
difficulties; 27% vs 10%, p=0.008 and urticaria; 16% vs 6%, p=0.048). However, 19
peanut and birch pollen sensitized children reported systemic reactions.
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Figure 9. Proportion of different symptoms from peanut among 142 eight-year-olds sensitized to
peanut but not to birch or peanut and birch. Figures above bars represent the absolute
numbers of children. *p<0.05.

It is noteworthy that children de novo-sensitized to peanut between four and eight years
(n=52) were mostly asymptomatic (85%) to peanut and concomitantly sensitized to
birch pollen (87%).
At four years of age, although the difference was not statistically significant, the mean
IgE level to peanut was higher among children sensitized to peanut and not birch pollen
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(subgroup 1) than among children sensitized to both peanut and birch pollen (subgroup
2), 8.2 kUA/L (95% CI 4.5-14.9) and 4.5 kUA/L (2.9-6.9), respectively, p=0.093.
However, at eight years this difference in IgE antibody concentrations was significant:
12.0 kUA/L (6.1-23.9) and 4.3 kUA/L (3.1-6.0), respectively, p=0.003).
Sensitization to timothy did not independently influence on peanut symptoms (data not
shown).
When the children were four years of age, 13 of them had not yet been exposed to
peanuts. Exclusion of these 13 children from the analysis did not change the results.
4.3

IGE TO PEANUT ALLERGEN COMPONENTS: RELATION TO
PEANUT SYMPTOMS AND POLLEN SENSITIZATION IN 8-YEAROLDS (PAPER III)

4.3.1.1 Component sensitization within the four groups
The four groups (A- sensitized to peanut, B - sensitized to birch and peanut, C sensitized to birch and D - not sensitized to peanut or birch) differed substantially
regarding the IgE reactivity to Ara h 1, 2, 3 and 8, CCD and profilin (Bet v 2/Phl p 12)
with the use of microarray technique, Figure 10. IgE reactivity to Ara h 1, 2 and 3 was
most common in group A. No individual had IgE reactivity to Ara h 1 or Ara h 3
without an associated Ara h 2 sensitization. No child in group A had IgE reactivity to
Ara h 8. IgE reactivity to the peanut storage proteins (Ara h 1, 2 and 3) was present
only in children sensitized to peanut (group A and B), whereas 11 children in group C
(birch pollen sensitized only) had IgE reactivity to Ara h 8. IgE antibodies to Ara h 8
were common in children sensitized to birch pollen (group B and C; 38% and 22%,
respectively). The prevalence of IgE reactivity to CCD was low in all groups, ranging
from 0 to 18%, and was most prevalent in group B. Similarly, none of the children in
group A and B had IgE antibodies to LTP, i.e. Pru p 3 (peach LTP used as a crude
marker of Ara h 9).
When the IgE level to peanut extract was investigated in relation to individual IgE
reactivity to the peanut allergen components, children with reactivity to Ara h 1, 2 or 3,
but not to Ara h 8, had significantly higher IgE antibody level (geometric mean, 95%
CI) to peanut extract (18.9 kUA/L , 11.5-31.0 kUA/L, n=46) than children with
reactivity to Ara h 8 only (1.0 kUA/L, 0.60-1.7 kUA/L, n=23).
Of the 100 peanut-sensitized children (group A and B), 25 were to our surprise IgE
negative to all tested peanut components in the microarray including CCD and profilin
(Fig. 10). In 17 of these 25 children, the peanut-specific IgE levels were below 1
kUA/L. Seven of the negative children had responses to one or more peanut-related
components in the microarray just below cut-off (data not shown).
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Figure 10. IgE reactivity pattern to individual peanut allergens, Bet v 1, profilin and crossreactive carbohydrate determinant (CCD) measured in a microarray-based assay.
Group A; children sensitized to peanut and birch pollen, group B; children sensitized to peanut
but not birch pollen, group C; children sensitized to birch pollen but not peanut, group D;
children sensitized neither to peanut nor to birch pollen. The intensity of the IgE antibody
binding is indicated as light grey (medium/low binding, >400-600 FU depending on allergen)
and dark grey squares (high binding, >5000 FU). Subjects with self-reported peanut allergy are
marked with a black square in the symptom column. NA, information not available. Asarnoj et
al, Allergy 2010; 65: 1189–1195.

4.3.1.2 Reported symptoms to peanut within the four groups and in relation to
peanut allergen components
Symptoms to peanut were more common in peanut-sensitized children without
concomitant birch pollen sensitization (group A: 74%, 95% CI 60%-85%) than in
children sensitized to both peanut and birch pollen: (group B: 43%, 95% CI 29%-58%)
Figure 10.
IgE reactivity to Ara h 2 was found in 73% of the children with reported allergic
symptoms to peanut. Only seven of the peanut tolerant children (5%) had IgE
antibodies to Ara h 2, all but one with low/moderate IgE reactivity (<5000 FU)(Figure
10).
Symptoms to peanut were reported among the 46 children (group A and B) with IgE
reactivity to Ara h 1, 2 or 3 but not Ara h 8 and the 23 children in group B and C with
IgE reactivity to Ara h 8 only and not to Ara h 1, 2 or 3 (Figure 11). Eighty-seven
percent of those with Ara h 1, 2 or 3 IgE reactivity reported any symptom to peanut,
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whereas only 18% of those with IgE reactivity to Ara h 8 reported such symptoms
(P<0.001). The differences were significant only for any symptoms as well as upper
and lower respiratory symptoms, possibly due to the limited number of children (Figure
11). Interestingly, sensitization to Ara h 1 or Ara h 3 in addition to Ara h 2 as compared
to children sensitized to Ara h 2 only was associated with several symptoms (97% vs
70%) and more respiratory symptoms (50% vs 9%) (p=0.016 and p=0.002,
respectively).
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Figure 11. Parental reported symptoms to peanut during the last 12 months among children
sensitized either to at least one of Ara h 1, h 2 or h 3 (n=46, black bars) or to Ara h 8 but not to
Ara h 1, h 2 or h 3 (n=23, grey bars). Asarnoj et al, Allergy 2010; 65: 1189–1195.

IgE reactivity to profilin (Bet v 2 and Phl p 12), the major grass allergen components
(Phl p 1, 4 and 5), grass extract or CCD was not associated with reported symptoms to
peanut (data not shown).
4.4

PEANUT COMPONENT ARA H 8 SENSITIZATION AND TOLERANCE
TO PEANUT (PAPER IV-V)

Paper IV reports a case of anaphylaxis grade II in a 15 year old boy.
This patient was allergic to pollen and furred pets with symptoms of rhinoconjunctivitis, a doctor diagnosed asthma and atopic eczema. Following a positive
allergy test before school age, he has refrained from consumption of tree nuts and
peanuts. He had no history of anaphylaxis. He was IgE-tested nine months prior to
challenge and fulfilled our inclusion criteria for the pre-study, i.e. exhibited IgE
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antibody levels to Ara h 1, Ara h 2 and Ara h 3 < 0.35 kUA/L and to Ara h 8 > 0.35
kUA/L.
At the open challenge, he exhibited oral itch, stomach pain, vomiting, diarrhea and
developed a lower respiratory obstruction, but without reduction in SaO2 (99%). He
became increasingly anxious, fatigue and restless. Blood pressure and heart rate were
stable and normal. He was given oral antihistamine, adrenaline i.m., intravenous fluid,
betametason i.v. and salbutamol inhalation. He was hospitalized and recovered in a
couple of hours.
IgE testing of a blood sample taken at the time of challenge showed a doubling of IgE
antibody concentration to peanut as compared to a sample drawn 9 months earlier. In
addition, barely detectable levels of IgE antibody to Ara h 2 and Ara h 9 were noted,
however, not at all accounting for the rise in IgE to the peanut allergen extract. Analysis
of IgE to Ara h 6 in a blood sample drawn two months after the peanut challenge
revealed a clear sensitization to Ara h 6 (24 kUA/L), despite a very modest level of IgE
to Ara h 2 (0.12 kUA/L).
A flowchart of the 160 included children and challenges in paper V is illustrated in
Figure 12. Eighty-two children were peanut consumers and were not invited for
challenge. Sixty two children were invited for challenge among which 44 had never
tasted peanuts, 12 had previously experienced reactions to peanut and 6 had eaten
peanuts earlier in life without symptoms, but had been advised to avoid peanuts
because of previous allergy test results. No children with anaphylaxis gr II-III after
exposure to peanuts were found. It is noteworthy that the children who ate peanuts and
were therefore not challenged, did not exhibit lower IgE levels to peanut or to Ara h 8
than the group of challenged children; rather the contrary (median peanut IgE among
challenged/ not challenged was 1.3 vs 1.6 kUA/L and corresponding Ara h 8 IgE among
challenged/ not challenged was 9.4 vs 14 kUA/L, and with no statistically significant
differences).
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Figure 12. Flow chart of 160 children, recruited from two different sources, initially sensitized
to Ara h 8 ≥0.35 kU/L but not to Ara h 1, Ara h 2 and Ara h3 <0.35 kU/L, of whom 62
underwent oral challenge.
* Urticaria in perioral eczema/ redness in soft palate; ** See Table 2.

4.4.1.1 Open oral challenge (OOFC)
Only 14 OOFC children (23%) reported oral cavity or pharyngeal itch (OAS) after
challenge, but in only two of these children symptoms could be verified objectively,
Figure 12. Interestingly, the OAS occurred at the first or second dose, ceased
spontaneously and did not occur at the following dose steps. There was no association
between IgE-levels to peanut extract, to Ara h 8 or to birch pollen in relation to OAS
symptoms. There were no statistically significant differences in age, sex or other
allergy-related disease between children with and without OAS.
4.4.1.2 DBPCFC
In two children, DBPCFC with peanut was carried out since they both had had
suspected systemic reactions/anaphylaxis grade I to peanut previously; one within the
study and another before the study. One study subject (“subject 1”) was accidently
challenged during birch pollen season when having symptoms to birch pollen. At
challenge he reacted with worsening of his conjunctivitis and rhinitis as well as
subjective breathing difficulties. At re-challenge (DBPCFC), 6 months later and outside
birch pollen season, he passed the DBPCFC. His IgE to peanut extract and peanut
components (including Ara h 6 and Ara h 9 <0.35kUA/L) were almost unchanged at
challenge as compared to time of inclusion.
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The second study subject (“subject 2”), a nine-year-old boy, had been admitted to an
emergency room with anaphylaxis grade I after having had snacks containing peanut
five years prior to our study. He performed a DBPCFC and reacted to the last dose with
lip swelling, stomach cramping and objective tiredness, Table 2. At the time of the
challenge, his IgE to peanut extract was 8.8 kUA/L, but nine months prior to challenge
his IgE to peanut extract had been 1.5 kUA/L. All peanut components were unchanged,
Table 2.
Table 2. Characteristics, IgE levels and symptoms of a 9-year-old boy (“subject 2”) who
underwent DBPCFC due to a previous suspected anaphylaxis grade I.

Challenge

DBPCFC

Sex/age yrs

Boy/9

Sachs’
patient/BAMSE
Tasted peanut

Sachs

Peanut sIgE prior
inclusion
Peanut sIgE 9
months prior
challenge
Peanut sIgE at re
analysis 1 month
prior challenge
Symptoms at
previous exposure
Symptoms at
challenge

Yes
f13

Ara
h1

Ara
h2

Ara
h3

Ara
h6

Ara
h8

Ara
h9

<0.35

<0.35

<0.35

<0.35

n.d.

1.7

n.d.

1.5

<0.35

<0.35

<0.35

0.45

14

<0.35

8.8

<0.35

<0.35

<0.35

0.45

14

n.d.

