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Takahashi 1999). The scattering of cedar pollen is determined by conditions appropriate
for high levels of flowering as well as by weather conditions that enable the pollen to
become airborne (Kawashima et al. 1998). The amount of airborne cedar pollen is
affected by several variables, including the number of sunlight hours, wind speed and
direction, and humidity (D’Amato et al. 2005). When the season begins, only small
amounts of cedar pollen are generated, and these are then dispersed by strong winds. At
the peak of flowering, large quantities of pollen become airborne, and when these are
dispersed by strong winds they may cause pollen storms. The released cedar pollen
floats in the atmosphere for long periods and is dispersed over great distances (Okamoto
et al. 2009; Awaya & Murayama 2012). Therefore, the daily amount of airborne cedar
pollen fluctuates during the allergy season and is influenced by weather conditions
(Takasaki et al. 2009).

Epidemiological surveys of pollinosis are usually conducted using patient question-
naire surveys that show trends, but these surveys cannot clarify prevalence (Okuda
2003). Clinical diagnostic techniques, including IgE assays, can provide definitive diag-
noses to support information gleaned from patient symptom surveys (Sakashita et al.
2010). However, total morbidity cannot be determined by surveys involving patients
treated at medical facilities, because many patients do not seek medical attention when
their symptoms are mild, especially early in the allergy season. Therefore, general popu-
lation surveys on pollinosis are necessary. Once pollinosis occurs, symptoms persist for
the duration of the season (Sasaki et al. 2009). Identification of the initial date of polli-
nosis is necessary to clarify its characteristics and to take appropriate countermeasures.
To this end, daily observations are necessary. The Internet is useful for conducting such
daily epidemiological investigations (Sugiura et al. 2010, 2011). The first epidemiologi-
cal survey using the Internet was published in 1996, and others have followed (Bell &
Kahn 1996). A benefit of this method is that both individuals who seek medical care
and those who do not can be included (Tilston et al. 2010). Internet surveys of the pop-
ulation with and without allergic rhinitis have been conducted using citizens registered
with Internet survey companies (Long 2007; Sharp & Seeto 2010). However, most were
cross-sectional surveys conducted after the season onset.

In 2007, we developed a web-based daily symptom surveillance method known as
the WDQH or Web-based Daily Questionnaire for Health (Sugiura et al. 2010, 2011).
Surveys using the WDQH enable the discovery of infection outbreaks and are used to
investigate the effects of environmental factors on health conditions in the population
(Sano et al. 2013). In the present study, we conducted a survey on pollinosis using the
WDQH. The survey was conducted during the spring, prior to the onset of cedar polli-
nosis symptoms.

The objectives of this study were to evaluate the feasibility of a web-based epidemi-
ological survey of pollen diseases, to determine the daily morbidity and initial date of
pollinosis onset, and to clarify the relationship between pollinosis and the amounts of
airborne cedar pollen.

Methods
Survey method

The daily survey was conducted between 1 February 2009 and 30 March 2009, and
involved 1453 residents of Tokyo, Japan; the study was approved by the Research
Ethical Committee of Nara Medical University (No. 220). The study population
comprised individuals and their families who ordered food using the Internet and who
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were members of the Japanese Consumers’ Co-operative Union (CO-OP). The survey
nvolved the CO-OP because the cooperative is interested in promoting the health of its
members. At the time of the study, there were 1| million CO-OP members among
Tokyo’s population of 12.3 million. The participants were recruited through banner
advertisements on the CO-OP home page. Participants were rewarded points equal to
100 yen (1 USD =89 yen at the time of the survey) as a reward for registering. Written
informed consent was obtained from all participants. Although there was no monetary
reward for responding to the survey, responders gained access to the survey results via
a link on the home page, and a short essay about daily health.

Upon registration, respondents provided their CO-OP registration number as well as
the sex and age of themselves and their family members. On the survey dates, the
investigators sent an email reminder to each respondent. The subjects were given a max-
imum of 3 days to fill out the questionnaire for each survey day. The contents of the
daily surveys involved “yes” and “no” questions asked of each family member regard-
ing 19 symptoms or signs characteristic of infections and allergies (Sugiura et al. 2011).

The study also looked into the medical conditions of all members of families with
the representative of each family answering questions on the home page.

