Mechanisms of Allergy - Short Communication

International Archives of

ergy...
Immunology

Int Arch Allergy Immunol 2017;173:99-104
DOI: 10.1159/000475499
|

Received: January 19, 2017
Accepted after revision: April 5, 2017
Published online: June 28,2017

Influence of Intrinsic and Lifestyle
Factors on the Development of IgE

Sensitization

Teresa Stemeseder® Eva Klinglmayr? Stephanie Moser® Roland Lang¢
Martin Himly? Gertie J. Oostingh® Joerg Zumbach® Arne C. Bathke®

Thomas Hawranek? Gabriele Gadermaier?

2Department of Molecular Biology, ®School of Education and “Department of Mathematics, University of Salzburg,
and 9Department of Dermatology, Paracelsus Medical University Salzburg, Salzburg, and ¢Biomedical Sciences,

Salzburg University of Applied Sciences, Puch/Salzburg, Austria

Keywords

Allergen sensitization - Antigens/allergens - Childhood -
Environmental factors - Epidemiology - Farm environment -
IgE antibodies - Microarray - Molecular diagnostics

Abstract

Background: IgE sensitization is a prerequisite for the devel-
opment of allergic symptoms. The investigation of factors
influencing the development of IgE is therefore crucial for
understanding the onset of allergic diseases. Methods: This
epidemiological study investigated personal, intrinsic, and
lifestyle factors in a nonselected cohort of 501 Austrian ado-
lescents (aged 12-21 years). IgE levels to 112 allergen mol-
ecules were analyzed in the serum of participants using the
ImmunoCAP ISAC®. Allergic sensitization, IgE levels to single
allergens, and ISAC score sums were correlated with results
obtained from a questionnaire. Results: In this adolescent
cohort, male participants showed a higher sensitization fre-
quency (56.8%) compared to females (50.9%) and signifi-
cantly increased IgE levels to profilins. Underweight subjects
demonstrated a stronger IgE sensitization. Family size in-

versely correlated with IgE levels to PR-10 allergens, and pre-
dominately paternal allergies were a predictive factor for IgE
sensitization in the children. Vaccination, breastfeeding, and
delivery mode showed no influence, while a highly protec-
tive effect was observed for growing up on a farm. Of all of
the investigated lifestyle factors, only smoking significantly
influenced the risk for IgE development. Participants with
moderate frequencies of colds showed increased sensitiza-
tion levels. Conclusion: A hereditary predisposition and life-
style factors such as a farming environment, smoking, family
size, body weight, or frequency of colds significantly influ-
enced the development of allergen-specific IgE in this co-
hort of adolescents. ©2017 S. Karger AG, Basel

Introduction

The incidence of IgE sensitization and allergic diseases
has been on the rise in the past decades [1]. Countries fa-
voring a “westernized” lifestyle seem to be especially af-
fected, and factors influencing this development are
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widely discussed in the literature [2]. Besides anamnesis,
IgE sensitization represents a hallmark of allergy diagno-
sis using either extract-based tests or single, purified al-
lergen molecules. The testing of defined allergen compo-
nents allows a more precise diagnosis regarding symptom
severity and discrimination of IgE cross-reactivity versus
cosensitization [3]. In addition, multiplex technologies
permit the simultaneous testing of allergen panels using
minute amounts of serum. The onset of IgE sensitization
has been linked to several factors, and the influences of a
hereditary predisposition and a farming environment
were identified in a number of studies [4-7]. The impacts
of lifestyle on allergic disease is, however, frequently con-
troversially discussed [1]. Therefore, epidemiologic in-
vestigations of well-defined study cohorts are needed to
shed light on the development of allergic diseases and po-
tentially contribute to the identification of preventive
measures.

