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allergen component Background: Allergen component sensitisation testing is becoming increasingly important in
sensitisation; the diagnosis of peanut allergy. The aim of the present study was to evaluate the relationship
children; between sensitisation and symptoms of allergic disease in children by testing a large panel of
allergy; inhalants, food allergens, and allergen components.

component-resolved Methods: For 287 children visiting our laboratory for allergy testing, symptoms of allergic dis-
diagnostics; ease were recorded by standardised validated questionnaires. Specific IgE to 11 whole aller-
ISE; gens was assessed by ImmunoCAP, and to 112 allergen components by ISAC ImmunoCAP assay.
sensitisation; We used latent class analysis (LCA) to distinguish clinical phenotypes.

specific IgE Results: Inhalant and food allergen sensitisation was common, irrespective of the children’s

allergic symptom type. Less than 10% of the variance in symptom scores was explained by
variations in the number of allergens (components) that the child was sensitised to. In LCA,
135 children (50.2%) had mild allergy, with few symptoms and sensitisation to no or few aller-
gens, 74 children (27.5%) had more symptoms and sensitisation to inhalant allergens (respira-
tory allergy) and 60 children (22.3%) showed polysensitisation to a median of six allergens and
had more severe symptoms of different organ systems. Adding allergen component test results
to LCA failed to result in identifiable classes of allergic disease in children.

Conclusions: In this group of children with allergic symptoms, referred for allergy testing by
their physician, broad screening for allergen component sensitisation did not contribute to
distinguishing phenotypes of allergic disease.
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Introduction

The diagnosis of clinical allergy in children relies on the com-
bination of a history of symptoms suggestive of allergy and
the demonstration of sensitisation to the suspected aller-
gen by skin prick or specific IgE testing."? Although a con-
vincing structured history plays a key part in the diagnostic
work-up of both food and inhalant allergens, a symptom
history alone carries a high risk of false positive and nega-
tive results.>* Similarly, allergen sensitisation alone is insuf-
ficient to diagnose clinically relevant allergies."?> The main
problem with allergen sensitisation tests is their excessive
sensitivity, resulting in a high degree of false positives."?

Component-resolved diagnostics (CRDs), that is, testing
of sensitisation to specific allergen components instead of
testing of sensitisation to the whole allergen, may improve
the relationship between sensitisation and clinical allergies
in children.® For example, after initial reports indicated that
sensitisation to the component Arah2 was associated with a
high risk of clinically relevant peanut allergy in children,” the
diagnostic value of assessing sensitisation to peanut allergen
components in the diagnostic work up of suspected peanut
allergy in children became increasingly clear.® Investigations
have also begun to explore the relationship between aller-
gen component sensitisation and clinical allergy for other
allergens, including pets and hen’s egg,”' to help in unrav-
elling complex or rare allergies," aid in decisions regarding
specific allergen immunotherapy'? and predict the risk and
severity of asthma.'®”® To date, Ara h2 testing in suspected
peanut allergy is the allergen component test that has been
most implemented in paediatric clinical allergy practice.?
Although a few population-based studies have used CRDs in
a wide range of allergen components to examine the risk of
(developing) allergies over time, there is a lack of studies
on the relationship between CRD results and allergy symp-
toms in groups of patients with suspected allergies. Results
of such studies may help clinicians to appreciate the poten-
tial value of CRD testing in their diagnostic approach to
allergies in childhood.

The aim of the present study was to evaluate the rela-
tionship of CRDs and the clinical expression of common
allergic diseases in children.

Materials and Methods
Design

This was a prospective cohort study of children, 0-18 years
of age, for whom the general practitioner (GP) or hospital-
based paediatrician ordered a specific IgE test at Isala’s
Central Laboratory in Zwolle, the Netherlands. This lab-
oratory performs an average of 1000 specific IgE tests in
children annually.™

Participants

From January 2015 to December 2017, parents/guardians
of each child referred to the laboratory for allergy test-
ing were asked to participate in the study and to allow for
obtaining an additional 5 mL serum sample for study pur-
poses. This did not require additional venipuncture.

Symptom questionnaires

Guided by their responses to a research assistant’s ques-
tion about the nature of their child’s allergic symptoms,
parents were asked to complete one or more of the fol-
lowing validated symptom questionnaires electronically,
links for which were emailed to them by the research assis-
tant: the Children's Dermatology Life Quality Index (CDLQI)
to assess atopic dermatitis symptoms,” the paediatric
Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ) to
assess allergic rhinitis symptoms,”® the paediatric Asthma
Control Questionnaire (ACQ) to assess asthma symptoms'
and the food allergy quality of life questionnaire (FAQLQ)
to assess food allergy symptoms.?° Children aged 8 years
or older completed the corresponding child versions of the
questionnaires, aided by their parents. The CDLQI score
ranges from 0 to 30, and the RQLQ, ACQ and FAQLQ from 0
to 6. Higher scores indicate more severe symptoms.