In the present study, we analyzed the data acquired for the following five symptoms:
runny nose, itchy eyes, sneezing, slight fever, and high fever. Pollinosis symptoms were
defined as the simultaneous presence of rhinitis and conjunctivitis in the absence of both
slight and high fevers to rule out infectious disease.

To simplify the current survey, respondents were asked to report the presence or
absence of pollinosis symptoms, but not their severity. This is because our study was
not specific for pollinosis and included questions relating to other infections and aller-
gies; the questions were simplified for ease of daily input.

Data regarding cedar pollen abundance are publicly available on the Internet. We
accessed the pollen observation system of the Tokyo Metropolitan Government
(TMIPH) and obtained data on daily 24-h airborne cedar pollen levels at Suginami-ku —
an urban area, the central area where the subjects lived — from 1 February 2009 to 30
March 2009. The daily amount of airborne cedar pollen is calculated hourly by measur-
ing the pollen-specific fluorescence in 1m> of air obtained using an aspiration pump
(KP-1500, Kowa Inc., Nagoya, Japan), which is set up at a height of 12 meters above
the ground. This result is reported in real time.

Data analysis

The daily incidences of runny noses, sneezing, and itchy eyes were calculated, and the
data were plotted on an epidemiological curve on which the X-axis represented the date
and the Y-axis the number of cases. All pollinosis symptoms were plotted on the same
graph and compared with the amounts of airborne cedar pollen. We followed each indi-
vidual during the entire period, and the initial date of pollinosis symptom onset was
identified. The daily number of people experiencing the initial onset of pollinosis symp-
toms was also calculated.

The odds ratio (OR) of the y* test of pollinosis symptoms was determined before
and after the date on which the maximum level of airborne cedar pollen was noted to
evaluate the risk of the first pollen exposure. In addition, binary logistic regression anal-
yses were performed to confirm the increases in the initial onset of pollinosis symptoms
during a one-week interval with the middle day coinciding with the peak amount of air-
borne cedar pollen. To correct for inter-subject correlations in the daily survey (among
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the same subjects during the study period), a generalized estimating equation method
was used. For these analyses, the presence or absence of the initial onset of pollinosis
symptoms was designated as the dependent variable, and the independent variable was
defined as the one-week interval in which the middle day coincided with the peak
amount of airborne cedar pollen. In addition, to adjust for confounding factors, sex and
age were included as independent variables. The statistical analyses were performed
using SPSS version 19.0 (SPSS, Chicago, IL, USA).

Results

A total of 1453 individuals were enrolled in the survey, which represents an excellent
participation rate (96 %) given the number of initial responders exhibiting interest. Over
58 investigation days, the average daily response rate was 40.1 % +5.0 %.

The time-course analysis of the daily airborne cedar pollen concentrations revealed a
clear relationship between the peak incidence and the severity of allergic responses
(Figure 1). The pollen count stood at 34 m’ day on 1 February, the day when the study
began. No recognizable correlation existed between prevalence and the pollen count
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Figure 1. Daily prevalence of patients with individual pollinosis symptoms and daily cedar
pollen count.
Notes: Pollinosis was defined as rhinitis together with conjunctivitis in the absence of fever.

RIGHTS LI Hiy



Downloaded by [Hiroaki Sugiura] at 01:08 15 April 2014

International Journal of Environmental Health Research 5

over the entire period. The first peak in airborne cedar pollen levels was associated with
a dramatic increase in the percentage of subjects reporting all four parameters. We con-
sidered a correlation between pollen peaks and subsequent symptoms. The Pearson
product-moment correlation coefficient had a value of 0.518 (p<0.001), showing a
weak positive correlation.

The percentage of affected subjects remained elevated until the second peak in air-
borne cedar pollen levels, which was detected during the third week of March. Follow-
ing the second peak in cedar pollen levels, the symptoms started to subside and
continued to do so until the end of the survey period. These data show that allergic
reactions were initiated by the first peak in cedar pollen levels and persisted throughout
the entire season, even when the cedar pollen levels returned to near the baseline levels.

The number of persons reporting the initial onset of pollinosis symptoms gradually
increased and reached a maximum on 16 February, coinciding with the maximum
amount of airborne cedar pollen. A cumulative frequency distribution showed that on
12 February, four days before the airborne cedar pollen peak, 21.2 % of the subjects
reported the onset of pollinosis symptoms. During the first week (13—19 February),
which included the maximum amount of airborne cedar pollen on 16 February, 35.2 %
of the patients reported the initial onset of pollinosis symptoms. The cumulative number
of persons with an initial onset of pollinosis symptoms by 19 February, three days after
the airborne cedar pollen peak, was 56.4 % (Figure 2).