Age 4 years. Oral tingling, unilateral conjunctival swelling,
stomach pain, tiredness
Lip swelling, stomach cramping, tiredness

4.4.1.3 IgE to peanut allergen components at challenge
No blood was drawn from three children at challenge, all of them without symptoms at
challenge. Serum from 59 (95%) of the challenged children was re-analysed for IgE to
peanut and birch pollen extracts as well as to peanut components. All children still
exhibited IgE to Ara h 1, h 2 or h 3 <0.35 kUA/L, despite the fact that 9.7 months had
passed in average between identification and challenge. Two children had Ara h 6-IgE
>0.35 kUA/L: one child had IgE to Ara h 6 of 0.73 kUA/L and passed the challenge.
Another child with IgE to Ara h 6 of 0.45 kUA/L failed (Table 2) and developed a
systemic reaction (see above). In none of the patients neither CCD- nor Ara h 9 (LTP)
IgE levels were associated with any symptoms at challenge (data not shown).
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4.5

ADDITIONAL RESULTS

4.5.1 Comparison of component analyses results: Microarray and
ImmunoCAP
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In November 2009, all available sera (n=185) of peanut sensitized children of the
BAMSE cohort (n=195) from the eight year follow-up were analysed for IgE to peanut
allergen components Ara h 1, h 2, h 3, h 8 and h 9 (lipid transfer protein) which at this
time all was commercially available. The ImmunoCAP method was used.
Comparison of these results with component IgE results from the experimental
microarray, performed in 100 of the 195 sera in December 2007, is presented in Figure
13.
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Figure 13. Modified Figure 10, paper III, page 26. Detection of IgE with the ImmunoCAP
method of children sensitized to peanut extract, but negative to peanut allergen components by
using the microarray technique (red and pink).

Sixty-six of the 100 sera analysed with both methods showed corresponding results.
Nineteen sera negative (<600 FU) in the microarray assay for Ara h 8 were positive
with the ImmunoCAP for Ara h 8. The median ImmunoCAP Ara h 8 IgE was 4.7
kUA/L (range 0.52-46) among those initially negative for Ara h 8 with the microarray
as compared to 33 kUA/L (range 8.9-99) among the microarray positive samples. The
peanut LTP component Ara h 9 was not analysed with the microarray. Instead, a peanut
LTP proxy, the peach LTP (Pru p 3) was used and was negative in all 100 peanutpositive samples. When the ImmunoCAP method was used, five sera (5%) showed IgE
to Ara h 9 (range 0.36-1.0 kUA/L), three of these children reported peanut symptoms or
peanut exclusion, no systemic symptoms were indicated. Taking the results from both
ImmunoCAP and the experimental microarray together, IgE to peanut allergen
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components could still not be detected in 13 (one missing sample in ImmunoCAP) of
the 100 originally peanut extract sensitized children (as compared to 25 sera of peanut
sensitized children but without reactivity to to peanut components when using the
microarray). Thus, some peanut allergen components seem to be lacking. However,
median peanut IgE level among in the 13 sera was low; 0.58 kUA/L (range 0.36-3.3
kUA/L). Three of these children reported symptoms at exposure to peanut, but in none
of the children the symptoms were systemic.
Of the 185 peanut extract sensitized children (>0.35 kUA/L), peanut component
allergen IgE analyses with ImmunoCAP showed that in 32 (17%) children, IgE to Ara
h 1, h 2, h 3, h 8 and h 9 was below 0.35 kUA/L. Among these children median IgE to
peanut extract was 0.8 (range 0.41-5.4) kUA/L. Seven of them reported any symptom to
peanut or exclusion of peanuts, no report of systemic symptoms except one who
reported eczema after peanut exposure. Of the 32 children, 15 had IgE to at least one of
the tested peanut allergen components between 0.1 and 0.34 kUA/L or IgE to
CCD/profilin in the microarray. For the remaining 17, no detectable IgE to any
commercially available peanut allergen component was found, indicating that all
peanut allergen components are not available for IgE testing. However, 13 of these 17
children were peanut tolerant. The other four did not indicate any systemic reactions.
4.5.2 Children with reported systemic reactions to peanut in Paper III
sensitized to Ara h 8 only
In study III, two eight year olds sensitized to Ara h 8 and not to Ara h 1-h 3 reported
systemic reaction to peanut at exposure (breathing difficulties and urticaria,
respectively). Both of them were included in study V and had an oral peanut challenge
performed about seven years after the eight years of age follow up. They both passed
the challenge without any symptoms, not even having symptoms of OAS, Figure 14. At
retesting before the challenge the children had the same sensitization profile with IgE
only to Ara h 8 and not to Ara h 1, h 2 or h 3.
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Figure 14. Modified Figure 11, paper III, page 27. Parental reported symptoms to peanut during
the last 12 months among children sensitized either to at least one of Ara h 1, 2 or 3 (n=46,
black bars) or to Ara h 8 (n=23, grey bars) at eight years of age. The children reporting
systemic reactions to peanut were seven years later orally challenged with peanut (study V)
without any symptoms.

4.5.3 IgE Immunoblotting (Paper V)
The boy with anaphylaxis grade I in paper V had unchanged IgE levels to known
peanut components despite increasing levels of IgE to peanut extract (1.5 to 8.8
kUA/L). Thermo Fisher Scientific helped us to perform an immunoblot (or Western
blot) on the boy’s serum outside the study. Peanut proteins were first separated
according to size by gel electrophoresis and then transferred horizontally to a flat
membrane where the proteins were available for detection by IgE antibodies present in
the boy’s serum. The immunoblotting showed intense IgE binding to one protein band
at 35 and faint binding to a double band at about 70 kDa, but no binding to smaller
protein molecules (Ara h 2, h 6, h 8-9 ). The IgE binding proteins observed in the
immunoblot analysis did not share epitopes with rAra h 1 or rAra h 3 and are of
unknown identity.
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5 DISCUSSION
5.1

THE SENSITIZATION PROCESS OVER TIME

Our results of the prevalence of sensitization on inhalant allergens at four (15%) and
eight (25%) years of age in paper I are in line with other studies107-110. For reasons of
exposures, allergen patterns of sensitization will be different in different regions around
the world. For example among trees, birch pollen sensitization dominates in Northern
Europe, whereas sensitization to hazel pollen dominates in Central/Western Europe and
olive pollen sensitization in the Mediterranean countries111, 112. The sensitization
prevalence to house dust mites (HDM) was low in our study (1.8 % and 4.1% at four
and eight years of age, respectively) as compared to others. For example Kjaer
Formsgaard et al reported 7.4% sensitized among six year-olds in their population
based birth cohort (“DARC”) from Odense Denmark21. This difference in sensitization
rate to mites between the DARC and the BAMSE study is probably due to low
exposure to HDM in the Stockholm area113, 114.
Several studies have been designed to describe the natural course of sensitization to
common inhalant allergens in the population21, 107, 115, 116. For all studies a dynamic
process of allergic sensitization seem to be common over time. Grass sensitization is
the dominant sensitizing allergen among inhalants across Europe in contrast to birch
sensitization which dominated in our study. As for the other allergens tested for in our
study, similarities in sensitization patterns were seen with other studies: the prevalence
of sensitization to inhalant allergens increases during childhood whereas reduction in
IgE levels below detection level to inhalant allergens occurs rarely and when present
this is mostly found when IgE-levels were low at previous follow up115, 116.
Between four and eight years of age, occurrence of specific IgE to the most common
inhalant allergens almost doubled in our cohort. The relative increase in the proportion
of sensitized children was larger for timothy and dog as compared to birch and cat.
Both timothy and dog sensitization seemed to catch up in prevalence and was rather
similar compared to prevalence of sensitization to birch pollen and cat dander at eight
years of age. To our knowledge this has not been described before. To our surprise,
birch pollen sensitization at eight years of age was strongly associated with
sensitization to peanut at eight years of age (OR 24.2) and peanut sensitization at eight
years of age was more common as compared to other similar population based
studies40, 41. In paper I, the association between sensitization to birch pollen and peanut
was not mentioned since we did not have any fair explanation and since the finding
could be more of by chance character at the time for this study. However, since these
results were rather intriguing a decision was taken to go into depth with our data, since
we also became aware of the paper by Mittag et al on Bet v 1 and Ara h 8 cross
reactions, which actually resulted in the remaining part of this thesis51.
5.2

FROM SPT AND IGE OF ALLERGEN EXTRACTS TO CRD

In late 2006/early 2007, at the start of studies II and III, the field of CRD in clinical care
was still quite unknown and not in use. The best available tool for allergy diagnostic
purposes was quantification of SPT or serum IgE results in order to predict the
likelihood of a clinically relevant allergy42, 61, 65, 67, 117. Since more than half a century it
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has been known that allergic rhinitis during springtime is associated with oral cavity
symptoms to some fruits and tree nuts70, 71. Cross-reactions between pollens and food
items is common and causes oral allergy syndrome (OAS)60. Such cross-reactions were
actually clinically described for birch pollen and peanut already 198254 and at a
molecular level in 2004-200551, 118. However, in review articles on food allergens or
OAS at the study start such cross reactions were either not mentioned or considered as
representing “true” peanut allergy and not only OAS due to cross reactions between
birch pollen and peanut79, 118, 119.
In Paper II, we could for the first time demonstrate that there was a significant
difference in frequency of reported peanut symptoms in eight year olds sensitized to A)
both to peanut and birch pollen or B) to peanut, but not to birch pollen (40% and 76%
report of symptoms, respectively, p= 0.002). Furthermore, we could show that
symptoms to peanut in the former group (peanut and birch pollen sensitized) were
milder than in the latter group (only peanut sensitized). The most plausible reason for
this was the cross-reactivity between allergens in birch pollen and peanut, since peanut
allergen extract contains Ara h 8, a PR-10 allergen, which is homologous to the major
birch pollen Bet v 1. Possibly, Ara h 5 which is a profilin and therefore homologous to
the birch pollen profilin Bet v 2 may have played a role as well in this context. Both
Ara h 8 and Ara h 5 have been characterized by others51, 87. Other studies on
sensitization to peanut and other pollens (grass) have also been found to be in line with
our findings of peanut tolerance in peanut and birch pollen co-sensitized individuals41.
Furthermore, there are studies which describe similar associations between birch pollen
and other food items, e.g. allergens of hazelnut and birch pollen54, 71, 120.
In paper II we found that IgE levels to peanut were lower in the “peanut-and-birch”
group, compared to the “peanut only” group (geometric mean 4.3 kUA/L and 12 kUA/L,
respectively, p=0.0032). Low IgE to peanut in a population based sample may reflect
cross-reactivity to other allergens of plant origin, in particular that of pollen. In cases of
“true” peanut allergy, higher IgE levels to peanut are usually seen67. However, this may
partially be age dependent, i.e. very young children with anaphylaxis to peanut may
still have low IgE to peanut (personal communication Magnus Wickman and Caroline
Nilsson).
In Paper III we wanted to further examine the relationship between cross sensitization
between pollen and peanuts. The presence of relevant allergen components explaining
the differences in symptoms between the sensitization groups described in Paper II was
investigated. In 2007, 200 blood samples, representing four different sensitization
patterns regarding peanut and birch pollen, were analysed in an experimental
microarray121. We found that 83% of those with IgE reactivity to the peanut component
Ara h 2 also reported allergic symptoms to peanut, compared to children exclusively
sensitized to Ara h 8 where peanut symptoms were reported in 18% only. These results
are in line with other studies, showing the importance of Ara h 2 IgE in peanut
allergy122-125 . In addition, the symptoms in the latter group of 23 Ara h 8 sensitized
children were milder, although two children reported symptoms likely of systemic
origin (lower respiratory symptoms and urticaria, Figures 11 and 14) which is discussed
further below in 5.4.
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Since the participating children in Paper II and III were not challenged, we were not
able to draw very firm conclusions of the clinical relevance of Ara h 8 sensitization.
Therefore, we decided to perform a study in order to evaluate the risk of systemic
reactions for individuals with isolated Ara h 8 sensitization (Paper V). At the time for
preparation of this study, we learned that IgE to the 2S albumin Ara h 6 may occur even
in the absence of IgE to Ara h 2, another 2S albumin, and most likely causing a severe
reaction to peanut (Paper IV, case report). Isolated Ara h 6 sensitization should be rare
since the two 2S albumins Ara h 2 and Ara h 6 are homologues87, 126. As a result of this
finding, we decided to perform extended analysis of peanut IgE, including also Ara h 6
in study V.
143 (99.3%) of the 144 children evaluated in study V were tolerant to peanut or
exhibited mild OAS, mainly with subjective symptoms from the oral cavity that
disappeared spontaneously during the challenge procedure. One boy had a DBPCFC
because of a suspected systemic reaction at an open challenge during birch pollen
season and with symptoms of rhino-conjunctivitis at challenge. However, apart from
pollen season he passed a DBPCFC to peanut. This boy’s first challenge during pollen
season failed, which indicates there is an elevated risk of peanut reaction at challenge
for individuals with on-going allergic symptoms. This is also in accordance with the
observation in a recent paper from our group where we could show that anaphylaxis to
foods is more common during pollen season among pollen allergic individuals127.
The only boy who had a suspected systematic reaction within the study had a previous
history of possible systemic reaction as well as a slightly elevated Ara h 6 IgE (0.45
kUA/L). Immunoblot analysis revealed that an unknown protein of about 35 kDa
accounted for most of the binding of peanut-reactive IgE. We believe it is more likely
that the symptomatic reaction occurred as a result of sensitization to this protein of
unknown identity than to Ara h 6 IgE, which only accounted for a small proportion
(0.45 kUA/L) of the IgE response to peanut extract (8.8 kUA/L).
5.3

