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�Service de Pédiatrie et de Pneumologie de l’enfant and wCentre de Biostatistique et de Documentation Médicale, Cliniques UCL de Mont-Godinne, Avenue Therasse,

Yvoir, Belgium

Clinical and
Experimental

Allergy

Correspondence:
Dr Georges de Bilderling, Service de
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Summary

Background Early detection of aeroallergen sensitization is important as a prognosis factor
but may be more difficult in young children.
Objective We sought to demonstrate that skin sensitization to aeroallergens was present in a
selected group of 0–2-year-old children and that it was associated with environmental
exposure and a family history of allergic disease.
Methods Data on exposure and history were extracted from the files of 824 children seen in
the asthma clinic and who were skin tested to a panel of aero- and food allergens.
Results Forty percent of our children demonstrated atopy, 28% were sensitized to
aeroallergens, the majority of which to house dust mite. Higher sensitization rates were
found in children with large weals to histamine (Po 0.001) and in those who slept with soft
toys [odds ratio (OR) 1.45, 95% confidence interval (CI) 1.02–2.08]. With a definition of
sensitization including the size of the weal to histamine, there was a negative association with
a personal history of eczema only (OR 0.66, 95% CI 0.45–0.99). There was no gender-
dependent effect and no association with day-care attendance.
Conclusion This is one of the largest studies to evaluate skin testing in a selected population of
young children. We found a high prevalence of sensitization to aeroallergens, which was
associated with exposure to soft toys. Further follow-up of this population will allow
assessment of the predictive value of this sensitization.
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Introduction

Allergic disorders such as asthma and eczema are very
common in childhood and their prevalence is still increas-
ing, especially in younger children [1]. Their clinical
evolution may follow a pattern termed the ‘allergic
march’, which describes the development of food allergy
and eczema in early life, later replaced by aeroallergen
sensitization associated with asthma and rhinitis [2, 3].

As many as 60% of children wheeze at least once before
the age of 3 years, but only a small proportion of these
children will develop an asthmatic phenotype [4, 5].
Furthermore, at least half of the adults with asthma
developed their first respiratory episode before the age
of 3, and 80% had symptoms before 6 years of age [5, 6].
Thus, early diagnosis is important if we are to design and
implement prevention strategies. Longitudinal cohort stu-
dies such as the Tucson study [7] have defined different

phenotypes in children with preschool wheezing and
demonstrated that one of the major factors associated
with the persistence of respiratory symptoms in later
childhood and adulthood is atopy and particularly sensi-
tization to aeroallergens [8, 9]. Recently published data
from the German MAS study confirmed the importance of
early sensitization to aeroallergens for the development
of chronic asthma [10].

Skin prick testing (SPT) is often considered to be the
standard method to determine allergic sensitization, and
guidelines have been edited to improve standardization
world-wide [11, 12]. However, the diagnosis of atopy
is often difficult in infants and young children because
skin reactivity may be reduced, particularly below
6 months of age [13]. Furthermore, sensitization to aero-
allergens has often been reported to appear after 2 years of
age [2, 11] and transient sensitization has been described
in 20% of these young children [14, 15]. Thus, the
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majority of cohort studies report results from skin tests
performed after 2–3 years of age or from specific IgE
mainly to food allergens.

Environmental factors and in particular exposure to
indoor allergens interact directly or indirectly with the
genetic background of any individual to promote the
development of allergic sensitization and atopic disease
such as asthma [16].

Thus, there is a lack of large studies evaluating skin
sensitization to aeroallergens in infants related to expo-
sure and a family history of allergic disease.

We report the results of skin testing, especially with
regard to sensitization to aeroallergens, in 824 infants and
young children below 2 years of age, followed in a
respiratory clinic of a tertiary centre in Belgium. Associa-
tions with environmental exposure and a family history of
allergic disease are described.

