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Background: Allergy can start at early ages, with genetic and environmental factors contributing to its development.
Aim: The study aimed to describe the pattern of sensitisation and allergy in children and adolescents of Spanish versus Moroccan 
ancestry but born in the same rural area of Spain.
Methods: Participants were children and adolescents (3–19 years) of Spanish or Moroccan descent, born in Blanca, Murcia (Spain). 
A detailed questionnaire was completed, and skin prick tests were performed to assess reactions to the most prevalent pollen allergens 
(O. europaea, P. pratense, S. kali, C. arizonica, P. acerifolia, A. vulgaris and P. judaica) plus molecular components Ole e 1 and Ole 
e 7. The association with ancestry was verified by studying participants’ parents.
Results: The study included 693 participants: 48% were aged 3–9 years and 52%, 10–19 years; 80% were of Spanish descent and 20% of 
Moroccan descent. Sensitisation to Olea europaea, Phleum pratense, Salsola kali and Cupressus arizonica were slightly higher in the 
Spanish group. The only significant differences were observed in sensitisation to Ole e 1 (p=0.02). Rhinitis, conjunctivitis, and rhinitis plus 
asthma were significantly higher in the Spanish group (p=0.03, p=0.02, p=0.007, respectively). The sensitisation pattern differed between 
Spanish and Moroccan parents, and between Moroccan parents and their children, but not between Spanish parents and their children.
Conclusion: Both environment and ancestry may influence sensitisation and symptoms. Although the environment seems to have a stronger 
influence, other factors may contribute to the differences in prevalence and in the clinical entities in people of Spanish versus Moroccan descent.
Keywords: ancestry, pollen sensitisation, children/adolescents, olive tree pollen, molecular components, respiratory allergy

Plain Language Summary
Sensitisation and allergy to inhalants—especially pollen—are increasing worldwide. We did a large study set in a well-defined 
ecosystem to understand how the environment and individual characteristics contribute to allergy.

We included children and adolescents as well as their parents, analysing them according to their ancestry: Spanish versus 
Moroccan. Our results indicate that although parents differ in the sensitisation pattern and frequency, in children and adolescents it 
is similar. Moreover, our data suggest that environment has a stronger influence than ancestry in the induction of sensitisation.

Second generation immigrants do not have a different risk for sensitisation and allergy than native children and adolescents of any age.
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Introduction
Over 20% of the population in high-income countries suffers from common allergies, incurring a high burden on 
healthcare systems.1,2 Allergy involves a complex interaction between the environment and the genetic response.3–7 The 
immunological response includes antigen-specific and non-antigen-specific mechanisms. Among the former, there is an 
association between the IgE response to major pollen and other allergens and specific DR and DQ alleles.8,9 Gheerbrant 
et al reported a significant association between HLA-class II alleles and the allergens Ole e 1, Phl p 2, Phl p 5, and Pla 
l 1.10 The non-antigen immunological response depends on the gene polymorphisms involved in innate receptors and 
signalling pathways.11 Dendritic cells are directly activated by allergens or by epithelial cells that secrete alarmins, 
leading to Th2 polarization.12 Pollens contain proteolytic enzymes and other components that may interact with epithelial 
cells, favouring the transportation of allergens.11,13 Other factors also contribute to the allergic response: diesel particles, 
environmental pollutants, viral infections, and nutrition, among others.11 All these may participate as early as the prenatal 
period and continue throughout childhood and adolescence.13–16

Epigenetic research has uncovered a link between environmental triggers and genetic response. Acevedo et al reported that 
DNA methylation from the mother and child are associated with IgE sensitisation to allergens, including pollens, in early 
life.17 In the prenatal period, these factors may be implicated in the development of allergic diseases and asthma through 
epigenetic modifications affecting the immunological system, which in turn drive a Th2 response.13,14,18 One study has shown 
that such modifications are more pronounced in the nasal epithelia than in peripheral blood.19

