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Abstract

Background: Patients allergic to pollen have been known to become more symp-
tomatic during pollen season compared with the nonpollen season. However,
there are few studies regarding whether higher exposure to pollen might increase
the prevalence of allergic diseases.

Methods: An ecological analysis was conducted to evaluate whether pollen expo-
sure is associated with the prevalence of allergic diseases in schoolchildren. Pollen
count data of Japanese cedar (Cryptomeria japonica) and Japanese cypress (Cha-
maecyparis obtusa), which are the major pollen allergens in Japan, were obtained
from each prefecture. The prevalence of allergic diseases in schoolchildren in each
prefecture was based on a nationwide cross-sectional survey using the Interna-
tional Study of Asthma and Allergies in Childhood questionnaire.

Results: After omitting three prefectures where pollen data were not available,
data of 44 prefectures were analysed. The prevalence of allergic rhinoconjunctivi-
tis in children aged 6-7 years was positively associated with both cedar and
cypress pollen counts (P = 0.01, both), whereas the prevalence of allergic rhino-
conjunctivitis in children aged 13-14 years was positively associated with only
cypress pollen counts (P = 0.003). Furthermore, the prevalence of asthma was
positively associated with cedar pollen counts in 6- to 7-year-old children
(P = 0.003) but not cypress pollen counts in either age group.

Conclusions: There are ecological associations between pollen counts and the
prevalence of allergic diseases in Japanese schoolchildren. Further studies are
needed to determine whether the difference between the effects of cedar and
cypress pollens is attributable to pollen counts or allergenicity.

Asthma and allergic rhinitis are the most common chronic
diseases in childhood and impair the quality of life of the
patients and their family (1, 2). The incidence of both disor-
ders has increased dramatically worldwide in the last few dec-
ades (3). However, the prevalence of allergic diseases varies
widely throughout the world. The International Study of
Asthma and Allergies in Childhood (ISAAC) showed that
the prevalence of asthma and allergic rhinoconjunctivitis
varies 20- to 40-fold in the world (4, 5).

Pollens, along with climate and air pollutants, are among
the environmental factors hypothesized to contribute to this
variation (6). In patients with allergic rhinitis, symptoms
become more frequent and more severe when pollen counts

increase (7, 8). Furthermore, patients with asthma require
attendance at emergency departments and hospital admis-
sions more frequently when the airborne pollen concentration
is higher (9-12).

However, there are only a few studies evaluating the eco-
logical associations between pollen counts and the prevalence
of allergic diseases, and the results were inconsistent. Studies
comparing the prevalence of allergic diseases between an area
with higher pollen count and another with low pollen count
showed that higher exposure to pollen was associated with a
higher sensitization rate in children (13) and prevalence of
allergic rhinitis in adults (14, 15). By contrast, a large study
performed in 28 centres within 11 countries showed that
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there was little relationship between pollen exposure and the
prevalence of allergic symptoms in children (16). This incon-
sistency may be attributable to geographical differences in
the major pollen species and lifestyles of the study subjects.
Ecological studies to evaluate this association for specific
pollen exposure in a large homogeneous population are
warranted.

Therefore, we performed an ecological analysis to evaluate
whether there were associations between specific pollen
counts (Japanese cedar and Japanese cypress) and the preva-
lence of allergic diseases in Japanese schoolchildren, using
data on pollen counts and the prevalence of allergic diseases
in each prefecture throughout Japan.

Methods
Study participants

The prevalence of allergic diseases in children aged 6-7 and
13-14 years in each prefecture was based on the data of a
nationwide survey that was conducted throughout Japan in
2008; details of the methods and response rates have already
been published (17). In this survey, samples were randomly
selected from all prefectures (n = 47) in Japan using public
schools as the sampling units because more than 95% of
schoolchildren attend public schools in Japan.

Questionnaire

The survey used the Japanese version of the written question-
naire of ISAAC, which was distributed by teachers at the
participating schools (17). The responses to the questions
were reported by parents for children aged 6-7 years and
were self-reported for children aged 13-14 years.

Allergic rhinoconjunctivitis was defined as positive answers
to both of these questions: ‘In the past 12 months, have you
(has your child) had a problem with sneezing, or a runny, or
blocked nose when you (he/she) did not have a cold or the
flu? and ‘In the past 12 months, has this nose problem been
accompanied by itchy-watery eyes? Asthma was defined as a
positive answer to the question: ‘Have you (has your child)
had wheezing or whistling in the chest in the past
12 months?

Pollen and meteorological data

Japanese cedar (Cryptomeria japonica, family Taxodiaceae)
and Japanese cypress (Chamaecyparis obtusa, family Cupress-
aceae) are the major causes of pollinosis in Japan. We used
pollen data from the Association of Pollen Information in
Japan. The cedar and cypress pollen counts were measured at
observation facilities located in all prefectures except for Oki-
nawa. Because a Durham’s sampler has been the most popular
apparatus for measuring pollen counts in Japan, we omitted
data from two prefectures in which the pollen counts were
measured by different methods. The data from these three pre-
fectures were excluded, and the data from the 44 remaining
prefectures included in the final analysis. The average values
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of the pollen counts per year over the past 4 years were used
in this study because it may take time for children to become
sensitized and develop allergic symptoms (8, 18). Meteorologi-
cal data were obtained from the Japan Meteorological Agency

(http://www jma.go.jp/jma/indexe.html). The mean annual

temperature and relative humidity measured at each prefec-
tural capital in 2008 were used in this analysis.

Statistical analyses

Chi-square tests were used to assess whether the prevalence
of allergic diseases differed between children included in this
study and those who were excluded. The data for the two
types of tree pollen and the two age groups were analysed
separately. Associations between pollen counts and the prev-
alence of allergic rhinoconjunctivitis were determined using
Pearson’s product-moment correlation coefficient. Multivari-
able regression analyses of the associations between pollen
counts and the prevalence of allergic symptoms were adjusted
for the gender ratio (17), mean annual temperature (19) and
mean annual relative humidity (19). The associations were
analysed after adjustment for the pollen counts of other
species as potential confounders, as cross-reactivity exists
between cedar and cypress pollens (20). The prevalence of
allergic rhinoconjunctivitis was included as a confounder in
the analyses of the associations between pollen counts and
the prevalence of asthma because allergic rhinitis may affect
asthma patients (21, 22). P values <0.05 were considered to
indicate statistical significance. All analyses were performed
using the statistical package ‘SPSS for Windows version 19’
(SPSS Inc., Chicago, IL, USA).