Methods

Patients

All children aged below 2 years seen in the asthma
clinic between 15 January 1998 and 15 July 2002 and
who underwent SPT for clinical reasons were included
in this study. The following data were extracted from
the files: age, gender, cat/dog ownership, soft toys in the
bed, wall-to-wall carpet in the bedroom, exposure to
environmental tobacco smoke, a familial (mother, father
or sibling) history of atopy (asthma, eczema or hayfever),
a personal history of eczema, day care attendance, num-
ber of siblings and indication for skin testing. A child
was said to have a positive history of eczema if he/she
had been diagnosed by a doctor or if the clinical examina-
tion when seen at the clinic was compatible with this
diagnosis.

Skin testing

SPTs were performed by one of three nurses working
in the clinic using the method described by the EAACI
[11, 17]. Standardized solutions from Stallergens (Alyos-
tal, Stallergens, Belgium, SA) were used for all allergens,
except for milk, where fresh semi-skimmed milk was used.
Histamine (10 mg/mL histamine dihydrochloride) was
used as the positive control and 50% glycerol saline
solution as the negative control. Solutions were placed
on the skin of the child’s back and pricked with single-use
lancets and the tests were read after 20 min. The weal size
was recorded as the mean of the largest diameter and the
diameter at 901 to this. A test was considered to be positive
if the mean weal diameter was at least 3 mm larger than
the negative control. The following allergens were tested:
Dermatophagoı̈des pteronyssinus, Dermatophagoı̈des
farinae, cat, dog, feathers, grass pollen, milk, egg, cod

and peanut. For the purposes of this study, a child was
declared to be atopic if he had a positive reaction on
skin testing for any of these aero- and food allergens.
Further analyses were performed with a second definition
of a positive skin test, for which the weal had to be
43 mm diameter and at least half the size of the positive
control, as proposed by some authors [14].

Data analysis

All data were double checked and entered on a spread-
sheet. Statistical analyses were performed using
SPSS statistical software (SPSS 15.0, Chicago, IL, USA).
Numerical variables (age, size of the weal to the positive
control) were expressed as mean� SD and by medians
and interquartile ranges, and were compared by the
Wilcoxon’s rank sum test. Categorical variables (gender,
soft toys in the child’s bed, day care, exposure to environ-
mental tobacco smoke, a family history of atopy, the
presence of a dog/cat in parental house, a personal history
of eczema, family size and carpet in child’s bedroom) were
analysed by a w2 test, and their association with skin
sensitization to aeroallergens was quantified by relative
risk with a 95% confidence interval (CI) estimated by
the Miettinen method. The independent influence of these
various parameters was studied by multivariate logistic
regression with backward selection of variables by Wald
and likelihood ratio tests (Po 0.10), and was quantified
by odds ratio (OR) and 95% CIs. All statistical tests were
two tailed.

The associations between skin sensitization to aeroal-
lergens and day-care attendance were analysed separately
for boys and girls to assess the gender effect separately
as described in the PIPO study [18].

Results

Demographic data (Tables 1 and 2)

We assessed 889 children. Of these, 65 were excluded for
the following reasons: no skin tests against aeroallergens
(n = 34), results of the skin tests not found in the files
(n = 22) and no data on environmental exposure in the
files (n = 9). The indication for skin testing was mainly
recurrent respiratory tract infections with or without
wheeze and/or cough (84.3%). Based on our data, it was
not always possible to determine precisely whether the
child had wheezing episodes with these respiratory infec-
tions. The remaining chief complaints were eczema
(9.5%), gastrointestinal symptoms (5.2%) and urticaria
(1.1%). All our children were below 2 years of age with
a median age of 1 year. As usual in this setting, we had
a large majority of boys (63.2%). Wall-to-wall carpeting
was rarely found (14.8%) but young children often
slept with soft toys (69.2%). Exposure to tobacco smoke
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was present in almost half of these families. Day-care
attendance was also frequent (59.5%). A personal history
of eczema was found in 29.6% of the children and, as
stated above, was the chief complaint for 9.5% of them.

