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Cedar pollinosis in Japan affects nearly 25 % of Japanese citizens. To develop a
treatment for cedar pollinosis, it is necessary to understand the relationship between
the time of its occurrence and the amount of airborne cedar pollen. In the spring of
2009, we conducted daily Internet-based epidemiologic surveys, which included
1453 individuals. We examined the relationship between initial date of onset of polli-
nosis symptoms and daily amount of airborne cedar pollen to which subjects were
exposed. Approximately 35.2% of the subjects experienced the onset of pollinosis
during a one-week interval in which the middle day coincided with the peak pollen
count. The odds ratio for this one-week time interval was 4.03 (95% confidence
interval: 3.34-4.86). The predicted date of the cedar pollen peak can be used to
determine the appropriate date for initiation of self-medication with anti-allergy drugs
and thus avoid development of sustained and severe pollinosis.

Keywords: seasonal allergic rhinitis; web-based survey; population surveillance;
pollinosis; cedar

Introduction

Pollinosis involving immunoglobulin E (IgE)-mediated immediate-type hypersensitivity
is an important issue in many countries because of the high rates of morbidity associ-
ated with the condition (D’Amato et al. 2007). One meta-analysis revealed that pollino-
sis has a morbidity of 24.5% in the general population in Japanese urban cities
(Kaneko et al. 2005). However, the morbidity is increasing along with environmental
changes, which increase the severity of pollinosis. The social and public health impacts
of the condition are highly significant because of the reduction in productivity caused
by prolonged symptoms, which can persist for >2 months (Crystal-Peters et al. 2000;
Okubo et al. 2005).

In Japan, Cryptomeria japonica (Japanese cedar) is a major representative pollen
allergen. This species was planted in large numbers after 1945 because of the increased
demand for timber following World War II. Cedar pollen begins to form in July and is
almost fully developed by November when the cedar tree enters a dormant state. Cedars
awaken from their dormancy and start to flower in early February (Kawashima &
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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-
10sis 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
involved 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 airbome 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.
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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 ¥* 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

2 60 years 73 1.99 1.08 3.66
240 to <60 years 474 248 1.54 3.99
220 to <40 years 399 2.67 1.65 433
215 to <20 years 105 2.1 1.24 3.58
210 to <15 years 138 2.3 1.36 39
25 to <10 years 128 1.88 1.08 3.27
Reference: <35 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 airbome 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).

Acknowledgments

Financial support for this study was provided by a grant from the Ministry of Health, Labor and
Welfare, Japan [grant number H21-food, general -002]. We thank many members of CO-OP for
their cooperation with this survey. We also thank Yoshiko Miyake and Mamiko Yoshimura

RIGHTS LMK}



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

International Journal of Environmental Health Research 9

(Department of Public Health, Health Management and Policy, Nara Medical University School of
Medicine) for the data analyses, and the Tokyo Metropolitan Government for providing data on
the cedar pollen levels.

References

Awaya A, Murayama K. 2012. Positive correlation between Japanese cedar pollen numbers and
the development of Kawasaki disease. Open Allergy J. 5:1-10.

Bell DS, Kahn Jr CE. 1996. Health status assessment via the World Wide Web. Proc AMIA Annu
Fall Symp. 338-342.

Berger U, Karatzas K, Jaeger S, Voukantsis D, Sofiev M, Brandt O, Zuberbier T, Bergmann KC.
2013. Personalized pollen-related symptom-forecast information services for allergic rhinitis
patients in Europe. Allergy. 68:963-965.

Cook C, Heath F, Thompson RL. 2000. A meta-analysis of response rates in web- or internet-
based surveys. Educational Psychological Meas. 60:821-836.

Crystal-Peters J, Crown WH, Goetzel RZ, Schutt DC. 2000. The cost of productivity losses asso-
ciated with allergic rhinitis. Am J Manag Care. 6:373-378.

D’Amato G, Cecchi L, Bonini S, Nunes C, Annesi-Maesano I, Behrendt H, Liccardi G, Popv T,
van Cauwenberge P. 2007. Allergenic pollen and pollen allergy in Furope. Allergy.
62:976-990.

D’Amato G, Liccardi G, D’Amato M, Holgate S. 2005. Environmental risk factors and allergic
bronchial asthma. Clin Exp Allergy. 35:1113-1124.