Ethics

The study protocol was approved by the independent review
board of the National Center for Child Health and Develop-
ment.

Results

Data were analysed in 44 prefectures, in which cedar and
cypress pollen counts were measured separately, including
40 975 children aged 6~7 years and 45 787 children aged
13-14 years. The average values of cedar and cypress pollen
counts in the 44 prefectures analysed were 2967 counts/cm’
(range, 34-7912 counts/cm®) and 1245 counts/cm? (range,
1-6048 counts/cm?), respectively. Cedar pollen counts were
higher in prefectures in eastern Japan (Fig. 1A), and cypress
pollen counts were higher in prefectures on the Pacific side
than along the Sea of Japan (Fig. 1B).

There was a wide range of the prevalence of allergic rhino-
conjunctivitis (range, 8.1-29.2%) and asthma (range,
9.4-17.3%) between prefectures in the 6- to 7-year-old chil-
dren. Similar to the 6- to 7-year-old children, the prevalence
of allergic rhinoconjunctivitis ranged from 10.8% to 30.9%
and that of asthma ranged from 6.1% to 13.2% in the 13- to
14-year-old children. The prevalence of allergic rhinoconjunc-
tivitis in 6- to 7-year-old children was higher in prefectures in
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Figure 1 Maps of pollen counts and the prevalence of allergic rhi-
noconjunctivitis in Japan. (A) Japanese cedar pollen counts. (B) Jap-
anese cypress pollen counts. (C) The prevalence of allergic

eastern Japan (Fig. 1C), whereas the prevalence of allergic
rhinoconjunctivitis in 13- to 14-year-old children was higher
in prefectures on the Pacific side of eastern and central Japan
(Fig. 1D). Cedar pollen counts were positively associated
with the prevalence of allergic rhinoconjunctivitis in 6- to
7-year-old children (R = 0.48, P = 0.001) (Fig. 2A) but not
in 13- to 14-year-old children (R = 0.18, P = 0.24) (Fig. 2B).
Cypress pollen counts were positively associated with the
prevalence of allergic rhinoconjunctivitis in 6- to 7-year-old
children (R = 0.43, P =0.004) and 13- to l4-year-old chil-
dren (R = 0.47, P =0.001) (Fig. 2C,D). Even after adjust-
ment for confounders, the prevalence of allergic
rhinoconjunctivitis remained positively associated with cedar
pollen counts for the 6- to 7-year-old children (P =0.01) and
cypress pollen counts for both the 6- to 7-year-old children
and 13- to 14-year-old children (P = 0.01 and P = 0.003,
respectively) (Table 1). Cedar pollen counts were not
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rhinoconjunctivitis in 6- to 7-year-old children. (D) The prevalence of
allergic rhinoconjunctivitis in 13- to 14-year-old children.

associated with the prevalence of allergic rhinoconjunctivitis
in 13- to 14-year-old children after adjustment for confound-
ers (P = 0.29).

In general, the prevalence of allergic rhinoconjunctivitis
was higher in 13- to 14-year-old children than in 6- to
7-year-old children. However, the difference between the two
age groups was inversely associated with the prevalence
of allergic rhinoconjunctivitis in the younger -children
(R = —-0.52, P < 0.001) (Fig. 3A). Therefore, we analysed the
association between the pollen counts and the differences in
the prevalence of allergic rhinoconjunctivitis between the two
age groups. Differences in the prevalence of allergic rhino-
conjunctivitis were inversely associated with cedar pollen
counts (R = —0.50, P = 0.001) (Fig. 3B) but not with cypress
pollen counts (R = —0.28, P = 0.86) (Fig. 3C).

We next analysed the associations between pollen counts
and the prevalence of asthma (Table 1). After adjustment for
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Figure 2 Pollen counts and the prevalence of allergic rhinoconjunc-
tivitis (ARC). (A) Positive association between cedar pollen counts
and the prevalence of ARC in 6- to 7-year-old children (R = 0.48,
P = 0.001). (B) No association between cedar pollen counts and the
prevalence of ARC in 13- to 14-year-old children (R =0.18,

confounders, cedar pollen counts were positively associated
with the prevalence of asthma in 6- to 7-year-old children
(P = 0.003) but not in 13- to 14-year-old children (P = 0.46).
Cypress pollen counts were not associated with the prevalence
of asthma in either age group (P = 0.07 for the 6- to 7-year-old
children and P = 0.89 for the 13- to 14-year-old children).

Discussion

In this ecological study, we found a positive association
between cedar and cypress pollen counts and the prevalence
of allergic rhinoconjunctivitis and asthma in Japanese school-
children. Consistent with our finding, a study performed in
Ttalian children aged 11-14 years revealed that children living
in a high-pollen-count area showed a significantly higher per-
centage of sensitization to pollens than those in another area
with low pollen counts (13). Similar results were shown in
French adults (15) and the genetically homogeneous Inuit
population (14), although their sample sizes were small. By
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P =0.24). (C) Positive association between cypress pollen counts
and the prevalence of ARC in 6- to 7-year-old children (R = 0.43,
P = 0.004). (D) Positive association between cypress pollen counts
and the prevalence of ARC in 13- to 14-year-old children (R = 0.47,
P = 0.001).

contrast, an ecological study performed in 11 countries (9
European countries, Australia and Kuwait) revealed that
there was little relationship between pollen exposure and the
prevalence of allergic symptoms in children aged 13-14 years
(16). Inconsistency with our results might be explained by the
geographical heterogeneity in the lifestyle of the study sub-
jects (23, 24) and the prevalence of plant species and their
related allergens (295).

