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ABSTRACT

Background: The natural history of allergic sensitization in childhood, and its impact on allergic
disease development, needs to be clarified. This study aims to identify allergic sensitization and
morbidity patterns during the first 8 years of life.

Methods: The study was conducted in the on-going population-based prospective Pollution and
Asthma Risk: an Infant Study (PARIS) birth cohort. Sensitization profiles were identified by k-means
clustering based upon allergen-specific IgE levels measured at 18 months and 8/9 years. Allergic
morbidity profiles were identified by latent class analysis based on symptoms, symptom severity,
treatments, and lifetime doctor-diagnoses of asthma, allergic rhinitis, and atopic dermatitis and on
lower respiratory infections before 2 years.

Results: Five sensitization and 5 allergic morbidity patterns were established in 714 children. Chil-
dren not sensitized or with isolated and low allergen-specific sensitization were grouped together
(76.8%). A profile of early and transient sensitization to foods that increased the risk of asthma later in
childhood was identified (4.9%). Children strongly sensitized (�3.5 kUA/L) to house dust mite at 8/9
years (9.0%) had the highest risk of asthma and allergic rhinitis. Finally, timothy grass pollen at 8/9
years sensitization profile (5.3%) was related to respiratory allergic diseases, as was early onset and
persistent sensitization profile (4.1%), this latter being also strongly associatedwith atopic dermatitis.

Conclusions & Clinical Relevance: We show that accurate assessment of the risk of allergic
disease should rely on earliness and multiplicity of sensitization, involved allergens, and allergen-
specific IgE levels, and not considering solely allergic sensitization as a dichotomous variable
(allergen-specific IgE �0.35 kUA/L), as usually done. This is particularly striking for house dust mite.
We are hopeful that, pending further confirmation in other populations, our findings will improve
clinical practice as part of an approach to allergic disease prevention.
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INTRODUCTION

Prevalence of allergic diseases, namely asthma,
allergic rhinitis, atopic dermatitis, and food allergy,
has critically increased worldwide in childhood
over the past decades.1,2 However, allergic
sensitization, biologically defined by high IgE
production and involving inflammatory cells and
mediators, occurs before the onset of allergic
disease is clinically signalled.3,4

The natural history of allergic sensitization is
unique to each individual. Firstly, although expo-
sure to allergens is universal, only a part of the
population acquires sensitization. Secondly, sensi-
tization can come and go over a lifetime, and
particularly in infancy.5 Thirdly, sensitization can
differ between subjects with regard to the
number of allergen-specific sensitizations5,6 and
allergen-specific IgE levels.6,7 Lastly, allergic
sensitization can go unnoticed, with sensitized
people never declaring an allergic disease.8

Unfortunately, the determinants and
consequences of allergic sensitization are still
little understood and therefore merit further
investigation.

In response to this, several teams have recently
identified allergic sensitization phenotypes using
unsupervised methods.9–18 In these studies, early
or multiple sensitizations were sometimes highly
involved in allergic disease development.10–16

Allergen-specific IgE levels are, however, almost
unexplored,18 which highlights the need for new
insights into the understanding of allergic
sensitization, the first biological step towards
clinical disease.

The present study aims to identify allergic
sensitization and morbidity patterns during
childhood, and to assess associations between
them. It was conducted as part of Pollution and
Asthma Risk: an Infant Study (PARIS), a
population-based prospective birth cohort espe-
cially designed to explore the development of
allergic diseases.19
METHODS

Study design and population

This study forms part of the PARIS follow-up until
8/9 years of age. PARIS is a French ongoing
population-based prospective birth cohort.

As previously described,19 the PARIS birth
cohort consists of 3840 full-term and healthy sin-
gletons, born from parents living in Paris or close
suburbs. These newborns were recruited soon af-
ter birth from 5 Paris maternity hospitals between
2003 and 2006. At 8/9 years of age, 2483 (64.7%)
of them were still being followed-up. The present
study deals with those who participated in a free
health examination at 8/9 years of age, held be-
tween 2011 and 2015 (Fig. 1).
Data collection

All children were offered a biological-clinical
examination at ages 18 months and 8/9 years,
which took place in the Paris Health Centre of the
National French Health Insurance System and in
the Necker and Armand-Trousseau children’s
hospitals, respectively. A physician examined the
child and gave a face-to-face interview to his/her
parents. A blood sample was also taken from each
child and analyzed for IgE measurements.

