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Abstract
Background: Differences in the prevalence of allergic
sensitisation have been reported in immigrant children
living in the same urban environment. The purpose of
this study is to investigate the prevalence of allergic sen-
sitisation in school children of Dutch, Turkish and Moroc-
can origin. Methods: The prevalence of sensitisation to
aero-allergens was assessed using the skin prick test in a
non-selected sample of 512 children (response rate 54%)
living in the same inner city district of Utrecht. In addi-
tion, exhaled nitric oxide (FeNO) was determined. Re-

sults: The prevalence of allergic sensitisation was depen-
dent on the ethnic origin. As compared with Dutch chil-
dren (19.1%), a higher prevalence of allergic sensitisa-
tion was observed in immigrant children for whom both
parents were born in Turkey (23.6%, not significant) or
Morocco (30.6%, p ! 0.05). The prevalence of allergic
sensitisation in Dutch children was nearly 2 times lower
than the reported prevalence in German children. In all
sensitised children, the mean FeNO value was significant-

ly (p ! 0.05) higher than in non-sensitised children, and
the mean FeNO level was highest in Moroccan children
sensitised to indoor allergens. Conclusion: In the Nether-
lands, immigrant children show a higher prevalence of
allergic sensitisation as compared to Dutch children.

Copyright © 2004 S. Karger AG, Basel

Introduction

For some decades, the prevalence of allergy and asth-
ma has been increasing. Allergic diseases are common,
affecting between 15 and 30% of all children in Western
countries. The European Community Respiratory Health
Survey has shown a wide geographical variation in the
reported prevalence of symptoms highly suggestive of
asthma, current hay fever or nasal allergies in adults. Sim-
ilar observations have been made in children in the
framework of the International Study of Asthma and
Allergies in Childhood [1]. In general, symptoms are more
common in New Zealand, Australia, the British Isles and
the United States than in mainland Europe, although
there is wide variation even within some countries [2].

Many factors assumed to be responsible for this in-
crease have been mentioned in relation with personal
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hygiene, food consumption and air pollution [3]. Family
history of allergy is the most prominent risk factor for
allergic disease [4–7], but other socio-demographic fac-
tors, like economic status, number of siblings and birth
order [8], show strong associations as well.

Studies performed in countries characterised by differ-
ences in the prevalence of allergic disease, lifestyle and
environment, e.g. studies comparing West versus East
Germany [9, 10], and Poland versus Estonia and Sweden
[11], have not revealed well-defined causal relationships.

In the past, immigrant studies have shown the impor-
tance of lifestyle in relation to breast cancer [12]. Similar-
ly, two recent German studies have assessed the preva-
lence of allergy in immigrants and their native peers.
These studies showed that the prevalence of allergy was
lower in children with parents from Mediterranean coun-
tries as compared with children of native parents [13, 14].
In contrast, Dutch immigrant children more often have
respiratory symptoms in the first years of life than Dutch
children [15], and children from Chilean immigrants in
Sweden had a higher prevalence of allergic asthma and
allergic rhinitis than children from Swedish parents [16].
This Swedish interview-based study, however, also
showed a relatively low prevalence of allergic disease in
Turkish children as compared with Chileans. In the
present study, the prevalence of allergic sensitisation in a
non-selected sample of Dutch and immigrant school chil-
dren was assessed to investigate whether ethnic subgroups
in the Netherlands show differences in the prevalence of
allergic sensitisation. Finally, we recently showed that
exhaled nitric oxide (FeNO) is associated with respiratory
symptoms diagnosed by a doctor in symptomatic as com-
pared to non-symptomatic children [17]. FeNO, which
may therefore be regarded as a surrogate marker of aller-
gic sensitisation, was measured to support the findings.

Materials and Methods

Study Population
The study was performed in a non-selected sample of children

(7–14 years, mean age 10.1 years) born in the Netherlands and
attending primary schools in an inner city district (‘Zuilen-Ondiep’)
of the town Utrecht in the Netherlands. The parents of 889 children
(76%) responded to the invitation sent out via the school, and 637 of
the responding parents (72%) gave their child permission to partici-
pate in the study. Children below the age of 7 years were excluded
because they could not exhale air in a reproducible way. No other
specific exclusion criteria were applied. A total of 512 children were
finally evaluated in this study.