Dejima K, Saito Y, Shoji H. 1992. A relationship between the annual day of onset of Japanese
cedar pollinosis and pollen dispersion. Arerugi. 41:1405-1412. Japanese.

Ekman A, Dickman PW, Klint A, Weiderpass E, Litton JE. 2006. Feasibility of using web-based
questionnaires in large population-based epidemiological studies. Eur J Epidemiol. 21:103-111.

Futamura M, Ohya Y, Akashi M, Adachi Y, Odajima H, Akiyama K, Akasawa A. 2011. Age-
related prevalence of allergic diseases in Tokyo schoolchildren. Allergol Int. 60:509-515.

Gotoh M, Suzuki H, Okubo K. 2011. Delay of onset of symptoms of Japanese cedar pollinosis by
treatment with a leukotriene receptor antagonist. Allergol Int. 60:483—489.

Kaneko Y, Motohashi Y, Nakamura H, Endo T, Eboshida A. 2005. Increasing prevalence of Japa-
nese cedar pollinosis: a meta-regression analysis. Int Arch Allergy Immunol. 136:365-371.
Kawashima S, Takahashi Y. 1999. An improved simulation of mesoscale dispersion of airborne

cedar pollen using a flowering-time map. Grana. 38:316-324.

Kawashima S, Takahashi Y, Sahashi N. 1998. Forecast of the first day of Japanese cedar polien
release using variable air temperature patterns. Arerugi. 47:649-657. Japanese.

Long AA. 2007. Findings from a 1000-patient internet-based survey assessing the impact of mom-
ing symptoms on individuals with allergic rhinitis. Clin Ther. 29:342-351.

Medek DE, Kljakovic M, Fox I, Pretty DG, Prebble M. 2012. Hay fever in a changing climate:
linking an internet-based diary with environmental data. Ecohealth. 9:440-447.

Okamoto Y, Horiguchi S, Yamamoto H, Yonekura S, Hanazawa T. 2009. Present situation of
cedar pollinosis in Japan and its immune responses. Allergol Int. 58:155-162.

Okuda M. 2003. Epidemiology of Japanese cedar pollinosis throughout Japan. Ann Allergy
Asthma Immunol. 91:288-296.

Okubo K, Gotoh M, Shimada K, Ritsu M, Okuda M, Crawford B. 2005. Fexofenadine improves
the quality of life and work productivity in Japanese patients with seasonal allergic rhinitis
during the peak cedar pollinosis season. Int Arch Allergy Immunol. 136:148-154.

Sakashita M, Hirota T, Harada M, Nakamichi R, Tsunoda T, Osawa Y, Kojima A, Okamoto M,
Suzuki D, Kubo S, et al. 2010. Prevalence of allergic rhinitis and sensitization to common
aeroallergens in a Japanese population. Int Arch Allergy Immunol. 151:255-261.

Sano T, Akahane M, Sugiura H, Ohkusa Y, Okabe N, Imamura T. 2013. Internet survey of the
influence of environmental factors on human health: environmental epidemiologic investigation
using the web-based daily questionnaire for health. Int J Environ Health Res. 23:247-257.

Sasaki K, Okamoto Y, Yonekura S, Okawa T, Horiguchi S, Chazono H, Hisamitsu M, Sakurai D,
Hanazawa T, Okubo K. 2009. Cedar and cypress pollinosis and allergic rhinitis: quality of life
effects of early intervention with leukotriene receptor antagonists. Int Arch Allergy Immunol.
149:350-358.

RIGHTS Lin K

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

10 H. Bando et al.

Schleyer TK, Forrest JL.. 2000. Methods for the design and administration of web-based surveys.
J Am Med Inform Assoc. 7:416-425.

Sharp TJ, Seeto C. 2010. The psychosocial impact of self-reported morning allergy symptoms:
findings from an Australian internet-based survey. J Allergy (Cairo). 2010:710926.

Sugiura H, Ohkusa Y, Akahane M, Sano T, Okabe N, Imamura T. 2011. Development of a web-
based survey for monitoring daily health and its application in an epidemiological survey.
J Med Internet Res. 13:¢66.