Parents also completed a generic paediatric quality of
life questionnaire (the Quality of My Life (QML) question-
naire).?’ QML is recorded on a visual analogue scale ranging
from 0 (poorest) to 100 (best quality of life).

Specific IgE testing

As described in more detail previously,'®?? blood samples
were investigated using a screening test for aeroallergens,
food allergens, or both (Phadiatop, FX5 or Phadiatop infant,
Thermo Fisher, Uppsala, Sweden). In the case of a positive
screening test, specific IgE to a panel of common aeroaller-
gens (house dust mite, cat dander, dog dander, grass pollen
and tree pollen) and food allergens (cow’s milk, hen’s egg,
peanut, tree nuts, wheat and soy) was assessed using the
ImmunoCAP system (Thermo Fisher, Uppsala, Sweden). A
specific IgE level of 0.35 kU/L or greater was considered to
reflect sensitisation to the specific allergen.

Component-resolved diagnostics

The additional 5 mL serum sample was used to assess IgE
to 112 allergenic molecules (components) using ImmunoCAP
ISAC (ThermoFisher/Phadia AB, Uppsala, Sweden). In this
assay, allergen components that are immobilized on a solid
substrate in a microarray format react with the specific IgE
in the patient sample. After washing away non-specific IgE,
fluorescence-labelled anti-human IgE antibody is added
to form a complex, and unbound fluorescence-labelled
anti-human IgE antibodies are removed by washing. The
procedure is followed by fluorescence measurement using
a LuxScan 10k Microarray Scanner, and the results are
expressed as ISU-E. The assay has demonstrated excellent
reproducibility between laboratories.?

Statistical analysis

Standard statistical techniques were applied to examine
the relationship between allergic symptoms (as assessed by
standardised questionnaires), whole allergen sensitisation
and CRD results. In addition, latent class analysis (LCA)
was performed to find patient groups with clinically distinct
profiles of allergic symptoms and patterns of sensitisation
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to either whole allergens or allergen components (CRDs).%*
A maximum likelihood method was used to estimate pat-
terns in patient characteristics summarised into groups or
latent classes by providing a probability distribution over
the cluster assignment for each patient. We compared
models, allowing for different numbers of latent classes.
We used likelihood ratios, Akaike’s information criterion
(AIC) and Bayesian information criterion (BIC) to compare
the models, with smaller AIC and BIC values indicating
better models in terms of parsimoniousness next to the
goodness-of-fit estimate.

Data were analysed using SPSS Statistics version 24.0
and with STATA version 16.1 (Statacorp LLC) for LCA. In
light of the exploratory nature of the study, we refrained
from adjusting for multiple comparisons.

Ethics

This study was approved by Isala Hospital’s Ethical Review
Board (file number: 13.11128).

Results

From the 767 children approached for participation in the
study, completed symptom questionnaires were obtained
from 464 children (61%) (256 boys, 55%). These children had
symptoms of allergic rhinitis (n=301, 65%), asthma (n=239,
52%), eczema (n=117,25%) or (suspected) food allergy

Table 1

(n=129, 28%), and 23 (5%) had other non-specific symptoms
(such as malaise or abdominal pain). Mean age was 7.9 (5.0)
years.

Permission to obtain additional serum for CRDs was
obtained from parents of 287 patients (149 boys, 52%).
Demographic and symptomatic characteristics of these
children are presented in Table 1. There were no statis-
tically significant differences in age, gender, or type of
symptoms among children with or without CRD analysis (all
P values > 0.1).

Overall, 208 children (72.5%) were sensitised to one or
more inhalant allergens (house dust mite, dog dander, cat
dander, grass pollen or tree pollen), 92 (32.1%) to one or
more food allergens (cow’s milk, hen’s egg, peanut, tree
nuts, soy or wheat) and 86 (30.0%) to one or more inhalant
and one or more food allergens. The median (interquar-
tile range) number of children sensitised to whole allergens
was 2 (2-5).

Supplementary Table A lists the number of children
sensitised to each of the allergen components in the ISAC
ImmunoCAP assay, and the median and range of the degree
of sensitisation (in ISU-E) for each component.

