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Abstract A family history of an allergic condition is a
well-accepted risk factor for the development of an allergic
condition in an individual, particularly for allergic disorders
such as asthma, eczema, and allergic rhinitis. However, the
question of whether specific allergen sensitization is
inherited requires a complicated answer, as environmental
exposure plays an important role in the development of
allergen-specific IgE. This article summarizes the findings
of recent studies in the literature regarding what is known
about the inheritance of specific allergens. Overall, properly
collected and analyzed data appear to both support and
refute the hypothesis that specific allergen sensitization is
inherited, even when attempting to account for the
complexities of varying study methodologies and the
evaluation of diverse populations and communities.
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Introduction

The role of genetics in clinical allergic disorders (including
asthma, allergic rhinitis, and eczema) has long been a focus
of research. Whereas much research has been done
regarding the genetics of asthma and regulation of total
IgE, less is known regarding the heritability of specific
allergen sensitivities. Parental allergic rhinitis is generally
accepted as a risk factor for allergic rhinitis in a child.
However, it is not known whether this is due to an
increased overall tendency toward sensitization or to the
heritance of specific allergen sensitization. Specific allergen
sensitization is postulated to be controlled by gene—
environment interaction. In everyday practice, it is not
uncommon for allergists to evaluate multiple members of
one family. During such evaluations, skin prick testing in
siblings or parent—child pairs often shows a wide range of
results, with some family members having a large number
of shared allergen sensitizations and some family members
having significantly dissimilar results. This may be of
particular interest in siblings, who generally have shared the
same environment since birth and therefore are likely to
have had similar environmental exposures during develop-
ment. The aim of this article is to review recent published
studies that have examined the inheritance of specific
allergens.

Possible Biologic Mechanisms for the Inheritance
of Specific Allergen Sensitization

Several studies have found that particular allergen sensitiv-
ities are associated with certain HLA loci, including
ragweed allergen Ra5S and an allele at the HLA-DR loci
[1], sensitization to Der p1 and Der p 2 and HLA-DRB1*07
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[2], and rat allergen Rat n 1 and HLA-DR?7 [3]. Cockroach
sensitization has been found to be associated with different
loci, depending on the population (eg, HLA-DRB1*0101 in
the Hutterite community in South Dakota, and HAL-
DRB*0102 in African American participants living in
Chicago) [4].

Associations of allergen sensitivity to genetic loci other
than those related to HLA also have been investigated. Liu
et al. [5] studied the association between serum-specific IgE
(measured to egg, cow’s milk, soy, wheat, Dermatopha-
goides pteronyssinus, cat, grass, and birch) and six
potentially functional single nucleotide polymorphisms
within the [L4, IL13, and IL4RA genes in 823 German
children as part of the German Multicenter Atopy study.
Sensitization was defined as specific IgE greater than
0.7 kU/L measured by CAP-RAST FEIA (CAP radioaller-
gosorbent test fluorenzymeimmunoassay). A test of associ-
ation was also done with 159 parent—offspring trios. The
authors reported that the C-1055 T variant in the /L/3 gene
was associated with a significantly increased risk of
sensitization to food and outdoor allergens, with ORs of
3.49 (95% CI, 1.52-8.02) and 2.27 (95% CI, 1.04-4.94),
respectively. They also reported that the effects of the
promoter variant in the /L4 gene (C590-T) on the risk of
mite sensitization might depend on levels of Der p 1
allergen obtained from carpet dust samples. This study
suggested that variants in the studied genes may play a role
in controlling the specific IgE response and also provided
evidence for gene—gene and gene—environment interactions.

Cohort Studies

Two studies in the past several years have examined the
association between specific allergen sensitization in
parents and children. In the first, Canfield et al. [6°]
measured total IgE and specific IgE to Dermatophagoides
farinae, German cockroach, cat dander, and mouse urinary
protein in 161 4-year-old children and their parents—
primarily of Hispanic origin (>80%)—who were recruited
from Head Start centers in New York City neighborhoods
[6°]. These neighborhoods were among those with the
highest pediatric asthma hospitalization rates in the city.
Boys’, but not girls’, total IgE levels correlated with those
of their parents, with mothers having a slightly higher
correlation with their child (P<0.002) than fathers (P=
0.002). A possible explanation for the correlation being
seen in boys only was that the boys in this study had higher
mean total IgE levels compared with girls, which may be
related to boys reaching their mean total IgE level about
2 years earlier than girls. The authors also looked at
seroatopy (defined as the presence of specific IgE
levels >0.35 kU/L to any allergen) and found that children
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of seroatopic mothers were at threefold to fourfold
increased risk of being seroatopic (OR, 3.5; 95% CI, 1.2—
9.9) compared with children whose parents were not
sensitized. No relationship was found with the children of
seroatopic fathers (OR, 1.0; 95% CI, 0.3-3.3) as compared
with nonsensitized parents.