Sugiura H, Ohkusa Y, Akahane M, Sugahara T, Okabe N, Imamura T. 2010. Construction of syn-
dromic surveillance using a web-based daily questionnaire for health and its application at the
G8 Hokkaido Toyako Summit meeting. Epidemiol Infect. 138:1493~1502.

Takasaki K, Enatsu K, Kumagami H, Takahashi H. 2009. Relationship between airborne pollen
count and treatment outcome in Japanese cedar pollinosis patients. Eur Arch Otorhinolaryngol.
266:673-676.

Tilston NL, Eames KT, Paoloiti D, Ealden T, Edmunds WJ. 2010. Internet-based surveillance of
Influenza-like-illness in the UK during the 2009 HINI influenza pandemic. BMC Publ
Health. 10:650.

HTE LW BG



FOODBORNE PATHOGENS AND DISEASE
Volume 11, Number 12, 2014

© Mary Ann Liebert, fnc.

DOI: 10.1089/fpd.2014.1767

Developing a National Food Defense Guideline Based
on a Vulnerability Assessment of Intentional Food
Contamination in Japanese Food Factories Using

the CARVER + Shock Vulnerability Assessment Tool

Yoshiyuki Kanagawa, Manabu Akahane; Atsushi Hasegawa? Kentaro Yamaguchi?
Kazuo Onitake® Satoshi Takaya, Shigeki Yamamoto,”" and Tomoaki Imamura’

Abstract

The awareness of food terrorism has increased following the September 11, 2001 terrorist attacks in New York
City, United States, and many measures and policies dealing with this issue have been established worldwide.
Suspected deliberate food-poisoning crimes have occurred in Japan, although they are not regarded as acts of
food terrorism. One area of concern is that the small- to medium-sized companies that dominate Japan’s food
industry are extremely vulnerable to deliberate food poisoning. We conducted a literature research on food
defense measures undertaken by the World Health Organization and in the United States and Europe. Using the
Carver+Shock vulnerability assessment tool, eight food factories and related facilities in Japan were evaluated
and we found the level of awareness of food defense to be low and the measures inappropriate. On the basis of
this evaluation, we developed a set of guidelines that Japanese food companies can use to help develop their
food defense strategies and to serve as a reference in considering specific measures.

Introduction

OLLOWING THE SEPTEMBER 11, 2001 terrorist attacks in
New York City, United States, the awareness of terror-
ism has increased worldwide. Recently, concerns have risen
regarding food terrorism, such as bioterrorism and agro-
terrorism. The World Health Organization (WHO) defines
food terrorism as “‘an act or threat.of deliberate contamina-
tion of food for human consumption with biological, che-
mical and physical agents or radionuclear materials for the
purpose of causing injury or death to civilian populations
and/or disrupting social, economic or political stability”
(WHO, 2008). If a harmful substance is mixed directly into
the production and processing of food, the ensuing human
and economic damage will expand along the food chain, and
identifying the cause becomes difficult.
Food safety is maintained by food security measures to
secure a stable food supply and food safety measures to pre-
vent the unintentional contamination of foods with harmful

substances, such as bacteria and toxins. The U.S. Food and
Drug Administration (FDA) defines food defense as “‘the ef-
fort to protect food from intentional acts of adulteration where
there is an intent to cause public health harm and economic
disruption” (Fig. 1) (FDA 2003, 2005, 2007).

Criminal food poisoning has occurred in Japan, in which
foods were intentionally contaminated with harmful sub-
stances, such as in the Glico-Morinaga case, the Wakayama
curry-poisoning case, and the frozen dumpling poisoning
case (detailed below). However, even after those incidents,
no major efforts were made to implement food defense
strategies in Japan owing to the small number of such cases.
Consequently, the awareness of food defense is still low.
Because of these issues and the fact that most of the food
factories in Japan are small family-owned businesses, a re-
search group focusing on the awareness of food bioterrorism
(led by Tomoaki Imamura, professor of Nara Medical Uni-
versity) was established in 2005; this followed a request
by the Ministry of Health, Labour and Welfare, which is
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ﬂod Security;

Access to safe food supply sources with sufficient quantity
Securement of stable supply and sufficient correspondence to it

\

Food Defense;

contamination

Defense againstintentional food

Food Safety;

Protection from spontanecus
or unintentional food contamination

o

FIG. 1. Relationship among the three elements of food.

responsible for food safety. The research group evaluated the
vulnerability of food factories in Japan and attempted to
develop national food defense guidelines.