Allergic rhinitis affects 10% to 30% of the population and is often associated with asthma.20–23 In Spain, the prevalence of 
asthma is 8.2% in children and 18.8% in adolescents, with pollens standing out as the most common cause.24,25 A survey 
undertaken in the area where this study took place among the general population, classified according to 10-year age bands, 
showed that sensitisation increases until age 30–40 years and then gradually declines until age 80.26

The large migration flows, mostly from low- and middle-income to high-income countries, enable the study of both 
environmental and ancestry-related contributions to the development of allergic diseases.27,28 Migrants may come from 
countries with very different ecological characteristics. In the case of children and adolescents born and living in the 
destination country, the influence of environment and ancestry on the development of allergy can be disentangled. This 
study aimed to describe the pattern of sensitisation and allergy in children and adolescents of different ancestry but born 
in the same rural area of southeast Spain in order to clarify the contribution of these conditions.

Methods
The study took place in Blanca (Murcia, southeast Spain) and included children and adolescents aged 3 to 19 years who were 
born and lived in the study setting, described in detail elsewhere.29 Participants were classified by age (children: 3–9 years, and 
adolescents: 10–19 years) and origin (Spanish or Moroccan ancestry). The population was divided into four subgroups: 
children of Spanish versus Moroccan descent and adolescents of Spanish versus Moroccan descent. Children were considered 
of Moroccan descent if their parents were born in Morocco and moved to Spain at the age of 20 years or older (Figure 1).

Participants were recruited at local schools, as described previously.24,25 Each person had a personal interview and 
completed a questionnaire based on previously validated instruments.30–32 Data collected included demographic, 
environmental and clinical variables, birth place, date of birth, nationality, type of delivery, school, pets, tobacco 
exposure, exercise, visits to farmland, work experience on farmland (in the case of adolescents), annual income and 
family history of atopy. Children’s parents also underwent the interviews, questionnaires, and skin tests.

Skin prick tests (SPT) to the most prevalent pollens, (Olea europaea, Phleum pratense, Salsola kali, Cupressus 
arizonica, Platanus acerifolia, Artemisia vulgaris and Parietaria judaica) plus Ole e 1 and Ole e 7 (provided by 
Dr M Villalba, Biochemistry and Molecular Biology, UCM, Spain), were performed as described elsewhere33 

(Inmunotek, Madrid, Spain). Participants with a positive SPT (SPT+) to at least one allergen were considered atopic. 
Clinical entities were labelled as rhinitis, conjunctivitis, and/or asthma.34

Quantitative variables were described using means, medians, standard deviations (SD), and confidence intervals (CI). 
Qualitative variables, expressed as absolute and relative frequencies, were analysed using the chi-squared test or Fisher’s 
exact tests when frequencies numbered five or less.
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Bivariate analysis was performed to assess the association between sensitisation to each pollen and the risk of having 
the clinical entity. We also compared the risk of sensitisation to Olea europaea, Ole e 1 and Ole e 7; pollen sensitisation; 
rhinitis; conjunctivitis; asthma; rhinitis and asthma according to ancestry.

Analyses were done with the Software Package for Social Sciences (SPSS), version 20.0 (SPSS Inc., IBM, Chicago, 
IL, USA), and SAS v 9.4 Software (SAS Institute, Cary, NC, USA). The level of significance was 0.05.

All participants or their parents/guardians signed informed consent, in compliance with the Declaration of Helsinki.
The study was approved by our Institutional Ethics Committee of Hospital General Universitario Gregorio Marañón 

(approval number: 41/18) and Research Ethics Committee of the Hospital Universitario Infanta Leonor and Hospital 
Virgen de la Torre (approval number: 100/20).