With regard to specific IgE correlations, different
associations were observed, depending on the gender of
the sensitized parent and the specific allergens to which
they were sensitized. Dust mite—sensitized mothers were
more likely to have a child sensitized to any of the four
allergens tested (dust mite OR, 11.0; 95% CI, 2.5-45.0;
cockroach OR, 6.4; 95% CI, 1.9-22.0; mouse OR, 13.0;
95% CI, 2.8-60.0; cat OR, 16.0; 95% CI, 3.2-84)
compared with the reference group of children with
nonsensitized parents. By comparison, fathers’ sensitization
alone was not found to be associated with sensitization in
their children. However, an additive effect was seen if both
parents were sensitized to dust mite, with these children at
higher risk for sensitization to dust mite (OR, 24.0; 95% CI,
3.0-184.0) and cockroach (OR, 12.0; 95% CI, 1.8-78.0).
Additionally, sensitization of both parents to cockroach was
associated with the child’s sensitization to both cockroach
(OR, 10.0; 95% CI, 2.5-44.6) and mouse (OR, 18.0; 95%
CL, 2.6-134.0).

Because environmental exposures are accepted as play-
ing a critical role in the generation of specific IgE, it was
postulated that the greater influence of mothers compared
with fathers may be due in part to the greater amount of
time that the mother, the primary caretaker in most of these
families, spent with the child in the home, as compared
with the father, who typically worked outside the home.
The strengths of this study include that it was the first study
of its kind in recent years to compare specific allergen
sensitization among family “triads” (mother—father—child).
Additionally, the families in this study were predominantly
Hispanic, which represents a rapidly growing minority
community for whom research is needed. However, as
these children were selectively recruited from an urban
population with a high rate of atopy and risk of asthma
hospitalization, these findings may not be entirely general-
izable to populations of average risk for atopy.

In the second study, our group evaluated the patterns of
allergic sensitization in 316 triads consisting of mother,
father, and an 18-year-old offspring in the suburban Detroit
Childhood Allergy Study (CAS) birth cohort [7¢]. Partici-
pation in the CAS was offered to all pregnant women with
a set range of delivery dates who were members of the
Health Alliance Plan health maintenance organization and
were planning to deliver at the Henry Ford Hospital. They
were not selected on the basis of atopic status (ie, personal
or family history of asthma, allergic rhinitis, or eczema). At
the age of 18 years, the teen and his or her mother and
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father had their total IgE and allergen-specific IgE to D.
farinae, dog, cat, grass, ragweed, and Alternaria alternata
assessed. Ninety percent of the triads lived together in the
same house for all 18 years. We examined the likelihood of
having matched sensitization (ie, both the child and parent
had the same specific IgE sensitization to an allergen) and
the likelihood of general sensitization (ie, both the child and
parent had a specific IgE sensitivity, though not necessarily
to the same allergens). For general sensitization, sensitiza-
tion of fathers (adjusted OR [aOR], 3.4; 95% CI, 2.1-5.5)
and mothers (aOR, 1.8; 95% CI, 1.1-3.0) were indepen-
dently associated with teens’ sensitization status. These
associations were adjusted for the other allergen sensitiza-
tions that the parent had, as well as the spouse’s sensitiza-
tions. Teens’ total and specific IgE levels correlated with
those levels in the parent, as compared with a reference
group of teens whose parents were not sensitized to any of
the allergens. For matched specific allergen sensitization,
there was a statistically significant increased OR of a teen
having the same allergen sensitization as his or her parent
as compared with a teen whose parent was not sensitized to
that allergen. The strength of these associations was
dependent on the allergen and the gender of the parent.
An increased aOR of matched sensitization was found
between mothers and their teen for cat (aOR, 2.1; 95% CI,
1.0-4.5), grass (aOR, 2.5; 95% CI, 1.2-5.2), and A4.
alternata (aOR, 2.4; 95% CI, 1.1-5.5), and between fathers
and their teen for dog (aOR, 2.7; 95% CI, 1.3-5.9), D.
farinae (aOR, 2.7; 95% CI, 1.4-5.1) and grass (aOR, 2.7;
95% CI, 1.5-4.9). These findings suggest that the inheri-
tance of sensitization may have an allergen-specific
component that varies depending on the allergen studied
and the gender of the parent.