Review of Global Resources Applicable to Developing
a National Food Defense Strategy in General
and Specifically for Japan

The WHO set up the Working Group on the System for
Terrorist Threats to Food in 2002 and produced the Re-
commendation for Counteracting Terrorist Threats to Food.
In 2003, the WHO published “Terrorist Threats to Food.”

In the United States, the FDA published the *“Guidance
for Industry: Food Producers, Processors, and Transporters:
Food Security Preventive Measures Guidance™ in March
2003. The US Strategic Partnership Program Agroterrorism
(SPPA) Initiative was set up in 2005. The SPAA has explored
various measures for assessing and increasing awareness of
threats to the food supply. In 2007, a vulnerability assessment
tool—the “CARVER +Shock™—was established and made
accessible on the Web. CARVER +Shock presents details
about the general vulnerability of processed foods and agri-
cultural products as well as terrorism countermeasures. The
FDA has also established a website exclusively for food de-
fense at hitp://www.fda.gov/food/fooddefense/, and it provi-
des the Food Defense Plan Builder (FDA, 2007; Taylor, 2008).

The International Organization for Standardization (ISO)
established formal international food defense standards by
publishing several guidance documents: the ISO 22000 *Food
Safety Management Systems—Requirements for Any Organi-
zation in the Food Chain™ in 2005 (International Organization
for Standardization, 2005), and ISO/TS 22002-1:2009 “Pre-
requisite Programmes on Food Safety—Part 1: Food Manu-
facturing” was published in 2009 (International Organization
for Standardization, 2009). These efforts were supported by
similar documents published by the British Standards Institution
to include PAS96 (““Defending food and drink. Guidance for the

deterrence, detection and defeat of ideologically motivated and
other forms of malicious attack on food and drink and their
supply arrangements™) and PAS223:2011 (*“Prerequisite pro-
grammes and design requirements for food safety in the man-
ufacture and provision of food packaging™) and PAS221:2013
(““Prerequisite programmes for food safety in food retail—
Specification’) (British Standards Institution, 2013).

Lastly, in addition to the above resources, the Asia-Pacific
Economic Cooperation (APEC) held the Counter-Terrorism
Task Foree in 2013 (APEC, 2013). Together, these efforts
emphasize that global food defense measures are gradually
progressing and, given greater awareness to the global food
safety and food manufacturing communities, further global
harmonization efforts should continue.

Examples of Food Terrorism Acts That Have
Occurred with Japanese Food Factories

Food terrorism acts in Japan

In Japan, three well-known cases of intentional food con-
tamination have occurred in the last 30 years.

The Glico-Morinaga case involved hydrocyanic acid—con-
taminated products that were distributed to retail stores from
1984 10 1985 and were manufactured by major confectionary
companies (Bzaki Glico and Morinaga). This terrorism act
plunged both the Japanese stock market and Japanese citizens
into a panic. Unfortunately, no one was arrested for these
crimes, but an outcome of this case was that it made food
company managers realize that a minor terrorist attack could
cause damage economically and it could erode consumer
confidence in the food industry in its ability to provide safety
from food damage (National Police Agency, 2000).

In the Wakayama cury-poisoning case in 1998, 4 people died
and 63 people suffered from abdominal pain and vomiting after
eating curry that was probably mixed with arsenious acid and
distributed at a local summer festival. This case led to a sharp
decrease in curry sales in Japan. The perpetrator was arrested and
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the prosecution showed evidence that the terrorism act was part
of an “act of revenge” that was carried out against this person’s
neighbors (Decision of Supreme Court of Japan, 2009).

The frozen dumpling poisoning case started at the end of
December 2007. The food poisoning was believed to have been
caused by frozen dumplings contaminated with methamido-
phos from a food production factory in China and imported and
sold in Japan. The subsequent health damage occurred across
the country, notably Chiba and Hyogo prefectures. The results
of an investigation determined that three complaints about
abnormal taste and odor had been reported for the same product
in Miyagi and Fukushima prefectures after October 2007, be-
fore the health damage occurred. This case indicates that pre-
cautions need to be exercised against the contamination of food
for both domestic and imported products (Japanese Consumer
Co-operative Union, 2008, MHLW, 2008).