Ethnicity of the child was defined according to the ethnicity of
both parents, i.e. the country of origin of the parents: the Nether-

lands, Turkey, Morocco, Surinam (i.e. Dutch Guyana) or ‘other’.
Forty-nine children born from parents with another ethnic back-
ground or from mixed couples (parents who differed in ethnic origin)
were categorised as ‘other’. According to the postal code of the home
address, all children lived in the same inner city district within 1 mile
from their primary school. This study location was chosen because of
the presumed low variation in indoor and outdoor quality of housing
conditions (no high-rise blocks, and similarity in exterior green facili-
ties, traffic intensity and distance from motorways). The study proto-
col was approved by the Medical Ethics Committee of the National
Institute for Public Health and the Environment-Netherlands Orga-
nisation for Applied Scientific Research.

Assessment of Allergic Sensitisation
Allergic sensitisation status was assessed by the skin prick test. The

five aero-allergens tested were dog dander, cat dander, Dermatopha-
goides pteronyssinus (house dust mite; HDM), mixed tree pollen (Be-
tula verrucosa, Alnus glutinosa, Corylus avellana) and mixed grass
pollen (Dactylis glomerata, Lolium perennae, Festuca pratensis, Poa
pratensis, Phleum pratense, Avena eliator). Standardised allergen
extracts and positive and negative controls (saline and histamine
10 mg/ml) were provided by ALK (Copenhagen, Denmark). The test
was performed on the volar side of the left forearm using ALK lancets.
After 15 min, the outside contour of the wheal was measured, and the
mean of the longest diameter and the length of the perpendicular line
through its middle was calculated. Allergic sensitisation to indoor
allergens was defined as a positive cutaneous reaction to at least HDM
(none of the children was only sensitive to animal dander), while aller-
gic sensitisation to outdoor allergens was defined as a positive cuta-
neous reaction to grass or tree pollen. According to the instructions of
the supplier (ALK-Abello), a wheal size larger than 2 mm and a ratio of
wheal to allergen and positive control 10.4 are considered a positive
allergic reaction. Testing by the criterion ‘wheal size 12 mm after sub-
traction of the negative control’ did not affect the results.

Measurement of FeNO

Exhaled air of the children was sampled in balloons using a sam-
pling device equipped with a ‘pre-balloon’ of 500 ml to exclude dead
space volume from the sample, as previously described [18]. In short,
children exhaled air at 10–20 cm of water back pressure into NO-
impermeable aluminium foil bags of 500 ml (Mylar balloon, ABC
Ballonnen, Zeist, The Netherlands). After exhalation into the ‘pre-
balloon’ at a high speed of 6,000 ml/min, exhaled air was collected at
a low flow rate of 500 ml/min to obtain relatively high FeNO concen-
trations. The 1,000 ml of air containing ambient NO or NO from the
dead space was collected in the pre-balloon and discarded. Although
this method differs from those recommended by the European
Respiratory Society and American Thoracic Society [19, 20], we
have shown previously that it correlates well with on-line measure-
ments made in the laboratory following European Respiratory Soci-
ety and American Thoracic Society recommendations [21].

Outdoor air was sampled in aluminium foil air bags by an air
sampling pump (model P-200, Dupont de Nemours & Company
Inc., Wilmington, Del., USA) to control for exceptionally high
ambient NO levels, known to affect the measurement of FeNO [22]. If
the ambient NO level was 150 ppb, the air sampling and measure-
ment of FeNO was interrupted and continued on another day.
Ambient temperature was measured continuously. A rapid-response
chemiluminescence analyser (Sievers 280B, Boulder, USA) with a
response time !200 ms was used to determine the concentration of
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Table 1. Characteristics and prevalence
(percentage in parentheses) of allergic
sensitisation to aeroallergens in the total
sample (n = 512) and the allergic sensitivity
in a sub-sample of school children
(n = 463; 7–14 years, mean age 10.1 years)