Other data on child’s environment of life, life-
style, and habits were prospectively collected by
questionnaires. Gestational age, season of birth,
and the number of siblings were recorded at
recruitment. Breastfeeding duration and habits
(exclusive or not) were prospectively docu-
mented. Trained nurses measured and weighed
children at birth and at 8/9 years, and body mass
index (BMI) at 8/9 years was calculated. Parental
history of eczema, asthma, and allergic rhinitis
was recorded at recruitment and when the child
was 8/9 years old. Family socio-economic status
(SES) was assessed according to the highest
occupation of the two parents, and categorised as
either low, intermediate, or high. As smoking
exposure was documented at each point of the
child’s follow-up, three patterns were considered
in this study: prenatal (active maternal), postnatal
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Fig. 1 Flow chart of PARIS birth cohort children participating in the health examination when 8/9 years old
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(anybody at home, one month after birth), and
current (anybody at home, at 8/9 years). Furred
pet (cat and/or dog) ownership was also pro-
spectively documented.
Allergic sensitization

IgE were firstly analyzed in sera with Immuno-
CAP Trophatop� fx26, fx27, and fx28 and
Phadiatop� (Phadia, Thermo Fisher Scientific,
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Uppsala, Sweden). In case of positive result of
Trophatop�, allergen-specific IgE towards all
respective food items were measured: egg white,
cow’s milk, peanut, and mustard for fx26, fish,
wheat, soya, and hazelnut for fx27, and sesame,
shrimp, beef, and kiwi for fx28. Similarly, a positive
result using Phadiatop� led to specific IgE mea-
surement towards: 4 aeroallergens (house dust
mite, cat, cocksfoot, and alternaria) and 7 aero-
allergens (house dust mite, cat, dog, timothy grass,
birch, alternaria, and cockroach) at ages 18 months
and 8/9 years, respectively. Otherwise, in case of
negative result of Trophatop� or Phadiatop� (all
included allergen-specific IgE <0.35 kUA/L) or in
case of allergen-specific IgE concentration below
the detection limit (0.35 kUA/L for tests used at 18
months and 0.10 kUA/L for those used at 8/9
years), half of the threshold was set.

An allergen-specific IgE �0.35 kUA/L defined
sensitization and at least two allergen-specific IgE
above this threshold defined multi-sensitization.

Allergic morbidity

Health data were prospectively collected using
standardized questionnaires taken from the Inter-
national Study of Asthma and Allergies in Child-
hood (ISAAC) protocol, or from the Mechanisms of
the Development of ALLergy (MeDALL) project.20

Thus, current (i.e. in the past 12 months)
symptoms, symptom severity, and medication
intake as well as lifetime doctor-diagnoses of
atopic dermatitis, asthma, and allergic rhinitis were
recorded.

Atopic dermatitis was assessed by a doctor
diagnosis or an intermittent itchy rash affecting the
folds of the elbows, behind the knees, in front of
the ankles, under the buttocks, or around the neck,
ears, or face. Appropriate topical steroid treat-
ments were considered, and the disease was
regarded as severe when the itchy rash kept the
child awake at night.

Asthma was evidenced by a doctor diagnosis or
respiratory symptoms such as wheezing and/or
tightness of chest and/or asthma attack, or medi-
cation intake such as bronchodilators, inhaled/oral
steroids, or specific oral treatment improving
child’s breathing. Four signs of asthma severity
were taken into account: wheezing severe enough
to limit the child’s speech to only 1 or 2 words at a
time, wheezing interfering with the child’s daily
activities, wheezing or whistling in the chest
accompanied by an attack of breathlessness, and
the child’s sleep disturbed due to wheezing.

Allergic rhinitis was assessed by a doctor diag-
nosis or sneezing or runny/blocked nose or rhino-
conjunctivitis when the child did not have a cold or
the flu. Appropriate nasal treatments were also
considered. Allergic rhinitis severity was defined
by the child’s daily activity disturbance.

Furthermore, the onset of atopic dermatitis and
asthma was considered to be early when the dis-
ease was diagnosed before median age of diag-
nosis, i.e. 2 and 3 years in the study population,
respectively.

