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Table 3 Overlap prevalence (%) of asthma, allergic rhinoconjunctivitis and/or atopic dermatitis symptoms in children 6 to 14

years of age

Age (years)
Symptoms
6 7 8 9 10 11 12 13 14
BA(+), ARC(+),AD(+) 2.6 2.1 2.9 2.6 2.2 1.9 1.7 1.6 1.6
BA(+), ARC(+),AD(-) 3.2 3.9 3.4 34 4.9 3.4 4.2 2.4 2.5
BA(+), ARC(-),AD (+) 3.5 2.9 2.5 2.1 1.7 1.6 1.3 1.5 1.2
BA(-),ARC (+),AD (+) 3.8 4.0 4.1 4.5 5.5 5.5 5.1 2.7 2.6
BA(+), ARC(-),AD(-) 8.9 6.7 6.8 5.3 5.8 5.0 5.0 4.6 5.1
BA(-),ARC(+),AD(-) 10.0 12.5 14.7 16.4 223 217 229 20.9 22.5
BA(-), ARC(-),AD(+) 9.6 8.4 7.4 7.3 5.9 6.0 5.5 6.1 5.4
BA(-),ARC(-),AD(-) 58.4 59.4 58.1 58.4 51.8 54.8 54.4 60.2 59.1

BA, current wheeze; ARC, allergic rhinoconjunctivitis; AD, atopic dermatitis.

Asthma is more prevalent in urbanized areas, as air
pollution is one of environmental factors that can ex-
acerbate asthma. It is well known that components of
diesel exhaust particles worsen respiratory symp-
toms through a variety of mechanisms.!? In Tokyo,
the number of diesel-powered automobiles is heavily
regulated by prefectural ordinances that were put in
place in 2003 in order to control the severe air pollu-
tion. Pollution concentration differences might ex-
plain why the prevalence of current wheezing in the
present study was higher in Tokyo than in Tochigi,
which is a less populated area.

Compared to Fukuoka, Tokyo has higher pollen
levels. Thus, the higher exposure to pollen in Tokyo
might contribute to the higher prevalence of allergic
diseases that are seen as compared to Fukuoka. How-
ever, it is unclear as to why Tochigi, which has
higher recorded pollen counts would have a lower

prevalence of allergic diseases as compared to To-
kyo.13 Braun-Fahrlinder suggested that there may be
factors associated with occupations related to agricul-
ture, and thus parents who farm, may pass on a re-
duced risk to their children for producing specific
IgE antibodies to aeroallergens, thereby preventing
the development of clinical symptoms of allergic
rhinitis.}4 Therefore, we speculate that Tochigi’s
higher farming population might account for this dis-
crepancy.

The prevalence of allergic rhinoconjunctivitis was
higher in older children, and there were no clear gen-
der differences noted. In all age groups, the peak
prevalences were observed during March and April, a
period that coincides with the release of Japanese ce-
dar pollen, which is one of the most common spring
pollen antigens in Japan. Therefore, it is highly likely
that the main pediatric seasonal pollen allergy that is
seen in Tokyo is due to the Japanese cedar tree.
When the monthly prevalence of allergic rhinocon-
junctivitis was examined, it was found to be similar to
the high prevalence that is seen in older children
(data not shown). As seasonal rhinoconjunctivitis is a

514

strong indicator of IgE-mediated allergy in children,
our study results suggest that older children have a
higher prevalence of IgE-mediated allergy than
younger children.

Interestingly, the highest pollen counts during the
past two decades were recorded in Tokyo during the
same time when the present 10-year-old children
were in their first year of life. A Swedish study that
examined sensitization found that children born dur-
ing a year of exceptionally high birch pollen counts
had a higher prevalence of birch pollen sensitivity at
ages 4 to 5.15 In contrast, Burr showed an inverse as-
sociation between grass pollen counts and the preva-
lence of allergic rhinitis symptoms.16 However, they
analyzed grass pollen counts in European countries,
Australia, and Kuwait, and thus, their results might
not be applicable to the present study in Japan.

In the current study, parents of elementary school-
children under the age of 11 along with a few elemen-
tary schoolchildren who were 12 years old completed
the questionnaires. All of the junior high school chil-
dren completed the questionnaires by themselves,
which included some 12-year-old junior high school
students. When reporting symptoms, answers pro-
vided by the parents and the children often differed,
with the children appearing to be more valid report-
ers than their parents. However, the respondent dif-
ferences could be ignored in the present study, as the
age differences over the 12-month examination pe-
riod for the three diseases did not significantly
change for those who were 12 years old. Neverthe-
less the prevalence of exercise-induced wheezing and
sleep disturbance caused by eczema more increased
after the age of 11. While it is feasible that the differ-
ences were mainly because of the respondents, these
differences might actually mean that some parents in-
correctly judged the symptoms present in their chil-
dren. Therefore, the actual prevalence of exercise-
induced wheezing and sleep disturbance caused by
eczema in the younger age groups could be higher
than what was actually reported in the current re-
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sults.

