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Summary

The coincidence of allergic sensitization was investigated in 302 school-aged children
and their parents. Specific sensitization to four common inhalant allergens (grass and
birch pollens, cat dander, Dermatophagoides pteronyssinus) was ascertained by means of
skin-prick tests (SPT) carried out on the complete family unit at the beginning of a 22-
month follow-up period. The same test procedure was then repeated on the children
twice at | I-month intervals to provide cumulative prevalences of sensitization. A clinical
history of atopy in the children (hay fever or asthma; n=47), which was derived from an
interview, is associated with sensitization (positive SPT in 89%). For three allergens
(grass and birch pollens, cat dander) sensitization occurs significantly more frequently in
the children of mothers who are sensitized to the same allergen (odds-ratios (ORs), 2-5-
4-1). Additionally, in three of the four explanatory models related to a single antigen,
maternal sensitization to one of the complementary allergens is of importance (ORs,
2-7-3-7). In contrast to this finding, none of the paternal sensitizations has statistical
significance. Based on a reaction to at least one of the four allergens, the child’s relative
risk to be sensitized is increased in case of maternal (OR, 2:88; P=0-001) but not of
paternal (OR, 1-:06; P=0-83) sensitization. In conclusion, our data indicate that the
maternal status is more predictive than that of the father with regard to the child’s risk of
sensitization.
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unselected nuclear families for a coincidence of sensitiza-
tion to four common inhalant allergens within the two
generations.

Introduction

In studies on the inheritance of atopy, the disorders have
been defined using either the clinical history or total IgE
measurement [1,2]. No reports have been prepared using
population-based data about the specific immunologic
response against environmental allergens within family
groups. This seems surprising since recent immunogenetic

Materials and methods
Population

A population of 463 families with a total of 704 children

studies assume such an antigen specificity of inheritance
to exist [3,4] and, as far as we know, only studies of twin
pairs regarding specific sensitization in first degree rela-
tives have been published to date [5,6]. In order to
investigate relationships between parents and their chil-
dren, we analysed skin-prick test (SPT) data from 302
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aged 7-16 years from the area of Freiburg city and one
community in the Black Forest was randomly selected in
October 1987. The study population had been living in the
region for years, thus providing stable macro-environ-
mental conditions for this period. It was possible to carry
out three consecutive examinations with 421 families,
each during the same season (winter/spring) and 11
months apart [7]. The first investigation included a
standardized SPT of the children as well as one of their




Sensitization to four common inhalant allergens 601

parents. In the second and third survey only the children
were tested. Of the 421 families those with SPT results of
the mother and the father were included in the analysis
(n=302). For the sake of a uniform comparison only the
youngest child of each family was taken into account in
the following section of this report (age: mean=10-6 yr,
s.d.=2-0 yr; gender: 49-7% boys).

Atopic history

To ascertain the initial medical history regarding bron-
chial asthma (‘for your child/your husband/you has a
doctor ever diagnosed asthma?’) and hay fever (‘for your
child/your husband/you has a doctor ever diagnosed hay
fever?’) a standardized face-to-face interview was con-
ducted with the child’s mother. If asthma or hay fever had
been diagnosed, the child was classified as having ‘clinical
signs of atopy’.

Skin-prick test procedure

Four purified and immunochemically characterized aero-
allergens (ALK, Denmark) were applied to the forcarm
(distance between allergens about 30 mm) in a standard-
ized order with the aid of an uncoated Phazet® needle.
Extracts from grass pollens (mixture of the six most
common species), birch pollens, Dermatophagoides ptero-
nyssinus and cat dander were used (concentration, 10
Histamine Equivalent in Prick testing). As control solu-
tions histamine hydrochloride (10 mg/ml) and sodium
chloride (9 g/l) were applied. The reactions were recorded
after 15 min [7). The largest and the orthogonal diameter
of a weal were measured by means of a transparent ruler
and the arithmetic mean calculated. Sensitization was
defined as a weal diameter exceeding the negative control
by =2 mm. The tests were carried out by the same two
nurses during the whole study under the supervision of a
physician.