Prevalent atopic dermatitis, asthma, and allergic
rhinitis were assessed according to MeDALL
consensual definitions, respectively: 1) skin symp-
toms in the past 12 months; 2) two criteria among
the triad of respiratory symptoms (wheezing and/
or tightness of chest and/or asthma attack), doctor
diagnosis, and medication intake; 3) nose symp-
toms (when the child did not have a cold or the flu)
with concomitant positive Phadiatop�.

In addition, lower respiratory infections (LRI) in
the first 2 years of life were prospectively docu-
mented, and whether or not the child had at least 2
episodes was noted.

Statistical analyses

All statistical analyses were performed using R
software version 3.2.2 (R Foundation for Statistical
Computing, Vienna, Austria) and Stata� version
11.2 (StataCorp, College Station, Texas).

Allergen-specific IgE levels were categorized
according to the IgE distribution in sensitized
children at each age. Thus, 3 sensitization classes
were defined in toddlers considering the median:
“no” (<0.35), “low” (0.35–1.05), and “high” (�1.05
kUA/L). Similarly, 4 sensitization classes were
defined at 8/9 years by taking into account tertiles:
“no” (<0.35), “low” (0.35–3.5), “intermediate” (3.5–
35), and “high” (�35 kUA/L).

First, prevalence of allergic sensitization and
morbidity at age 8/9 years was estimated.

Then, profiles of allergic sensitization and of
allergic morbidity were identified over the first 8
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years of life when data were available at both ages
18 months and 8/9 years.

K-means method (using “kmeans.ddR” R pack-
age) was performed to identify allergic sensitiza-
tion profiles in childhood. Clustering was based on
all available allergen-specific IgE levels (towards
16 and 19 allergens at ages 18 months and 8/9
years, respectively). The optimal number of clus-
ters, in a range of 2–7 clusters, was determined
according to the within groups sum of squares.

In parallel, allergic morbidity profiles in child-
hood were identified by latent class analysis (LCA,
using “poLCA” R package) based on symptoms,
symptom severity, and medication intake, all
recorded during health examinations at ages 18
months and 8/9 years, and lifetime doctor-
diagnoses of atopic dermatitis, asthma, and
allergic rhinitis, and early LRI. Allergic morbidity
models of 2–7 latent classes were assessed for best
fit using bootstrap likelihood ratio test and parsi-
mony Akaike/Bayesian Information Criteria (AIC
and BIC). Mean and standard deviation of
morbidity class membership probabilities, overall
and in each latent class, were calculated for clas-
sification homogeneity assessment.

Finally, associations between profiles of allergic
sensitization and profiles of allergic morbidity were
assessed by multinomial logistic regression
weighted by morbidity class membership proba-
bilities (estimated from LCA), and adjusted for
potential confounders.

Known and suspected risk factors according to
the literature, as well as variables associated with
profiles of allergic morbidity in univariate analyses
with a p-value �0.20, were introduced in the
multivariate model.
RESULTS

Study population

The present study deals with the 1080 PARIS
children who participated in the health examina-
tion at 8/9 years of age (Fig. 1), of whom 1007 had
available allergen-specific IgE measurements at
this age. Their mean age was 8.5 � 0.6 years and
the sex ratio was 1.09. Profiles of allergic sensiti-
zation and morbidity over the first 8 years of life
could be identified, and relations between them
assessed, in 714 children.

Participants were more likely to be born from
high socio-economic status (SES) families and to
be breastfed for longer (see Table E1). There was
no significant difference between groups with
regard to gender, older siblings, parental history
of allergy, and exposure to tobacco smoking.

Allergic sensitization

At age 8/9 years, 34.5% of children were sensi-
tized to at least 1 allergen, and 19.8% were multi-
sensitized. Sensitization to inhalant and food al-
lergens concerned 29.9% and 15.8% of children,
respectively; the most prevalent allergen-specific
sensitization was towards house dust mite
(19.9%; Fig. 2).