Cedar pollen counts were positively associated with the
prevalence of allergic rhinoconjunctivitis in 6- to 7-year-old
children but not in 13- to 14-year-old children. Although the
prevalence of allergic rhinoconjunctivitis is generally higher
in 13- to l4-year-old children than in 6- to 7-year-old chil-
dren (5), the differences in the prevalence of allergic rhino-
conjunctivitis between the two age groups were inversely
associated with the cedar pollen counts. A retrospective anal-
ysis performed in the United States revealed that over 50%
of children with allergic rhinitis were sensitized to at least
one pollen by the age of 3 years and that the sensitization
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rate increased with age and plateaued by the age of 8 years
(18). Together with our results, it is suggested that children
in areas heavily exposed to cedar pollen might be sensitized
to cedar pollen in early childhood, and the prevalence of
allergic rhinoconjunctivitis might therefore plateau by the age
of 6-7 years. By contrast, the prevalence of allergic rhinocon-
junctivitis in less-exposed areas might not yet have plateaued

Table 1 Associations between pollen counts and the prevalence of
allergic diseases

Japanese cedar Japanese cypress

Coefficient Coefficient

(SE) P-value (SE) P-value

Allergic rhinoconjunctivitis
6- to 7-year-old 1.07 (0.39)* 0.01
children
13- to 14-year-old 0.34 {0.32)*
children
Asthma
6- to 7-year-old
children
13- to 14-year-old 0.11 (0.15)f 0.46
children

1.49 (0.57)F 0.01

0.29 1.562 (0.49)+ 0.003

0.49 (0.16)f 0.003  —0.43 {0.23)§ 0.07

0.04 (0.30)§ 0.89

SE, standard error.

Coefficient is for each pollen count increment of 1000 counts/cm?.
*Adjusted for the gender ratio, mean annual temperature, mean
annual relative humidity, and cypress pollen counts.

tAdjusted for the gender ratio, mean annual temperature, mean
annual relative humidity, and cedar pollen counts.

tAdjusted for the gender ratio, mean annual temperature, mean
annual relative humidity, cypress pollen counts, and prevalence of
allergic rhinoconjunctivitis.

§Adjusted for the gender ratio, mean annual temperature, mean
annual relative humidity, cedar pollen counts, and prevalence of
allergic rhinoconjunctivitis.

-5 T T | -5
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by the age of 6-7 years and might thus continue to increase
thereafter. Consequently, cedar pollen counts were not asso-
ciated with the prevalence of allergic rhinoconjunctivitis in
13- to 14-year-old children.

Unlike cedar pollen counts, cypress pollen counts were
positively associated with the prevalence of allergic rhinocon-
junctivitis in 6- to 7-year-old children, and this positive asso-
ciation persisted in 13- to l4-year-old children. In Japan,
cedar pollen counts are usually more than twice those of
cypress. Therefore, the prevalence of allergic rhinoconjuncti-
vitis due to cypress pollen might require additional time to
reach a plateau than that caused by cedar pollen. The dis-
crepancy between the results for cedar and cypress pollens
may be attributable not only to differences in pollen counts
but also to differences in antigenicity. T-cell reactivity differs
between cedar and cypress pollens (26, 27), although there is
some cross-reactivity (20).

Cedar pollen counts were positively associated with the
prevalence of asthma in 6- to 7-year-old children even after
adjustment for confounders, including the prevalence of aller-
gic rhinoconjunctivitis. Pollens may induce asthma symptoms
independently of allergic rhinitis by two mechanisms. The first
is inhalation of pollen allergens. Pollen grains are generally
too large to penetrate the lower airway and thus do not
provoke asthma symptoms. However, small particles of cedar
pollen contain a major pollen allergen (Cry j 1) (28) and are
likely to induce an asthma attack (29). The second is that
pollens may act as adjuvants to exacerbate asthmatic symp-
toms. Intranasal administration of ovalbumin with cedar pol-
len induced ovalbumin-specific IgE responses, although the
administration of ovalbumin alone did not induce the produc-
tion of ovalbumin-specific IgE (30). Cedar pollen may thus
enhance sensitization to other allergens as well as pollen itself
and thereby influence asthma in young children. The preva-
lence of asthma was not associated with cypress pollen counts.
The reason for this discrepancy between cedar and cypress
pollens remains unclear and warrants further investigation.

Difference in the prevalence of ARC (%)
(9,

0 10 20 30 0 2000

Prevalence of ARC in 6~7-year-old children (%)

Figure 3 Differences in the prevalence of allergic rhinoconjunctivitis
(ARC) between 6- to 7-year-old children and 13- to 14-year-old chil-
dren. (A) Inverse association between the prevalence of ARC in
6- to 7-year-old children and the difference in the prevalence of
ARC between the two age groups (R= —-0.52, P<0.001). (B)
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Inverse association between cedar pollen counts and the difference
in the prevalence of ARC between the two age groups (R = —0.50,
P =0.001). (C) No association between cypress pollen counts and
the difference in the prevalence of ARC between the two age
groups (R = -0.03, P = 0.86).
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The strength of our study is that it addresses the associa-
tions between two types of tree pollen and the prevalence of
allergic diseases in children in two different age groups. One
limitation is that our study was a questionnaire-based survey
without testing for sensitization. Estimation of the prevalence
of allergic rhinoconjunctivitis by a questionnaire only may be
not very sensitive in young children (31). However, sensitiza-
tion to any allergen is strongly associated with allergic rhino-
conjunctivitis as assessed by the ISAAC questionnaire (32),
and this questionnaire has previously been used for ecological
analyses (6, 16). Another limitation is that we did not adjust
our analysis for the levels of air pollutants, such as SPM,
SO, and NOx. Air pollutants can affect both allergic subjects
(33) and the allergenicity of pollens (34). The levels of these
pollutants have been reported to be affected by the distance
from major roads and the traffic count (35) and vary widely
even within the same prefecture. Therefore, we did not
include air pollutants as confounders in this analysis.

In conclusion, pollen counts of cedar and cypress are posi-
tively associated with the prevalence of allergic rhinoconjunc-
tivitis and asthma in Japanese schoolchildren. Although both
cedar and cypress pollens are tree pollens, they show differ-
ent effects regarding the prevalence of allergic diseases.
Further studies are required to elucidate the reason for this

Yoshida et al.
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In summary, in this large, nationally representative sample of
more than 600 asthmatic patients, we found that triclosan expo-
sure was associated with a more than 70% increased risk of
reporting an asthma exacerbation in the last year. Exposure to tri-
closan may directly lead to asthma exacerbations, or elevated tri-
closan levels may be a marker for poor asthma control. Future
prospective studies are needed to determine whether triclosan
exposure has a role in the development and maintenance of allergy
and allergic respiratory disease.
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Test-retest reliability of the International Study of Asthma and Allergies in
Childhood questionnaire for a web-based survey

Epidemiologic surveys are essential for providing fundamental
insight into allergic diseases. However, in epidemiologic studies
that use traditional approaches, such as paper questionnaires and
interviews, the response rates have decreased in the past decades.
This issue was even raised by the International Study of Asthma and
Allergies in Childhood (ISAAC).! The median response rates of
active consents in the 6- to 7-year age group decreased from 84% in
phase 1 to 78% in phase 3, which was conducted 7 years after phase
1.? Another approach to data collection using the Internet is
increasing in academic research.* However, web-based surveys
accounted for only 1% of epidemiologic articles in the 7 high-impact
general medical and epidemiologic journals from 2008 to 2009.”
One of the reasons for this finding might be that there are few
studies that investigate the reliability of the data collected via the
Internet. Thus, this study aims to evaluate the reliability of the web-
based ISAAC questionnaire.