Statistical analysis

The children’s data provided information about the
lifetime prevalence of asthma or hay fever and the
cumulative prevalence of specific sensitization over an
average period of 22 months resulting from three tests.
The parental data included the lifetime prevalence based
on diagnoses and the SPT results in the first survey. Only
the results of children with natural parents were analysed.
The sensitizations of the mothers, fathers and both
parents were cross-tabulated with the child’s SPT and
atopic history. The reference group comprised families
without any parental sensitization. Using logistic regres-
sion models, the relative risks of the mother’s and father’s

Table 1. Comparison of the sub-population with skin-prick test
for both parents and the whole study population

Families with All
skin-prick tests for families
Variable both parents (n=302) (n=421)
Age, median (yr)
mother 38 38
father 41 41
Asthma (%)
mother 4-6 59
father 53 50
Hay fever (%)
mother 14-9 13-8
father 11-6 114
Educational level (%)
high school 34-8 330
technical college 21-2 20-0
manual training 374 385
unskilled 66 86

sensitizations were estimated under control of the child’s
gender [8,9]. The significance of the relative risks (esti-
mated as odds-ratio(OR)) derived from the regression
models were tested by applying Chi2.

Results

The prevalence of atopic diseases in the population of 302
families was about 5% for paternal as well as maternal
asthma and about 14% for maternal compared with 11%
for paternal hay fever (Table 1). In the case of the
offspring, an atopic history of asthma or hay fever was
reported for 15:6% of the 302 children. A positive SPT to
one of the four allergens was observed in 161 of the 604
parents (26-7%) whereas, in the case of the children, the
cumulative prevalence was 39-4%. This prevalence was
increased in children with atopic history (89-4%) com-
pared with the subjects without such a history (30-2%).

Compared with the offspring of unsensitized parents,
the children of mothers and fathers with a sensitization
were more frequently reactive (Table 2). This applied to
the four single allergens and to the reaction to at least one
of the four allergens.

Multivariate analyses of antigen-specific associations
of sensitization were carried out using logistic regressions
(Table 3). A child’s sensitization to grass and birch
pollens and cat dander was significantly more frequent if
the mother showed a reaction to the same (ORs, 2-5, 2-8
and 4-1, respectively) or to any other of the three
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Table 2. Cumulative prevalence of the child’s sensitization and clinical signs of atopy stratified
for the parents’ sensitization to the same four allergens. Relationships between the child’s and
the parents’ status are differentiated for the specific sensitizations

Cumulative prevalence for the children (n (%))

Predictor: parental sensitization to the respective allergen

Mother alone Father alone Both None
Grass pollen
Sensitization 13 (39-4) 14 (33-3) 4 (57-1) 32(199)
Clinical signs 8 (24-2) 7(16'7) 2 (28:6) 21 (13-0)
Birch pollen
Sensitization 14 (35'9) 8 (22:2) 3(33-3) 23 (14-3)
Clinical signs 8 (20'5) 7(19-4) 1(11-1) 21 (13-0)
Cat dander
Sensitization 9 (37'5) 4 (26'7) — 21 (13-0)
Clinical signs 7(29-2) 2(13-3) — 21 (13-0)
Dermatophagoides pteronyssinus
Sensitization 7(333) 12 (33-3) 0 28 (17-4)
Clinical signs 3(143) 8(22:2) 0 21 (13-0)
At least one of four .
Sensitization 36 (65-5) 26 (39-4) 8 (40-0) 49 (30-4)
Clinical signs 13 (23:6) 11 (16:7) 2 (10-0) 21 (13-0)

complementary allergens (ORs, 2-7, 3-7 and—not signifi-
cant—1-6, respectively). For none of the four allergens
was a significant association between the child’s and the
father’s sensitization to the same allergen or any comple-
mentary allergen observed.

The risk for a positive SPT was increased approxima-

tely threefold for children of mothers sensitized to at least
one of the four allergens (OR, 2-88; Table 3). In contrast,
an increased risk did not show up in the case of the father
being sensitized (OR, 1-06). To analyse whether the
higher maternal compared with the paternal risk with
regard to specific sensitizations was caused by maternal

Table 3. Odds-ratios (P-values) of the parent’s specific sensitization for the child’s sensitization to the
same allergen and of the complementary parent’s sensitization to at least one of the four allergens.
Risk estimation is based on logistic regression models (#=302), each under mutual control of the

independent variables and the child’s gender - -

Independent variables

Dependent variable: Specific Specific Any other Any other
cumulative prevalence sensitization,  sensitization,  sensitization,  sensitization,
of sensitization to mother father mother father
Grass pollens 2-50 (0-011) 1-70 (0-12) 2-69 (0-009) 0-80 (0-61)
Birch pollens 2-81 (0-004) 1-34 (0-46) 3-72 (0-003) 1-26 (0-60)
Cat dander 4-12 (0-003) 2:51 (0-14) 1-62 (0-24) 0-95 (0-89)
Dermatophagoides pteronyssinus 1-82 (0-22) 1-62 (0-22) 298 (0-001) 0-76 (0-50)
At least one of four — — 2-88 (0-0001) 1-06 (0-83)
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Table 4. Number of parental sensitizations (one and more than one) to one of the four allergens and frequencies of the child’s

sensitization to any or the same allergen (n=282)