The OR of the y* test for pollinosis symptoms before and after the date of the maxi-
mum amount of airborne cedar pollen was 4.66 (95 % confidence interval, 4.22-5.16).
A binary logistic regression, which was performed using a generalized estimating equa-
tion method, revealed that the OR during the first week of the initial maximum pollen
peak vs. the other days, adjusted for sex and age, was 4.03 (95% CI, 3.34-4.86).
Women were more sensitive to pollen levels than men, and the most sensitive group
included those between the ages of 20 and 40 years (Table 1).

Discussion

Our findings confirm the feasibility of using a web-based epidemiologic survey of pol-
len-related conditions to determine the relationship between peak pollen levels and aller-
gic responses. The first peak in the airborne cedar pollen level was associated with a
dramatic increase in the initial onset of pollinosis symptoms. However, we clearly
showed the persistence of symptoms after pollen levels returned to close to the baseline,
and no recognizable correlation existed between prevalence and the pollen count over
the entire period. This is a pattern peculiar to Japanese cedar pollinosis, in contrast to
European hay fever (Berger et al. 2013).

The subjects resided in densely populated areas of Tokyo. However, Japanese cedar
pollen travels even from a remote plantation 100 km away and differs greatly from plant
allergens in other countries in that large amounts of it affect patients when blown in by
strong winds during blooming in the spring. The quantity defined as “extremely high”
is approximately 1000/m>. A pollen count of 14 times this value was observed in this
investigation on the day with the highest count. ‘

We clearly showed that once the subjects had a response to the initial peak in pollen
release, they reported symptoms of pollinosis until the end of the season. Thus, the
allergic reactions were primed by the first surge in airborne cedar pollen levels and
remained elevated for weeks before slowly declining at the end of the season. The large
amounts of pollen initially observed caused prevalence to spike at first and then increase
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Figure 2. Daily percentage of individuals reporting the initial onset of pollinosis symptoms and
the amount of airborne cedar count.

at a slower pace despite a decline in the pollen count. Furthermore, we revealed that
there are two phases in the relationship between the pollen count and prevalence. The
first is the priming phase associated with the large amounts of pollen initially observed.
The logistic regression analysis showed that the initial airborne peak in cedar pollen levels
influenced the number of subjects experiencing the incidence of pollinosis. Most
subjects who were susceptible to developing severe pollinosis in the Tokyo area were
affected by this first peak in airborne cedar pollen levels. The second phase is a period
after the initial blip in the pollen count disappears. A reanalysis conducted under the
conditions after the initial peak in the pollen count disappeared revealed the existence
of a positive correlation between the pollen count and the number of individuals who
developed pollinosis symptoms. The second phase, despite a lower daily pollen count,
saw a higher prevalence than the first phase. After pollen has dispersed and been scat-
tered in large quantities, it remains in the trees for a few days and can become a source
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Table 1. Results from the two-term logistic regression analyses: comparison of the first week
with the initial maximum cedar pollen peak and the rest of the pollen season.

Odds 95% CI

Number Ratio Lower limit Upper limit

One week of the initial maximum cedar pollen peak vs. 4.03 3.34 4.86
the subsequent pollen season

> 60 years ' 73 1.99 1.08 3.66
=40 to <60 years 474 2.48 1.54 3.99
220 to <40 years 399 2.67 1.65 433
=15 to <20 years 105 2.1 1.24 3.58
210 to <15 years 138 2.3 1.36 3.9
25 to <10 years 128 1.88 1.08 3.27
Reference: <5 years 136

Women vs. men 1.26 1.08 1.47

for later scattering. In addition, because individuals are in a sensitive state, they are
primed for symptomatic reactions, even if the amount of pollen does not increase mark-
edly. This explains the lack of a correlation between prevalence and the pollen count
over the entire period. These findings are new and have never been reported in previous
research. '

Prophylactic administration of anti-allergy drugs before the initial peak in airborne
cedar pollen levels would be beneficial for individuals who normally experience sea-
sonal pollen allergies. Therefore, the identification of the initial peak in the airborne
cedar pollen level is of paramount importance.