PEANUT ALLERGENS

The diagnostic utility of molecular allergology or component resolved diagnostics
(CRD)128 has developed rapidly since this thesis project started in 2006. Below is a
summary of gained knowledge from 2006 to date (2012) with respect to peanut
allergens and allergenicity in relation to results from our studies. A list of officially
recognized peanut allergens is established by International Union of Immunological
Societies (IUIS) Nomenclature Subcommittee and available at www.allergen.org.
Eleven different peanut allergen components named Ara h 1 through Ara h 11 are
identified in total by April 2012.
5.3.1 Peanut allergen components in relation to our results
5.3.1.1 Ara h 8
Birch pollen Bet v 1 homologous components (members of the PR-10 protein family)
are present in many plant derived foods, for example Ara h 8 in peanut, Gly m 4 in
soy129, 130, Cor a 1 in hazelnut131, 132 and Mal d 1 in apple133, 134. PR-10 mediated
reactions to these foods seem to differ quite considerably in frequency and severity.
Severe reactions derived from Ara h 8 or Mal d 1 have to our knowledge not been
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described so far, whereas systemic reactions to soy are documented in patients with
isolated Gly m 4 sensitization129, 135, 136. Significant reactions in patients with Cor a 1
sensitization without sensitization to hazelnut storage proteins or LTP (Cor a 8) have
been described in a minority of patients, but there are too few studies to draw firm
conclusions on Cor a 1 and risk of systemic reactions131. The Ara h 8 protein is present
in very low amount in peanuts and is known to have low stability to gastric digestion
and heat 51. This is likely the explanation of our findings of symptoms only from the
oral cavity among those with isolated Ara h 8 sensitization. The low stability also
suggests that Ara h 8 sensitization is primarily driven by birch pollen cross-reactivity
and not through passage of the gastrointestinal tract. Possibly, roasting of peanuts partly
destroys the Ara h 8 protein molecule which explains the low proportion of children
who react at exposure to commercially available peanuts which are roasted in our part
of the world. However, if a larger amount of peanuts would be ingested rather rapidly,
and Ara h 8 only become partly degraded, a systemic reaction may theoretically occur
in analogy with described reactions from the soy protein Gly m 4135, 136 Mittag et al
characterized Ara h 8 in 2004 and performed oral challenges in peanut sensitized
individuals, sensitized to not only Ara h 8, but also to Ara h 1-3. In their paper they
suggest that severe reactions caused by Ara h 8 may occur51. However, it is evident
from their paper that all the six patients with isolated Ara h 8 sensitization reacted only
with OAS at challenge, except one patient who also exhibited dermal flush.
5.3.1.2 Ara h 1, h 2, h 3 and h 6
The 2S albumin peanut component Ara h 2 sensitization was in Paper III the most
important marker of genuine peanut allergy, as in several other studies37, 122-125, 137. The
Ara h 2 protein is stable to heating and gastric digestion138-143. In our study the strong
association to peanut symptoms was found in particular in children with Ara h 2
sensitization in combination with sensitization to Ara h 1 and/or Ara h 3. IgE binding to
increasing number of peanut allergens has shown to be associated with more severe
reactions to peanut144. Alternatively, concomitant sensitization to Ara h 2 and Ara h 1/h
3 may solely be a consequence of high IgE levels to Ara h 2; IgE levels to Ara h 1 and
Ara h 3 generally are lower than to Ara h 2101 and could both be below detection limit
in patients with low IgE reactivity to Ara h 2. High IgE-levels to Ara h 2 are associated
with increased risk of peanut allergic symptoms37, 101. Quantitative IgE levels were not
available in Paper III since the microarray method is only semi-quantitative. However,
all children with strong IgE response to Ara h 2 in the microarray (>5000 FU) were
also sensitized to Ara h 1 and/or Ara h 3, Figure 10. Ara h 1 and Ara h 3 sensitization
per se are of less diagnostic value for peanut allergy compared to Ara h 2123, 124 and in
our study Ara h 1 and Ara h 3 IgE were only found in combination with Ara h 2
sensitization.
The Ara h 2 homologue 2S albumin Ara h 687 has recently been found to be a relevant
peanut allergen. Like Ara h 2 it has high stability to digestion and heat as well as high
degranulation capacity in vitro 138-143, 145. Ara h 2 and Ara h 6 are extensively crossreactive and Ara h 6 IgE is thought to be found only in Ara h 2 sensitized individuals87,
137, 146
. However, in Paper IV, we concluded that Ara h 6 sensitization may occur even
in the absence of Ara h 2 sensitization and also may cause a severe reaction to peanut at
exposure.
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5.3.1.3 Other peanut allergens: Ara h 5(profilin), Ara h 9 (LTP) and CCD
Peanut profilin Ara h 5, homologous with birch Bet v 2 profilin, is considered as a
minor peanut allergen, and may serve as a marker of any profilin sensitization from
different plant sources75. In Paper III, Ara h 5 was not measured since it was not
available. Instead Ara h 5 was represented by birch profilin Bet v 2 and timothy profilin
Phl p 12. Such IgE reactivity was seen in six of the 100 peanut sensitized children, all
six were also birch sensitized and none of them reported systemic symptoms to peanut.
Peanut LTP Ara h 9 was identified by Krause et al in 2009147. LTP proteins are known
to be highly stable to digestion and heating148, 149. Ara h 9 is an important and clinically
relevant peanut allergen in the Mediterranean area, but likely not in Central and
Northern Europe where sensitization is rare123, 150, 151. Our findings in Paper III are in
line with these geographical differences: in the 100 peanut sensitized Swedish children,
the microarray method did not recognize any LTP-sensitized individual (Pru p 3)
although the additional ImmunoCAP analysis identified species specific IgE to Ara h 9
(>0.35 kUA/L) in five children. Three of them reported exclusion of peanuts from diet
or local symptoms to peanut and there was no association to systemic reactions. In
Paper V, Ara h 9 was determined in 59 children who were peanut challenged. Only two
of these children were tested positive (>0.35 kUA/L) for Ara h 9 IgE; one of them (Ara
h 9 IgE 4.1 kUA/L) reported oral cavity symptoms of the initial doses at the oral
challenge which ceased at the last doses, the other was tolerant (Ara h 9 IgE 8.3
kUA/L).
Cross-reactive carbohydrate determinants (CCD) IgE is induced by pollen sensitization
and considered to contribute to clinically irrelevant peanut sensitization152. Our studies
support that postulation; 11% and 10% of tested children in Paper III and V,
respectively were CCD sensitized. None of these children had systemic symptoms
except for one child in Paper III, who also was Ara h 2 sensitized.
5.3.2 Clinical utility of peanut component IgE testing
There are now numerous studies showing that Ara h 2 IgE provides good accuracy as a
diagnostic tool for peanut allergy in many areas37, 122-125. However, lack of Ara h 2
sensitization can probably not be used to predict peanut tolerance worldwide, since
other allergenic molecules, such as Ara h 9, may be of clinical importance in certain
areas, e.g. Spain151. Hence, increasing IgE levels to whole peanut extract without
increasing component IgE levels of those which are available today should prompt
caution. Detection of isolated IgE to Ara h 8 in a peanut sensitized individual may
primarily serve as a valuable pedagogic diagnostic instrument for information of the
clinical relevancy of peanut sensitization in birch allergic patients.
The problem with sensitization without symptoms or sensitization without previous
exposure has resulted in considerable anxiety and fear of severe reactions to peanut in
otherwise rather healthy individuals. Food allergy has shown to have a negative impact
on quality of life49, 50, 153. With the use of CRD, we are now hopefully heading towards
less restrictive advices on elimination of foods from the diet in a substantial number of
birch pollen allergic patients. The difficulties to disentangle harmless reactions from
harmful will hopefully be reduced by using allergen component testing.
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However, there may be allergen components not yet characterized. Their importance
from a clinical point of view needs to be shown. In Paper III, we noted that out of 100
peanut sensitized children (IgE to peanut extract>0.35 kUA/L) we could not pinpoint
the sensitizing peanut allergen in 25 sera. After re-analysing the samples with more
sensitive ImmunoCAP, commercially available from autumn 2007 (Magnus Wickman
personal communication), 13 of these 100 sera were still lacking explanatory
sensitizing peanut components (one missing sample) and none of these children
reported systemic reactions to peanut.
5.4