Foodborne outbreaks involving enterohemorrhagic Escher-
ichia coli O157:H7 (EHEC) and Staphylococcus aureus (SA)
have occurred in Japan. The EHEC outbreak took place in 1996,
in the city of Sakai, and involved 9523 schoolchildren who ate
fresh radish sprouts that were associated with school lunches;
there were 3 deaths in this group. The SA outbreak took place in
Osaka in 2000 and was associated with contaminated recon-
stituted raw milk and milk powder. Together these outbreaks
indicate that large-scale bioterrorism events and foodborme
outbreaks can arise quickly and expand rapidly, causing wide-
spread illness (Michino et al., 2000; MHLW and Osaka City,
2000). Table 1 summarizes the major foodborne disease events
that have occurred in Japan during 1984 to 2008.

Specific characteristics associated with food
factories in Japan

Food factories in Japan implement comprehensive sanita-
tion management and production processes, which incorporate

TABLE 1. CASES OF INTENTIONAL POISONING OF FooD
AND LARGE-SCALE FoOD POISONING IN JAPAN

1984 March Glico Morinaga case
Intimidation of food companies
by placing their products
containing poison in stores
Diarrhea in group of schoolchildren
in city of Sakai (number
affected, 9523; deaths, 3)
Cause: enterohemorrhagic
Escherichia coli
Wakayama curry-poisoning
case (number affected,
63; deaths, 4)
Cause: arsenious acid
Food poisoning case by Osaka
factory of Snow Brand Milk
Products Co., Ltd. (number
affected, 13,420)
Cause: Staphylococcus aureus
(enterotoxin)
2008 January Frozen dumpling case (deaths: 0,
number affected, 10)
Cause: agricultural chemical
contained in dumplings produced
and imported from overseas

1996 July

1998 July

2000 June
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the Hazard Analysis Critical Control Point (HACCP) and risk
management tools according to ISO 22000. The sanitation
standards for Japan’s food production processes are made on
the premise that employees would not act with malicious in-
tent, reflecting the high moral character of the Japanese. This
has led to a situation where the security of food factories is not
strict. For example, food factories lack fences or walls so as not
to provoke a sense of unease among neighbors, and it is widely
known that worker identity confirmation or running back-
ground checks on newly hired employees is legally prohibited.
However, it is difficult always to hire new employees based on
the recommendations of older employees. Thus, the extreme
vulnerability of Japan’s food industry to malicious contami-
nation causes concern. The validity of CARVER + Shock has
not yet been demonstrated in Japan.

Materials and Methods
Evaluating vulnerability of food factories in Japan

Eight domestically representative food-related facilities (six
facilities, including factories for milk, packed lunches, natto
fermented soybeans, other beverages, and a large facility that
attracts many customers; and two distribution facilities) were
assessed for vulnerability. For this study, different types of
food production factories were selected from among partner
factories of the Japanese Consumers’ Co-operative Union.

We selected food factories located chiefly in the suburbs of
Tokyo, such as Saitama and Chiba prefectures, for our sur-
vey. The CARVER + Shock tool and the checklist for food
factories, which was prepared with reference to the FDA’s
“Food Producers, Processors, and Transporters: Food Se-
curity Preventive Measures Guidance,” were used for the
assessment. In carrying out the assessment, many specialists
in such areas as food sanitation administration, medicine,
chemistry, and agriculture visited the food facilities.

Measures for food defense in Japan

Measurement of cost effectiveness

Setting costs. We conducted an economic assessment in a
survey on costs with a number of specialty traders on con-
dition of confidentiality. Expense was scored using the fol-
lowing classification. We investigated hardware measures for
equipment and facilities as well as maintenance and man-
agement. The total expense for initial cost (annually con-
verted) and annual operational costs were calculated and
scored. The costs were scored as follows: 5 (very high), 4
(high), 3 (somewhat low), and 2 (low).

Software measures involved measures by employees’ in-
spection and a review of operational processes. Costs for
hiring new employees or subcontracting were assessed as
long-term cost (4 points) and short-term cost (2 points). Costs
for increased work associated with implementing internal
measures were assessed as Jong-term increase (3 points) and
short-term increase (1 point).