The population in the current study was already symptomatic when the onset of pol-
linosis was detected at the beginning of the season. However, the present study demon-
strated that most subjects reported the onset of pollinosis when a large amount of pollen
was present. During the days before and after 16 February (13—19 February), when the
level of airborne cedar pollen reached its maximum value, 35.2% of the subjects
reported the initial onset of pollinosis symptoms. This finding indicates that the initial
large amount of airborne cedar pollen caused seasonal pollinosis in many citizens. By
19 February (3 days after the maximum level of airborne cedar pollen), 56 % of the sub-
jects (the cumulative total number of subjects from the initial date) had reported the
onset of pollinosis symptoms. Another study on the relationship between cedar pollino-
sis onset and cedar pollen count in patients seeking care at medical facilities found that
there was a distinct initial peak of onset (Dejima et al. 1992). Because that study was a
patient-based study, only seriously ill individuals were included; however, even small
amounts of pollen scattering were believed to induce reactions.

Medek et al. (2012) reported a daily symptom investigation of 42 hay fever patients
and the pollen relationship with the daily climate using a web-based survey. Their study
clarified the daily nasal rhinoconjunctivitis symptoms of patients and the pollen load via
a web investigation. Moreover, the present study demonstrated that web-based surveys
can be used to determine these patterns in the general population, and such surveys are
presumably easier and faster to use and administer than paper-based questionnaires; they
may also help to determine the initial onset of symptoms. Another advantage of using
an Internet survey is that epidemiological data can be gathered early in the season to
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develop better preventive measures. The fast-growing social and economic burden of
pollinosis in Japan calls for an improvement in preventive measures to better inform the
population of the onset of airborne cedar pollen exposure. Because patients seeking
medical attention present with severe symptoms, the present study used an Internet-
based survey to ensure that patients with mild symptoms were also included in the pop-
ulation study. This approach allowed us to identify the onset of mild symptoms within
the allergy season, and to identify the citizens most at risk of developing severe and per-
sistent pollinosis symptoms.

A logistic regression by age group showed that the age range included subjects
between 20 and 40 years of age who represented a highly sensitive population in this
Tokyo-based investigation. Young children are normally very susceptible to allergies,
and this is a major concern for clinicians. A breakdown of the data analysis of those
<20 years of age (data divided into 5-10, 10-15, and 15-20 year age groups) revealed
that pollen symptoms were also present in individuals aged 5-10 years. This supports
previous data published after an investigation of allergies among primary school-aged
children in Tokyo (Futamura et al. 2011).

An Internet survey has several advantages over conventional paper surveys. Gener-
ally, the amount of data acquired is greater in epidemiological surveys performed using
the Internet than in conventional paper surveys (Schleyer & Forrest 2000; Ekman et al.
2006). Another advantage is the inclusion of subjects with mild and early symptoms
who do not normally seek care at medical facilities (Bell & Kahn 1996). Of note, how-
ever, is that baseline information is not available for these studies. In our present survey,
there was a high response rate, the symptoms of pollinosis were reported every day, and
sufficient data were available for reliable statistical analyses. Regarding the response rate
and sampling, the average online survey response rate was 39.6 % according to a meta-
analysis performed of 68 surveys. We would consider therefore that the survey had a
satisfactory response rate for an online survey conducted daily (Cook et al. 2000).

A limitation of this study was that the analysis was only based on the data from
2009. Therefore, similar studies should be conducted over several seasons. Another lim-
itation was that the number of patients who used oral anti-allergic drugs might have
been underestimated. Therefore, in future studies, questions regarding the use of anti-
allergic drugs may need to be included. This study discusses incidence based solely on
reports on cedar pollen-related symptoms. Although confirmation through a blood test is
essential to avoid a false-positive result, we could not perform blood tests in conjunction
with an epidemiological study because of the Personal Information Protection Law
(Okamoto et al. 2009) in Japan. Despite this limitation, our web-based survey proved to
be suitable for documenting trends associated with cedar pollinosis in Tokyo.

In conclusion, aiming to identify the initial day of onset of pollinosis, this Internet
survey clarified the statistical significance of airborne pollen quantity and pollinosis
symptoms. The first peak in the airborne cedar pollen level was associated with a dra-
matic increase in the initial onset of pollinosis symptoms. This finding can be used to
predict the appropriate date for the initiation of self-medication with anti-allergy drugs
and thus avoid the development of sustained and severe pollinosis (Gotoh et al. 2011).
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