In addition to the point discussed above, other limi-
tations of this study might include the time period
that was covered by the survey. The study period cov-
ered the time between May and June, which corre-
sponded to the time immediately after the peak
months of exposure to Japanese cedar pollens. The
ISAAC protocols recommend that studies on allergic
rhinoconjunctivitis should not use surveys in which
50% of the surveyed population is studied in the
months that precede the allergy season. However, it
was unclear in our study as to whether or not Japa-
nese cedar pollen was the main allergen that causes
allergic problems in Tokyo schoolchildren. In Japa-
nese adults, in addition to Japanese cedar pollen, the
major allergens associated with allergic rhinoconjunc-
tivitis include grass and ragweed pollens, which are
released at the beginning of the summer and con-
tinue to be released until autumn. In addition, it
should also be noted that when conducting these
types of surveys in public schools, the seasons when
the surveys can be conducted are dictated by when
schools are in session, and thus, they cannot be done
year round.

In conclusion, the present study demonstrated the
prevalence of asthma, allergic rhinoconjunctivitis,
and atopic dermatitis in school-age children. Our find-
ings indicate that the prevalence of asthma and atopic
dermatitis was higher in younger children, while the
prevalence of allergic rhinoconjunctivitis was much
higher than that which has been reported in previous
surveys of other Asian cities. To prevent onset and
exacerbation of symptoms along with improving the
quality of life of schoolchildren affected by asthma
and allergic diseases, additional studies that investi-
gate allergic disease prevalence in preschool children
will need to be undertaken in the future.
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How IgE-mediated allergy is diagnosed

The diagnosis of IgE-mediated allergic disorders is based on
the clinical history and sensitization demonstrated through
an allergy test. Allergen-specific IgE is detected with in vitro
and/or in vivo testing. In some cases, allergen provocation
tests are performed to confirm an allergy diagnosis.

Specific IgE is currently determined using allergen extracts
as test allergens — a situation that gives rise to two types of
problems (1, 2). The first is the difficulty of standardizing the
allergens used as substrates. These extracts may differ in
terms of their allergenic content owing to the natural vari-

ability of the allergen source.

The second problem is that the tests used are not capable
of differentiating between primary sensitization and immuno-
logical cross-reactivity, which in some cases entails a signifi-
cant risk of serious symptoms. This, together with the
increased prevalence in childhood food allergy (3), causes dif-
ficulties for clinicians in their day-to-day work of interpreting

the results of the allergy tests.

454

Abstract

Molecular allergology is a breakthrough science that enables the quantification of
IgE and IgG antibodies against individual allergen protein components at a molecu-
lar level.

The diagnosis of IgE-mediated allergic disorder among children is based on clini-
cal history and sensitization demonstrated through an allergy test. Identifying
whether the sensitization is primary (species specific) or a result of cross-reactivity
to proteins with similar protein structures helps the clinician to judge the risk of
allergic reaction. This is possible today because allergen component tests are now
available for clinicians to use in everyday practice.

This article focuses on clinical utility through the prediction of cross-reactivity or
primary sensitization, estimation of the risk of reaction to heated food and the risk
of severe clinical symptoms.

The limitations described earlier have led to the introduc-
tion of intensive research activity in molecular allergology.
The term Component Resolved Diagnostics was introduced
by Valenta et al. (4). However, the isolation and characteriza-
tion of allergen components began far earlier. One of the first
food allergen component to be described, Gad ¢ 1 from cod,
had already been purified by Aas and Sayed (5) in the late
sixties in Norway.

It is important to understand some basics of molecular
allergology in order to understand how the tests can be used
clinically. Almost anything containing proteins can be an
allergen source. Each source contains many different pro-
teins, some of which can cause allergy. Each allergen compo-
nent commonly has several different epitopes. An epitope is
the actual three-dimensional binding site for an antibody.
Knowledge of the protein structure, the protein families, and
the stability during heating and digestion enables the use of
allergen components in the clinic to be optimized.

These differences in stability explain why some food
allergens may be tolerated when raw while others require
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cooking. Also, some allergens cause clinical reactions ranging
from mild to moderate and severe, whereas others will cause
sensitization without any clinical reaction.

The allergen components are named after their Latin fam-
ily name. Ara h 1 stands for allergen 1 from Arachis hypogea
(peanut).

Some allergen components are unique markers for a spe-
cific allergen source. The value of identifying these species-
specific allergen components lies in being able to narrow
down the primary sensitizer that causes certain reactions to
just one specific source, e.g., cat.