Cluster analysis led to the unsupervised identi-
fication of 5 patterns for allergic sensitization over
the first 8 years of life (Fig. 3). Allergic sensitization
in the first cluster (n ¼ 548, 76.8%) was rare and
low throughout childhood: only 4.1% and 16.8%
of sensitized children at age 18 months and 8/9
years, respectively, with low IgE levels in more
than 98% of cases. All children in the second
cluster (n ¼ 35, 4.9%) were characterized by an
allergic sensitization in infancy, with high IgE
levels to egg white and/or cow’s milk in 88.6% of
cases, that tended to disappear later in
childhood. The third cluster (n ¼ 64, 9.0%)
involved children all strongly sensitized to house
dust mite. Children belonging to the fourth
cluster (n ¼ 38, 5.3%) had a general sensitization
to timothy grass pollen, often combined with
other aeroallergens (84.2% of multi-sensitization
cases). In the fifth cluster (n ¼ 29, 4.1%), allergic
sensitization was early, progressive throughout
childhood, and strong towards a wide range of
allergens, particularly to birch pollen (82.8%) and
food allergens (79.3%) at 8/9 years of age.

Allergic morbidity

Fig. 4 shows, according to the considered
variable (current symptoms, lifetime diagnoses, or
current medication), between 24.2% and 31.7%
of 8/9-year-old children were affected by an
allergic disease. Taking into consideration MeD-
ALL consensual definitions,20 27.0% and 5.2%
were affected by allergic morbidity and multi-



Fig. 2 Sensitization to (a) inhalant and (b) food allergens at 8/9 years of age in PARIS birth cohort children (N ¼ 1007)
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morbidity, respectively, and atopic dermatitis,
asthma, and allergic rhinitis affected 12.8%, 8.6%,
and 11.3% of children, respectively.

Unsupervised identification of allergic morbidity
latent structure over the first 8 years of life
assigned children to 5 distinct classes (Fig. 5): no
allergic disease in childhood (n ¼ 389, 54.5%),
asthma-like symptoms at 18 months only
(n ¼ 114, 16.0%), asthma at 8/9 years with or
without allergic rhinitis (n ¼ 48, 6.7%), allergic
rhinitis at 8/9 years without asthma (n ¼ 61,
8.5%), and isolated atopic dermatitis in childhood
(n ¼ 102, 14.3%). Indeed, in the first class, only
1.9% and 7.4% of parents reported symptoms of
atopic dermatitis, asthma, or allergic rhinitis at 18
months and 8/9 years, respectively. The second
class comprised children with wheezing (55.7%,
of which 35.6% were severe), frequent LRI
(80.7%), who were treated for breathing
difficulties (95.6%) in infancy but almost asthma-
free later in childhood (only 1.8% of those con-
cerned). The third class grouped children suffering
from asthma at 8/9 years (97.8%) with wheezing
reported as early as infancy for 30.4% (of which
50% were severe). At 8/9 years, 29.2% of children
in this group were affected by allergic rhinitis. In
the fourth class, nose symptoms were found in all
children at age 8/9 years, 76.7% having eye
problems. Furthermore, atopic dermatitis affected
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Fig. 3 Unsupervised identification of allergic sensitization profiles over the first 8 years of life in PARIS birth cohort children, identification
based upon allergen-specific IgE levels at both ages 18 months and 8/9 years (N ¼ 714)
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33.9% and 24.1% of infants and children, respec-
tively, whilst asthma was almost absent (3.6% and
6.8%, respectively). Lastly, concerning the fifth
class, atopic dermatitis has been diagnosed in
91.2% of 8/9-year-old children, while asthma and
allergic rhinitis lifetime doctor-diagnosis preva-
lence was 11.2% and 10.8%, respectively. Overall,
the homogeneity of these classes was very satis-
factory (see Table E2).

Associations between profiles

Table 1 lists statistical associations assessed
between allergic sensitization profiles and
allergic morbidity profiles. No sensitization profile



Fig. 4 Allergic morbidity at 8/9 years of age in terms of current
symptoms, lifetime doctor-diagnoses, and current medication
intake, in PARIS birth cohort children (N ¼ 1080). *Concerning
symptoms, only when accompanied by itchy/watery eyes
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was associated with the asthma-like symptoms at
18 months only profile. Children from the mainly
to egg or milk at 18 months sensitization profile
were more at risk of belonging to the asthma at
8/9 years with or without allergic rhinitis profile
and not significantly, to the allergic rhinitis at 8/9
years without asthma and the isolated atopic
dermatitis in childhood profiles. The timothy grass
pollen at 8/9 years sensitization profile was
related to the asthma and allergic rhinitis profiles,
as was the early onset and persistent sensitization
profile, this latter being also strongly associated
with the atopic dermatitis profile. Finally, children
strongly sensitized to house dust mite at 8/9
years were the most likely to suffer from asthma
and allergic rhinitis at 8/9 years.
DISCUSSION