Methods

Serum samples from a cohort of 501 nonselected Austrian ado-
lescents (aged 12-21 years) were analyzed for IgE to 112 single
components using the ImmunoCAP ISAC® [8]. Personal data and
lifestyle information were assessed by a questionnaire and corre-
lated with sensitization data. In order to reflect the number of dif-
ferent sensitizations as well as IgE levels, we established the ISAC
score sum for each individual, ranging from 0 (nonsensitized) to
39 (high IgE levels in all investigated allergen source families). De-
tailed information on study design, IgE sensitization, lifestyle data,
and statistical analysis can be found in online supplementary
Methods, Table E1, and Figure E1 (for all online suppl. material,
see www.karger.com/doi/10.1159/000475499).

Results

Personal Data

In this cohort of 501 adolescents, a general sensitiza-
tion rate of 53.5% was detected by means of ImmunoCAP
ISAC® analysis [8]. Additional data regarding the study
population is displayed in Figure la. A higher sensitiza-
tion prevalence among males (56.8%) compared to fe-
males (50.9%), as well as a higher mean ISAC score sum
(4.1 for male vs. 3.4 for female) was detected, but was not
statistically significant. Significantly higher ISAC stan-
dardized units (ISU) were found for profilins Mer a 1, Bet
v 2,and Hev b 8 among male participants (p < 0.032). No
correlation of age and body height with IgE sensitization,
ISAC score sum, or ISU levels to single allergens was ob-
served. Only the height of girls correlated weakly, but
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significantly, with the ISAC score sum (p = 0.020, rho =
0.14). Negative correlations were identified between
BMI-for-age percentiles and IgE levels to grass pollen al-
lergens and Api g 1 (p < 0.020, rho <-0.10). Female and
male participants showed no difference for BMI-for-age
percentiles. In the pairwise comparison of ISAC score
sum and categories of BMI-for-age percentiles, higher
but not significantly different values were observed for
participants <5th percentile compared to those in the 5th
to 85th percentile (p = 0.061). However, a statistically sig-
nificant difference was found between adolescents <5th
percentile and those >85th percentile (p = 0.046; Fig. 1b).
Significant differences among BMI-for-age percentile
groups were observed for sensitization to Phl p 1, 4, 12,
and profilins (p < 0.040).

Family Size and Hereditary Allergy Predisposition

Eighty-nine percent of participants had at least 1 sib-
ling and family sizes were between 3 and 6 individuals for
89.4% of the participants. No differences in IgE sensitiza-
tion were found between only children and those with
siblings, or with regard to family size. However, slightly
negative correlations were observed between the number
of siblings and IgE to PR-10 allergens (p < 0.0037, rho
<-0.13). Subjects with at least 1 allergic family member
(n = 245) had a sensitization prevalence of 59.6%, while
those without (n = 222) showed a significantly lower ato-
py rate of 47.7% (p = 0.012) as well as ISAC score sum
(p=0.002). Interestingly, this also holds true when exclu-
sively the father but not when only the mother was aller-
gic (Fig. 1c).

Early Life Influences and Lifestyle Factors

Participants reported whether they had been vaccinat-
ed with standard vaccines, were born by caesarean sec-
tion, and breastfed as infants. No differences between the
respective groups in terms of IgE sensitization were ob-
served. Participants who grew up on a farm showed a re-
duced sensitization rate of 45.5% (vs. 55.7% for those who
did not grow up on farms), which was not statistically
significant (p = 0.066). However, farm exposure resulted
in a significantly reduced ISAC score sum (p = 0.004), and
reduced IgE levels to PR-10 and grass pollen allergens
(p < 0.007).