Parental sensitization

Mother alone

Father alone

One >One One > One
None Sensitization Sensitization Sensitization Sensitization
n=161 n=28 n=27 n=36 n=230
Sensitization
of the child n % n % n Yo n % hn %
Any allergen 49 30 19 68 17 63 9 25 17 57
Same allergen as parent — n=13 68% n=15 88% n=7 T78% n=15 88%

‘poly-sensitization’, the number of sensitizations (one/
more than one) of both parents were cross-tabulated with
the children’s reactivity (Table 4). In the sub-groups with
more than one paternal sensitization, similar percentages
for the child’s sensitization to any allergen could be seen
for mothers and fathers. However, in the case of fathers
with only one sensitization (n=36), 25% of the children
were sensitized, whereas for 28 ‘mono-sensitized’
mothers, 68% of the children were reactive. In the four
sub-groups referring to parental sensitization the children
showed positive reactions to the same allergen(s) as the
parent in 68-88% of the cases (Table 4).

As far as clinical signs of atopy are concerned, the
prevalence was higher in each: of the sub-groups of
sensitized parents (Table 2). In multiple logistic regression
none of these associations had any statistical significance
(not shown).

Discussion

The primary aim of the study was to evaluate the
hypothetical health effects of air pollution on the airways
of children of school age and it was not directed at the
importance of parental sensitization for their children’s
reactivity in SPT. However, the sequence of testing and
the test procedure itself allowed an analysis of this
relationship. Since the proportion of participating fami-
lies was only 7-8% (n=463) of the target population of
about 5900 families, a random sample of the non-
responding population was interviewed regarding atopic
diseases and social status. The comparison did not
indicate a statistical difference between the participating
families and the non-responders [10]. The analysed sub-
population of 302 families where both parents were tested
is not significantly different from the whole sample
(n=421) regarding relevant variables (Table 1).

In this study, we observed associations of specific

sensitizations to four common inhalant allergens in 302
children and their parents. The associations gained
significance for maternal but not for paternal status.

To our knowledge, no earlier investigation has
addressed the coincidence of specific sensitization to aero-
allergens in parents and their children within a population
study. However, several studies on the prediction of atopy
in general have demonstrated an increased risk for
subjects with a positive family history [11,12]. Inheritance
of atopy is further suggested by studies of twins, which
find that there is a higher incidence of atopy in monozy-
gous compared with dizygous twins [13]. The immunoge-
netic basis for the inheritance of atopy has been attributed
to a recessive Mendelian trait in addition to a polygenic
component regarding high total IgE [14]. In contrast,
dominant inheritance of atopy caused by a gene locus on
chromosome 11q has recently been suggested [15]. Studies
on specific sensitization have moreover demonstrated
that immune responsiveness to different aero-allergens
depends on the presence of associated MHC class 11
haplotypes [3,4].

In numerous studies atopic diseases have been defined
using history, clinical presentation or total serum IgE
[2,13,16,17]. Only a few authors have reported antigen-
specific associations in first degree relatives using SPT or
measurement of specific IgE antibodies [5,6]. In the case
of tree pollens, a significantly lower variance of IgE
antibodies has been found in monozygous compared with
dizygous twins [6]. However, in that paper negative
results were reported for the three other allergens ana-
lysed. Another twin study found a higher concordance of
positive skin tests in monozygous (6 of 8 pairs) compared
with dizygous twins (1 of 7 pairs) [5]. In four of the five
sensitized monozygous pairs concordant results occurred
for specific allergens. Both studies might .indicate a
genetic effect on specific sensitization; however, even
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under these favourable conditions, the phenotype could
be explained only in part.

In the present study, higher cumulative prevalences of
sensitization showed up in the case of children of reactive
mothers and fathers compared with those of non-sensit-
ized parents (Table 2). However, in the logistic regres-
sions, the associations were stronger for mothers than for
fathers. None of the paternal sensitizations was a signifi-
cant risk for a sensitization in the offspring (Table 3),
whereas in the case of the mothers, antigen-specific
associations were obvious for three (birch and grass
pollens, cat dander) of the four allergens. Additionally, in
three of the four antigen-specific models, a maternal
sensitization to one of the complementary allergens was
of importance. Regarding D. pteronyssinus only non-
specific maternal sensitizations had any statistical signifi-
cance (P=0-001).