Results
We included 693 participants, 48% aged 3–9 years and 52% aged 10–19; 80% were Spanish and 20% of Moroccan 
descent. Atopy was present in half the participants, with an interquartile range of sensitisation to 1 to 3 pollens. Results of 
the SPT were positive to Olea europaea in 30% of participants; Phleum pratense, 18%; Salsola kali, 14%; Cupressus 
arizonica, 12%; and Platanus acerifolia, Artemisia vulgaris and Parietaria judaica, less than 10%.

Compared to children, adolescents were more likely to be female (p<0.05) and to present atopy (p<0.0001) and pollen 
sensitisation (p=0.03) (Table 1). No significant differences were observed between Spanish and Moroccan participants for 
atopy and pollen sensitisation, though female gender predominated in the Spanish group (p=0.003) (Table 1).

Adolescents were significantly more likely to show sensitisation to pollens including Olea europaea, Phleum 
pratense, Salsola kali, and Cupressus arizonica (Figure 2).

Children of Spanish descent were more likely to be female (p<0.05), while atopy was slightly but non-significantly 
more prevalent in children of Moroccan descent (Table 1). The opposite was true in adolescents: there were more females 
among the Moroccan group and more atopy in the Spanish group, though differences were not significant. The number of 
pollens to which they were sensitised was also similar (Table 1).

Spanish children were most commonly sensitised to Olea europaea, followed by Salsola kali, Phleum pratense, 
Cupressus arizonica, Platanus acerifolia, Artemisia vulgaris, and Parietaria judaica. In Moroccan children, Olea 
europaea was followed by Phleum pratense, Cupressus arizonica, Salsola kali, Artemisia vulgaris, Parietaria judaica, 
and Platanus acerifolia. However, these differences did not reach significance. When comparing Spanish and Moroccan 
adolescents, the pattern of recognition to pollens was similar.

Regarding Olea europaea allergens, 61% of children and 62% of adolescents had SPT+ to the major allergen Ole e 1. 
The proportion of SPT+ was significantly higher in participants of Spanish compared to Moroccan descent (64% vs 38%; 
p=0.02). SPT+ to Ole e 7 was found in 9% of children and in 13% of adolescents, and in 15% of the Spanish group 
compared to 9% of the Moroccan group, though these differences were not significant.

Overall, rhinitis, conjunctivitis, and rhinitis plus asthma were more frequent in adolescents (p<0.0001, p<0.0001 
and p<0.007, respectively) and in the Spanish group (p=0.03, p=0.02, p=0.007, respectively), with no significant 

Figure 1 Participant flow chart.
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differences in the prevalence of asthma (Table 2). Rhinitis, asthma, and rhinitis plus asthma were more frequent in 
Spanish children (p<0.05, p<0.05, p<0.05, respectively) (Table 2), with no differences for conjunctivitis. In adoles-
cents, conjunctivitis was also more frequent in the Spanish group (p<0.01), with no differences for the remaining 
clinical entities (Table 2).

A total of 220 Spanish and 120 Moroccan parents completed the study. Regarding sensitisation, differences were 
observed not only for the number of people sensitised to pollens but also for the recognition pattern, with Olea europaea 
and Salsola kali sensitisation higher in Spanish parents (p<0.005 and p<0.0001, respectively) (Figure 3). Sensitisation to 
pollen allergens was present in 43% of Spanish fathers and 58% of mothers, with no differences when compared with 
their children. In the Moroccan group, 20% of the fathers and 30% of the mothers were sensitised, with significant 
differences compared to their children (p<0.05 in both cases). The annual income in Spanish households was EUR 
16,940 (SD 5830) and in Moroccan households, EUR 12,240 (SD 2980) (p<0.0001).