No difference in IgE sensitization was found with re-
gard to alcohol consumption. Among the 46 female par-
ticipants using hormonal contraceptives, no disparity in
IgE sensitization was observed. In our study cohort, diet,
exposure to passive smoke or air pollution, time spent
outside, physical activity, stress, or sleep were not subjec-
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Female Male Total
Study participants, n (%) 279 (55.7) 222 (44.3) 501 (100)
Atopic individuals, n (%) 142 (50.9) 126 (56.8) 268 (53.5)
Median ISAC score sum (interquartile range) 1.0 (0.0-5.0) 2.0 (0.0-6.0) 1.0 (0.0 -6.0)
Mean age, years (range) 15.3 (150 - 184) 15.1 (12 - 20) 15.2 (12 -21)
Mean height, cm (range) 166.2 (150 — 184) 1724 (151 - 190) 169.4 (150 — 190)
Mean weight, kg (range) 54.7 (36 — 152) 60.6 (32 - 100) 57.4 (32 -152)
Median BMI-for-age percentile (interquartile range) ~ 41.2 (18.9 - 61.4) 46.0 (20.0-71.2) 434 (19.1-654)
Participants <5th percentile, n (%) 15 (5.5) 17 (7.9) 32 (6.6)
Participants 5th to 85th percentile, n (%) 237 (87.8) 174 (80.5) 411 (84.6)
Participants >85th percentile, n (%) 18 (6.7) 25 (11.6) 43 (8.8)
a
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Fig. 1. Study population, BMI-for-age percentiles, and influence of
allergic family history. a Personal data of the adolescent study co-
hort. b BMI-for-age percentiles according to Barlow [32] and
ISAC score sums. Lines indicate the median with interquartile

ranges; dots represent the ISAC score sums of individual partici-
pants. ¢ Association of IgE sensitization of the study participants
versus existing allergies among family members is given as the
odds ratio with 95% confidence interval.

Diet Passive smoke Air pollution Time outside Activity Stress Sleep
Healthy Low 1 T T Low 1 A lot1 High 1 Low 7 Good~
Un-
healthy : High : : High : : Little | Low | High | Bad |
IgE- IgE+ IgE- IgE+ IgE- IgE+ IgE- IgE+ IgE- IgE+ IgE- IgE+ IgE- IgE+

Fig. 2. Lifestyle factors reported from nonsensitized (IgE-) and sensitized participants (IgE+). The boxes indicate
the 25th to 75th percentile; horizontal lines indicate the median; whiskers indicate the 5th and 95th percentiles.
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Fig. 3. Influence of smoking and having a
cold. a Study participants were categorized T
into smokers and nonsmokers, and the re- 0L odore SSSS& 0l = S5 oo | T
spective ISAC score sum values are depict- Smoker Nonsmoker Never  1-2 3.4 5.6 -6
ed. b The frequency of having a cold in the a b Colds in past 2 years
past 2 years (never to >6 times) plotted
against the ISAC score sum.

tively ranked differently between sensitized and nonsen-
sitized individuals (Fig. 2). The number of participants
reporting that they are smokers was rather low (n = 28),
yet this translated into an increased sensitization rate
(78.6%) and an increased odds ratio for being sensitized
(p=0.006, OR =3.38). Also, the ISAC score sum (Fig. 3a)
and ISU levels were significantly higher among smokers.
The frequency of having a cold revealed a difference in
ISAC score sum. Interestingly, individuals stating that
they had never had a cold within the preceding 2 years, as
well as those with the highest frequency (>6x) showed
significantly decreased IgE levels compared to those who
indicated that they had been affected 3-4 times (Fig. 3b).

Discussion

As part of this study, the ISAC score sum was estab-
lished to account for the number of sensitizations to sin-
gle allergens and their ISU levels. Thus, a single value per
subject was generated, allowing a more precise represen-
tation of the overall sensitization status compared to ex-
clusive disjunction (yes/no judgement). In contrast to the
evaluation of allergic symptoms, this study design al-
lowed a detailed and specific measurement of IgE as a
precursor of allergic diseases [9].