The relationship of whole allergen sensitisation to
the type of allergic symptoms is presented in Table 2.
Sensitisation to inhalant allergens occurred in 73%, 76%, 84%
and 71% of children with asthma, allergic rhinitis, atopic
dermatitis and food allergy, respectively. Sensitisation to
food allergens was found in 34%, 34%, 50% and 40% of chil-
dren with asthma, allergic rhinitis, atopic dermatitis and
food allergy, respectively.

Age and gender of the 287 study participants for whom completed symptom questionnaires and component resolved

diagnostics data were available and for those with different types of allergic symptoms.

Mean (SD) age

Male gender, number (%)

Median (range) of symptom questionnaire

Asthma (n=111) 7.9 (4.8)
Allergic rhinitis (n=170) 9.2 (5.2)
Atopic dermatitis (n=64) 7.7 (4.3)
(Suspected) food allergy (n=68) 6.4 (4.5)
Non-specific symptoms (n=26) 7.5 (4.7)
Overall 8.0 (5.0)

149 (52%)

64 (58%) ACQ median 0.9 (0-5.6)
96 (56%) RQLQ median 0.3 (0-6)
32 (50%) CDLQI median 0.3 (0-17)
36 (53%) FAQLQ median 0.6 (0-3.0)
17 (65%)

QML median 91 (29-100)

ACQ, asthma control questionnaire; RQLQ, rhinitis quality of life questionnaire; CDLQI, children’s dermatology life quality index;
FAQLQ, food allergy quality of life questionnaire; QML, quality of my life questionnaire.

Table 2 Relationship between whole allergen sensitisation and the type of allergic symptoms (n=287).

Hay fever Asthma Eczema (Suspected) food allergy Non-specific symptoms

(n = 170) (n=111) (n = 64) (n=68) (n = 26)
House dust mite 92 (54%) 64 (58%) 42 (66%) 34 (50%) 16 (62%)
Dog 40 (24%) 29 (26%) 21 (33%) 15 (22%) 6 (23%)
Cat 61 (36%) 44 (40%) 27 (42%) 21 (31%) 8 (31%)
Grass pollen 101 (59%) 63 (57%) 41 (64%) 42 (62%) 14 (54%)
Tree pollen 76 (45%) 49 (44%) 36 (56%) 28 (41%) 7 (27%)
Cow’s milk 9 (5%) 4 (4%) 7 (11%) 5 (7%) 4 (15%)
Hen’s egg 8 (5%) 5 (5%) 7 (11%) 7 (10%) 1 (4%)
Peanut 37 (22%) 23 (31%) 19 (30%) 14 (21%) 3 (12%)
Tree nuts 45 (27%) 31 (28%) 25 (39%) 21 (31%) 5 (19%)
Soy 30 (18%) 15 (14%) 14 (22%) 7 (10%) 2 (8%)
Wheat 12 (7%) 7 (6%) 6 (9%) 2 (3%) 2 (8%)
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Table 3 Non-parametric correlation coefficients (Spearman’s p) between symptom scores and the number of whole allergens
and the number of allergen components to which children were sensitised.

ACQ RQLQ

cbLQl FAQLQ QML

Number of whole allergens child
is sensitised to

Number of allergen components
child is sensitised to

0.041 (p=0.503)

0.017 (p=0.777)

0.160 (p=0.008)

0.247 (p<0.001)

0.183 (p=0.002) 0.007 (p=0.909)  0.004 (p=0.945)

0.084 (p=0.167) 0.044 (p=0.473) -0.015 (p=0.811)

ACQ, asthma control questionnaire; RQLQ, rhinitis quality of life questionnaire; CDLQI, children’s dermatology life quality index;
FAQLQ, food allergy quality of life questionnaire; QML: quality of my life questionnaire.
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Distribution of symptoms and whole allergen sensitisation across the three classes distinguished by latent class analysis.

Blue bars: class 1 (n = 135), red bars: class 2 (n = 74) and yellow bars: class 3 (n = 60).

Differences in the degree of symptoms between chil-
dren with and without sensitisation to whole allergens
were small and rarely significant (Supplementary Table B).
Because of this, we refrained from testing differences in
symptom scores between children with and without sensi-
tisation to individual allergen components.

Correlations between symptom scores and the number
of whole allergens and the number of allergen components
children were sensitised to were weak overall, with less
than 10% of variance in symptom scores explained by vari-
ations in the number of allergens (components) the child
was sensitised to (Table 3).