We considered sensitisation to each pollen as independent variables and tested the association with the clinical entities by 
constructing three bivariate models. A higher risk of rhinitis was associated with SPT+ to P. pratense (odds ratio [OR] 2.53, 
95% confidence interval [CI] 1.69–3.9), C. arizonica (OR 2.57, 95% CI 1.59–4.24), O. europaea (OR 2.81, 95% CI 2.01– 
4.01), A. vulgaris (OR 2.5, 95% CI 1.16–5.60), and P. judaica (OR 2.31, 95% CI 1.00–5.31), but not to Ole e 1 or Ole e 7. 
Asthma was associated with SPT+ to P. pratense (OR 1.97, 95% CI 1.19–3.2), O. europaea (OR 1.63, 95% CI 1.04–2.56), 
P. acerifolia (OR 4, 95% CI 1.91–8.35), and A. vulgaris (OR 3.29, 95% CI 1.48–7.30). No statistically significant differences 
were found for Ole e 1 or Ole e 7. Rhinitis plus asthma was more frequent in those with SPT+ to P. pratense (OR 2.48, 95% CI 
1.46–4.18), C. arizonica (OR 2.04, 95% CI 1.10–3.75), O. europaea (OR 1.63, 95% CI 2.15–3.48), P. acerifolia (OR 4.28, 

Figure 2 Pollen sensitisation in children vs adolescents. 
Abbreviations: n.s., non-statistically significant differences.

Table 1 Participants’ Demographic and Allergy-Related Characteristics, by Age (Children vs Adolescents) and Ancestry (Spanish vs 
Moroccan Descent)

% Females p value % with Atopy p value N Pollens Causing 
Sensitisation, IQR

p value

Children (n=332) 167 (50.3%) <0.05 136 (41%) 0.0001 1–3 0.03
Adolescents (n=361) 206 (57.1%) 213 (59%) 1–4

Spanish descent (n=574) 316 (55%) 0.003 293 (51%) n.s. 1–4 n.s.
Moroccan descent (n=119) 59 (50%) 57 (48%) 1–4

Children of Spanish descent (n=267) 139 (52%) <0.05 109 (41%) n.s. 1–3 n.s.
Children of Moroccan descent (n=65) 29 (44%) 27 (42%) 1–2

Adolescents of Spanish descent (n=307) 175 (57%) n.s. 181 (59%) n.s. 1–4 n.s.

Adolescents of Moroccan descent (n=54) 31 (58%) 30 (56%) 1–4

Note: In bold significant differences. 
Abbreviations: n.s., non-statistically significant differences; IQR, Interquartile range.
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95% CI 2.02–9.09), and A. vulgaris (OR 4.04, 95% CI 1.81–9.01). As with the other conditions, no statistically significant 
differences were detected for Ole e 1 and Ole e 7 (Table 3).

Concerning ancestry, children and adolescents of Spanish descent were more likely to have SPT+ to Ole e 1 (OR 
2.50, 95% CI 1.45–5.54), rhinitis (OR 1.51, 95% CI 1.03–2.2), and conjunctivitis (OR 1.89, 95% CI 1.25–2.85). No 
differences were observed between participants of Spanish versus Moroccan descent for sensitisation to O. europaea, Ole 
e 7, pollen sensitisation, asthma, or rhinitis plus asthma.

Discussion
Our main objective was to determine whether differences in ancestry could contribute to the patterns of sensitisation and 
symptoms found in children and adolescents of Spanish versus Moroccan descent.3–7 Published data are rather hetero-
geneous, and studies have usually included a low number of cases.35

In our study, adolescents were more likely to be female, to present atopy, and to be sensitised to more pollens 
(Table 1). The pattern of pollen response was similar, with adolescents more frequently sensitised, as reported by other 
authors,36,37 with highly significant differences for the most prevalent pollens (Figure 2). Other studies in Spanish 
adolescents have shown a lower prevalence of atopy and sensitisation to common pollens compared to children.38,39 

However, one of these surveys was performed more than 30 years ago before our study, which could explain the 

Table 2 Participants’ Clinical Characteristics, by Age (Children vs Adolescents) and Ancestry (Spanish vs Moroccan Descent)