Identifying whether the sensitization is primary (species
specific) or a result of cross-reactivity to proteins with similar
protein structures makes it easier for the clinician to judge
the risk of reaction on exposure to different allergen sources.

The development of allergen components in pure form
has made it possible to resolve many of these problems. In
terms of production techniques, they can be either produced
biotechnologically in recombinant form or purified from
their original sources. In other words, the main area of
application for purified natural or recombinant allergen
components is in the precise identification of the allergies
that cause the disease (2). Many allergen sources have not
yet been fully characterized, and for the foreseeable future,
allergen extracts will be needed for the diagnosis of unusual
allergies and in the cases of unusual sensitization patterns to
common allergen sources. The different methods must com-
plement each other.

The allergen components are available for clinicians and
are used in accordance with the same techniques and blood
sampling as for the usual ImmunoCAP® (Phadia AB,
Uppsala, Sweden) tests.

Allergen components are also available on an Immuno-
CAP® ISAC biochip.

The allergen components are useful not only in diagnosis
and the estimation of risk but also in the standardization of
immunotherapy extracts (6). In this way, the content of each
relevant allergen component can be determined. In the near
future, it will therefore be possible to produce inherently
standardized immunotherapy extracts, containing only rele-
vant allergenic protein in defined and constant proportions.
This latter aspect will not be discussed in this article.

Typical example of how allergen components meet
clinical needs

On investigation, a child with a suspected peanut allergy
gives a positive skin prick test or in vitro allergy test for pea-
nut extract. The prognosis can be very different depending
on whether the sensitization is linked to a Bet v I-like pro-
tein, a seed storage protein, or an lipid-transfer protein
(L'TP). In the first case, there is almost no risk of the child’s
experiencing serious anaphylactic shock. In the second and
third cases, the child is advised to carry injectable adrenalin
(e.g., Epipen™, Anapen™, or Jext™). This leads us to the
discussion of how the different allergen components should
be used and interpreted in the clinic.

Allergen components begins a new era in pediatric allergology

Clinical usefulness in the investigation into food
allergies

Peanuts

Peanuts are the most common food associated with fatal
allergic reactions in the Western world (7). The prevalence
seems also to increase in Asia, and peanut allergy now ranks
in top ten food stuff causing food allergy (8). Accidental
ingestion of peanut may cause severe allergic reactions in sus-
ceptible individuals.

The prevalence of peanut allergy has increased and has
been estimated to be as high as 2% in some regions. The
symptoms following the ingestion of peanut can vary from
mild reactions, such as oral allergy syndrome (OAS), to respi-
ratory distress and severe systemic reactions needing medical
care, such as anaphylactic shock. Unfortunately, peanut sen-
sitization, established by allergen-specific IgE analysis of
blood samples or skin prick testing against peanut extract,
has a low positive predictive value because many sensitized
individuals are tolerant to peanut. The reason for this lack of
precision is cross-reactive IgE antibodies with low clinical
significance. Examples of this are IgE antibodies induced by
PR-10 protein in pollen that cross-react with their peanut
homologues, profilins, or cross-reactive carbohydrate deter-
minants. This means that sensitization to peanut is quite
common in a general population. Nicolaou et al. (9) have
investigated the prevalence of peanut sensitization in an unse-
lected population-based cohort in Manchester (MAAS,
n = 1085). They found that 12% of the 8-yr-old children
were sensitized. Only 24% of the children sensitized to pea-
nut demonstrated a clinical peanut allergy on the basis of
food challenge results.

Five peanut components are clinically relevant and avail-
able to clinicians. To date, 13 peanut allergens have been
detected.

The peanut seed storage proteins Ara h 1, Ara h 2, and
Ara h 3 are all major allergens and seem to be associated
with primary sensitization to peanut in susceptible individu-
als. Among these seed storage proteins, Ara h 2 in particular
is considered a risk marker for severe allergic reactions. In
individuals sensitized to peanut and with a cutoff point of
0.35 kU/L, Ara h 2 correctly classified 97.5% of the patients
(10). Importantly, all children with peanut allergy were given
correct classification. Sensitization to multiple allergens is a
stronger indication of more severe reactions than sensitiza-
tion to only one of the components (11).

Ara h 8 is a PRI10 protein, a Bet v 1 homologue, and thus
a marker for primary sensitization to pollen from birch and
alder.

IgE against Ara h 9 is often associated with systemic and
more severe reactions in addition to OAS, especially in south-
ern Europe (12). Ara h 9 is a LTP, and in most of the cases,
sensitization is probably due to primary sensitization to
peach or other LTP-containing fruits (12). Vereda et al. (13)
have shown the geographical differences regarding the peanut
allergen component sensitization pattern between Spain, Swe-
den and the United States.
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