Our data again raise the old question of whether a
cumulation of specific sensitization within families is
more a consequence of genetic similarities or of an effect
of equal antigen exposure resulting from living under the
same environmental conditions. The higher prevalence of
sensitization in children of reactive parents compared
with the offspring of non-reactive parents (Table 2)
underlines the primary role of genetic predisposition,
since all families live within the same macro-environment.
However, the importance of environmental factors (i.e.
allergen exposure) for the sensitizations was not the
objective of this study. Recently published results of a
study of twins suggest that the degree of mite allergen
exposure might be a predictive factor for the individual
development of sensitization [18]. Another twin study
directed at sensitization as well as at clinical atopy
identified a higher concordance of atopy in monozygous,
whether reared apart or together, than in dizygous twins
reared apart or together [19]. Thus, although perhaps of
lesser importance, allergen exposure might be a risk
factor for specific sensitization and thereby complement
information derived from genetic-related variables. The
concept of allergen avoidance in high risk groups reflects
this assumption. The associations of the child’s and the
parents’ reactivity to the same allergen are of significance
only where the mother is concerned (Table 3). Regarding
sensitization to at least one of the four allergens no
paternal risk can be seen (OR, 1:06). The discrepancy
between maternal and paternal risk represents the sum of
three statistical sub-results: firstly, the lower proportion
of sensitized children in the case of 227 SPT-negative
mothers (33%) compared with 216 SPT-negative fathers
(39:3%); secondly, the higher proportion of sensitized
children in the case of 27 mothers sensitized to more than
one allergen (63%) compared with the corresponding 30
fathers (57%) and thirdly, the lower prevalence of

sensitization in the children of ‘mono-sensitized’ fathers
(25%) compared with mothers reactive to only one
allergen (68%; Table 4). The low association in the case of
fathers with only one sensitization could be a finding by
chance or a result of false-positive SPTs in those fathers.
However, the latter would also be expected for mothers.
The frequency of sensitization to the same allergen in
parents and children is similar in the four parental sub-
groups with sensitization (Table 4). Therefore, it scems
likely that the lack of significance for paternal sensitiza-
tions is a result of a relatively lower risk of paternal
sensitization in general rather than a lacking antigen-
specific concordance.

An 11-yr follow-up study starting at birth has found
that maternal and paternal atopy involve an equivalent
risk for development of atopy in the offspring [11].
However, other authors reported higher prevalences of
clinical atopy in children of atopic mothers than in those
of atopic fathers [16,17,20]. Based on one of these
findings, it has been hypothesized that women with atopic
asthma have a higher threshold and therefore transmit
more predisposing genes to their children [17]. In addition
to the threshold theory, intra-uterine events occurring in
atopic mothers could be a further explanation for our
finding. In a sample of 190 newborns, maternal atopy was
highly significantly related to increased cord blood IgE,
whereas paternal history of atopy was of no significance
[21]. The author assumed that ‘various humoral maternal
and external factors may pass the placenta and influence
in utero the IgE producing system of the fetus’. A
biological contact to the child’s immune system by this
means is lacking for fathers. In post-natal life, also, the
contact between child and mother might usually be closer
than between child and father.

Since in several studies finding a higher maternal than
paternal risk the analysed medical histories were reported
exclusively by the mother the effect has been attributed in
part to a reporting bias. Such an effect cannot be
responsible for our finding based on objective measure-
ment of sensitization in both generations.

In our epidemiological study only the sensitizations of
the mothers are significant relative risks for positive SPT
results to inhalant allergens in the offspring. Thus, our
data indicate that the maternal status is more predictive
regarding the child’s risk of sensitization than that of the
father. Based on logistic regressions, antigen-specific
associations occur for maternal sensitization to three
single allergens, and in three explanatory models other
maternal sensitizations are statistically important. Hence,
our findings are compatible with the hypothesis that
genetic factors contribute not only to atopy in general but
also to the susceptibility to producing specific IgE
antibodies against environmental allergens [22].
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The implication of the coincidence of specific sensitiza-
tion in mothers and their offspring is that risk assessment
regarding sensitization to common inhalant allergens has
to consider genetic predisposition differentiated for
maternal and paternal factors. Moreover, the biological
origin of the discrepancy between the maternal and the
paternal risk needs further investigation.