Rhinitis p value Conjunctivitis p value Asthma p value Rhinitis+ 
Asthma

p value

Children (n=332) 116 (35%) <0.0001 90 (27%) <0.0001 50 (15%) n.s. 46 (13.9%) <0.007
Adolescents (n=361) 188 (52%) 155 (43%) 58 (16%) 88 (24.5%)

Spanish descent (n=574) 264 (46%) 0.03 224 (39%) 0.02 97 (17%) n.s. 141 (24.5%) 0.007
Moroccan descent 
(n=119)

43 (36%) 30 (25%) 14 (12%) 16 (13.9%)

Children of Spanish 
descent (n=267)

101 (38%) <0.05 77 (29%) n.s. 48 (18%) <0.05 45 (17%) <0.05

Children of Moroccan 
descent (n=65)

16 (25%) 13 (20%) 6 (9%) 2 (2.6%)

Adolescents of Spanish  
descent (n=307)

160 (52%) n.s. 141 (46%) <0.01 49 (16%) n.s. 75 (24.3%) n.s.

Adolescents of Moroccan 
descent (n=54)

25 (47%) 16 (30%) 10 (18%) 11 (20%)

Note: In bold significant differences. 
Abbreviations: n.s., non-statistically significant differences.

Figure 3 Pollen sensitisation in Spanish vs Moroccan adults. 
Abbreviations: n.s., non-statistically significant differences.
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difference.38 Regarding the clinical entities, these were significantly more prevalent in adolescents (Table 2). In contrast, 
other authors have reported a higher prevalence of asthma39 and a lower prevalence of rhinoconjunctivitis in adolescents 
compared to children.38 These differences could be due to the large number of cases we included and, consequently, the 
age intervals considered.

The prevalence of atopy was similar in participants of Spanish versus Moroccan descent, whereas the number of 
pollens involved in sensitisation was slightly but non-significantly higher in the Spanish group (Table 1). The frequency 
of sensitisation to each individual pollen was higher in Spanish children (no significant differences), but the sensitisation 
pattern was different: Olea europaea was the most prevalent in both groups, but in children of Spanish descent it was 
followed by Salsola kali, Phleum pratense, and Cupressus arizonica, whereas in children of Moroccan descent Phleum 
pratense displaced Salsola kali as the second most prevalent. These pollen sensitisation patterns in children may be 
related to that in their parents, and they tend converge in adolescence, suggesting that the environment has a stronger 
influence than ancestry as children grow older.40 Lower sensitisation to outdoor allergens has been found in native 
children compared to immigrants,28,41 although another study reported a higher sensitisation to pollens in Moroccan 
children born in the Netherlands.42

Concerning allergic diseases – rhinitis, asthma, and rhinitis plus asthma – prevalence was significantly higher in 
children of Spanish versus Moroccan descent (Table 2). These results are consistent with other studies,28,30,43 although 
one study reported a higher incidence of nasal allergies in immigrant children.32 On the other hand, evidence suggests 
that asthma has a lower incidence and prevalence in immigrant children and adolescents,30,32,41,44 as well as in second- 
generation immigrants.40

Since Olea europaea sensitisation was the most prevalent in all groups, as reported in previous studies in this 
population,24,25 we analysed the response to the two relevant molecular components: Ole e 1 and Ole e 7. Sensitisation to 
Ole e 1 was significantly higher in the Spanish group, but there were no differences regarding Ole e 7. Other studies have 
reported higher values for Ole e 7; however, participants were exposed to very high pollen levels and had only severe 
symptoms.45 Regarding Ole e 1, sensitisation values were almost double in the children of Spanish compared to 
Moroccan descent. This could suggest that, similarly to the pollen sensitisation profile, genetic and epigenetic factors 
may be contributors.40,46 According to our data, it seems that once people become positive to Olea europaea, sensitisa-
tion to Ole e 1 remains stable over time, but for Ole e 7 an upward trend was observed, which needs to be confirmed with 
a larger sample size.