Using data-driven methods, 5 allergic sensitiza-
tion profiles and 5 allergic morbidity profiles have
been established over the first 8 years of life. We
clearly show that allergen-specific IgE levels
deserve to be considered in addition to sensitiza-
tion multiplicity and the earliness of sensitization
with regard to the risk of allergic disease devel-
opment. Indeed, children not sensitized or with an
isolated and low allergen-specific sensitization are
grouped in the same profile. In addition, we show
a profile for children strongly sensitized to house
dust mite with the highest risk for asthma and
allergic rhinitis at age 8/9 years. We also highlight
that early sensitization to egg white or cow’s milk,
even transient, significantly increases the risk of
asthma later in childhood.
Strengths and limitations

The present study draws its strength from the 2
unsupervised classifications performed in parallel
without a priori for both allergic sensitization and
morbidity profile identification. Furthermore, this
study is innovative in using specific IgE levels for a
large panel of allergens, measured in infancy and in
childhood. Our results are supported by the quality
of the data, exclusively collected during the two
health examinations in the prospective follow-up of
the population-based PARIS birth cohort. All allergy
data were validated by a pediatrician, which limited
misclassification and reporting bias. Nevertheless,
food allergy was not investigated at 8/9 years.

https://doi.org/10.1016/j.waojou.2019.100057


Fig. 5 Unsupervised identification of allergic morbidity profiles over the first 8 years of life in PARIS birth cohort children, identification
based upon symptoms, symptom severity, doctor-diagnoses, and medication intake at both ages 18 months and 8/9 years (N ¼ 714).
Crosshatched: severe symptoms. 1Occurred in the past 12 months. 2Lifetime doctor-diagnosis. 3Intermittent itchy rash affecting the folds of
the elbows, behind the knees, in front of the ankles, under the buttocks, or around the neck, ears, or face in the past 12 months.
4Epidemiologic definition: two criteria among the triad of respiratory symptoms (wheezing and/or tightness of chest and/or asthma attack)
in the past 12 months, lifetime doctor diagnosis, and medication intake in the past 12 months. 5Sneezing or runny/blocked nose when the
child did not have a cold or the flu in the past 12 months. 6Nose symptoms accompanied by itchy/watery eyes in the past 12 months.
7Epidemiologic definition: nose symptoms in the past 12 months with concomitant positive Phadiatop�. 8Epidemiologic definition: skin
symptoms in the past 12 months

Asthma-like
symptoms at

18 months only

Asthma at
8/9 years with
or without

allergic rhinitis

Allergic rhinitis
at 8/9 years

without asthma

Isolated atopic
dermatitis in
childhood

aORa

(95%CI) p-value aORa

(95%CI) p-value aORa

(95%CI) p-value aORa

(95%CI) p-value

Allergic sensitization
profiles
Not and mildly 1 1 1 1
Mainly at 18
months

1.47
(0.61–
3.53)

0.39 4.59
(1.34–
15.69)

0.015 3.23
(0.98–
10.63)

0.054 2.43
(1.00–
5.92)

0.051

Strongly to house
dust mite at 8/9
years

1.64
(0.67–
4.01)

0.28 10.46
(4.40–
24.88)

<0.001 19.44
(9.15–
41.30)

<0.001 2.42
(1.10–
5.31)

0.027

To timothy grass
pollen at 8/9
years

1.16
(0.39–
3.42)

0.79 5.84
(1.96–
17.41)

0.002 13.42
(5.37–
33.51)

<0.001 1.62
(0.58–
4.48)

0.36

Early and
persistently

�b �b 5.22
(1.32–
20.57)

0.018 14.33
(4.84–
42.46)

<0.001 5.11
(2.01–
13.00)