This study was conducted using the Macromill online research
system (Macromill Inc, Tokyo, Japan), which maintains one of the
largest research panels in Japan. Among the 2,598 monitors who
resided in the Kyushu region and had children aged 6 to 12 years
based on their background data, we randomly selected 958 parents
to participate in the survey in September 2011 (time 1 survey). If a
parent had 2 or more children aged 6 to 12 years, they were asked
to complete the questionnaire for each child, and 1,254 children
were recruited. For the test-retest study, we randomly selected 200
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children from the children who participated in the time 1 survey
and asked their parents to complete the same questionnaire in
October 2011 (retest survey).

We used the web-based ISAAC questionnaire based on the
Japanese version of the written questionnaire. It was a multiple-
page design and automatically skipped questions that were irrele-
vant to the respondent. We estimated the prevalence of allergic
symptoms based on the responses to the ISAAC core questions.’
Demographic differences among the study participants were
compared using the ¥? test or the Mann-Whitney test. P < .05 was
considered statistically significant. Reliability was assessed using
the proportion of agreement and the « coefficient. All analyses were
performed using SPSS statistical software, version 19 (IBM, Armonk,
New York). The study protocol was approved by the independent
review board of the Tokyo Metropolitan Children's Medical Center.

A total of 184 study participants (93 boys and 91 girls; mean [SD]
age, 8.8 [1.8] years) were analyzed for the assessment of test-retest
reliability. The respondent characteristics between the time 1 survey
and the retest survey were not significantly different. Life-long prev-
alence of allergic symptoms, especially skin symptoms, tended to be
higher than the current prevalence (Table 1). The proportion of
agreement for the questions on asthma and nose and/or eye symptoms
was more than 90%, whereas that for the questions on eczema was less
than 90%. The questions on current symptoms had « coefficients
between 0.55 and 0.64. Of interest was that the « coefficients for the
question on current eczema was lower than that for the question on
eczema ever, which was opposite of those for respiratory symptoms.

This study found that the web-based ISAAC questionnaire was
reliable for the epidemiologic survey. Population-based studies using
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Table 1

Prevalence of allergic symptoms, proportion of agreement, and « coefficients

Variable

~ Prevalence, %

Proportion of Agreémezjtr,%‘:

-k Coefficient (95% Confidence Interval)

064(048-080)
. 078(0.65-091)
. 055(037-073)
© 048(035-061)

the ISAAC written questionnaire have produced similar « coefficients
to our results. A test-retest study of the ISAAC written questionnaire
conducted in Malaysian children aged 7 to 12 years after a 1-month
interval demonstrated that the « coefficients for the questions on
asthma, rhinitis, and eczema were 0.63 to 0.81, 0.49 to 0.52, and 0.34
to 0.83, respectively.* In an Italian study performed 3 months apart
in adolescents, the ISAAC written questionnaire revealed « co-
efficients between 041 and 0.86 for the questions on asthma.
Furthermore, a randomized study that compared web-based and
written ISAAC questionnaires on respiratory symptoms found that
both questionnaires yielded equal results in adolescents.”

For the questions regarding respiratory or nose and/or eye
symptoms, the questions using “ever” as a reference period tended
to have higher reliability than those using “in the past 12 months.”
Similar results were found in the Malaysian and Italian studies.*” In
contrast, the reliability of the question on eczema ever tended to be
lower than that on current eczema. The prevalence of current
eczema was one-third of that of eczema ever, which means that
many children diagnosed as having eczema in infancy outgrow it
when they reach school age. Although recalling symptoms experi-
enced during a lifetime might be easier than recalling symptoms
during specific intervals, recalling the symptoms only seen in
infancy might be less likely to be reliable in a study conducted
in schoolchildren. Compared with higher reliability of the questions
on respiratory and nose and/or eye symptoms, reliability of the
questions on eczema was lower, consistent with the results of the
Malaysian study.® This lower reliability might be explained by lan-
guages and cultural backgrounds. The ISAAC phase 3 study group
reported that some English terms were difficult to translate into
other languages despite a detailed protocol.” Terms such as itchy
rash and eczema might have their own interpretation problems in
Japanese along with Bahasa Malaysia* Although the Japanese
version of the ISAAC questionnaire used footnotes to describe skin
lesions, our results suggested that the language problems persisted.

The limitation of this study was the concern about generaliz-
ability; people who did not have access to computers with Internet
connections could not participate in this study. The Ministry of In-
ternal Affairs and Communications in Japan (http:/fwww.soumu.go.
ipfichotsusintokei/english/) revealed that the Internet diffusion rate
among people aged 20 to 49 years exceeded 90%, which means that
most parents of schoolchildren currently use the Internet in Japan.

The web-based ISAAC questionnaire was found to be as reliable
as the written one and could become a new research tool when the
target population has a high Internet penetration rate. Further

studies are needed to create a web-based questionnaire using
multimedia, such as sound and visual content, which would lead to
further improvement in the reliability of questionnaires.
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to impair skin barrier function, leading to dry skin and sustained
pruritus; therefore, excessive oxidative stress is postulated to exac-
erbate the inflammatory process of AD.! In children with AD, levels
of urinary 8-hydroxydeoxyguanosine, a product of nucleic acid
oxidation, are indeed elevated according to disease severity.
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Current perspectives

Present state of Japanese cedar pollinosis: The national

affliction

Takechiyo Yamada, MD, PhD,? Hirohisa Saito, MD, PhD,” and Shigeharu Fujieda, MD, PhD?