In LCA models, including symptom scores and whole
allergen sensitisation, a three-class model exhibited the
best statistical fit (AIC 3551, BIC 3709, likelihood ratio chi-
squared 906, P<0.001). Figure 1 and Table 4 show the dis-
tribution of variables across classes in this model. Class
1 (n=135) showed relatively few symptoms (in particu-
lar little atopic dermatitis) and sensitisation to no or few
allergens and was called “mild allergy”. Children in Class
2 (n=74) had more symptoms and showed sensitisation to
a few, mostly inhalant, allergens (“respiratory allergy”),

and those in Class 3 (n=60) showed most symptoms and
sensitisation to a range of inhalant and food allergens
(“polysensitisation”). Differences in allergen component
sensitisation rates among the three classes are shown in
Supplementary Table C, and Table 4 reflects the differ-
ences among the classes in whole allergen sensitisation
rates. In the LCA analysis models in which symptom scores
and allergen component sensitisation rates were entered,
the likelihood maximisation algorithms failed to converge,
and no classes of symptom and sensitisation patterns could
be distinguished.

Discussion

In this cohort of children referred for allergy testing by
their GP or paediatrician, there was only a weak asso-
ciation of the type and severity of allergic symptoms
to the patterns of sensitisation to whole allergens and
allergen components. Inhalant and food allergen sensiti-
sation was common, irrespective of the children’s aller-
gic symptom type. In LCA, half of the children had mild



Component sensitisation and clinical allergy in children 135
Table 4 Distribution of variables across the three classes distinguished by latent class analysis.
Class 1 (n = 135) Class 2 (n = 74) Class 3 (n = 60) p
Male gender 70 (52%) 44 (60%) 36 (60%) 0.431
Age, mean (SD) 7.6 (5.3) 7.6 (4.7) 9.4 (4.7) 0.051
Hay fever symptoms 81 (60%) 41 (55%) 49 (82%) 0.003
RQLQ score, mean (SD) 0.56 (0.76) 0.44 (0.60) 0.87 (0.84) 0.003
Asthma symptoms 52 (39%) 29 (39%) 32 (53%) 0.130
ACQ, mean (SD) 1.76 (4.07) 1.48 (2.89) 1.92 (3.43) 0.772
Eczema symptoms 18 (13%) 24 (32%) 22 (37%) <0.001
CDLQI score, mean (SD) 0.24 (0.95) 0.74 (1.92) 0.48 (1.14) 0.032
Food allergy symptoms 34 (25%) 17 (23%) 18 (30%) 0.641
FAQLQ score, mean (SD) 0.22 (0.60) 0.20 (0.62) 0.17 (0.40) 0.851
Other symptoms 13 (10%) 10 (14%) 2 (3%) 0.128
QML score, mean (SD) 86.5 (13.0) 82.2 (20.0) 85.6 (14.1) 0.153
Sensitised to house dust mite 24 (18%) 62 (84%) 48 (80%) <0.001
Sensitised to grass pollen 32 (24%) 62 (84%) 54 (90%) <0.001
Sensitised to tree pollen 10 (7%) 41 (55%) 60 (100%) <0.001
Sensitised to dog 3 (2%) 29 (39%) 27 (45%) <0.001
Sensitised to cat 2 (2%) 48 (65%) 38 (63%) <0.001
Sensitised to cow’s milk 3 (2%) 4 (5%) 5 (8%) 0.146
Sensitised to hen’s egg 2 (2%) 4 (5%) 7 (12%) 0.009
Sensitised to peanut 2 (2%) 2 (3%) 45 (75%) <0.001
Sensitised to tree nuts 5 (4%) 6 (8%) 53 (88%) <0.001
Sensitised to soy 1 (1%) 2 (3%) 31 (52%) <0.001
Sensitised to wheat 3 (2%) 2 (3%) 9 (15%) 0.001
Sensitised to inhalant allergens 59 (44%) 74 (100%) 60 (100%) <0.001
Sensitised to food allergens 10 (7%) 14 (19%) 60 (100%) <0.001
Sensitised to inhalant and food allergens 4 (3%) 14 (19%) 60 (100%) <0.001
Number of allergens child is sensitised 0 (0-4) 3 (2-6) 6 (3-10) <0.001
to, median (range)
Number of allergen components child 0 (0-13) 2 (0-15) 16.5 (0-58) <0.001

is sensitised to, median (range)

RQLQ, rhinitis quality of life questionnaire; ACQ, asthma control questionnaire; CDLQI, children’s dermatology life quality index;
FAQLQ, food allergy quality of life questionnaire; QML, quality of my life questionnaire.

allergy, with few symptoms and sensitisation to no or few
allergens. The other half of the children were equally
divided between a group with respiratory allergy and a
group with polysensitisation and more severe symptoms
of different organ systems. Adding CRD results to the LCA
failed to result in identifiable classes of allergic disease in
children.