STRENGTHS AND WEAKNESSES OF THE PRESENT
INVESTIGATIONS

In the studies including children from the BAMSE cohort (Paper I-III and V), the
population based design enables us to generalize our findings to the paediatric
population in corresponding ages, at least in the Stockholm area. The longitudinal
approach makes it possible to study the sensitization process and development of
symptoms to peanuts over time in the same individuals. The large number of
participants and high response rates at all follow ups are unique. The proportion of
smokers was lower amongst parents in included families as compared to nonresponders initially of the study96. Nevertheless, if this lower participation rate among
smokers would influence the frequency of allergic diseases, it would probably lead to
underestimations rather than overestimations of disease, since smoking is a known risk
factor for the development asthma154-156.
The ImmunoCAP specific IgE assay is the most commonly used assay for analysis of
serum levels of IgE antibodies and it is approved by the US Food and Drug
Administration4. The method is standardized. When possible, this assay was used for
analysing circulating IgE levels in our studies. In Paper III, specific IgE analysis to
peanut components was not available on ImmunoCAP, instead an experimental
microarray assay was used. The advantage of this assay was the ability to analyse IgE
antibodies to a large number of allergen components with a very small volume of
serum (30µl). The drawback of using the experimental microarray assay was reduced
performance in sensitivity when it comes to detection of IgE to peanut components,
especially IgE to Ara h 8, see above 4.5.1. The reason for this may be that the choice of
cut off-level was set relatively high (600 FU) due to higher fluorescent background
than for instance for Bet v 1 (cut off level 500 FU). Another speculative explanation
could be that the fragile protein structure of Ara h 8 may be better preserved when
coupled to the ImmunoCAP solid phase as compared to when spotted to the
nitrocellulose membrane used in the microarray assay (personal communication Robert
Movérare). Nevertheless, when the peanut-IgE positive serum samples from Paper III
were re-analysed with ImmunoCAP it was obvious that the systematic measurement
errors in the microarray diluted the results and not the opposite, since most of the
additionally detected IgE reactivities were to Ara h 8 in asymptomatic individuals
(Figure 13).
In Paper II and III, data on peanut symptoms were derived from questionnaires and not
from observed oral food challenges which are considered more objective35. Selfreported symptoms or - as in our studies - parental reported symptoms, are known to be
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over reported157, and hence most probably would dilute the associations of peanut
tolerance and concomitant birch sensitization/isolated Ara h 8 sensitization. In our
challenge study (Paper V), we were able partly to evaluate this possibility of over
reporting. Thus, some children were invited for oral peanut challenge after several
years had passed since they were identified as possibly Ara h 8 sensitized. The two
children with isolated Ara h 8 sensitization who reported systemic symptoms from
peanut in Paper III (Figures 11 and 14) and in the eight years of age questionnaire were
challenged within the study V at the age of 14 and 17 years, respectively, and were
found to be peanut tolerant at oral challenge. Of course, we cannot rule out that these
children had grown out of the clinical peanut allergy even if this is unlikely since the
IgE levels and pattern of sensitization to peanut was identical.
Since our main aim was to evaluate the risk of systemic peanut reactions in children
sensitized to Ara h 8, but not Ara h 1, h 2 or h 3 in paper V, we decided that DBPCFC
was not needed since systemic reactions are very difficult to fake. Instead, we used an
open oral challenge four step procedure in children without history of severe reactions
to peanut. This procedure is less time consuming as compared to our standard
procedure. Our previous challenges in our clinic in children with isolated Ara h 8
sensitization suggested that there were not many severe reactions to expect. Similar
methods have also been used by others37. However, when setting up the study we
initially had one patient who reacted on our “fast track” oral challenge and at that time
with three dosing steps only and with the last dose of 10 g of peanut. Due to this
reaction we changed the challenge procedure of the study into a four dosing step design
by splitting the last dose of 10 g into two doses of 5 g 20 minutes apart in order to
capture severe reactions more rapidly and possibly at a lower dose of peanut.
5.5

CONCLUDING REMARKS AND OUTLOOK

In our first study we have analysed the natural course of sensitization to inhalant
allergens between four and eight years of age in a large population based cohort. In
short time we intend to analyse IgE data from our on-going sixteen-year follow up of
the same cohort. These data will provide unique opportunities to study the sensitizing
process in a larger population based sample from pre-school age up to adolescence.
There are to date few studies on longitudinal data on sensitization158. Sensitization to
peanut components in a longitudinal perspective will also be investigated with the aim
to describe the natural course of peanut allergen component sensitization.

In Papers II-V we have systematically investigated birch pollen IgE and peanut IgE in
relation to symptoms to peanut including the clinical impact of birch homologous
peanut component Ara h 8, which seems to indicate peanut tolerance. Ara h 1, h 2 and
h 3 seems to indicate genuine peanut allergy. In a near future, we plan to examine
associations of IgE levels of Ara h 1 and h 3 in relation to symptom severity and the
dependency of IgE to Ara h 1 and h 3 in relation to Ara h 2. Possible, Ara h 1 and h 3
may only serve as proxies for IgE to Ara h 2.
In Paper III and V we failed to identify the sensitizing allergen components responsive
for detected IgE in some of the children with sensitization to peanut extract. In paper
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III, components explaining the IgE level of the peanut extract were lacking in 13% of
the samples analysed all commercially available peanut allergens. However, only three
of these 13 children reported symptoms to peanut and no had symptoms of a systemic
reaction. The immunoblot which was performed in serum from one study subject with a
systemic reaction at challenge indicated major sensitization to a peanut protein of
unknown identity (paper V). Future analyses of sera from symptomatic patients with
unexplained peanut sensitization may provide evidence on the clinical relevance of this
protein.
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6 CLINICAL IMPLICATIONS
During the years 2006-2012, the time of doctoral studies for my thesis, there has been a
rapid development in the field of allergy diagnosis, in particular diagnosis of food
allergy with the introduction of CRD. Our studies have contributed to this development
and may have had an impact on clinical routines concerning diagnosing peanut allergy.
Many children with peanut sensitization have until recently been advised to avoid
peanuts because of risk of severe reactions. A major reason for this was the paper by
Sampson H et al where they in 2001 showed that IgE above 15 kUA/L were associated
with a risk of severe reactions. Today, determination of peanut allergen IgE
components, in combination with a careful taken clinical history, may help to
disentangle children at risk of severe reactions from children with asymptomatic birch
pollen cross-reactive sensitization. According to our own data about one third of peanut
sensitized children in Sweden should possibly be able to eat peanuts without fear of
severe reactions.
From the results of this thesis I have learned that:
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-

In a population based material of young children sensitization to birch pollen
and cat are most prevalent. However, in early school age the prevalence of
sensitization to timothy pollen and dog have almost become similar to that of
birch pollen and cat which has not been described before.

-

Ara h 2 sensitization, especially in combination with sensitization to Ara h 1
and/or Ara h 3, is often associated with clinical peanut allergy.

-

Isolated Ara h 8 sensitization seems to indicate peanut tolerance in most cases.
In such patients who are avoiding peanuts, this food item may be introduced
cautiously at home in order to avoid unexpected severe reactions. The reason
for this cautious introduction is the possibility of sensitisation to still not
characterized peanut allergen components.

-

Ara h 6 cross-reacts extensively with Ara h 2. In rare cases Ara h 6
sensitization may occur in the absence of Ara h 2 sensitization and thereby
cause a severe reaction at exposure to peanut. Therefore, it must be very
useful to have Ara h 6 commercially available.

-

When analysing test results for peanut components, the sum of IgE to peanut
components should at least cover the IgE level of the peanut extract. When
peanut extract IgE levels are increasing it should be accompanied with a
corresponding increase in peanut component IgE. If not, this should be a sign
for increased awareness since patients, even though rarely, may be sensitized
to peanut allergen components not yet characterized.

-

A previous history of a systemic reaction at peanut exposure should always be
seriously considered when assessing the risk of a systemic reaction at
challenge, irrespective of IgE test results. The reason for this is that all peanut
proteins related to IgE-mediated reactions may not yet have been identified
and characterized.

-

With the use of CRD, we are now hopefully heading towards less restrictive
advices on elimination of foods from the diet in a substantial number of birch
pollen allergic patients. The difficulties to disentangle harmless reactions from
harmful will hopefully be reduced by using allergen component testing.
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7 POPULÄRVETENSKAPLIG SAMMANFATTNING
Allergisjukdomar är en av våra största folksjukdomar och ca 25% av alla barn i Sverige
har någon form av allergibesvär. Allergirelaterade sjukdomar har ökat under flera
decennier, men ökningen verkar ha planat ut i vissa delar av västvärlden samtidigt som
vi ser en ökning i t.ex. Östeuropa och delar av Asien.
Att vara allergisk innebär för de flesta att deras immunförsvar reagerar mot ett i vanliga
fall ofarligt ämne. Vid kontakt med ämnet bildas så kallade allergi-antikroppar –
Immunoglobulin E (IgE). Denna process benämns sensibilisering. Det
allergiframkallande ämnet kallas allergen. Allergenet kan t ex vara proteiner i pollen
som når kroppen via inandningsluften eller proteiner i ett födoämne som hamnar i magtarmsystemet. En allergisk reaktion triggas igång vid förnyad kontakt med allergenet
och visar sig i form av astma, hösnuva, eksem, nässelutslag, svullnader, magbesvär
eller i värsta fall allergisk chock som kan vara ett livshotande tillstånd.
Allergier mot mat är vanliga framförallt under barndomen. Beroende på hur denna
allergiform definieras så drabbas ca 2%-10 % av befolkningen. Jordnötsallergi är en av
de vanligaste formerna av födoämnesallergier och en viktig orsak till allvarliga
allergiska reaktioner. Förekomsten i befolkningen varierar mellan 0.6 % och 3 % i olika
undersökningar och flera studier pekar på en ökande trend det senaste decenniet.
Korsreaktioner mot födoämnen är mycket vanliga hos personer med pollenallergi.
Orsaken är att många födoämnen och pollen innehåller liknande proteinstrukturer.
Pollen-IgE-antikroppar korsreagerar mot allergen i födoämnen på grund av likheterna i
struktur. Följden blir att den som är pollensensibiliserad också kan vara sensibiliserad
mot olika födoämnen. Beroende på hur lika dessa proteiner är varandra så kan symtom
uppkomma vid förtäring av födoämnet. I regel blir dessa symtom lindriga och
begränsade till munhålan. Serologisk korsreaktion, kanske bättre benämnd
korssensibilisering, föreligger ofta utan att några som helst symtom uppkommer vid
förtäring av födoämnet i fråga. Det positiva IgE-testet mot födoämnet kan i onödan
orsaka oro för att drabbas av allvarliga reaktioner.
Det övergripande syftet med denna avhandling var att studera sensibiliseringsmönster,
d.v.s. förekomsten av IgE antikroppar, mot luftburna allergen under barndomen.
Dessutom att studera björkpollen- och jordnöts-antikroppar samt antikroppar mot olika
strukturer i jordnöt i relation till symtom på jordnötsallergi.
Studierna baseras till största delen på material från BAMSE-studien (Barn, Allergi,
Miljö i Stockholm, en Epidemiologisk studie); en undersökning med fokus på att
studera utveckling av allergisjukdomar innefattande drygt 4000 barn som följs sedan
födseln i början av 1990-talet. Den sista delstudien i avhandlingen är utförd på
Sachsska Barnsjukhuset och inkluderade 98 barn från allergimottagningen samt 62 barn
från BAMSE-studien.
I den första studien beskrevs sensibilisering mot allergiframkallande ämnen i luften,
främst pollen och pälsdjur, mellan fyra och åtta års ålder. Vi konstaterade att det är en
mycket dynamisk process där andelen sensibiliserade barn ökade från 15 % till 25 %
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mellan fyra och åtta års ålder samt att antikroppar mot björkpollen och katt dominerade.
Ökningen i förekomst av sensibilisering mot timotej och hund var dock relativt sett
större och verkade ”knappa in” på förekomsten av sensibilisering för björkpollen och
katt.
I studie 2 visade vi att åttaåringar som var sensibiliserade mot både björkpollen och
jordnöt i mindre utsträckning uppgav symtom vid förtäring av jordnötter jämfört med
åttaåringar som var sensibiliserade mot jordnöt men inte mot björkpollen. Detta
tvärtemot vad man skulle tro eftersom IgE mot flera olika ämnen brukar resultera i
högre förekomst av allergisymtom.
I den tredje studien ville vi titta närmare på orsakerna till fynden i studie 2 och
analyserade IgE-allergena komponenter mot pollen och jordnöt. Allergena
komponenter är de olika molekyler, framför allt proteinmolekyler i t.ex. ett födoämne
som kan ge upphov till allergiantikroppar (IgE). Nomenklaturen vid komponentanalys
bygger på det latinska namnet för växten eller djuret i fråga samt i vilken ordning
proteinet karakteriserades. För jordnöt (Arachis hypogaea) får allergena komponenter
de tre första bokstäverna från familjenamnet (Ara) och den första bokstaven från
artnamnet (h). Allergisk sensibilisering för jordnötskomponenterna Ara h 1, Ara h 2
och Ara h 3 anses vara de proteinmolekyler som ger upphov till ”äkta” jordnötsallergi
medan sensibilisering för den björkpollen-liknande komponenten Ara h 8 ses vid
samtidig sensibilisering för björkpollen p.g.a. den serologiska korsreaktionen mellan
Ara h 8 och huvudallergenet i björkpollen. Vi kunde konstatera att Ara h 2-IgE var
starkast kopplad till symtom mot jordnöt, särskilt i kombination med IgE mot Ara h 1
och/eller Ara h 3. De barn som var sensibiliserade mot Ara h 8 och inte mot Ara h 1, h
2 eller h 3 angav jordnötssymtom i lägre utsträckning och angav betydligt lindrigare
symtom. Resultaten tydde alltså på att antikroppar mot Ara h 8 kunde ses som
indikation på att symtom från jordnöt endast blev lindriga eller att inga symtom
uppträdde alls.
Det fjärde delarbetet i avhandlingen är en fallbeskrivning av en 15-årig pojke som fick
en anafylaxi efter en jordnötsprovokation på Sachsska barnsjukhuset, trots låga nivåer
av jordnötskomponenterna Ara h 1, h 2 och h 3. Analys av allergiantikroppar visade
höga nivåer mot jordnötskomponenten Ara h 6 som är mycket lik Ara h 2 i sin
proteinstruktur. IgE mot Ara h 6 finns sällan i blodet utan samtidig förekomst av
allergiantikroppar mot Ara h 2. Så var det dock inte i detta sällsynta fall.
I studie 5 ville vi testa hypotesen att vid sensibilisering mot jordnöt, men bara
förekomst av Ara h 8 antikroppar, uppstår inte allvarliga reaktioner mot jordnöt. Vi
gjorde detta genom att utföra jordnötsprovokationer på barn som ”bara var Ara h 8”sensibiliserade. De fick äta jordnötter under kontrollerade former på Sachsska
barnsjukhuset. Nästan alla dessa barn tålde jordnöt eller fick snabbt övergående klåda i
munnen. En pojke som reagerat mot jordnöt tidigare i livet fick en kraftig allergisk
reaktion vid jordnötsprovokationen i vår studie. En specialanalys av hans IgEantikroppar, så kallad immunoblotting, visade att nästan allt jordnöts-IgE var riktat mot
ett hittills okänt jordnötsprotein. Troligtvis var det IgE mot detta ännu inte
karaktäriserade jordnötsprotein som gav upphov till reaktionen.
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Sammanfattningsvis talar resultaten för att sensibilisering mot luftburna allergen under
barndomsåren är en dynamisk process och att björkpollensensibilisering dominerar vid
åtta års ålder. Korsreaktioner mot den björkrelaterade jordnötskomponenten Ara h 8 är
sannolikt inte kopplade till svåra allergiska reaktioner vid jordnötsexponering, men det
är viktigt att vara vaksam för att hittills okända allergiframkallande
jordnötskomponenter i mycket sällsynta fall kan framkalla sensibilisering och
reaktioner. Varningstecken är en sjukhistoria med uppgifter om tidigare allvarlig
reaktion mot jordnöt eller stigande IgE mot jordnötsextrakt utan motsvarande stegring
av IgE mot kända jordnöts-komponenter.
Ca 1/3 av de barn i Sverige som har jordnötsantikroppar i blodet har bara typen Ara h 8.
I princip samtliga barn med jordnötsantikroppar i blodet har hittills fått rådet att helt
undvika jordnötter av rädsla för allvarliga reaktioner. Den ökade kunskapen kommer
underlätta diagnostiken av jordnötsallergi och minska lidandet hos många
jordnötssensibiliserade barn som inte längre behöver oroa sig för allvarliga
jordnötsreaktioner.