In line with previous studies [10-13], a higher sensiti-
zation frequency among male participants was noted. In-
terestingly, the preliminary data of Scala et al. [14] were
confirmed, suggesting that male individuals have signifi-
cantly higher IgE levels to profilin. The presented adoles-
cent study cohort showed a trend towards gender dis-
crepancies, which might become more pronounced with
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age as male IgE levels typically peak 10 years later [15].
We observed low correlations of female body height and
ISAC score sum, as well as BMI-for-age percentiles and
ISU values to predominately grass pollen allergens. An
increased ISAC score sum for underweight participants
was observed, which contrasts with the results from a
Danish adult study, suggesting a decreased OR for IgE
sensitization in underweight women but not men [12].
Other studies highlighted the relevance of an elevated
body weight in childhood and increased allergy risk at a
later stage [16-18]. While results indicate that body di-
mensions play a certain role in allergy, more detailed life-
time analyses are needed. Analogous to previous studies,
lower IgE levels were found among participants with
more siblings [2, 19]. While a hereditary component was
clearly confirmed in our cohort [20-22], allergies of fa-
thers, but not mothers, seemed to be the major confound-
ing factor for IgE development in their offspring. Previ-
ous studies suggested that predominately maternal con-
ditions play an important role in IgE production and
asthma development in the offspring [23, 24]. To the best
of our knowledge, this represents the first study showing
that paternal allergies represent the most important he-
reditary impact for IgE sensitization.

Early life influences, such as standard vaccines, caesar-
ean delivery, and breastfeeding, did not significantly af-
fect IgE sensitization in our cohort. These observations
should, however, be noted with caution, since the number
of individuals per group was unbalanced. The German
MAS-90 study reported decreased sensitization rates in
vaccinated children [25], while in our cohort the few in-
dividuals (n = 24) who were not vaccinated also demon-
strated a sensitization rate >50%. Earlier studies, includ-
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ing higher numbers of participants born by cesarean,
showed a significantly increased risk for atopy for this
delivery mode [26]. A protective effect of breastfeeding
on the development of allergic diseases has been suggest-
ed [27, 28]. In our study, the majority of participants were
breastfed, however this did not translate into lower IgE
levels. As another study also reported no association be-
tween exclusive breastfeeding and sensitization until 7
years [29], the finding could be explained by the fact that
breastfeeding does not necessarily confine IgE develop-
ment, but rather shows a protective effect regarding clin-
ical symptoms. However, it should also be kept in mind
that the information regarding breastfeeding was self-re-
ported by the subjects, with the associated limitations in
accuracy. In line with the “hygiene hypothesis,” the ben-
eficial effect of growing up on a farm was confirmed with-
in this work [5-7]. The difference was particularly pro-
nounced regarding sensitization to PR-10 and grass pol-
len allergens, which might relate to high pollen exposure
among farm children and/or the general high sensitiza-
tion rate towards these sources [8].

Among analyzed lifestyle aspects, only smoking
showed a significant difference for IgE sensitization and
frequently involved allergen molecules with very low sen-
sitization rates [8]. An association of smoking and in-
creased incidence of asthma and wheeze has been shown
before [30], but an association between never smoking
and a higher risk of atopy has also been reported [12, 13].
Despite the low number of smokers, we found a statisti-
cally significant effect, emphasizing the negative impact
of smoking already in this age group. Previous studies
have shown an association between atopy and alcohol in-
take, and passive smoke exposure and sensitization to
some allergen sources as well as time spent outdoors con-
tributing to the development of allergies [2, 12, 20, 31].
However, none of these factors caused statistically sig-
nificant differences. Nevertheless, a trend was observed
indicating that sensitized individuals spent more time
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outside, performed more sports, and reported poorer
sleep than nonsensitized subjects. Participants stating to
have a cold on a moderate basis had a significantly in-
creased ISAC score sum compared to those that did not
suffer from colds or individuals with a high frequency of
episodes. This bimodal protection profile could be ex-
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To conclude, this epidemiologic study investigated
several intrinsic and environmental influences on the al-
lergic sensitization of adolescents. IgE development could
be linked to having an allergic father, not growing up in
a farming environment, smoking, being underweight,
and having a moderate frequency of colds.
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Figure E1. Examples of ISAC score sum generation shown for two individual participants. A, ISU values to 112 single allergens for one individual subject. B,
ISU values of source groups with 1 or more allergens detected with ISU >0.3. C, ISU values are scored according to table on right side. D, Highest score value

per source group is chosen. E, Sum of highest score values per source group is generated. Upper panel shows participant no. 368, lower panel shows participant

no. 470.