0.001

Table 1. Associations between allergic sensitization and morbidity profiles over the first 8 years of life, assessed by a weighted multinomial
logistic regression model, in PARIS birth cohort children (N ¼ 714). In bold: p-value <0.05. a. OR were adjusted for maternal history of allergy,
paternal history of allergy, socio-economic status, gestational age, season of birth, gender, birth weight, body mass index at 8/9 years, exclusive breastfeeding,
smoking patterns (prenatal, postnatal, and/or current), and furred pet ownership. b. OR could not be assessed due to a lack of subjects.
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The substantial attrition rate at age 8/9 years
(n ¼ 1357/3840) might be, however, a limitation.
This could be explained by the study area: Paris is
the largest French urban area, where young cou-
ples often start their careers before moving away
as family size increases. An exit from the study area
was indeed the first cause of follow-up discontin-
uation in our population (53.1%). Another limita-
tion could be the health examination participation
rate at 8/9 years (n ¼ 1080/2483), which included a
blood sample that could have discouraged chil-
dren. Participating children were from families with
a higher SES and were breastfed for longer than
non-participants. Parents with a higher SES might
have been more likely to participate in longitudinal
studies, and to take their child to health examina-
tions.21 As in our population, breastfeeding
duration is generally related to SES.22 In any
case, SES and exclusive breastfeeding are not
related to allergic sensitization in our study (data
not shown). There was no other difference
between participants and non-participants, espe-
cially concerning parental history of allergy.
Consequently, the aforementioned differences
should not greatly affect our results.

Allergic sensitization profiles in relation to allergic
morbidity profiles

Firstly, it is important to emphasize that, using
unsupervised clustering based on specific IgE
levels, children not sensitized or with an isolated
and low allergen-specific sensitization were
grouped in a same profile, named here not or
mildly sensitized. This pattern questions the
generally used definition of allergic sensitization
(at least one allergen-specific IgE �0.35 kUA/L).

A second profile of children, strongly sensitized
to egg or milk but only at 18 months, was identi-
fied, possibly due to the high prevalence of these
two allergen-specific sensitizations in infancy. In
children belonging to this profile, the risk of
asthma at 8/9 years with or without allergic rhinitis
was significantly higher while the risk of allergic
rhinitis at 8/9 years without asthma and isolated
atopic dermatitis in childhood also tended to be
increased. Using data-driven method, Havstad
et al. (2014)10 previously reported a similar profile
in toddlers, which was related to atopic dermatitis
but not to asthma at 4 years. Similarly, Hose et al.
(2017)18 identified early persistent food allergen
sensitization trajectories in MAS (Multicenter
Allergy Study) and PASTURE (Protection Against
Allergy: Study in Rural Environments), which were
however not associated with allergic morbidity.
Nonetheless, food sensitization in infancy was
related to wheezing phenotypes by an
unsupervised approach in a few cohorts.23,24

Our findings are in accordance with a meta-
analysis recently performed on 13 birth cohort
studies that highlights an increased risk of asthma,
allergic rhinitis, and atopic dermatitis in 4-to-7-
year-old children sensitized early to foods.25

Furthermore, our findings confirm a previous
work in the PARIS cohort, showing that infants
sensitized, mainly to foods at an early age,
experienced allergic morbidity more often when
6 years old.12

Another child profile, early and persistently
sensitized, was characterized by early, progressive,
and multiple allergic sensitization towards a wide
range of allergens, particularly birch pollen and
many foods at 8/9 years of age. The identification
of this profile is consistent given the high exposure
to birch pollen in French non-coastal cities (http://
www.pollens.fr/en/). This profile was strongly
associated with increased risk of all allergic dis-
eases, and among all sensitization profiles, this one
has the strongest link with atopic dermatitis. This
small profile of multi-sensitized children has
already been described in several unsupervised
studies,9–12,14–16,18 and shown as the most at risk
of asthma,9,10,14–16,18 allergic rhinitis,16,18 and
atopic dermatitis.10,11,16,18 Simpson et al.
(2010)14 also showed an increased risk in
hospital admissions for wheezing or asthma in
children belonging to this sensitization profile.
Just et al. (2014)26 identified 2 multi-sensitization
profiles among asthmatic schoolchildren, and
interestingly allergic morbidity and asthma severity
were higher only when total IgE was increased.
Our results emphasize the IgE level relevancy.
Moreover, the progressive character of allergic
sensitization in our profile and the fact that atopic
dermatitis can precede sensitization support the
dual-allergen-exposure hypothesis proposed by
Lack (2008).27