Variable Boys Girls All Mean age
years

Subjects
Dutch parents 122 (50.6) 119 (49.4) 241 10.1
Turkish parents 41 (60.3) 27 (39.7) 68 10.2
Moroccan parents 62 (46.3) 72 (53.7) 134 10.0
Surinam parents 14 (70.0) 6 (30.0) 20 10.2
Others1 20 (40.8) 29 (59.2) 49 10.1

Skin prick positivity
Overall (n = 512) 72 (27.8) 63 (24.9) 135 (26.4)
Overall (n = 463) 64 (26.8) 51 (22.8) 115 (24.8)
To indoor allergens2 45 (18.8) 42 (17.6) 87 (18.8)
To outdoor allergens3 30 (12.6) 29 (12.1) 59 (12.7)
To indoor and outdoor allergens 11 (4.6) 20 (8.4) 31 (6.7)

1 Parents differing with respect to ethnic origin.
2 Sensitive to at least HDM (and occasionally also to dog or cat dander, in addition to
HDM).
3 Sensitive to grass or tree pollen.

FeNO. The analyser sample flow rate was kept constant at 200 ml/
min. FeNO concentration was measured within 4 h after sampling. In
the aluminium foil bags, the NO concentration remains constant for
at least 48 h.

Measurement of Der p 1
Dust samples were collected from the child’s mattress surface

with a vacuum cleaner fitted with paper filters (Schleicher and
Schuell 589, Dassel, Germany) for 2 min, regardless of the surface
area of the mattress [23]. Paper filters were put in plastic petri dishes
and weighed before sampling after at least 24 h of equilibration at
20°C and 50% relative humidity. Collected dust was frozen at
–20°C until analysis. Total dust was assayed by weighing, and dust
extracts were analysed using sandwich EIA (Indoor Biotechnologies,
Cardiff, UK) with mouse IgG anti-mite monoclonal antibody 5H8 as
catching antibody for Der p 1.

Questionnaire
A short questionnaire with questions about the ethnic back-

ground and allergic sensitisation status of the child (confirmed or not
by a physician) and parents was filled in by the parents of the partici-
pating children. The questionnaire included the following questions
on allergic health complaints and related issues which had to be
answered by yes or no: Is your child allergic (has hay fever)? Was this
confirmed by a physician? Indicate the type of allergy (from a panel
of 10 items). Does your child have asthma? Was this confirmed by a
physician? Does your child often sneeze? Does your child often have
itching eyes? Does your child often have a running nose? Do the
former complaints occur in the months May/June? Does your child
often have a cold? Does your child wheeze (for instance at exhala-
tion)? Does your child cough at night (in bed)? Is one of the parents
allergic or asthmatic? Do you have pets at home? If so, what sort of
animal?

Considering the parents’ relatively low educational level and poor
mastery of the Dutch language, it was not considered feasible to ask
additional health-related questions.

Statistics
The statistical significance of differences in FeNO levels was

assessed by one-way ANOVA. A p value !0.05 was considered signif-
icant.

Results

Table 1 summarises data on the characteristics and the
prevalence of allergic sensitisation in the study popula-
tion. Of the 512 children tested by skin prick, 135 chil-
dren (26.4%) showed a positive cutaneous reaction to at
least one of the five allergens. In the sub-sample of 463
children born from parents with the same ethnic back-
ground (Dutch, Turkish, Moroccan or Surinam), 87 chil-
dren (18.8%) were sensitive to indoor allergens (HDM,
occasionally also dog or cat dander), whereas 59 children
(12.7%) were sensitive to outdoor allergens and 6.7% to
both indoor and outdoor allergens. Table 1 further shows
that the ethnic sub-samples were comparable with respect
to gender and age.