Seasonal allergic rhinitis (SAR) caused by Japanese cedar
pollen (JCP; ie, sugi-pollinosis) is the most common disease in
Japan and has been considered a national affliction. More than
one third of all Japanese persons have sugi-pollinosis, and this
number has significantly increased in the last 2 decades. In our
opinion the reason why sugi-pollinosis became a common
disease in the last half century is the increased number of cedar
pollens, with global climate change and forest growth caused by
the tree-planting program of the Japanese government after
World War II playing substantial roles; dust storms containing
small particulate matter from China might also contribute to
the increased incidence of sugi-pollinosis. To help minimize their
symptoms, many Japanese wear facemasks and eyeglasses at all
times between February and April to prevent exposure to JCP
and aeroso! pollutants. Forecasts for JCP levels typically follow
the weather forecast in mass media broadcasts, and real-time
information regarding JCP levels is also available on the
Internet. Because a large amount of JCP is produced over
several months, it can induce severe symptoms. Japanese
guidelines for allergic rhinitis recommend prophylactic
treatment with antihistamines or antileukotrienes before the
start of JCP dispersion. Additionally, sublingual
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immunotherapy will be supported by health insurance in the
summer of 2014. However, many patients with sugi-pollinoesis do
not find satisfactory symptom relief with currently available
therapies. Collaboration between scientists and pharmaceutical
companies to produce new therapeutics for the control of sugi-
pollinosis symptoms is necessary. (J Allergy Clin Immunol
2014;133:632-9.)

Key words: Seasonal allergic rhinitis, Japanese cedar, global
climate change, prophylactic treatment, alternative complementary
treatments

Allergic rhinitis (AR) represents a global health care problem
that greatly affects daily activity, work productivity, learning,
sleep, and quality of life (QOL) in persons of all ages. In the
Allergic Rhinitis and its Impact on Asthma study, AR is divided
into 2 categories: intermittent or persistent disease." However,
many otorhinolaryngologists in Japan use a perennial allergic
rhinitis (PAR) and seasonal allergic rhinitis (SAR) classification
system.” The major allergen contributing to SAR in Japan is pol-
len from the Japanese cedar (Cryptomeria japonica; ie, sugi).
SAR is caused by Japanese cedar pollen (JCP; ie, sugi-
pollinosis) and was first reported in 1963.° During the height of
the allergy season (between February and April), a large number
of patients with sugi-pollinosis experience more severe symptoms
for longer periods of time compared with other pollen allergies
(¥ig 1, A). This might be because JCP is dispersed in large quan-
tities over long distances (>100 km in some cases) and can remain
airborne for more than 12 hours (Fig 1, B).‘/* Furthermore, pollen
from the Japanese cypress (Chamaecyparis obtusa), which also
causes SAR, is dispersed in April and May, immediately after
the release of JCP. Because Japanese cypress pollens are consid-
ered to contain several components that cross-react with JCP, 70%
of patients with sugi-pollinosis also experience SAR caused by
Japanese cypress pollen. Therefore allergic symptoms can last
for as long as 4 months, from February to May, with some varia-
tion caused by annual climate differences.

A meta-analysis of 38 reports representing 27 prevalence
subgroups and 134 sensitization rate subgroups showed that the
prevalence of sugi-pollinosis increased 2.6-fold between 1980
and 2000.° The prevalence of sugi-pollinosis was 19.4% of the
Japanese population in 2001.° We conducted a survey of 1540
persons aged 20 to 49 years in Fukui City between 2006 and
2007 that indicated the positive rate of serum JCP-specific IgE
was 56.3% and the prevalence of sugi-pollinosis was 36.7%.
Additionally, the International Study of Asthma and Allergies
in Childhood showed that Tokyo schoolchildren have an
extremely high prevalence of SAR.*>” Specific to Japan, SAR-
JCP is now called a national affliction. Manufacturers - and
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retailers are set to tap into a soaring demand for medications and
related items, and the market for JCP prescription drugs has
soared to 200 to 300 billion yen per season (2.1-3.2 billion US
dollars). Also, the government will be required to take effective
actions.

In this review we introduce sugi-pollinosis, the national
affliction of Japan, with the intention of informing allergists
about the spectrum of symptoms and treatment options available
for patients with sugi-pollinosis.

PUTATIVE TRIGGER FACTORS, ENVIRONMENT,
AND PATHOLOGY FOR THE INCREASED
PREVALENCE OF SUGI-POLLINOSIS

In Japan forests cover approximately 25 million hectares (ie,
66% of the total area of Japan). More than half of these trees were
planted from the early 1950s to the early 1970s, and according to
the Forestry Agency of Japan, an estimated 4.6 billion of these are
Japanese cedar trees, covering nearly 18% of the total land area of
Japan. The sugi trees are extremely straight and tall, making them
ideal construction materials, but after wood tariffs decreased in
1964, imported wood put the sugi foresters out of business, and
most sugi trees have been abandoned and grow taller and produce
more pollen each year. With the exception of Hokkaido and
Okinawa islands, this yellow-green dust is scattered throughout
Japan. Airborne JCP levels have been monitored in Sagamihara
hospital (Kanagawa, Japan) since 1965. JCP counts can vary
significantly from year to year because of weather conditions;
however, the total JCP counts from 1995 to 2013 have been
significantly greater than those in the initial period from 1965 to
1994 (P <.05; Fig 2, A).

Epidemiologic studies have demonstrated that global climate
change correlates with the number of symptomatic pollen-
induced respiratory allergies and allergic diseases.'™'' One of
the fundamental effects of climate change is the potential for
shifts in flowering phenology and pollen production associated
with warmer seasonal air temperatures. As such, the length of
the sugi-pollinosis season has increased since 1995.'% Although
the average global temperature has only increased by approxi-
mately 0.6°C in the 20th century, climate change in Japan has
been more severe, with temperatures increasing by an average
of 1.15°C in the past 100 years. Fig 2, B, shows the annual temper-
ature change since 1960 in Japan.

Cedar pollen is released from male flowers on sugi trees (Fig !,
(). Hot summers usually affect sugi trees, promoting flower bud
development and increasing pollen production; meanwhile, cool
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summers have opposite effects. Ito et al'® investigated the corre-
lation between total JCP count and the previous years’ summer
weather conditions from 1987 to 2006. The annual cumulative
level of airborne JCP was significantly related to the mean tem-
perature and sunlight hours in late July before the start of the pol-
len season (see Table El in this article’s Online Repository at
www.jactonline.org). The mean temperature in July during the
20th century has also significantly increased in Japan. Average
temperatures in the Fukui area from 1974 to 1993 and 1994 to
2012 were 25.1°C £ 0.3°C and 26.2°C = 0.3°C, respectively
(P < .05; Fig 2, C). The weather of late winter and early spring
was not correlated with JCP counts; however, temperatures in
January and February did influence the start of sugi pollen pro-
duction and the pollen season (data not shown).