The identification of one or more allergens that play
a causative role in allergic symptoms in children varies
from relatively straightforward to extremely complicated.
Taking a detailed and structured history into account
plays an important role in making or refuting a diagno-
sis of a specific allergy. For example, in a series of 280
peanut-sensitised children, peanut allergy could be reli-
ably excluded in 55% of patients, and reliably diagnosed
in 17%, based on history alone.* Similarly, patients who
report only symptoms of rhinitis or asthma during a specific
pollen allergy season are likely to have a relevant allergy
to that specific pollen.?>? In the large majority of cases,
however, a diagnosis of allergy cannot be made by consid-
ering history alone, but sensitisation tests are needed to
raise or lower the probability of clinically relevant allergy
to the possible allergen(s).">?> Most clinicians and labora-
tories approach such testing in a stepwise panel approach,

similar to what we did in this study: first a screening test
for inhalant, food allergens or both, followed by a break-
down into the most common allergens after a positive
screening test. Interpreting the results of such sensitisation
tests within the context of a detailed structured history
requires knowledge on the principles and characteristics of
the test, and on the pre-test probability of a positive test
result."? The results of the present study confirm earlier
observations that sensitisation to food and inhalant aller-
gens frequently co-exist,?? irrespective of the nature of
the child’s allergic symptoms (Table 2)."2% Given the high
likelihood of asymptomatic sensitisation in children, partic-
ularly for food allergens,"?5 a screening sensitisation test
without a clear clinical suspicion is likely to generate more
confusion than clarity. Therefore, the results of our study
support the recommendation to screen only for suspected
allergens dependent on the nature of the symptoms.?

The relationship between severity of allergic symp-
toms and sensitisation to individual allergens was weak
(Supplementary Table B). This is in agreement with
population-based studies, in which sensitisation to house
dust mite shows only limited association to the pres-
ence or severity of asthma in children.” Recent work has
shown, however, that interaction patterns among different
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house dust mite allergen components show a considerably
stronger relationship to asthma severity in children and
adults,”®" and the same goes for sensitisation to pet aller-
gen components.'® Because of the high number of allergen
components that can be tested, for example, in the ISAC
ImmunoCAP assay, such relationships are difficult to tease
out using simple bivariate statistics, such as correlation
testing or t tests (Table 3 and Supplementary Table B).
More advanced statistical tests, such as machine learning
techniques,”® appear more promising in elucidating the
complex relationship between allergen and allergen com-
ponent sensitisation and the presence and severity of aller-
gic disease in children.

Unsupervised classification techniques such as cluster
analysis and LCA have been used to identify and charac-
terise different phenotypes of asthma in children, both in
population studies?”?® as well as in patient populations.?
Recently, LCA has also been used to distinguish different
phenotypes of children with allergic rhinitis.3* We used LCA
to identify patterns of different types of allergic symptoms
(asthma, rhinitis, atopic dermatitis and food allergy) in rela-
tion to sensitisation to allergen and allergen components.
The identification of a distinct phenotype of polysensiti-
sation in this group of patients referred for allergy testing
confirms earlier observations from population-based stud-
ies and clinical samples.?%3"32 Polysensitised children have
a higher likelihood of having allergic symptoms from mul-
tiple organ systems (Table 4), particularly atopic derma-
titis,>' and have more severe symptoms and reduced lung
function.?® As expected, the results of our study show that
these children are also sensitised to a high number of aller-
gen components (Table 4). Recent studies have shown that
sensitisation to multiple allergen components is associated
with more severe allergic rhinitis symptoms,3° a higher like-
lihood of clinically relevant peanut allergy,** more severe
asthma® and with the development of pet allergy.' In our
study, LCA was unable to identify distinct phenotypes of
allergic symptoms in relation to sensitisation patterns of
allergen components. Although there are no clear guide-
lines on the desired sample size for LCA,* our study sam-
ple was relatively small compared to other studies using
LCA,#2830 which may have limited our power to identify
distinct phenotypes. Future studies in larger clinical sam-
ples of children with allergic disease, using standardised
methods to record the presence and severity of symptoms
(like we did) and applying advanced statistical tests includ-
ing machine learning techniques are needed to further
elucidate the relationship between symptoms of allergic
disease in children and their sensitisation patterns to mul-
tiple allergen components. Such data may help clinicians to
fine-tune their diagnostic approach for suspected allergies
in children and may contribute in establishing the role of
allergen component screening tests in paediatric allergy
practice.

In conclusion, the relationship between the extent and
degree of sensitisation to whole allergens or allergen com-
ponents to allergic disease severity in children is weak.
There appears to be three classes of symptom/sensitisation
patterns in children with symptoms of allergic disease: mild
allergy, respiratory allergy and polysensitisation. Broad
screening for allergen component sensitisation did not con-
tribute to distinguishing phenotypes of allergic disease.
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Appendix

Supplementary Table A Number of children sensitised to each allergen component in the ISAC CRD and the median and
range (ISU-E) rate of sensitisation to each component (n=287).