Figure 1 (a small group of 20 Surinam children was
omitted) shows considerable differences in the prevalence
of allergic sensitisation among the ethnic groups studied.
Children of parents with a Mediterranean ethnic back-
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Fig. 1. Prevalence of sensitisation to air-
borne allergens in Dutch (n = 241), Turkish
(n = 68) and Moroccan (n = 134) children as
assessed by the skin prick test. Co-ordinate
values denote sensitisation rates within the
ethnic group. * p ! 0.05 as compared with
their Dutch peers.

Table 2. Profile of allergic sensitisation
in ethnic sub-groups taken from the total
sample of 512 children

Variable Origin of both parents

Dutch Turkish Moroccan Surinam other1

Total number 241 68 134 20 49
Skin prick test positive, % 19.1 23.6 30.6 60 37
One positive reaction, % 10.4 16.2 16.4 25 14.3
Two positive reactions, % 5.0 7.4 9.0 20 10.2
More than 2 positive reactions, % 3.7 0 5.2 15 12.2
History of allergy in one parent, % 31.3 31.4 29.7 40.0 28.6

1 Parents differing with respect to ethnic origin.

ground (Turkey and Morocco) showed a higher preva-
lence of overall allergic sensitisation as compared with
their Dutch peers (23.6, 30.6 and 19.1%, respectively; p !
0.05 for Dutch versus Moroccan children). In addition,
Moroccan children showed a high prevalence of allergic
sensitisation to outdoor allergens (26.9%) as compared
with Turkish (7.4%, not significant) and Dutch children
(10.8%, p ! 0.05). Children from parents who both had
Surinam ethnic origin showed a high overall prevalence of
allergic sensitisation of 50%, notably due to hypersensi-
tivity to outdoor allergens (47%). The sensitisation rate to
indoor allergens was lower in Dutch children (13.7%) as
compared with Turkish (19.1%, not significant) and Mor-
occan children (22.4%, p ! 0.05). Re-evaluation of the
skin prick test using a cut-off value of 3 mm (instead of
2 mm) caused a drop from 23.3 to 16.9% in the overall
sensitisation rate in the sample comprising Dutch, Tur-
kish and Moroccan children. However, the differences in

the overall sensitisation rate between Dutch, Turkish and
Moroccan children persisted, i.e. overall sensitisation rate
of 13.3, 16.2 and 23.9%, respectively.

Skin prick testing was not performed in the parents [4–
7], but evaluation of the health questionnaires revealed no
difference in the reported prevalence of allergy between
immigrant and Dutch parents (table 2), though the preva-
lence of allergy in Surinam parents was relatively high
(40%). Table 2 further shows that multiple positive skin
prick reactions (two or more) were more prevalent in
Moroccan and Surinam children (14.2 and 35.0%, respec-
tively), as compared with Dutch and Turkish children
(8.7 and 7.4%, respectively).

It has been shown before that children who are sensi-
tised to allergens have an increased FeNO value. The data
depicted in figure 2 confirm this finding in the Dutch and
Moroccan children, but surprisingly not in the Turkish
sub-population, in whom the mean FeNO value was not
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Fig. 2. Mean FeNO value in ethnic subgroups
of children. * p ! 0.05 as compared with
non-sensitised peers. ** p ! 0.05 as com-
pared with their Dutch and Turkish peers.

significantly higher than the FeNO value of their non-sen-
sitised counterparts. In addition, indoor allergen-sensitive
Moroccan children showed a significantly higher mean
FeNO level as compared with their Dutch peers.

Discussion

The present study shows an overall allergic sensitisa-
tion rate of 26.4% in a sample of 512 children living in an
urban environment. This is slightly lower than the preva-
lence of 29.5% previously observed in a convenience sam-
ple of 450 children out of a total sample of 2,504 children
using the standard International Study of Asthma and
Allergies in Childhood phase II protocol [24]. In addition,
the overall prevalence of allergic sensitisation in children
from Turkish (23.6%) and Moroccan (30.6%) parents
appeared to be higher (p ! 0.05 for Moroccan children)
than in children from Dutch parents (19.1%).