46

8 ACKNOWLEDGEMENTS/ TILLERKÄNNELSE
Det är så många jag vill tacka för att ha hjälpt till att få denna avhandling till stånd.
För det första: Tack alla barn och familjer i BAMSE-studien och på Sachsska
Barnsjukhuset som har deltagit i studierna. Utan Er hade vi inte haft några resultat att
publicera.
Magnus Wickman, min huvudhandledare: Du är en riktig livsnjutare! Och
forskningen är en del av livet för Dig. Din positiva drivkraft och energi smittar av sig
på så sätt att forskningsarbetet känns roligt och stimulerande och leder till resultat. Man
har aldrig tråkigt i Ditt sällskap. Tack för att jag har fått vara Din doktorand och de
trevliga åren vi haft tillsammans (så här långt).
Gunilla Hedlin, min bihandledare: Du är så kunnig, lugn och säker. Tack för Din
stöttande kraft och för att Du bidragit med Din klokskap. Ser fram emot fler spännande
samarbeten framöver.
Britt-Marie Anderlid, mentor och tillika klinisk ST-handledare: Alltid lika rak,
konstruktiv och engagerad. Hur hinner Du med allt? Forskare, barnneurolog, klinisk
genetiker, flitigt anlitad föreläsare, handledare, konstnär, etc.
Mina fantastiska medförfattare: Marianne van Hage – min idol! Du har allt!
Smart, allvetande, trevlig och stilig. Gunnar Lilja, en diskret team-builder med det
varmaste hjärtat och en omätbar klinisk erfarenhet. Caroline Nilsson, cool och rak med
stark integritet och härliga exklusiva koftor som gör mig grön av avund. Eva Östblom,
min stöttepelare i de första famlande statistikanalyserna och ett fortsatt stöd genom
dessa år. Finns liksom där i bakgrunden som en trygghet. Susanne Glaumann, trevlig
ST-kollega på Sachsska som lärt mig mycket om födoämnesprovokationer. Göran
Pershagen, världens kanske mest förtroendeingivande forskare. Om Du säger att något
är bra, då känner man sig lugn. Inger Kull, tack för Ditt ständiga lugn och ”det ordnar
sig”-inställning. Du har ju alltid rätt har det visat sig!
Från Thermo Fisher Scientific (f.d. Phadia): Staffan Ahlstedt, Robert Movérare,
Maryam Poorafshar, Lisa Elfström och Jonas Lidholm. Tack för allt engagemang
och all hjälp med delarbetena! Speciellt Jonas förtjänar ett extra tack för att ha
engagerat sig mer än man kan begära och avsevärt höjt kvalitén på artiklarna (och även
på natthumöret, när det då och då dumpit ner ett underfundigt skämt i mailboxen framåt
småtimmarna).
Erik Melén, det var ju Du som värvade mig till forskningen från början. Vilket
lyckokast för mig! Jag är Dig evigt tacksam för detta. Anna Bergström, otrolig koll,
ordning och reda, hjälper till och ställer alltid upp när det behövs.
Mina härliga doktorand-kompisar, vilket underbart gäng med begåvade, trevliga
och roliga människor! Utan Er hade jag inte klarat mig en sekund: Åsa Neuman,
Marit Westman, Mirja Vetander, Natalia Ballardini, Björn Nordlund och från
journal clubs Jon Konradsen, Jessica Magnusson, Lotta Eriksson, Bettina Julin,
Susanne Rautiainen och Ann Burgaz. Unga begåvade Henrike Tillander!
Fler BAMSE-människor som sprider trevnad och har hjälpt mig med allt möjligt:
Eva Hallner, André Lauber och Sara Nilsson. Jag vill också tacka alla övriga
medarbetare på enheten för miljömedicinsk epidemiologi.
Tack till ansvariga prefekter Göran Pershagen och Anders Ahlbom för att jag
har fått möjligheten att disputera vid Institutet för Miljömedicin.

47

All trevlig personal på Sachsska Barnsjukhuset – jag trivdes verkligen fantastiskt
bra hos Er! Speciellt vill jag tacka Lotta Hansson för att vara en trevlig kollega, för
utförandet av merparten av alla jordnötsprovokationer och all annan hjälp kring ”Ara h
8-studien”.
Ett stort tack vill jag också rikta till min fine och omtänksamme chef på Astrid
Lindgrens Barnsjukhus Bosse Magnusson, som alltid är lika uppmuntrande och
stöttande i allt jag tar mig för och har beviljat tjänstledighet för all forskningstid.
Mina kära vänner utanför forskningen: Andrea & Micke, Clara & Jakob, Ida &
Tobias, Hedda & Jens, Anette & Johan, Henrik, Hanna & Jens, Anna & David,
Debbie & Mattias, Paola & Tobias, Peter & Charlotte, Mirjam & Ola.
Härliga vänner i Bromma: Sharona & Fredrik, Christina & Stefan, Camilla &
Fredrik, Karolina & Johan, Katarina & Martin, Sophia & Niklas, Maria &
David, Tove & Gunnar, Pernilla & Andreas, Linda & Fredrik, Marit (igen) &
Johan.
Tack Eva Berggren-Broström med familj för alla uppmuntrande ord genom åren,
all god mat och för att ha lett mig in på barnläkarbanan.
Tack Juliette (Lalla) Säwe, Bengt Lindholm, Anna och Fredrik, Ni är som
familj för mig, det vet Ni!
Eva och Carl-Magnus Renström som alltid varit och fortfarande är mina högt
älskade morföräldrar!
Mamma AnnaMaria och Pappa Ola Undeman. Ni har lyckats med det stora
konststycket att genom att kombinera kärlek och intellektuell stimulans få mig och
mina syskon att bygga upp ett starkt självförtroende och få oss att tro att vi är historiens
mest begåvade och fantastiska barn.
Calle, Emma, Olle och Kajsa – Historiens underbaraste, mest begåvade och
fantastiska syskon!
Märit, Pelle, Hanna och Simon – respektive som matchar dessa fantastiska
syskon genom att vara minst lika fantastiska!
Majken, Solveig, Åke, Ivar – Mina syskonbarn, d.v.s. nästa generation helt
underbara, begåvade och fantastiska varelser!
Cicci & Alar, Patrik med familj, Molly, Ann & Göran, Henrik med familj,
Carl, Pontus, Karin, Birgitta – fler underbara släktingar!
Siv och Rolf Asarnoj, Bernhard och Samuel med familjer – Min nya familj.
Ställer alltid upp och är så fantastiskt omtänksamma. Och framför allt: Ni ger så
mycket kärlek till mig, David och barnen.
Till slut vill jag tacka David, min helt underbare man som jag älskar så otroligt
mycket, som gör mig lycklig och som lärt mig att vänlighet och ödmjukhet kan ta en
långt. Och viktigast av allt, som har gett mig våra underbara barn Ruben, Miriam och
Eva. Ni är mitt allt, tack för att ni finns, jag älskar er över allt annat!
For financial support I would also like to thank: the Swedish Asthma and Allergy
Association’s Research Foundation, the Swedish Heart and Lung Foundation, the
Vardal Foundation for Health Care Sciences and Allergy Research, Centre for Allergy
Research (CfA), the Samariten Foundation, the Foundation “Frimurare-Barnhuset i
Stockholm”, the Swedish Society of Medicine, Stockholm County Council and the
Swedish Research Council, Sweden. Thermo Fisher Scientific kindly provided reagents
and performed some of the IgE determinations.

48

9 REFERENCES
1.

2.
3.
4.
5.

6.
7.

8.

9.

10.
11.

12.
13.

14.

15.
16.

17.
18.