Number (%) of children Median (range) sensitisation
Inhaled allergen Component sensitised to this component rate in those sensitised (ISU-E)
House dust mite Blo t5 8 (2.8) 1.49 (0.1-15.0)
Der f1 73 (25.4) 15.7 (0.2-69.1)
Der f2 71 (24.7) 32.9 (0.5-107.1)
Der p1 71 (24.7) 26.4 (0.6-101.7)
Der p10 6 (2.1) 5.0 (0.1-7.0)
Der p2 74 (25.8) 34.2 (0.4-112.7)
Der p23 58 (20.2) 8.5 (0.1-103)
Storage mite Lep d2 10 (3.5) 1.7 (1.0-6.0)
Dog Can f1 18 (6.3) 1.7 (0.1-64)
Can f2 9 (3.1) 10.0 (1.0-54.0)
Can f3 3 (1.0 2.2 (2.0-15.0)
Canf4 7 (2.4) 7.4 (1.0-65.0)
Can f5 11 (3.8) 0.8 (0.1-23.0)
Can f6 11 (3.8) 1.9 (0.1-66.0)
Cat Fel d1 53 (18.5) 4.4 (0.1-71.0)
Fel d2 3 (1.0) 1.2 (1.0-5.0)
Fel d4 10 (3.5) 0.7 (0.1-27.0)
Alder pollen Alng1 48 (16.7) 4.0 (0.4-48.9)
Birch pollen Bet v1 67 (23.3) 9.6 (0.2-115.8)
Bet v2 12 (4.2) 3.6 (0.1-86.0)
Bet v4 0 =
Hazel pollen Cor a 1.0101 44 (15.3) 2.4 (0.2-27.9)
Japanese cedar Cry j1 6 (2.1) 0.6 (0.1-3.0)
Cypress pollen Cup aft 6 (2.1) 0.7 (0.1-2.0)
Plane pollen Pla at 0 —
Pla a3 2 (0.7) 3.6 (0.1-7)
Olive pollen Ole et 29 (10.7) 2.3 (0.2-115.0)
Ole e7 1(0.3) 1.0
Ole e9 4 (1.4) 0.7 (0.1-1.0)
Bermuda grass pollen Cyn d1 54 (18.8) 6.4 (0.3-109.5)
Timothy grass pollen Phl p1 75 (26.1) 18.1 (0.2-117.4)
Phl p2 34 (11.8) 8.0 (0.3-75.1)
Phl p4 43 (15.0) 5.2 (0.3-92.4)
Phl p5 39 (13.6) 34.0 (0.1-105.0)
Phl p6 32 (11.1) 5.2 (0.1-40.0)
Phl p7 0 —
Phl p11 23 (8.0) 8.8 (0.1-52.0)
Phl p12 7 (2.4) 6.2 (1.0-23.0)
Plantain pollen Pla U1 2 (0.7) 2.7 (1.0-4.0)
Ragweed pollen Amb at 0 —
Mugwort pollen Art v1 2 (0.7) 3.2 (2.0-5.0)
Art v3 1(0.3) 4.0
Goosefoot pollen Che a1 8 (2.8) 1.0 (0.1-7.0)
Annual mercury pollen Mer a1 12 (4.2) 4.8 (1.0-100.0)
Wall pellitory pollen Par j2 4 (1.4) 0.5 (0.1-1.0)
Saltwort pollen Sal k1 0 —
Cockroach Bla g1 2 (0.7) 0.3 (0.2-0.4)
Bla g2 0 —
Bla g5 0 —
Bla g7 2 (0.7) 4.5 (1.0-6.5)
Horse Equ c1 20 (7.0) 1.1 (0.1-53.0)
Equ c3 1(0.3) 6.4

Mouse Mus m1 6 (2.1) 13.4 (0.1-76.0)
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Number (%) of children sensitised Median (range) sensitisation rate

Fungi Component to this component in those sensitised (ISU-E)
Alternaria Alt a1 12 (4.2%) 1.0 (0.1-82.0)

Alt a6 2 (0.7%) 8.2 (3.8-12.7)
Aspergillus Asp 1 0 —

Asp f3 3 (1.0) 4.0 (1.0-7.0)

Asp f6 0 —
Cladosporium Cla h8 3 (1.0) 0.4 (0.1-1.0)