Acknowledgments

We thank Mrs Ingrid Weisser and Mrs Ingrid Schmitt for
their excellent collaboration during the field study. The
study was supported by Project ‘European Research
Centre for Air Pollution Control Measures’ grant No. 85/
003/1C.

References

Cooke RA, van der Veer A. Human sensitisation. J

Immunol 1916; 1:201-305.

2 Gerrard JW, Rao DC, Morton NE. A genetic study of
immunoglobulin E. Am J Hum Genet 1978; 30:46-58.

3 Marsh DG, Hsu SH, Roebber M et al. HLA-Dw?2: a genetic
marker for human immune response to short ragweed pollen
antigen Ra5 I: Response resulting primarily from natural
antigen exposure. J Exp Med 1982; 155:1439-51.

4 Ansari AA, Shinimiya N, Zwollo P, Marsh DG. HLA-D
gene studies in relation to immune responsiveness to a grass
allergen Lol p III. Immunogenetics 1991; 33:24-32.

5 Kénig P, Godfrey S. Exercise-induced bronchial lability in
monozygotic (identical) and dizygotic (nonidentical) twins.
J Allergy Clin Tmmunol 1974; 54:280-7.

6 Hopp RIJ, Bewtra AK, Watt GD, Nair NM, Townley RG.
Genetic analysis of allergic disease in twins. J Allergy Clin
Immunol 1984; 73:265-70.

7 Kuehr J, Karmaus W, Frischer T et al. Longitudinal
variability of skin prick test results. Clin Allergy 1992;
22:839-44.

8 Kleinbaum DG, Kupper LL, Morgenstern H. Epidemiolo-

gic research. Principle and quantitative methods. New York:

Reinhold van Nostrand Company, 1982.

12

15

20

21

22

SAS Institute Inc. SAS Technical Report P-200. SAS/STAT
Software: CALIS and LOGISTIC Procedures. Releasc 6.04,
Cary, NC, 1990. R
Kiihr J, Hendel-Kramer A, Karmus W et /. Luftschadstofl-
belastung und Asthma bronchiale bei Schulkindern. Soz
Praventivmedizin 1991; 36:67-73.

Croner S, Kjellman N-IM. Development of atopic diseasc in
relation to family history and cord blood IgE levels. Eleven-
year follow-up in 1654 children. Pediatr Allergy Immunol
1990; 2:14-20.

Kjellman N-IM, Johansson SGO. IgE and atopic allergy in
newborns and infants with a family history of atopic disease.
Acta Paediatr Scand. 1976; 65:601-7.

Lubs MLE. Empiric risks for genetic counseling in families
with allergy. J Pediatr 1972; 80:26-31.

Marsh DG, Bias WB, Ishizaka K. Genetic control of basal
serum Immunoglobulin E level and its effect on specific
reaginic sensitivity. Proc Natl Acad Sci USA 1974; 71:3588-
92.

Cookson WOCM, Sharp PA, Faux JA, Hopkin JM.
Linkage between immunoglobulin E responses underlying
asthma and rhinitis and chromosome 11q. Lancet 1989;
1292-5.

Kiister W, Petersen M, Christophers E, Goos M, Sterry W,
A family study of atopic dermatitis. Clinical and genetic
characteristics of 188 patients and 2,151 family members.
Arch Dermatol Res 1990; 282:98-102.

Happle R, Schnyder UW. Evidence for the carter effect in
atopy. Int Archs Allergy Appl Immunol 1982; 68:90-2.
Young RP, Hart BJ, Merret TG, Read AF, Hopkin JM.
House dust mite sensitivity: interaction of genetics and
allergen dosage. Clin Exp Allergy 1992; 22:205-11.
Hanson B, McGue M, Roitman-Johnson B, Segal NL,
Bouchard TJ, Blumenthal MN. Atopic disease and Im-
munoglobulin E in twins reared apart and together. Am J
Genet 1991; 48:873-9

Aberg N. Familial occurrence of atopic disease—not genes
only. Allergy 1992; 47:70 (abstr).

Magnusson CGM. Cord serum IgE in relation to family
history and as predictor of atopic disease in early infancy.
Allergy 1988; 43:241-51.

Marsh DG, Meyers DA, Bias WB. The epidemiology and
genetics of atopic allergy. N Engl J Med 1981; 305:1551-9.




This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.