SUPPLEMENTARY MATERIAL & METHODS

Study design and participants

This cross-sectional study was based on a non-selected cohort as described in detail previoudy [1]. In
short, 501 school children from schools in the region of Salzburg, Austria participated in this study.
Participants were recruited from school grades 8 to 13, with an expected age range of 13-19 years.
Samples were taken between October 2013 and May 2014. Written informed consents from
participants and their legal guardian (if they were underage) were obtained. The study was conducted
according to common ethical principles and approved by the local ethics committee of Salzburg,

Austria, No. 415-E/1669/6-2013.

Assessment of IgE sensitization

Capillary blood samples were taken from the fingertip and incubated at room temperature for 15 min.
Serum was separated from the blood cells by centrifugation at 14,000 rpm. Subsequently, serum
samples were stored at 4 °C for transport and at -20 °C until further analysis. Specific IgE to single
purified alergens from natural or recombinant sources was detected by means of the ImmunoCAP
ISAC® (Thermo Fisher Scientific, Uppsala, Sweden). Serum samples of 30 ul were used for analysis
according to the manufacturer’s protocol (Protocol No. 20-01-02-6). Fluorescent signals were
measured with a confocal laser scanner (LuxScan-10K, Capita Bio, Beijing, China). Data analysis was
performed in Phadia Microarray Image Anayzer (MIA) software and transformed into semi-
quantitative ISAC Standardized Units (ISU). Specific IgE values=0.3 ISU were considered positive.

Sensitization was defined as a positive IgE reactivity to at least one allergen on the ISAC chip.

ISAC scoresum

To obtain a value that would reflect the overall IgE sensitization of each subject in terms of number of
alergensreactive to and level of reactivity in ISU, the ISAC score sum was established. Therefore, for
every participant each I1SU value to a single allergen <0.3 was scored with 0, values 20.3 and <1 were

scored with 1, values 21 and <15 were scored with 2 and values =15 were scored with 3. Single
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alergens were then grouped according to the manufacturers list of alergens and their respective
sources and source families, resulting in 13 allergen source families. The highest ISU score in each of
the alergen source families was taken into account for the ISAC score sum. Hence, the ISAC score
sum ranges from 0 to 39, where higher values indicate a higher number of single allergen sensitization
and higher ISU values to these single allergens. The cross-reactive carbohydrate (CCD) marker
MUXF3 was not taken into consideration for this scoring. Details on grouping of alergens into
families and examples of score sum generation are provided in Supplementary Table E1 and

Supplementary Figure E1.

Assessment of intrinsic data and lifestyle

A detailed questionnaire composed of 56 questions was used in the study. Questions on per sonal and
intrinsic data covered gender and age, height, weight, and age of the subjects as well as family size,
parental education and information on allergic family members. Furthermore early life influences, i.e.
vaccines received as a child, being breastfed as infant, being born by caesarean, and growing up on a
farm were assessed. Lifestyle factor s such as stress, deeping habit, diet, spending time outside, sports,
smoking, alcohol consumption and hormonal contraception were assessed. Subjects aso indicated
their exposure to environmental air pollution and passive cigarette smoke. Self-assessment was
conducted according to a scale ranging from 1 to 5. In addition, the frequency of having a cold in the

last two years was evaluated.