Children sensitized to timothy grass pollen at 8/
9 years were grouped in a fourth profile, which is
associated with asthma and allergic rhinitis at age
8/9 years, but not with isolated atopic dermatitis in

http://www.pollens.fr/en/
http://www.pollens.fr/en/
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childhood. It can be noted that, in a previous data-
driven study, the earlier the timothy grass pollen
specific sensitization, the higher the risk of asthma,
allergic rhinitis, atopic dermatitis, and multi-
morbidity.13 Unfortunately, however, this aspect
cannot be assessed in our two-point follow-up
study. Our profile of children sensitized to timothy
grass but not to birch pollen differs from a few
data-driven studies, which sometimes report a
pattern joining specific sensitizations to pol-
lens.9,17 Nevertheless, the identification of a
profile of birch and food sensitizations – hazelnut
mainly – is biologically plausible due to structure
resemblance in the molecular allergen family (PR-
10), known to be responsible for many cross-
reactions.28

Finally, the identification of a profile grouping
children strongly sensitized to house dust mite at
8/9 years makes sense given the urban character
of our population. In addition, this characteristic of
the families involved in PARIS cohort, who rarely
owned pets (18.3% versus 32.5% on average in
European birth cohorts29), could explain the
absence of a profile of sensitization to animal
allergens as previously described in COPSAC2000

(Copenhagen Prospective Studies on Asthma in
Childhood) and BAMSE (Children, Allergy, Milieu,
Stockholm, Epidemiology) cohorts.17 In our
study, risks of asthma and allergic rhinitis at 8/9
years were highest in children strongly sensitized
to house dust mite, which contrasts with previous
unsupervised classifications. Indeed, although a
profile of isolated house dust mite sensitization
was identified several times with dichotomized
sensitization variables (commonly, allergen-
specific IgE < or �0.35 kUA/L), this profile was
moderately9,14,16 or not17 linked to asthma.
Taking into account allergen-specific IgE levels,
children strongly sensitized to house dust mite
could be distinguished from the others. To the best
of our knowledge, the present study is the first to
describe such a sensitization profile, which ap-
pears to be the most at risk of respiratory allergic
diseases in 8/9-year-old children. Hose et al.
(2017),18 the only ones who also performed a
data-driven classification based on specific IgE
levels, identified a house dust mite sensitization
profile strongly associated to current wheeze and
lifetime asthma in 6-year-old children. However,
contrary to our study, this profile mixed low and
strong house dust mite specific sensitizations, a
discrepancy that might be explained by different
IgE level categorization. Our results are consistent
with the study of Custovic et al. (2015),13 which
reported the highest risk of asthma and allergic
multi-morbidity in the profile containing the most
of house dust mite specific sensitizations among 4
trajectories identified by LCA based on 7 micro-
array house dust mite specific IgE measurements.
In addition, Mohammad et al. (2016)30 recently
showed in 3-to-8-year-old children the higher the
sum of mite/cat/dog specific IgE levels, the higher
the risk of current wheezing and asthma.

Overall, no sensitization profile was associated
with the asthma-like symptoms at 18 months pro-
file. Such a morbidity profile – not related to
sensitization – was previously reported in other
unsupervised studies that focused on wheezing in
childhood.23,24 As in our study, 90% of non-atopic
wheeze disappeared after age 5 years in MAS birth
cohort.31 Symptoms seemed to be caused by early
life virus LRI, and therefore independent of allergy.
CONCLUSIONS

Using an unsupervised approach, we have
shown how allergic sensitization follows 5 patterns
during the first 8 years of life, and is influenced by
specific IgE levels in both infancy and childhood.
These profiles have proven to be distinctly, but not
specifically, linked to allergic morbidity. Moreover,
this study highlights the complexity of the allergic
disease development. Aside from major contribu-
tors like involved allergens and earliness and
multiplicity of sensitization, allergen-specific IgE
levels should be taken into account in the allergic
disease risk assessment. This is particularly striking
for house dust mite. Further studies are thus
needed to precisely place of these IgE levels in the
different allergic morbidities. We are hopeful that,
pending further confirmation in other populations,
our findings will improve clinical practice as part of
an approach to allergic disease prevention.
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