Median (range) sensitisation

Number (%) of children rate in those sensitised
Food allergen Component sensitised to this component (ISU-E)
Cow’s milk Bos d4 2 (0.7) 1.3 (0.6-2.0)
Bos d5 2 (0.7) 0.8 (0.8-0.8)
Bos d6 2 (0.7) 1.3 (1.0-2.0)
Bos d8 3 (1.0) 0.6 (0.1-2.0)
Bos d lactoferrin 2 (0.7) 1.0 (0.1-2.0)
Hen’s egg Gal d1 7 (2.4) 1.9 (0.1-36.0)
Gal d2 8 (2.8) 0.8 (1.0-4.0)
Gal d3 0 —
Gal d5 0 —
Soy Gly m4 29 (10.1) 2.8 (0.1-24)
Gly m5 3 (1.0) 0.8 (0.7-3.4)
Gly mé 5(1.7) 0.6 (0.1-9)
Peanut Ara hi 6 (2.1) 0.6 (1.0-2.0)
Ara h2 8 (2.8) 9.6 (0.1-92.0)
Ara h3 2 (0.7) 3.0 (2.0-4.0)
Ara hé 5(1.7) 10.0 (3.0-41.0)
Ara h8 37 (12.9) 2.4 (0.1-33.0)
Ara h9 2 (0.7) 1.3 (0.1-2.0)
Hazelnut Cor a14 9 (3.1) 6.9 (0.1-15.0)
Cor a 1.0401 53 (18.5) 3.8 (0.4-58.7)
Cor a8 1(0.3) 17.0
Cor a9 4 (1.4) 0.9 (0.1-4.0)
Cashew Ana02 4 (1.4) 0.4 (0.1-1.0)
Ana 03 13 (14.5) 1.4 (0.1-83.0)
Brazil nut Ber e1 2 (0.7) 0.7 (0.6-0.8)
Walnut Jug r1 11 (3.8) 3.8 (0.1-9.0)
Jug r3 2 (0.7) 3.3 (0.4-6.2)
Sesame seed Ses i1 1(0.3) 0.4
Wheat Tri a14 1(0.3) 1.3
Tri a19.0101 2 (0.7) 0.4 (0.2-0.6)
Tri aA_TI 1(0.3) 0.8
Buckwheat Fag e2 1(0.3) 0.7
Kiwi Actd1 10 (3.5) 1.0 (0.1-19.0)
Actd2 5(1.7) 1.5 (0.1-5.0)
Actd5 0 =
Actd8 28 (9.8) 1.6 (0.1-33.0)
Celery Api g1 24 (8.4) 1.6 (0.7-23.0)
Red meat Alpha-Gal 1(0.3) 0.3
Cod Gad c1 3 (1.0 9.1 (0.6-39.1)
Shrimp Pen m1 5(1.7) 2.4 (0.5-5.0)
Pen m2 4 (1.4) 0.7 (0.3-35.3)
Pen m4 2 (0.7) 0.5 (0.4-0.6)
Apple Mal d1 55 (19.2) 4.0 (0.3-79.7)
Peach Pru p1 52 (18.1) 1.8 (0.1-9.3)

Pru p3 2 (0.7) 3.2 (0.1-6.0)
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Number (%) of children

Median (range) sensitisation rate

Other allergens Component sensitised to this component in those sensitised (ISU-E)
Anisakis Ani s1 0 =

Ani s3 5 (1.7) 2.7 (0.1-6.0)
Latex Hev b1 0 =

Hev b3 0 =

Hev b5 0 =

Hev b6 0 —

Hev b8 12 (4.2) 5.8 (0.1-94.0)

Supplementary Table B 95% confidence intervals of the difference in symptom scores between children with and without
sensitisation to whole allergens.

RQLQ ACQ CDLQI FAQLQ QML

House dust mite —-0.27 to 0.09 -1.24 to 0.53 —-0.61 to 0.03 —0.11 to 0.16 —-0.40 to 7.00

Dog -0.34 to 0.08 -1.44 to 0.62 -0.94 t0 0.18 -0.12 t0 0.20 -1.37 to 7.55

Cat -0.20 to 0.17 -1.23 t0 0.66 —-0.70 to —-0.03 -0.12 to 0.17 —-2.18 to 5.69

(P=0.033)

Grass pollen —0.40 to -0.05 —0.44 to 1.34 —0.58 to 0.02 —-0.15 to 0.12 —3.87 to 3.57
(P=0.011)

Tree pollen —-0.33 to 0.04 -0.50 to 1.30 -0.35t0 0.26 0.02 to 0.26 -4.78 to 2.78

(P=0.023)

Cow’s milk —-0.61 to 0.38 —-0.98 to 3.34 -1.80 to 0.08 —-0.83 t0 0.25 -8.90 to 12.82