One of the strengths of this study is that most of these
18-year-olds lived their entire lives in the same environ-
ment as the parents and thus presumably had similar
environmental exposures. In addition, because the partic-
ipants were recruited from a general risk birth cohort, these
findings are likely to be generalizable to similar popula-
tions. By contrast, the limitations of this study include that
it was not diverse with regard to race or geographic
locations, our analysis considered only specific IgE levels
and not coexisting allergic conditions, and it is possible that
other patterns may have been observed had we measured
specific IgE levels to a greater number of allergens.

Twin Studies

Twin studies have been a valuable source of data to
examine the role of genetics in monozygotic (MZ)
compared with dizygotic (DZ) twins and have provided
support for the hypothesis that allergic disorders have a

genetic predisposition [8, 9]. Clarke et al. [10] found an
increased association within MZ twins compared to within
DZ twins for asthma (MZ: OR, 25.6; 95% CI, 11.3-57.8 vs
DZ: OR, 1.9; 95% CI, 1.0-3.5), allergen sensitization (MZ:
OR, 14.6; 95% CI, 7.1-30.1 vs DZ: OR, 2.5; 95% CI, 1.4—
4.5), and bronchial hyperreactivity (MZ: OR, 14.1; 95% CI,
6.4-31.0 vs DZ: OR, 4.2; 95% CI, 2.1-8.6). This was
measured by an estimated probability of a twin having a
trait given the presence or absence of his or her co-twin
having a trait, and the association between traits within
each pair as an OR.

The data regarding specific IgE inheritance are increas-
ingly complex, with some twin studies suggesting that
overall atopy is under stronger genetic control than
sensitization to individual allergens [9]. Wuthrich et al.
[11] found that concordance rates were not significantly
different between the skin prick test results of 30 MZ and
20 DZ twin pairs when they were tested for 7 different
allergens (D. pteronyssinus, Timothy grass, birch, hazel,
dogs, cats, and horses). However, greater concordance in
MZ twins was seen when the researchers examined only
those twin pairs in which at least one twin had at least one
allergen-specific IgE sensitivity. Hopp et al. [12] analyzed
107 twin pairs and found significantly higher interpair
correlations in intradermal skin testing results in MZ twins
compared with DZ twins, with the results most significant
for mixed trees. Hanson et al. [13] found no statistically
significant difference in concordance between MZ and DZ
twins’ skin test reactivity or in vitro IgE testing to Ambrosia
artemisiifolia, Lolium perenne, Aspergillus fumigatus,
Alternaria tenui, and Phleum pratense. Strachan et al.
[14] evaluated 282 MZ and 270 DZ female twin pairs for
total IgE and specific IgE to Der p 1, mixed grass pollen,
and cat dander measured via fluoroimmunoassay. Concor-
dance rates for specific IgE positivity were significantly
higher (P<0.05) for MZ than for DZ twins.

Tovey et al. [15] analyzed twin pairs in which at least
one twin had a positive skin prick test to D. pteronyssinus
and then compared the concordance of IgE binding to
individual components of D. pteronyssinus. They found
that although MZ twins were more concordant for
sensitization to specific allergen components than DZ
twins, MZ twins still had substantial differences in their
specific allergen sensitization patterns.

Conclusions

As shown, investigators have taken several different
approaches to examine the question of specific allergen
inheritance. There are data to suggest both that specific
allergen sensitization does have a genetic component and
that environmental exposures may strongly influence
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genetic susceptibility. With so many factors varying within
each study, such as the number and type of allergens tested,
the age and gender of the study participant, the comparison
to other family members, and whether or not there were
other atopic comorbidities, it is easy to appreciate the
complexity of data interpretation and generalizability of
findings. Using the currently published data, it is difficult to
generate a unified hypothesis to describe the relative
contribution of genetic and exposure-related factors that
lead to an increased risk of matched sensitization for one
allergen versus another. A child’s development of specific
allergen sensitization is likely to reflect exposure to
common allergens and possibly a degree of additional risk
determined by his or her parent’s specific sensitizations.
Further studies focused on identifying the specific biologic
mechanisms that are operant in the inheritance of allergen
sensitization will be important to develop tailored strategies
to minimize the risk of clinical allergic disease among
children with atopic parents.
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