Sensitization (Table 3)

Only 18 children (2.2%) had a weal of o3 mm to positive
control (hypo-reactivity). Sixty nine of our patients (8.4%)
had a weal for the negative control X2 mm (hyper-
reactivity or dermographism), but 19 of them reacted
significantly to at least one allergen (weal 3 mm above
negative control). Thus, skin testing was inconclusive in
68 children (8.3%).

Almost 40% (326) of our patients were sensitized to
at least one aero or food allergen. Of these, 70.9% (n = 231)
were sensitized to at least one aeroallergen. The allergen
to which our patients were most often sensitized was
egg (43.3% of the children with atopy), followed by
D. pteronyssinus (27.9%) and grass pollen (17.8%).
Between 13% and 15% of the children demonstrating
atopy were sensitized to each of the remaining aeroaller-
gens. Few children were sensitized to milk and other food
allergens (between 9.5% and 11.0% of the children with
atopy), which may be due to the population studied,
mainly with respiratory symptoms.

Associations with exposure

The risk of a child being sensitized to at least one aero-
allergen was higher if the size of their response to the
positive control was large (Po 0.001, mean weal size for
positive control if sensitized to aeroallergen: 7.7, if not:

Table 1. Demographical data and correlation with skin sensitization to aeroallergens for age and size of the weal to positive control

n = 824 Mean (�SD) Median (IQR)
Mean (� SD)
if not sensitized

Mean (�SD)
if sensitized P-value

Age (year) 1.05 (� 0.45) 1.00 (0.67; 1.42) 1.04 (� 0.45) 1.08 (� 0.43) 0.15
Positive control

(weal diameter in millimetres)
6.8 (� 4.4) 6 (5; 8) 6.5 (� 4.5) 7.7 (� 3.9) o0.001

IQR, interquartile range.

Table 2. Demographical data and correlation with skin sensitisation to aeroallergens for categorical variables

%
Positive

Prevalence positive/
negative

% Sensitized
if criteria (�)

% Sensitized
if criteria (1) P-value

RR
(95% CI)

Soft toys in child’s bed 69.2 529/235 23.0 30.2 0.04 1.30 (1.01–1.66)
Gender = male 63.2 523/301 28.9 27.2 0.59 0.94 (0.75–1.18)
Day-care attendance 59.5 360/245 26.9 28.6 0.66 1.08 (0.76–1.56)
Exposure to ETS 46.8 356/404 27.0 30.1 0.35 1.16 (0.85–1.59)
Family history of atopy 38.6 313/497 28.1 27.8 0.91 0.98 (0.72–1.34)
Dog present in parental house 34.3 277/530 26.0 31.0 0.13 1.28 (0.93–1.76)
Family size

0 vs. 1 sibling 33.8 251/174/317 25.9 26.5 0.63 1.03 (0.71–1.51)
0 vs. X2 siblings 29.9 1.22 (0.79–1.88)

Personal history of eczema 29.6 242/575 27.8 28.1 0.94 1.01 (0.72–1.43)
Cat present in parental house 24.9 201/606 27.7 27.9 0.97 1.01 (0.66–1.54)
Carpets in the child’s bedroom 14.8 119/683 27.1 31.1 0.37 1.22 (1.80–1.85)

ETS, environmental tobacco smoke; CI, confidence interval.