Spanish parents showed a high prevalence of atopy, defined as a positive skin prick test, with similar values compared 
to their children. In contrast, there were significant differences between Moroccan parents and their offspring, with higher 
values for mothers (p<0.05).

Table 3 Bivariate Analysis for Sensitisation to Each Pollen and the Risk of Experiencing the Clinical Entities

Allergen Rhinitis OR (95% CI) Asthma OR (95% CI) Rhinitis + Asthma OR (95% CI)

Olea europaea 2.81 (2.01–4.01) 1.63 (1.04–2.56) 1.63 (2.15–3.48)

Phleum pratense 2.53 (1.69–3.9) 1.97 (1.19–3.2) 2.48 (1.46–4.18)

Cupressus arizonica 2.57 (1.59–4.24) 1.77 (0.99–3.19) 2.04 (1.10–3.75)

Artemisia vulgaris 2.5 (1.16–5.60) 3.29 (1.48–7.30) 4.04 (1.81–9.01)

Platanus acerifolia 1.57 (0.77–3.19) 4 (1.91–8.35) 4.28 (2.02–9.09)

Parietaria judaica 2.31 (1.00–5.31) 1.33 (0.48–3.64) 1.75 (0.63–4.81)

Ole e 1 1.7 (0.88–3.30) 0.6 (0.254–1.43) 0.73 (0.3–1.78)

Ole e 7 3.38 (0.92–12.44) 1.1 (0.29–4.1) 1.19 (0.31–4.57)

Note: In bold significant differences. 
Abbreviations: CI, confidence interval; OR, odds ratio.
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Bivariate logistic regression showed an increased risk of rhinitis, asthma, and rhinitis plus asthma in those sensitised to 
O. europaea, P. pratense, or A. vulgaris; of rhinitis and rhinitis plus asthma when sensitised to C. arizonica; of asthma and 
rhinitis plus asthma when sensitised to P. acerifolia; and of rhinitis when sensitised to P. judaica. As reported previously, 
sensitisation was a risk factor for developing allergic diseases.47 We did not observe any association between Ole e 1 and 
Ole e 7 sensitisation and any of the allergic conditions analysed, contradicting other published data.45,48

In our study, Spanish ancestry was a risk factor for sensitisation to Ole e 1, rhinitis and conjunctivitis. No differences 
were found between second-generation Moroccan immigrants and native children and adolescents with regard to 
O. europaea, Ole e 7, and pollen sensitisation, asthma, or rhinitis plus asthma.

Despite the similarities in sensitisation in Spanish versus Moroccan groups, there were differences in clinical entities 
and in parents’ sensitisation patterns, suggesting that environment may be more important than genetics or epigenetics.

Several studies have proposed a role for socioeconomic status in the development of allergy as well as for asthma and 
rhinitis in cases of children living in poverty, with poor housing conditions and parents with low incomes.14,49 However, 
despite significant differences in annual income in our cohort, this factor did not seem to contribute to these outcomes. In 
fact, prevalence of rhinitis and asthma was higher in the Spanish group, whose income was higher.

The study has several limitations. We did not include a control group of children and adolescents born in Morocco, as 
this group was absent in our population. Furthermore, our classification of Moroccan and Spanish origin was based on 
parental country of birth, entailing a general connection among people from the same geographical origin rather than 
genetic similarity. Although complex to define,50 this classification has also been used in other studies.43,44 Regarding 
socioeconomic status, although several variables can be measured as reported by Hill et al, we decided to include only the 
annual income, but we might also speculate that living and housing conditions were poorer in the Moroccan families.

Summarising, our data suggest that although environment and ancestry may contribute to sensitisation and clinical 
symptoms, environment has a stronger influence in the induction of sensitisation, while other factors may contribute to 
the differences observed between the populations studied in the prevalence of the clinical entities. To our knowledge, this 
is the first population-based study comparing native children and adolescents at all ages with those born in the same area 
to immigrant parents from a single origin.
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