Statistical analysis

Assuming a 25-35% prevalence for alergic diseases in the general population, a sample size of n=
=500 allows for a confidence interval margin of error of 4 percentage points when estimating overall
prevalence. Margins of error are larger for subgroups determined by personal and lifestyle factors or
combinations of those. Statistical analysis was performed with R in RStudio [2] and GraphPad Prism 5
for Windows (GraphPad Software, Inc., La Jolla, CA, USA). As data were not appropriate for
parametric or semi-parametric location shift models, analyses were based on a nonparametric
statistical model assuming that each multivariate observation is a redization from a multivariate
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distribution. Influencing factors were analyzed with regard to sensitization in general, ISAC score sum
and I1SU values to single allergens by means of Fisher’s exact test for contingency data, Spearman’s
rank correlation test or a two-sample rank sum (or Wilcoxon-Mann-Whitney) test. P-values <0.05
were considered as dtatistically significant. P-values are reported without multiplicity adjustment
throughout the manuscript. The children’s BMI-for-Age was calculated using the online available
“Group BMI Calculator, Metric, v1.0 —-CDC” excel spreadsheet based on recommendations provided
by Barlow et al. [3]. Percentiles of male and female study participants were calculated for 436
individuals and grouped as <5™ percentile being underweight, 5™ - 85" percentile as normal weight,

>85th percentile as overweight/obese.

REFERENCES

1 Stemeseder T, Klinglmayr E, Moser S, Lueftenegger L, Lang R, Himly M, Oostingh GJ,
Zumbach J, Bathke AC, Hawranek T, Gadermaier G: Cross-sectiona study on alergic
sensitization of Austrian adolescents using molecule-based IgE profiling. Allergy 2016

2 R Core Team: R: A Language and Environment for Statistical Computing. Vienna, Austria, R
Foundation for Statistical Computing, 2016,

3 Barlow SE: Expert committee recommendations regarding the prevention, assessment, and
treatment of child and adolescent overweight and obesity: Summary report. Pediatrics

2007;120:5164-S192.



Egg Fish Nuts Legumes | Fruit Grass Tree Weed pollen | Animals | Moulds Mite Insect Latex
Milk Shrimp | Seeds Vegetables | pollen pollen Cockroach venom
Cereals Parasite
Egg white/ | Cod Cashew Peanut Apple Bermuda Alder Ragweed Cat Alternaria Blomia Honey bee | Latex
Egg yolk Gadc1 | nut Arah1 Mald 1 grass Alngl Ambal Feld 1 Altal tropicalis Apim 1 Hevb 1
Gald 1 Anao?2 Arah?2 Cynd1 Feld2 Alta6 Blot5 Apim4 Hevb3
Gald2 Shrimp Arah3 Kiwi Birch Mugwort Fel d 4 Hevb5
Gald3 Penm Brazilnut | Arah6 Actd 1 Timothy Betv 1 Artv1 Aspergillus D. farinae Paper Hev b
Gald>5 1 Berel Arah 8 Actd 2 grass Betv2 Artv3 Dog Asp f1 Der f'1 wasp 6.01
Penm Arah9 Actd 5 Phlp1 Betv4 Canfl Asp 3 Der f2 Pold 1 Hev b
Cow’s milk | 2 Hazelnut Actd 8 Phlp2 Goosefoot Can f2 Asp f6 8
Bosd 4 Penm Cora Soybean Phlp 4 Cedar Cheal Can f3 D. Common
Bosd 5 4 1.0401 Glym4 | Peach Phlp 5 Cryj1 Canf5 Cladosporium | pternoyssinus | wasp
Bosd 6 Corag Glym5 | Prupl Phlp 6 Mercury Clah8 Derp 1 Vesv 5
Bosd 8 Cora9 Glymé6 | Prup3 Phlp 7 Cypress | Meral Horse Derp2
Bos d Phlp 11 Cupal Equcl Derp 10
lactoferrin Walnut Celery Phlp 12 Wall Equc3
Jugrl Apigl Hazel pellitory Storage mite
Jugr2 Cor a Parj2 Mouse Lepd2
Jugr3 1.0101 Mus m 1
English Cockroach
Sesame Olive plantain Blagl
seed Olee 1 Plal1 Blag?2
Sesi 1 Olee 7 Blag5s
Olee9 Russian Blag?7
Buckwheat thistle
Fage?2 Plane Salk 1 Anisakis
tree Anis 1
Wheat Plaal Anis3
Tria 14 Plaa2
Tria Plaa3
19.0101
TriaaA TI

Table E1. Allergenic molecules available on InmunoCAP ISAC® grouped into 13 allergen source families.
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