JCP counts were significantly associated with the prevalence of
sugi-pollinosis. The mean JCP count in the mountainous area of
Akita prefecture was 2 times higher than that in the coastal area of
Akita from 1996 to 2006 (see Table F2 in this article’s Online Re-
pository at www. jacionline.org). The prevalence of sugi-
pollinosis in children (age, 10-11 years) in 2006 was higher in
mountainous areas than in coastal areas, although the prevalence
of PAR was not different between the 2 areas (see Table E3 in this
article’s Online Repository at www.jacionline.org). The positive
rate of serum anti-JCP-—specific IgE in the mountainous area
was also higher than in that in the coastal areas, but the positive
rate of anti-mite IgE did not increase in the mountainous area.**

Asian dust (AD) and urban particulate matter (PM) are risk
factors for sugi-pollinosis. AD storms originating in the deserts of
Mongolia, northern China, and Kazakhstan are seasonal phe-
nomena that affect much of Eastern Asia, including Japan, and
occasionally spread around the globe, affecting the United States
as well.'” The number of spring dust storms has increased in the
last 13 years. The frequency of the storms combined with in-
creases in airborne pollution has led to an increase in the adverse
effects of the storms. AD contains pollutants, such as sulfur diox-
ide and nitrogen dioxide, which stimulate immune cells through
oxidative stress, enhancing inflammation-related cytokines.'®
AD enhanced nasal allergic reactions induced by repeated JCP
administration in guinea pigs.'’ In fact, allergic symptoms have
increased during AD storm events in Japan and Taipei.'®'"
Administration of AD plus allergen induced allergen-specific
IgE production in mice,” suggesting that AD can bind to JCP
and induce JCP sensitization in nonatopic or unsensitized atopic
subjects.

The main pollutant in Japanese cities is fine PM. Particulate
matter less than 2.5 pm in diameter (PM2.5) is frequently
reported in spring. PM2.5, a component of AD, induced asthma
and enhanced sneezing and rhinorrhea in a manner of type I
allergy.”' Beijing has also recorded its worst levels of air pollution
in recent years, and the onset and sensitization of sugi-pollinosis
could be easily induced by PM2.5 from China. Environmental au-
thorities in Japan, the United States, and other nations have adop-
ted strict regulations to control PM levels. A wave of criticism,
both at home and abroad, prompted Chinese officials to set their
own standards in February 2012; however, air quality in China
still remains an issue.

GENETIC FACTORS
Genome-wide association studies (GWASs) and meta-analyses
of GWASs have shown both common and distinct pathways that
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FIG 1. The blooming Japanese cedar tree. A, Yellow-green pollen is scat-
tered from male Japanese cedar flowers. B, JCP {magnification X400).
C, Male (right) and female (left) flowers of Japanese cedar.

might contribute to asthma and allergic diseases.””*" The first
GWAS of asthma identified a novel asthma susceptibility locus
on chromosome 17q21 including the ORMDL3 genes.” Five
polymorphisms in the ORMDLS3 gene are significantly associated
with sugi-pollinosis.”* Additionally, the matrix metalloproteinase
9 gene is involved in the pathogenesis of AR and asthma. The ma-
trix metalloproteinase 9 gene confers susceptibility to sugi-
pollinosis in children and might be associated with sensitization
processes.”® One of the polymorphisms in the gene for the IL-4
receptor o chain, the Ile50 allele, might be involved in both
sugi-pollinosis and atopic dermatitis.”” IL-33 (an IL-1-like cyto-
kine) is a ligand for IL-1RL1, an important effector molecule of
the Ty2 response. Serum levels of IL-33 are significantly higher
in patients with sugi-pollinosis than in their nonallergic counter-
parts. In a genetic association analysis we found a positive asso-
ciation between the polymorphism of IL-33 and sugi-pollinosis.”*

Complement systems are known to play an important role in
allergic diseases. Decay-accelerating factor, which is involved in
the regulation of the complement system, is one of the genes
involved in conferring susceptibility to AR and sugi-pollinosis.
Low levels of decay-accelerating factor might be associated with
the enhanced specific IgE response that occurs in patients with
allergic diseases in the Japanese populatlon

Microarray analysis showed that JCP exposure increased IL-17
receptor 3 RNA expression in patients with sugi-pollinosis.™’

ASSESSMENT OF SEVERITY

Nasal symptom scores are assessed with a grading system that
includes sneezing, rhinorrhea, and nasal congestion in Japan.
Symptom scores are graded from 0 to 4. Grading of sneezing,
rhinorrhea, and nasal congestion are evaluated based on the
frequency of sneezing (number per day), frequency of nasal
blowing (number per day), and duration of mouth breathing,

J ALLERGY CLIN IMMUNOL
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respectively (Fig 3).°! Total nasal severity of sugi-pollinosis is
evaluated by using the grading scores of nasal obstruction and
sneezing/rhinorrhea as very severe, severe, moderate, and mild
symptoms. According to Fig 3, of 795 patients with sugi-
pollinosis, 22.6%, 29.4%, 31.3%, and 13.9% had very severe, se-
vere, moderate, and mild symptoms, respectively.‘ﬂ Ninety-one
percent of patients with sugi-pollinosis are classified as having
moderate-to-severe AR.™

ENVIRONMENTAL EXPOSURE UNITS

There are 4 environmental exposure units in Chiba, Tokyo,
Wakayama, and Osaka City to investigate the effectiveness of
medicine or devices on sugi-pollinosis (¥ig 4).7