Johansson SG, Bieber T, Dahl R, Friedmann PS, Lanier BQ, Lockey RF, et al.
Revised nomenclature for allergy for global use: Report of the Nomenclature
Review Committee of the World Allergy Organization, October 2003. J Allergy
Clin Immunol 2004; 113:832-6.
Rindsjo E, Scheynius A. Mechanisms of IgE-mediated allergy. Exp Cell Res
2010; 316:1384-9.
Abbas AK LA. Basic Immunology. third ed. Philadelphia: Elsevier Inc; 2011.
Cox L. Overview of serological-specific IgE antibody testing in children. Curr
Allergy Asthma Rep 2011; 11:447-53.
Hamilton RG, Williams PB. Human IgE antibody serology: a primer for the
practicing North American allergist/immunologist. J Allergy Clin Immunol
2010; 126:33-8.
Johansson SG, Bennich H. Immunological studies of an atypical (myeloma)
immunoglobulin. Immunology 1967; 13:381-94.
Ishizaka K, Ishizaka T, Menzel AE. Physicochemical properties of reaginic
antibody. VI. Effect of heat on gamma-E-, gamma-G- and gamma-A-antibodies
in the sera of ragweed sensitive patients. J Immunol 1967; 99:610-8.
Vetander M, Helander D, Lindquist C, Hedlin G, Alfven T, Ostblom E, et al.
Classification of anaphylaxis and utility of the EAACI Taskforce position paper
on anaphylaxis in children. Pediatr Allergy Immunol 2011; 22:369-73.
Simons FE, Ardusso LR, Bilo MB, El-Gamal YM, Ledford DK, Ring J, et al.
World Allergy Organization anaphylaxis guidelines: summary. J Allergy Clin
Immunol 2011; 127:587-93 e1-22.
Prevention. FtGSfAMa. GINA report. In: (GINA) GIfA, ed. Available from:
http://www.ginasthma.org/, 2011.
Brozek JL, Bousquet J, Baena-Cagnani CE, Bonini S, Canonica GW, Casale
TB, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines: 2010
revision. J Allergy Clin Immunol 2010; 126:466-76.
Hanifin JM RG. Diagnostic features of atopic dermatitis. Acta Derm Venereol.
Suppl 1980; 92.
Williams HC, Grindlay DJ. What's new in atopic eczema? An analysis of
systematic reviews published in 2007 and 2008. Part 1. Definitions, causes and
consequences of eczema. Clin Exp Dermatol 2010; 35:12-5.
Muraro A, Roberts G, Clark A, Eigenmann PA, Halken S, Lack G, et al. The
management of anaphylaxis in childhood: position paper of the European
academy of allergology and clinical immunology. Allergy 2007; 62:857-71.
Gupta R, Sheikh A, Strachan DP, Anderson HR. Time trends in allergic
disorders in the UK. Thorax 2007; 62:91-6.
Asher MI, Montefort S, Bjorksten B, Lai CK, Strachan DP, Weiland SK, et al.
Worldwide time trends in the prevalence of symptoms of asthma, allergic
rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and Three
repeat multicountry cross-sectional surveys. Lancet 2006; 368:733-43.
von Hertzen L, Haahtela T. Signs of reversing trends in prevalence of asthma.
Allergy 2005; 60:283-92.
Ker J, Hartert TV. The atopic march: what's the evidence? Ann Allergy Asthma
Immunol 2009; 103:282-9.

49

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.
35.
36.

50

Spergel JM, Paller AS. Atopic dermatitis and the atopic march. J Allergy Clin
Immunol 2003; 112:S118-27.
Kulig M, Bergmann R, Klettke U, Wahn V, Tacke U, Wahn U. Natural course
of sensitization to food and inhalant allergens during the first 6 years of life. J
Allergy Clin Immunol 1999; 103:1173-9.
Kjaer HF, Eller E, Andersen KE, Host A, Bindslev-Jensen C. The association
between early sensitization patterns and subsequent allergic disease. The DARC
birth cohort study. Pediatr Allergy Immunol 2009; 20:726-34.
Voor T, Julge K, Bottcher MF, Jenmalm MC, Duchen K, Bjorksten B. Atopic
sensitization and atopic dermatitis in Estonian and Swedish infants. Clin Exp
Allergy 2005; 35:153-9.
Wickman M, Ahlstedt S, Lilja G, van Hage Hamsten M. Quantification of IgE
antibodies simplifies the classification of allergic diseases in 4-year-old
children. A report from the prospective birth cohort study--BAMSE. Pediatr
Allergy Immunol 2003; 14:441-7.
Bjerg-Backlund A, Perzanowski MS, Platts-Mills T, Sandstrom T, Lundback B,
Ronmark E. Asthma during the primary school ages--prevalence, remission and
the impact of allergic sensitization. Allergy 2006; 61:549-55.
Hesselmar B, Aberg B, Eriksson B, Aberg N. Allergic rhinoconjunctivitis,
eczema, and sensitization in two areas with differing climates. Pediatr Allergy
Immunol 2001; 12:208-15.
Ballardini N, Kull I, Lind T, Hallner E, Almqvist C, Ostblom E, et al.
Development and comorbidity of eczema, asthma and rhinitis to age 12: data
from the BAMSE birth cohort. Allergy 2012; 67:537-44.
Westman M, Stjarne P, Asarnoj A, Kull I, van Hage M, Wickman M, et al.
Natural course and comorbidities of allergic and nonallergic rhinitis in children.
J Allergy Clin Immunol 2012; 129:403-8.
Ostblom E, Lilja G, Pershagen G, van Hage M, Wickman M. Phenotypes of
food hypersensitivity and development of allergic diseases during the first 8
years of life. Clin Exp Allergy 2008; 38:1325-32.
Sandin A, Annus T, Bjorksten B, Nilsson L, Riikjarv MA, van Hage-Hamsten
M, et al. Prevalence of self-reported food allergy and IgE antibodies to food
allergens in Swedish and Estonian schoolchildren. Eur J Clin Nutr 2005;
59:399-403.
Kristjansson I, Ardal B, Jonsson JS, Sigurdsson JA, Foldevi M, Bjorksten B.
Adverse reactions to food and food allergy in young children in Iceland and
Sweden. Scand J Prim Health Care 1999; 17:30-4.
Burks AW, Jones SM, Boyce JA, Sicherer SH, Wood RA, Assa'ad A, et al.
NIAID-sponsored 2010 guidelines for managing food allergy: applications in
the pediatric population. Pediatrics 2011; 128:955-65.
Murray RJ. Recognition and management of Staphylococcus aureus toxinmediated disease. Intern Med J 2005; 35 Suppl 2:S106-19.
Wilt TJ, Shaukat A, Shamliyan T, Taylor BC, MacDonald R, Tacklind J, et al.
Lactose intolerance and health. Evid Rep Technol Assess (Full Rep) 2010:1410.
Ludvigsson JF, Leffler DA, Bai JC, Biagi F, Fasano A, Green PH, et al. The
Oslo definitions for coeliac disease and related terms. Gut 2012.
Burks AW, Tang M, Sicherer S, Muraro A, Eigenmann PA, Ebisawa M, et al.
ICON: Food allergy. J Allergy Clin Immunol 2012; 129:906-20.
Hourihane JO, Aiken R, Briggs R, Gudgeon LA, Grimshaw KE, DunnGalvin
A, et al. The impact of government advice to pregnant mothers regarding

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.
47.

48.

49.

50.
51.

52.
53.

peanut avoidance on the prevalence of peanut allergy in United Kingdom
children at school entry. J Allergy Clin Immunol 2007; 119:1197-202.
Nicolaou N, Poorafshar M, Murray C, Simpson A, Winell H, Kerry G, et al.
Allergy or tolerance in children sensitized to peanut: prevalence and
differentiation using component-resolved diagnostics. J Allergy Clin Immunol
2010; 125:191-7 e1-13.
Osterballe M, Hansen TK, Mortz CG, Host A, Bindslev-Jensen C. The
prevalence of food hypersensitivity in an unselected population of children and
adults. Pediatr Allergy Immunol 2005; 16:567-73.
Sicherer SH, Munoz-Furlong A, Sampson HA. Prevalence of peanut and tree
nut allergy in the United States determined by means of a random digit dial
telephone survey: a 5-year follow-up study. J Allergy Clin Immunol 2003;
112:1203-7.
Grundy J, Matthews S, Bateman B, Dean T, Arshad SH. Rising prevalence of
allergy to peanut in children: Data from 2 sequential cohorts. J Allergy Clin
Immunol 2002; 110:784-9.
Mortz CG, Andersen KE, Bindslev-Jensen C. The prevalence of peanut
sensitization and the association to pollen sensitization in a cohort of unselected
adolescents--The Odense Adolescence Cohort Study on Atopic Diseases and
Dermatitis (TOACS). Pediatr Allergy Immunol 2005; 16:501-6.
Ostblom E, Lilja G, Ahlstedt S, van Hage M, Wickman M. Patterns of
quantitative food-specific IgE-antibodies and reported food hypersensitivity in
4-year-old children. Allergy 2008; 63:418-24.
Bock SA, Munoz-Furlong A, Sampson HA. Further fatalities caused by
anaphylactic reactions to food, 2001-2006. J Allergy Clin Immunol 2007;
119:1016-8.
Moneret-Vautrin DA, Morisset M, Flabbee J, Beaudouin E, Kanny G.
Epidemiology of life-threatening and lethal anaphylaxis: a review. Allergy
2005; 60:443-51.
Pumphrey RS, Gowland MH. Further fatal allergic reactions to food in the
United Kingdom, 1999-2006. J Allergy Clin Immunol 2007; 119:1018-9.
Hourihane JO, Roberts SA, Warner JO. Resolution of peanut allergy: casecontrol study. Bmj 1998; 316:1271-5.
Fleischer DM, Conover-Walker MK, Christie L, Burks AW, Wood RA. The
natural progression of peanut allergy: Resolution and the possibility of
recurrence. J Allergy Clin Immunol 2003; 112:183-9.
Skolnick HS, Conover-Walker MK, Koerner CB, Sampson HA, Burks W,
Wood RA. The natural history of peanut allergy. J Allergy Clin Immunol 2001;
107:367-74.
Ostblom E, Egmar AC, Gardulf A, Lilja G, Wickman M. The impact of food
hypersensitivity reported in 9-year-old children by their parents on healthrelated quality of life. Allergy 2008; 63:211-8.
Avery NJ, King RM, Knight S, Hourihane JO. Assessment of quality of life in
children with peanut allergy. Pediatr Allergy Immunol 2003; 14:378-82.
Mittag D, Akkerdaas J, Ballmer-Weber BK, Vogel L, Wensing M, Becker WM,
et al. Ara h 8, a Bet v 1-homologous allergen from peanut, is a major allergen in
patients with combined birch pollen and peanut allergy. Journal of Allergy &
Clinical Immunology 2004; 114:1410-7.
Hauser M, Roulias A, Ferreira F, Egger M. Panallergens and their impact on the
allergic patient. Allergy Asthma Clin Immunol 2010; 6:1.
Breiteneder H, Radauer C. A classification of plant food allergens. J Allergy
Clin Immunol 2004; 113:821-30; quiz 31.
51

54.
55.
56.

57.

58.

59.
60.

61.

62.
63.
64.
65.

66.
67.
68.

69.

70.
71.
72.
73.

74.