Following the hygiene hypothesis, there are a number
of factors that may explain the observed differences in
sensitisation rate. From the data available from the ques-
tionnaire, it seems, however, unlikely that the observed
difference in sensitisation rate is due to the genetic back-
ground inherited from the parents [4–7]. No apparent dif-
ference was seen in the reported prevalence of allergy in
the parents (except for the Surinam parents). Indoor air
quality may also be involved in eliciting allergic sensitisa-
tion. Therefore, the levels of Der p 1 (D. pteronyssinus
allergen) on the child’s mattress and the floor of the living

room were measured in a random sample of the houses of
60 HDM-sensitive Dutch and immigrant children. It
appeared that the mean Der p1 levels (HDM levels) of the
sleeping mattress of Moroccan children were more than 3
times higher than those of Dutch or Turkish children
(9,780 ng Der p1/g dust versus 2,960 and 2,590 ng/g dust,
respectively). This higher exposure of Moroccan children
to HDM could be responsible for the significantly higher
mean FeNO level observed in the indoor allergen-sensitive
Moroccan children as compared with their Dutch and
Turkish peers.

In agreement with previous studies [24–26], the mean
FeNO level of the sensitised children was positively associ-
ated with the number of allergens to which they were sen-
sitised (results not shown). Table 2 shows that relatively
more (nearly two-fold) Moroccan children were sensitised
to more than one allergen than Dutch and Turkish chil-
dren, whereas none of the Turkish children was sensitised
to more than two allergens. This may explain the relative-
ly high mean FeNO level observed in indoor allergen-sensi-
tive Moroccan children.

We cannot account for a number of other factors which
have been suggested to be involved in promoting the rate
of allergic sensitisation. Due to the low education level
and poor mastery of the Dutch language of the participat-
ing children’s parents, it was not feasible to hand out long
questionnaires to the parents of these children that in-
clude items like the respiratory health of parents and
child, holding pets, number of siblings, type of floor cov-
ering and nutritional pattern. Indeed, differences in nutri-
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tion patterns offer an attractive explanation. For example,
the Dutch and Mediterranean kitchen differs with respect
to the use of olive oil, i.e. unsaturated fatty acids, con-
sumption of vegetables and type and quality of consumed
meat (lean versus fat, saturated fats). Finally, the number
of older siblings is unlikely to have served as a protective
factor [8], because Moroccan mothers have 2- to 3-fold
higher fertility rates than Dutch mothers [27].

Two recent German studies in school and pre-school
children [13, 14] showed the reverse, i.e. a lower overall
prevalence of allergic sensitisation in children with Tur-
kish nationality living in Germany as compared with their
German peers. The relatively low prevalence of allergic
disease in Turkish children was confirmed in a Swedish
interview study [16]. However, the various sensitisation
rates of German children, as reported by Kabesch et al.
[14], were considerably higher than those in their Dutch
peers (e.g. overall sensitisation of 36.7 vs. 19.1%; pollen
31.0 vs. 11.6%; pets 24.7 vs. 7.5%; no difference with
respect to HDM). In contrast, the various sensitisation
rates of Turkish children from the present study were

comparable to those observed in the German study [14].
This difference between German and Dutch children is
remarkably large, and cannot be solely due to the small
methodological differences with respect to the skin prick
test procedure (test panel of five versus six allergens, crite-
rion of positive wheal) as applied by us and Kabesch et al.
[14]. In addition, in agreement with the present results, it
has been found that ‘non-Dutch’ toddlers (i.e. mothers
born in non-Western countries) more often have respira-
tory symptoms in the first 2 years of life than Dutch chil-
dren [15].

Considering the similarity of the two neighbouring
nations with respect to race, climate, environment and
dietary pattern, the large difference in the allergic sensiti-
sation rate between Dutch and German children is in-
triguing, and urges further research.

It is concluded that the offspring of Moroccan immi-
grants in the Netherlands may have a higher risk of devel-
oping allergic asthma and atopic disease than Dutch chil-
dren.
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