ELIMINATION AND AVOIDANCE OF ANTIGENS

The most effective means of decreasing allergic inflammation
reactions is avoidance of the aeroallergen.’ Although the com-
plete avoidance of pollen is impossible because of its ubiquitous
nature, patients with sugi-pollinosis often wear protective face-
masks between February and May (Fig 3); these masks have a sig-
nificant protective effect on nasal JCP invasion.” This has created
a large market for an array of related devices. Forecasting daily
JCP dispersal conditions can help patients decide which preven-
tion measures to take to protect them from pollen inhalation
(see Fig E1 in this article’s Online Repository at www.
iciiii")ziiiﬁ“a&, org). Using a service unique to Japan that has not
been adopted in other countries, the amount of airborne JCP is
automatically counted with equipment set up on the roofs of
1000 buildings and connected to the Internet (see ¥ig £2 in this
article’s Online Repository at www.jacionline org). The informa-
tion is gathered from these sites and can be accessed for free using
the Internet service. Furthermore, the success of these automatic
pollen counters has led to their use to assess levels of other pol-
lens, such as Urticaceae, Poaceae, and Ambrosia species.™

Ventilation systems can be equipped with appropriate filters to
avoid drawing JCP into the house and car. Novel air-purification
systems using positively and negatively charged cluster ions have
been developed to create comfortable indoor living environments.
Treatment with positive and negative cluster ions significantly
decreased the in vitro and in vivo antigenicity of atomized Ji Ccp°
Treatment with low-concentration hypochlorous acid generated
by means of electrolysis is also an effective method for signifi-
cantly reducing the immunogenicity of JCP.*’

PHARMACOTHERAPY

Therapy for sugi-pollinosis is chosen based on severity
(Fig 3) and disease type (¥ig 6).* Because the severity of
pollinosis markedly changes with the amount of dispersed pol-
len, the severity of a patient’s symptoms is determined during a
medication evaluation at peak pollen dispersal times and also
takes into account the amount of dispersed pollen. Nasal anti-
histamine and mast cell stabilizers were not used for 1 decade
in Japan.

Because there are a large number of patients with severe or very
severe sugi-pollinosis, Japanese guidelines recommend the pro-
phylactic treatment of sugi-pollinosis before pollen release.” Pro-
phylactic treatment with oral antihistamines (olopatadine)
significantly suppressed nasal symptoms by 40% and was
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FIG 2. Correlation between increased JCP counts and climate change. A, Annual JCP counts from 1965 to
2013 in Kanagawa prefecture. B, Annual temperature change in Japan compared with baseline (mean tem-
perature from 1960 to 2012). Data were provided by the Japan Meteorological Agency. C, Correlation be-
tween annual cumulative levels of airborne JCP and the mean temperature in Fukui, Japan. The mean
temperature was taken in late July before the pollen season and from 1988 to 2012 (Spearman rank corre-
lation coefficient = 0.531, P = .0067). Pollen counts were determined from daily data with the Durham
sampler (the standard gravity slide sampler) by counting the JCP particles dropped onto glass microscope

slides.

associated with a high level of QOL during the peak of the JCP
season in a randomized, double-blind, placebo-controlled
study.™”

Prophylactic administration of antileukotriene (pranlukast) 1 to
2 weeks before or at the start of the JCP season significantly
reduced nasal symptoms by 50% at the peak of pollen dispersal
compared with placebo.” Additionally, antileukotrienes reduces
nasal congestion and allergic inflammation in patients with sugi-
pollinosis.

Intranasal corticosteroids are the most effective drugs for
controlling AR. In a double-blind, randomized, placebo-
controlled study with mometasone furoate nasal spray (MFNS)
as a prophylactic treatment for sugi-pollinosis, no worsening
occurred in the MFNS group, whereas the placebo group showed
a significant worsening of symptoms after the start of the
continuous dispersion.’’ The 12-week mean total nasal symptom
score in the prophylactically treated group was significantly lower
than that in the postonset-treated group (which reduced the symp-
toms by 61%).”~ Intranasal corticosteroids should be administered
prophylactically; with the addition of an oral antihistamine, they
might improve outcomes in patients with severe sugi-pollinosis.™
However, many Japanese persons prefer not to use intranasal

corticosteroids because of personal issues associated with using
nasal sprays, including their smell.

IMMUNOTHERAPY

Antigen-specific immunotherapy can change the natural course
of AR and is recognized as a curative treatment without impaired
performance. In the 1970s, subcutaneous immunotherapy for
sugi-pollinosis was performed at university hospitals and medical
clinics.** However, in the 1980s, the development of second-
generation antihistamines and intranasal corticosteroids gradu-
ally decreased the frequency of application of subcutaneous
immunotherapy. This decrease was also attributable to the fact
that JCP extracts were not standardized until 1999.

In 2004, a multicenter, double-blind, randomized, placebo-
controlled, parallel-group study of sublingual immunotherapy
(SLIT) demonstrated the safer and more beneficial effects of
immunotherapy for sugi-pollinosis than pharmacotherapy
alone.™* The mean of the daily total symptom scores was signif-
icantly lower in the SLIT group than in the placebo group. The
QOL score in the SLIT group was almost half that in the placebo
group.
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Sneezing or rhinorrhea
Grading Graded4 | Grade3 | Grade2 | Gradet | Gradeo
(more than 21 (20-11 (10-6 5-1 (none)
times/day) times/day) times/day) times/day)

Grade 4

{completely blocked Very severe
all day long)
Grade 3

(with much mouth
Degree breathing during the Severe
of nasal day)
obstruction Grade 2
(with some mouth
breathing during the Moderate
day)
Grade 1 .
(without mouth Mild
breathing, with nasal
obstruction)
Grade 0 No sympton
(none)

FIG 3. Classification of the total severity of nasal symptoms of AR. Grading
of sneezing, rhinorrhea, and nasal obstruction is evaluated based on the
frequency of sneezing or the frequency of nasal blowing per day and the
duration of mouth breathing. High grading scores are selected from
sneezing or rhinorrhea. Uncontrollable severe symptoms are classified as
very severe.

FIG 4. An environmental exposure unit.