52

Eriksson NE, Formgren H, Svenonius E. Food hypersensitivity in patients with
pollen allergy. Allergy 1982; 37:437-43.
Breiteneder H, Ebner C. Molecular and biochemical classification of plantderived food allergens. J Allergy Clin Immunol 2000; 106:27-36.
Wensing M, Akkerdaas JH, van Leeuwen WA, Stapel SO, Bruijnzeel-Koomen
CA, Aalberse RC, et al. IgE to Bet v 1 and profilin: cross-reactivity patterns and
clinical relevance. J Allergy Clin Immunol 2002; 110:435-42.
Ma S, Sicherer SH, Nowak-Wegrzyn A. A survey on the management of
pollen-food allergy syndrome in allergy practices. J Allergy Clin Immunol
2003; 112:784-8.
Amlot PL, Kemeny DM, Zachary C, Parkes P, Lessof MH. Oral allergy
syndrome (OAS): symptoms of IgE-mediated hypersensitivity to foods. Clin
Allergy 1987; 17:33-42.
Tuft L BG. Studies in food allergy-sensitization to fresh fruits: clinical and
experimental observations. J Allergy 1942:574-8.
Webber CM, England RW. Oral allergy syndrome: a clinical, diagnostic, and
therapeutic challenge. Ann Allergy Asthma Immunol 2010; 104:101-8; quiz 910, 17.
Knight AK, Shreffler WG, Sampson HA, Sicherer SH, Noone S, Mofidi S, et
al. Skin prick test to egg white provides additional diagnostic utility to serum
egg white-specific IgE antibody concentration in children. J Allergy Clin
Immunol 2006; 117:842-7.
Sicherer SH, Sampson HA. 9. Food allergy. J Allergy Clin Immunol 2006;
117:S470-5.
Sicherer SH, Wood RA. Allergy testing in childhood: using allergen-specific
IgE tests. Pediatrics 2012; 129:193-7.
Roberts G, Lack G. Diagnosing peanut allergy with skin prick and specific IgE
testing. J Allergy Clin Immunol 2005; 115:1291-6.
Sporik R, Hill DJ, Hosking CS. Specificity of allergen skin testing in predicting
positive open food challenges to milk, egg and peanut in children. Clin Exp
Allergy 2000; 30:1540-6.
Wide L, Bennich H, Johansson SG. Diagnosis of allergy by an in-vitro test for
allergen antibodies. Lancet 1967; 2:1105-7.
Sampson HA. Utility of food-specific IgE concentrations in predicting
symptomatic food allergy. J Allergy Clin Immunol 2001; 107:891-6.
Celik-Bilgili S, Mehl A, Verstege A, Staden U, Nocon M, Beyer K, et al. The
predictive value of specific immunoglobulin E levels in serum for the outcome
of oral food challenges. Clin Exp Allergy 2005; 35:268-73.
Benhamou AH, Zamora SA, Eigenmann PA. Correlation between specific
immunoglobulin E levels and the severity of reactions in egg allergic patients.
Pediatr Allergy Immunol 2008; 19:173-9.
Juhlin-Dannfelt C. About the occurrence of various forms of pollen allergy in
Sweden. Acta Med Scand 1948; 131:563-77.
Hannuksela M, Lahti A. Immediate reactions to fruits and vegetables. Contact
Dermatitis 1977; 3:79-84.
Hudson TJ. Skin barrier function and allergic risk. Nat Genet 2006; 38:399-400.
Weidinger S, Illig T, Baurecht H, Irvine AD, Rodriguez E, Diaz-Lacava A, et
al. Loss-of-function variations within the filaggrin gene predispose for atopic
dermatitis with allergic sensitizations. J Allergy Clin Immunol 2006; 118:214-9.
van Loon LC, Rep M, Pieterse CM. Significance of inducible defense-related
proteins in infected plants. Annu Rev Phytopathol 2006; 44:135-62.

75.

76.

77.
78.

79.
80.
81.

82.

83.

84.

85.
86.

87.

88.

89.

90.

91.

Cabanos C, Tandang-Silvas MR, Odijk V, Brostedt P, Tanaka A, Utsumi S, et
al. Expression, purification, cross-reactivity and homology modeling of peanut
profilin. Protein Expr Purif 2010; 73:36-45.
Valenta R, Duchene M, Pettenburger K, Sillaber C, Valent P, Bettelheim P, et
al. Identification of profilin as a novel pollen allergen; IgE autoreactivity in
sensitized individuals. Science 1991; 253:557-60.
Aalberse RC, van Ree R. Crossreactive carbohydrate determinants. Clin Rev
Allergy Immunol 1997; 15:375-87.
Mari A. IgE to cross-reactive carbohydrate determinants: analysis of the
distribution and appraisal of the in vivo and in vitro reactivity. Int Arch Allergy
Immunol 2002; 129:286-95.
Breiteneder H, Clare Mills EN. Plant food allergens--structural and functional
aspects of allergenicity. Biotechnol Adv 2005; 23:395-9.
Sathe SK, Sharma GM. Effects of food processing on food allergens. Mol Nutr
Food Res 2009; 53:970-8.
Burks AW, Williams LW, Helm RM, Connaughton C, Cockrell G, O'Brien T.
Identification of a major peanut allergen, Ara h I, in patients with atopic
dermatitis and positive peanut challenges. J Allergy Clin Immunol 1991;
88:172-9.
Burks AW, Williams LW, Connaughton C, Cockrell G, O'Brien TJ, Helm RM.
Identification and characterization of a second major peanut allergen, Ara h II,
with use of the sera of patients with atopic dermatitis and positive peanut
challenge. J Allergy Clin Immunol 1992; 90:962-9.
Rabjohn P, Helm EM, Stanley JS, West CM, Sampson HA, Burks AW, et al.
Molecular cloning and epitope analysis of the peanut allergen Ara h 3. J Clin
Invest 1999; 103:535-42.
Eigenmann PA, Burks AW, Bannon GA, Sampson HA. Identification of unique
peanut and soy allergens in sera adsorbed with cross-reacting antibodies. J
Allergy Clin Immunol 1996; 98:969-78.
Sicherer SH, Sampson HA. Peanut allergy: emerging concepts and approaches
for an apparent epidemic. J Allergy Clin Immunol 2007; 120:491-503; quiz 4-5.
Koppelman SJ, Knol EF, Vlooswijk RA, Wensing M, Knulst AC, Hefle SL, et
al. Peanut allergen Ara h 3: isolation from peanuts and biochemical
characterization. Allergy 2003; 58:1144-51.
Kleber-Janke T, Crameri R, Appenzeller U, Schlaak M, Becker WM. Selective
cloning of peanut allergens, including profilin and 2S albumins, by phage
display technology. Int Arch Allergy Immunol 1999; 119:265-74.
Maleki SJ, Kopper RA, Shin DS, Park CW, Compadre CM, Sampson H, et al.
Structure of the major peanut allergen Ara h 1 may protect IgE-binding epitopes
from degradation. J Immunol 2000; 164:5844-9.
Maleki SJ, Viquez O, Jacks T, Dodo H, Champagne ET, Chung SY, et al. The
major peanut allergen, Ara h 2, functions as a trypsin inhibitor, and roasting
enhances this function. Journal of Allergy & Clinical Immunology 2003;
112:190-5.
Gruber P, Becker WM, Hofmann T. Influence of the maillard reaction on the
allergenicity of rAra h 2, a recombinant major allergen from peanut (Arachis
hypogaea), its major epitopes, and peanut agglutinin. J Agric Food Chem 2005;
53:2289-96.
Ballmer-Weber BK, Hoffmann A, Wuthrich B, Luttkopf D, Pompei C,
Wangorsch A, et al. Influence of food processing on the allergenicity of celery:
DBPCFC with celery spice and cooked celery in patients with celery allergy.
Allergy 2002; 57:228-35.
53

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.
107.

54

Reindl J, Anliker MD, Karamloo F, Vieths S, Wuthrich B. Allergy caused by
ingestion of zucchini (Cucurbita pepo): characterization of allergens and crossreactivity to pollen and other foods. J Allergy Clin Immunol 2000; 106:379-85.
Bindslev-Jensen C, Ballmer-Weber BK, Bengtsson U, Blanco C, Ebner C,
Hourihane J, et al. Standardization of food challenges in patients with
immediate reactions to foods--position paper from the European Academy of
Allergology and Clinical Immunology. Allergy 2004; 59:690-7.
Grimshaw KE, King RM, Nordlee JA, Hefle SL, Warner JO, Hourihane JO.
Presentation of allergen in different food preparations affects the nature of the
allergic reaction--a case series. Clin Exp Allergy 2003; 33:1581-5.
van Odijk J, Ahlstedt S, Bengtsson U, Borres MP, Hulthen L. Double-blind
placebo-controlled challenges for peanut allergy the efficiency of blinding
procedures and the allergenic activity of peanut availability in the recipes.
Allergy 2005; 60:602-5.
Wickman M, Kull I, Pershagen G, Nordvall SL. The BAMSE project:
presentation of a prospective longitudinal birth cohort study. Pediatr Allergy
Immunol 2002; 13 Suppl 15:11-3.
Lannero E, Kull I, Wickman M, Pershagen G, Nordvall SL. Environmental risk
factors for allergy and socioeconomic status in a birth cohort (BAMSE). Pediatr
Allergy Immunol 2002; 13:182-7.
Constantin C, Quirce S, Poorafshar M, Touraev A, Niggemann B, Mari A, et al.
Micro-arrayed wheat seed and grass pollen allergens for component-resolved
diagnosis. Allergy 2009; 64:1030-7.
Mattsson L, Lundgren T, Olsson P, Sundberg M, Lidholm J. Molecular and
immunological characterization of Can f 4: a dog dander allergen cross-reactive
with a 23 kDa odorant-binding protein in cow dander. Clin Exp Allergy 2010;
40:1276-87.
Marknell DeWitt Å, Niederberger V, Lehtonen P, Spitzauer S, Sperr WR,
Valent P, et al. Molecular and immunological characterization of a novel
timothy grass (Phleum pratense) pollen allergen, Phl p 11. Clinical &
Experimental Allergy 2002; 32:1329-40.
Glaumann S, Nopp A, Johansson SG, Rudengren M, Borres MP, Nilsson C.
Basophil allergen threshold sensitivity, CD-sens, IgE-sensitization and
DBPCFC in peanut-sensitized children. Allergy 2012; 67:242-7.
Kull I, Bergstrom A, Lilja G, Pershagen G, Wickman M. Fish consumption
during the first year of life and development of allergic diseases during
childhood. Allergy 2006; 61:1009-15.
Kull I, Almqvist C, Lilja G, Pershagen G, Wickman M. Breast-feeding reduces
the risk of asthma during the first 4 years of life. J Allergy Clin Immunol 2004;
114:755-60.
Lannero E, Wickman M, van Hage M, Bergstrom A, Pershagen G, Nordvall L.
Exposure to environmental tobacco smoke and sensitisation in children. Thorax
2008; 63:172-6.
Melen E, Kere J, Pershagen G, Svartengren M, Wickman M. Influence of male
sex and parental allergic disease on childhood wheezing: role of interactions.
Clin Exp Allergy 2004; 34:839-44.
Kirkwood BR SJ. Medical Statistics. Second edition ed. Oxford: Blackwell
Publishing company; 2003.
Illi S, von Mutius E, Lau S, Nickel R, Niggemann B, Sommerfeld C, et al. The
pattern of atopic sensitization is associated with the development of asthma in
childhood. J Allergy Clin Immunol 2001; 108:709-14.

108.

109.

110.

111.

112.
113.

114.

115.

116.

117.

118.

119.

120.

121.
122.

123.