Table 3. Skin prick tests results (n = 824)

Allergen

N (percentage
of children
tested)

Positive, in
percentage
of children
demonstrating atopy

Any allergen 326 (39.6)
Any aeroallergen 231 (28.0) 70.9
Egg 141 (17.1) 43.3
Dermatophagoides pteronyssinus 91 (11.0) 27.9
Grass pollen 58 (7.0) 17.8
Feathers 48 (5.8) 14.7
Dog 48 (5.8) 14.7
Cat 45 (5.5) 13.8
Dermatophagoides farinae 44 (5.3) 13.5
Milk 36 (4.4) 11.0
Fish (cod) 36 (4.4) 11.0
Peanut 31 (3.8) 9.5

Children sensitized to aero and food allergens in absolute numbers
(percentage of all children tested) and percentage of children
demonstrating atopy.
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6.5) (Table 1). Seventy four percent of children with a
response to the positive control above 10 mm were sensi-
tized to at least one aero-allergen. Children were also
more likely to be sensitized to aeroallergens if they slept
with a soft toy (30.2% vs. 23.0%, P = 0.04) (Table 2) and
this was still significant by multivariate analysis (OR 1.45,
95% CI: 1.02–2.08). The association with age was not
significant (P = 0.15) but there was a trend for children
below 6 months to be less often atopic than older children
(30.8% vs. 44.0%, P = 0.06).

Further analyses were performed with a second defini-
tion of what constitutes a positive skin test. With this
definition, 20.0% (n = 165) of the population (vs. 27.8%)
was sensitive to at least one aeroallergen. Not unexpect-
edly, the association with the size of the positive control
disappeared. The association between sensitization to
aeroallergen and the presence of soft toys in the bed was
not significant (17.0% of children without soft toys were
sensitized to aeroallergens vs. 21.6% of those who had soft
toys) but the personal history of eczema seemed to play a
protective role against skin sensitization to aeroallergens
and this association was still significant in the multi-
variate model (OR 0.66, 95% CI 0.45–0.99).

None of these associations was found to be significant
when boys and girls were analysed separately.

Discussion

To our knowledge, this is one of the largest studies to
evaluate skin sensitization to aeroallergens in infants aged
below 2 years. We have demonstrated that, in our selected
population, there was a high prevalence of sensitization to
aeroallergens, mainly to indoor perennial allergens such
as house dust mite (HDM) but also seasonal allergens such
as grass pollen. Sleeping with soft toys was associated
with a greater risk for sensitization to aeroallergens and
children sensitized to aeroallergens had larger histamine
weals.

One strength of this study is that all skin tests were
performed by the three nurses, trained for skin testing,
attached to our clinic, thereby probably reducing inter-
rater variability. The mean weal diameter for histamine
was similar to the reported guidelines [19]. We did not
evaluate the intrarater variability by duplicate tests as it
was not deemed feasible in the clinical setting of the study
and is usually not advised in infants.

We believe that this heterogeneous population of chil-
dren with chronic or recurrent cough associated or not
with wheezing reflects the children usually seen in the
setting of a respiratory clinic.

Data on exposure to allergens were collected contem-
poraneously but we only evaluated this exposure to
aeroallergens based on questionnaire data and this surro-
gate measure may introduce a bias as no measurement of
actual exposure in the indoor air was made.

Despite the young age of our patients, the majority
of skin tests could be interpreted. We found hypo-
or hyper-reactivity of the skin in fewer than 10% of
our infants.

The high prevalence of atopy as defined in this study
(40%) and sensitization to aeroallergens (28%) is due to
the population selected. Population-based studies such as
that performed by Vasar et al. [20] in Estonia and Sweden
find a lower prevalence of atopy (7% at 6, 12 and 24
months). Dean et al., in a nested cohort followed up from
birth and tested at 1, 2 and 3 years, found sensitization to
food allergens, respectively, in 2.8%, 3.9% and 3.7% of the
children. At the same ages, the prevalence of sensitization
for aeroallergens was, respectively, 1.3%, 6.4% and 10.7%
[21, 22]. In a review on skin testing and sensitization to
inhalant allergens in Europe for the GA2LEN project,
Heinzerling et al. [23] found sensitization rates of 4–20%
to D. pteronyssinus in population-based studies (com-
pared with 11% in our study) and sensitization to
D. pteronyssinus varied from 10% of positive skin tests in
Norway to 67% in Australia and New Zealand (compared
with 27.9% in our study).