Sera from 25 patients with sugi-pollinosis in a double-blind,
randomized, placebo-controlled study for SLIT were analyzed by
using 2-dimensional electrophoresis.”” Sixteen proteins were
found to be differentially expressed during the pollen season.
Among the differentially expressed proteins, serum levels of
apolipoprotein A-IV (apoA-IV) were significantly increased in
SLIT-treated patients but not in placebo-treated patients. Higher
levels of apoA-IV induction were correlated with lower clinical
symptom—medication scores and better QOL scores in the case
of SLIT-treated patients. The amount of histamine released
from basophils in vitro was significantly reduced after addition
of recombinant apoA-IV in the medium.”’ SLIT increased
IL-10 production by monocytes and T cells in patients with
sugi-pollinosis.* ApoA-IV and IL-10 might become clinical
markers for the evaluation of the effectiveness of SLIT for sugi-
pollinosis. ‘ '

Uses of antigen-derived peptides that retain immunogenicity
(but are insufficient in length to cross-link IgE on mast cells or
basophils [immunotherapeutic peptides]) are a promising strategy
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FIG 5. Persons on a train platform in a large Japanese city wearing
facemasks during the JCP season.

for improved immunotherapy, and this concept has been applied
to a variety of allergens. Cry-consensus peptide for sugi-
pollinosis contains 6 major human derived T-cell epitopes. In
an AR mouse model Cry-consensus peptide markedly
inhibited Cry j 1-induced sneezing, eosinophil infiltration, and
eosinophil peroxidase activity in nasal tissue.** Human immuno-
dominant T-cell epitopes of the Cry j 1 molecule are being
studied for peptide-based immunotherapy in patients with sugi-
pollinosis.””

ANTIBODY THERAPY

Omalizumab, a recombinant, humanized, anti-IgE mAb, has
been shown to be effective for the treatment of SAR.”
A randomized, placebo-controlled, double-blind study was con-
ducted in Japanese patients with a history of moderate-to-severe
sugi-pollinosis. The primary and all secondary efficacy variable
scores were significantly lower in the omalizumab group than
in the placebo group.*” Retreatment with omalizumab is effective
and safe when readministered in the second JCP season.™

PROBIOTICS

Probiotics, including lactobacilli and bifidobacteria, might
prevent several allergic diseases. Japanese persons are very
interested in probiotics for the self-treatment of AR. A double-
blind, placebo-controlled trial with lyophilized powders of Bifi-
dobacterium longum BB536 for the treatment of sugi-pollinosis
during the height of the pollen season indicated that BB536
intake alleviated subjective symptoms, reduced prescription of
allergic medicines, and significantly suppressed the increase
of plasma thymus and activation-regulated chemokine during
the pollen season.” In another study BB536 reduced nasal
symptoms from early allergic reactions in patients with sugi-
pollinosis exposed to JCP in an environmental exposure unit
outside of the normal JCP season.” Oral administration of
heat-killed Lactobacillus gasseri OLL2809 reduced nasal
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Severity (prophylactic treatment) Mild Moderate Severe or very severe
Types Sneezing Nasal blockage Sneezing Nasal blockage
P rhinorrhea or combined rhinorrhea type or combined
Oral histamine H, Oral histamine | Oral histamine | Oral leukotriene Intranasal Intranasal
antagonists (2™ generation) | H, antagonists | H, antagonists | receptor corticosteroid corticosteroid
or (2" generation) | (2 antagonists + +
Oral Th2 cytokine inhibitors | + generation) + Oral histamine H; | Oral leukotriene
or Eye drops, + Oral histamine H; [ antagonists receptor antagonists
Oral leukotriene receptor + Intranasal antagonists (2™ generation) +
antagonists or Intranasal corticosteroid | (2" generation) Oral histamine H,
Oral Prostaglandin D2/ corticosteroid + antagonists
Thromboxane A2 receptor | (when needed) Intranasal (204 generation)
antagonists corticosteroid
+ Intranasal
vasoconstrictor nose
Choice of spray 7 to }0 days'
therapy + oral corticosteroid
4-7 days (when
needed, at the
start of treatment)
Histamine H, eye drops antagonists or mast cell Histamine H, eye drops antagonists,
stabilizer mast cell stabilizer, or steroids
Operation for cases of nasal blockage type
with nasal deformities.

Specific immunotherapy

Avoidance and elimination of antigens

FIG 6. Algorithm for the treatment of sugi-pollinosis recommended by Japanese guidelines.”

symptoms and JCP-specific IgE levels.”® Additionally, oral
administration of Lacrobacillus paracasei strain KW3110
decreased total symptom scores and serum eosinophil cationic
protein levels and improved QOL scores at the start of the
JCP production season.®’

In addition, dietary intervention with nondigestible prebiotics
might be effective for allergic diseases.”® Administration of B-1, 4
mannobiose decreased sneezing frequency, histamine release,
and IL-4 production in a sugi-pollinosis mouse model, suggesting
a potential molecular therapeutic supplement in clinical trials for
sugi-pollinosis.””*

FLAVONOIDS AND TEA

An appropriate intake of flavonoids might constitute a dietary
preventative or therapeutic strategy for allergic diseases because
flavonoids, which are abundant in plant foods, possess antioxi-
dants and antiallergic activities. Analyses of structure-activity
relationships of 45 flavones, flavonols, and their related com-
pounds showed that luteolin, ayanin, apigenin, and fisetin were
the strongest inhibitors of IL-4 production by basophils in mice
because of their inhibitory action on the activation of nuclear
factors in activated T cells and activator protein 1.°" Additionally,
prophylactic ingestion of enzymatically modified isoquercitrin
significantly decreased levels of ocular symptoms and medication
scores in patients with sugi-pollinosis in a double-blind, placebo-
controlled study.62

Self-care with Ten-Cha (Rubus suavissimus, sweet Chinese tea)
is the most common alternative complementary treatment for AR
in Japan. Ten-Cha extract inhibited histamine release from rat
peritoneal mast cells, as well as calcium ionophore-induced
vascular permeability. However, the effects of drinking Ten-Cha
beverages on sugi-pollinosis symptoms were considered low in
an unblinded study.®” Nevertheless, Ten-Cha has sold very well
during JCP seasons.

CONCLUSION

In Japan, 69.7% of the adult population has positive results for
one of 7 aeroallergen-specific IgEs (JCP, 2 types of mite, ragweed,
orchard grass, and Aspergillum and Candida species), and the
prevalence of patients with AR is 44.2%." In response to the
increasing demand for AR relief, second-generation antihista-
mines have been approved for sale as over-the-counter medica-
tions. However, present therapies still do not offer sufficient
relief for patients with sugi-pollinosis. In addition, the Japanese
government has reduced the budget for AR research because
they consider more lethal diseases, such as cancer, to be a more
serious threat than sugi-pollinosis. Therefore cooperation be-
tween scientists and pharmaceutical companies will be needed
to find new treatments that better control AR and its symptoms.

We thank Professor K. Akiyama for providing data on JCP counts from
1965 t0 2013 and Y. Ishikawa, M. Imamura, and H. Tsuchiya for counting JCP
in Fukui.
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