Guilbert TW, Morgan WJ, Zeiger RS, Bacharier LB, Boehmer SJ, Krawiec M,
et al. Atopic characteristics of children with recurrent wheezing at high risk for
the development of childhood asthma. J Allergy Clin Immunol 2004; 114:12827.
Roberts G, Peckitt C, Northstone K, Strachan D, Lack G, Henderson J, et al.
Relationship between aeroallergen and food allergen sensitization in childhood.
Clin Exp Allergy 2005; 35:933-40.
de Jong AB, Dikkeschei LD, Brand PL. Sensitization patterns to food and
inhalant allergens in childhood: a comparison of non-sensitized,
monosensitized, and polysensitized children. Pediatr Allergy Immunol 2011;
22:166-71.
Heinzerling LM, Burbach GJ, Edenharter G, Bachert C, Bindslev-Jensen C,
Bonini S, et al. GA(2)LEN skin test study I: GA(2)LEN harmonization of skin
prick testing: novel sensitization patterns for inhalant allergens in Europe.
Allergy 2009; 64:1498-506.
D'Amato G, Cecchi L, Bonini S, Nunes C, Annesi-Maesano I, Behrendt H, et
al. Allergenic pollen and pollen allergy in Europe. Allergy 2007; 62:976-90.
Wickman M, Nordvall SL, Pershagen G, Sundell J, Schwartz B. House dust
mite sensitization in children and residential characteristics in a temperate
region. J Allergy Clin Immunol 1991; 88:89-95.
Wickman M, Nordvall SL, Pershagen G, Korsgaard J, Johansen N.
Sensitization to domestic mites in a cold temperate region. Am Rev Respir Dis
1993; 148:58-62.
Matricardi PM, Bockelbrink A, Keil T, Gruber C, Niggemann B, Hamelmann
E, et al. Dynamic evolution of serum immunoglobulin E to airborne allergens
throughout childhood: results from the Multi-Centre Allergy Study birth cohort.
Clin Exp Allergy 2009; 39:1551-7.
Simpson A, Tan VY, Winn J, Svensen M, Bishop CM, Heckerman DE, et al.
Beyond atopy: multiple patterns of sensitization in relation to asthma in a birth
cohort study. Am J Respir Crit Care Med 2010; 181:1200-6.
Hill DJ, Hosking CS, de Benedictis FM, Oranje AP, Diepgen TL, Bauchau V.
Confirmation of the association between high levels of immunoglobulin E food
sensitization and eczema in infancy: an international study. Clin Exp Allergy
2008; 38:161-8.
Mari A, Ballmer-Weber BK, Vieths S. The oral allergy syndrome: improved
diagnostic and treatment methods. Curr Opin Allergy Clin Immunol 2005;
5:267-73.
Ronchetti R, Kaczmarski MG, Haluszka J, Jesenak M, Villa MP. Food
allergies, cross-reactions and agroalimentary biotechnologies. Adv Med Sci
2007; 52:98-103.
Flinterman AE, Akkerdaas JH, Knulst AC, van Ree R, Pasmans SG. Hazelnut
allergy: from pollen-associated mild allergy to severe anaphylactic reactions.
Curr Opin Allergy Clin Immunol 2008; 8:261-5.
Nystrand M. A multiplexed immunoassay for the rapid detection of specific IgE
in allergy diagnosis. Ivd Technology 2006; 12:37-9.
Dang TD, Tang M, Choo S, Licciardi PV, Koplin JJ, Martin PE, et al.
Increasing the accuracy of peanut allergy diagnosis by using Ara h 2. J Allergy
Clin Immunol 2012; 129:1056-63.
Nicolaou N, Murray C, Belgrave D, Poorafshar M, Simpson A, Custovic A.
Quantification of specific IgE to whole peanut extract and peanut components
in prediction of peanut allergy. J Allergy Clin Immunol 2011; 127:684-5.

55

124.

125.

126.

127.

128.
129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

56

Codreanu F, Collignon O, Roitel O, Thouvenot B, Sauvage C, Vilain AC, et al.
A novel immunoassay using recombinant allergens simplifies peanut allergy
diagnosis. Int Arch Allergy Immunol 2011; 154:216-26.
Chiang WC, Pons L, Kidon MI, Liew WK, Goh A, Wesley Burks A.
Serological and clinical characteristics of children with peanut sensitization in
an Asian community. Pediatr Allergy Immunol 2010; 21:e429-38.
Koppelman SJ, de Jong GA, Laaper-Ertmann M, Peeters KA, Knulst AC, Hefle
SL, et al. Purification and immunoglobulin E-binding properties of peanut
allergen Ara h 6: evidence for cross-reactivity with Ara h 2. Clin Exp Allergy
2005; 35:490-7.
Vetander M, Helander D, Flodstrom C, Ostblom E, Alfven T, Ly DH, et al.
Anaphylaxis and reactions to foods in children--a population-based case study
of emergency department visits. Clin Exp Allergy 2012; 42:568-77.
Borres MP, Ebisawa M, Eigenmann PA. Use of allergen components begins a
new era in pediatric allergology. Pediatr Allergy Immunol 2011; 22:454-61.
Ballmer-Weber BK, Holzhauser T, Scibilia J, Mittag D, Zisa G, Ortolani C, et
al. Clinical characteristics of soybean allergy in Europe: a double-blind,
placebo-controlled food challenge study. J Allergy Clin Immunol 2007;
119:1489-96.
Mittag D, Vieths S, Vogel L, Becker WM, Rihs HP, Helbling A, et al. Soybean
allergy in patients allergic to birch pollen: clinical investigation and molecular
characterization of allergens. J Allergy Clin Immunol 2004; 113:148-54.
Hansen KS, Ballmer-Weber BK, Sastre J, Lidholm J, Andersson K, Oberhofer
H, et al. Component-resolved in vitro diagnosis of hazelnut allergy in Europe. J
Allergy Clin Immunol 2009; 123:1134-41, 41 e1-3.
Flinterman AE, Akkerdaas JH, den Hartog Jager CF, Rigby NM, FernandezRivas M, Hoekstra MO, et al. Lipid transfer protein-linked hazelnut allergy in
children from a non-Mediterranean birch-endemic area. J Allergy Clin Immunol
2008; 121:423-8 e2.
Fernandez-Rivas M, Bolhaar S, Gonzalez-Mancebo E, Asero R, van Leeuwen
A, Bohle B, et al. Apple allergy across Europe: how allergen sensitization
profiles determine the clinical expression of allergies to plant foods. J Allergy
Clin Immunol 2006; 118:481-8.
Fritsch R, Bohle B, Vollmann U, Wiedermann U, Jahn-Schmid B, Krebitz M, et
al. Bet v 1, the major birch pollen allergen, and Mal d 1, the major apple
allergen, cross-react at the level of allergen-specific T helper cells. J Allergy
Clin Immunol 1998; 102:679-86.
van Zuuren EJ, Terreehorst I, Tupker RA, Hiemstra PS, Akkerdaas JH.
Anaphylaxis after consuming soy products in patients with birch pollinosis.
Allergy 2010; 65:1348-9.
Kosma P, Sjolander S, Landgren E, Borres MP, Hedlin G. Severe reactions
after the intake of soy drink in birch pollen-allergic children sensitized to Gly m
4. Acta Paediatr 2011; 100:305-6.
Flinterman AE, van Hoffen E, den Hartog Jager CF, Koppelman S, Pasmans
SG, Hoekstra MO, et al. Children with peanut allergy recognize predominantly
Ara h2 and Ara h6, which remains stable over time. Clin Exp Allergy 2007;
37:1221-8.
Kulis M, Chen X, Lew J, Wang Q, Patel OP, Zhuang Y, et al. The 2S albumin
allergens of Arachis hypogaea, Ara h 2 and Ara h 6, are the major elicitors of
anaphylaxis and can effectively desensitize peanut-allergic mice. Clin Exp
Allergy 2012; 42:326-36.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

Lehmann K, Schweimer K, Reese G, Randow S, Suhr M, Becker WM, et al.
Structure and stability of 2S albumin-type peanut allergens: implications for the
severity of peanut allergic reactions. Biochem J 2006; 395:463-72.
Blanc F, Adel-Patient K, Drumare MF, Paty E, Wal JM, Bernard H. Capacity of
purified peanut allergens to induce degranulation in a functional in vitro assay:
Ara h 2 and Ara h 6 are the most efficient elicitors. Clin Exp Allergy 2009;
39:1277-85.
Koppelman SJ, Hefle SL, Taylor SL, de Jong GA. Digestion of peanut allergens
Ara h 1, Ara h 2, Ara h 3, and Ara h 6: a comparative in vitro study and partial
characterization of digestion-resistant peptides. Mol Nutr Food Res 2010;
54:1711-21.
Vissers YM, Iwan M, Adel-Patient K, Stahl Skov P, Rigby NM, Johnson PE, et
al. Effect of roasting on the allergenicity of major peanut allergens Ara h 1 and
Ara h 2/6: the necessity of degranulation assays. Clin Exp Allergy 2011;
41:1631-42.
Vissers YM, Blanc F, Skov PS, Johnson PE, Rigby NM, Przybylski-Nicaise L,
et al. Effect of heating and glycation on the allergenicity of 2S albumins (Ara h
2/6) from peanut. PLoS One 2011; 6:e23998.
Lewis SA, Grimshaw KE, Warner JO, Hourihane JO. The promiscuity of
immunoglobulin E binding to peanut allergens, as determined by Western
blotting, correlates with the severity of clinical symptoms. Clin Exp Allergy
2005; 35:767-73.
Suhr M, Wicklein D, Lepp U, Becker WM. Isolation and characterization of
natural Ara h 6: evidence for a further peanut allergen with putative clinical
relevance based on resistance to pepsin digestion and heat. Mol Nutr Food Res
2004; 48:390-9.
Koppelman SJ, de Jong GAH, Laaper-Ertmann M, Peeters K, Knulst AC, Hefle
SL, et al. Purification and immunoglobulin E-binding properties of peanut
allergen Ara h 6: evidence for cross-reactivity with Ara h 2. Clinical &
Experimental Allergy 2005; 35:490-7.
Krause S, Reese G, Randow S, Zennaro D, Quaratino D, Palazzo P, et al. Lipid
transfer protein (Ara h 9) as a new peanut allergen relevant for a Mediterranean
allergic population. J Allergy Clin Immunol 2009; 124:771-8 e5.
Sancho AI, Rigby NM, Zuidmeer L, Asero R, Mistrello G, Amato S, et al. The
effect of thermal processing on the IgE reactivity of the non-specific lipid
transfer protein from apple, Mal d 3. Allergy 2005; 60:1262-8.
Scheurer S, Lauer I, Foetisch K, San Miguel Moncin M, Retzek M, Hartz C, et
al. Strong allergenicity of Pru av 3, the lipid transfer protein from cherry, is
related to high stability against thermal processing and digestion. J Allergy Clin
Immunol 2004; 114:900-7.
Lauer I, Dueringer N, Pokoj S, Rehm S, Zoccatelli G, Reese G, et al. The nonspecific lipid transfer protein, Ara h 9, is an important allergen in peanut. Clin
Exp Allergy 2009; 39:1427-37.
Vereda A, van Hage M, Ahlstedt S, Ibanez MD, Cuesta-Herranz J, van Odijk J,
et al. Peanut allergy: Clinical and immunologic differences among patients from
3 different geographic regions. J Allergy Clin Immunol 2011; 127:603-7.
Guilloux L, Morisset M, Codreanu F, Parisot L, Moneret-Vautrin DA. Peanut
Allergy Diagnosis in the Context of Grass Pollen Sensitization for 125 Patients:
Roles of Peanut and Cross-Reactive Carbohydrate Determinants Specific IgE.
Int Arch Allergy Immunol 2009; 149:91-7.

57

153.

154.
155.

156.

157.

158.

58

Ravid NL, Annunziato RA, Ambrose MA, Chuang K, Mullarkey C, Sicherer
SH, et al. Mental health and quality-of-life concerns related to the burden of
food allergy. Immunol Allergy Clin North Am 2012; 32:83-95.
Bisgaard H, Bonnelykke K. Long-term studies of the natural history of asthma
in childhood. J Allergy Clin Immunol 2010; 126:187-97; quiz 98-9.
Stein RT, Holberg CJ, Sherrill D, Wright AL, Morgan WJ, Taussig L, et al.
Influence of parental smoking on respiratory symptoms during the first decade
of life: the Tucson Children's Respiratory Study. Am J Epidemiol 1999;
149:1030-7.
Arshad SH, Kurukulaaratchy RJ, Fenn M, Matthews S. Early life risk factors
for current wheeze, asthma, and bronchial hyperresponsiveness at 10 years of
age. Chest 2005; 127:502-8.
Rona RJ, Keil T, Summers C, Gislason D, Zuidmeer L, Sodergren E, et al. The
prevalence of food allergy: a meta-analysis. J Allergy Clin Immunol 2007;
120:638-46.
Anto JM, Pinart M, Akdis M, Auffray C, Bachert C, Basagana X, et al.
Understanding the complexity of IgE-related phenotypes from childhood to
young adulthood: A Mechanisms of the Development of Allergy (MeDALL)
Seminar. J Allergy Clin Immunol 2012; 129:943-54 e4.