Selecting a high-risk cohort of 2–3-year-old-children
with wheeze in the PEAK study, Guilbert et al. [8]
performed SPTs and found a high prevalence of sensitiza-
tion to aeroallergens (54%). Arshad et al. [24] evaluated
the skin test reactivity in their birth cohort at the age of 4
years and found sensitization to aeroallergens in 9.2% of
their subjects (prevalence of atopy 9.4%). In the subgroup
of children with asthma, the prevalence of atopy was 44%.
It is noticeable that the majority of these children were
still atopic when tested at 10 years of age [25]. In a cohort
of children born to atopic parents, Lemasters et al. [26]
described a prevalence of atopy of 28% at 1 year and the
prevalence of aeroallergen sensitization was 18%.

In these studies as in ours, a positive response was
defined as a weal of X3 mm weal, as recommended by the
EAACI subcommittee on allergen standardization and
skin tests [11] and as is current practice in most European
countries [23].

Thus, cohort studies with similar inclusion criteria have
found the prevalence of atopy and sensitization to aero-
allergens to be similar to our data although they often
evaluated children at an older age.

It is important to detect sensitization to aeroallergens
early because large longitudinal cohort studies have
confirmed that it is the most important risk factor for the
persistence of respiratory symptoms [5, 7, 8, 27]. The latest
results from the German MAS study also confirm these
data [10]. Although they used specific IgE as a marker of
sensitization, they showed that lung function at ages 7, 10
and 13 years was significantly reduced in children with
early wheezing when sensitized to perennial aeroallergens
early in life, especially if they were exposed to high levels
of the respective allergens. Similarly, children sensitized
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to perennial allergens were prone to developing a chronic
course of asthma characterized by more severe symptoms.

We have shown that sensitization to aeroallergens was
associated with environmental exposure as it was more
prevalent in infants who slept with soft toys, a proxy for
high levels of HDM. This is in accordance with studies
showing that exposure to high levels of HDMs increases
the risk for sensitization [28].

Children sensitized to aeroallergens had larger hista-
mine weals in our study. This has already been described
by other authors [19] and these authors have concluded
that atopic children had larger histamine weals rather
than children with large weals being more likely to be
diagnosed as having atopy. Thus, they demonstrated that
when the degree of allergy was reduced, as by immu-
notherapy, the histamine reactivity of the skin was re-
duced. When using another definition of aeroallergen
sensitization based on the size of the weal to positive
control [14] we did not find any association with exposure
to allergens but a negative association with a positive
history of atopic dermatitis in keeping with the diagnosis
of sensitization only based on the size of the weal. Thus,
we can confirm that atopic children develop larger weals
to histamine.

There was no apparent protective role of day-care atten-
dance or large family size in the development of sensitiza-
tion to aeroallergens in our group. The so-called hygiene
hypothesis emerged from data showing that children with
older siblings were less prone to developing allergic sensi-
tization [29], further confirmed by data showing that early
attendance to day-care centres was associated with less
atopic symptoms [30, 31]. Recently, some studies have
challenged this association [32] and sometimes an inverse
relationship has been demonstrated [33].

In the PIPO study in Belgium, Hagendorens et al. [18]
measured specific IgE levels in 810 infants at 1 year of age
and found that day care attendance was negatively
associated with early sensitization only in boys. We were
not able to confirm a gender-dependent effect of environ-
mental factors or a familial history of atopy in our
subjects.

In conclusion, in a study of 824 children attending an
asthma clinic we have confirmed that aeroallergen sensi-
tization was common at this early age, and was associated
with high exposure to soft toys and with the size of the
weal to positive control. We were not able to confirm any
association with day care attendance nor any gender
effect. Further follow-up of these children will allow us
to assess the predictive value of early sensitization to
aeroallergens.
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