Hen’s egg —0.33 to 0.52 —-0.19 to 2.02 -3.59 to 0.60 —-0.74 to 0.17 -9.57 to 2.24

Peanut —-0.57 to -0.07 -0.93 to 1.24 —0.47 to 0.31 —0.10 to 0.18 —-5.04 to 3.35
(P=0.012)

Tree nuts —0.46 to 0.00 —-0.98 to 0.97 —0.50 to 0.21 —0.16 to 0.13 -3.27 t0 5.28
(P=0.05)

Soy —-0.76 to -0.16 -1.30 to 1.43 —0.67 to 0.34 —-0.06 to 0.24 —6.57 to 4.51
(P=0.03)

Wheat —-0.93 to —0.01 0.89 to 2.13 -1.27 t0 0.32 —0.37 to 0.42 —7.82 to 10.19
(P=0.049) (p<0.001)

ACQ, asthma control questionnaire; RQLQ, rhinitis quality of life questionnaire; CDLQI, children’s dermatology life quality index;
FAQLQ, food allergy quality of life questionnaire; QML, quality of my life questionnaire.

Supplementary Table C Allergen component sensitisation rates compared among the three classes as distinguished by latent
class analysis (results only shown for allergen components with significantly different sensitisation rates among classes; all
other components, P > —0.05).

Class 1 (n = 135) Class 2 (n = 74) Class 3 (n = 60) P
Act d8 (kiwi) 12 (9%) 2 (3%) 12 (20%) 0.003
Aln g1 (alder pollen) 17 (13%) 6 (8%) 21 (35%) <0.001
Can f1 (dog) 5 (4%) 3 (4%) 8 (13%) 0.023
Can 2 (dog) 1 (1%) 0 (0%) 7 (12%) <0.001
Can f4 (dog) 1 (1%) 0 (0%) 4 (7%) 0.007
Can f6 (dog) 4 (3%) 1 (1%) 6 (10%) 0.027
Ara h8 (peanut) 13 (10%) 5 (7%) 17 (28%) <0.001
Bet v1 (birch pollen) 24 (18%) 15 (20%) 23 (38%) 0.006
Bos d Lactoferrin (cow’s milk) 0 (0%) 0 (0%) 2 (3%) 0.030
Cor a1.0101 (hazel pollen) 15 (11%) 6 (8%) 20 (33%) <0.001
Cor a1.0401 (hezelnut) 19 (14%) 8 (11%) 21 (35%) <0.001
Cry j1 (Japanese cedar) 1 (1%) 0 (0%) 5 (8%) 0.001
Cynd1 (bermuda grass pollen) 20 (15%) 12 (16%) 18 (30%) 0.035
Blo t5 (house dust mite) 1 (1%) 1 (1%) 4 (7%) 0.029
Der f1 (house dust mite) 21 (16%) 15 (20%) 29 (48%) <0.001
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Class 1 (n =135) Class 2 (n =74) Class 3 (n = 60) P
Der f2 (house dust mite) 24 (18%) 17 (23%) 23 (38%) 0.008
Der p1 (house dust mite) 22 (16%) 13 (18%) 28 (47%) <0.001
Der p2 (house dust mite) 26 (19%) 17 (23%) 24 (40%) 0.008
Der p23 (house dust mite) 20 (15%) 11 (15%) 21 (35%) 0.002
Fel d1 (cat) 12 (9%) 15 (20%) 20 (33%) <0.001
Gad c1 (cod) 0 (0%) 0 (0%) 3 (5%) 0.005
Gly m4 (soy) 11 (8%) 2 (3%) 14 (23%) <0.001
Mal d1 (apple) 19 (14%) 9 (12%) 21 (35%) 0.001
Ole et (olive pollen) 9 (7%) 8 (11%) 11 (18%) 0.048
Par j2 (wall pellitory pollen) 1 (1%) 0 (0%) 3 (5%) 0.035
Phl p1 (timothy grass pollen) 27 (20%) 20 (27%) 23 (38%) 0.026
Phl p2 (timothy grass pollen) 14 (10%) 4 (5%) 13 (22%) 0.011
Phl p4 (timothy grass pollen) 18 (13%) 6 (8%) 15 (25%) 0.019
Phl p5 (timothy grass pollen) 13 (10%) 8 (11%) 17 (28%) 0.002
Phl pé (timothy grass pollen) 11 (8%) 7 (10%) 13 (22%) 0.020
Pru p1 (peach) 20 (15%) 6 (8%) 21 (35%) <0.001
Tri a19.0101 (wheat) 0 (0%) 0 (0%) 2 (3%) 0.030