Setting effects. The effects were classified as follows, with
those exerting a greater effect being accorded a higher score:

1. Measures considered to have been conducted to meet
minimum social demands (6 points)

2. Measures leading to the halting of culpable activities
(directly, 5 points; indirectly, 4 points)
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3. Measures contributing to minimizing damage (di-
rectly, 3 points; indirectly, 2 points)

4. Measures contributing to improving ease and reli-
ability (1 point)

Establishing the recommendation level for checklist items
and guideline development. With each measure, the total
score of the expense was subtracted from the total score of the
effects, and the recommendation level was established ac-
cording to those calculated levels, Recommendation level A
(the highest) was given for 9-11 points in software measures
and 7-8 points in measures for equipment and facilities.
Recommendation level B was accorded for 6-8 points in
software measures and 5-6 points in measures for equipment
and facilities. All other cases received recommendation level
C (the lowest). Members of the research group (which in-
cluded specialists in various fields) made an expert judgment
to determine the priorities in considering the cost-effectiveness
and feasibility at food facilities.

On the basis of the recommendation level, the Guideline
for Food Defense (for Food Factories) was established and an
explanation provided. To validate the practicality of the de-
veloped guideline, we conducted a survey among represen-
tatives of the six food factories.

Results

Results of vulnerability assessment of food
companies in Japan

In this survey, our research group members visited eight
factories to directly interview factory representatives, and
obtained answers from all the factories. At each factory, 5 to

KANAGAWA ET Al.

10 quality-assurance monitors were interviewed, and they
responded about their factory’s measures. Our assessment of
the Japanese food factories showed a lack of security mea-
sures against the deliberate introduction of foreign matter.
Additionally, the awareness was extremely low.

We found that implementing the CARVER + Shock tool
would require both the cooperation of specialists in various
fields and greater effort by food companies. We believed it
would be difficult for Japan’s small-scale food companies to
conduct a vulnerability assessment with the CARVER +Shock
tool because of human factors and the economic burden.

We confirmed the vulnerability assessment using the
checklist for food factories in Japan in terms of five fields:
management; human factors—staff; human factors—public;
facility; and operations (Table 2). We found that it would not be
realistic to implement the food defense measures detailed in the
checklist owing to human factors and financial restrictions.

Development of Guideline for Food Defense
(for Food Factories)

On the basis of the results related to cost-effectiveness and
assessment at the food facilities, we set two priority levels.
“Measures that need to be implemented preferentially’”
covered 34 items: management (4 items); human factors—
staff (5); human factors—public (5); facility (14); and oper-
ations (6). “Desirable measures that should be implemented
where possible” covered six items: management (one item),
human factors—staff or public (one), and facility (four).
Based on these results, the Guideline for Food Defense (for
Food Factories) (hereafter, the guideline) was established and
consisted of 40 items (Table 3).

TABLE 2. RESULTS OF VULNERABILITY ASSESSMENT USING THE CHECKLIST FOR FOOD FACTORIES IN JAPAN

Management e Procedures for reporting inside and outside the company in the case of suspected
intentional food contamination, and collection, storage, and disposal

of products not decided.

Human element (staff)

Employee work situation and content needs to be understood accurately.
Education about food defense not conducted.

Confirmation of identification when recruiting employees is insufficient.
Return of uniform, name tag, ID badge, key (key card) when an employee

is transferred or leaves the company not conducted thoroughly.

Human element (public)

What goods can be brought into production spots is not decided.

Methods allowing visitors access not decided.
Goods introduced by persons in charge of facility maintenance and areas where

they can be taken not decided.

Facility

Reception area for mail and delivery service not decided.

Regular confirmation of goods within facility insufficient.
Sites where harmful substances may be intentionally added not understood. Anticrime

measures and management of keys during nonoperational hours not established.

Intruder prevention measures from outside, such as regular exchange of keys and

changes in secret identification code, insufficient.

Storage places for test materials (reagents for examination and positive samples, etc.)

and for harmful substances and storage methods not established.

Intruder prevention measures for water wells, tanks, and distribution facilities and

monitoring need to be conducted.

Operations

Setting of access rights in computers and data-processing records not stored.
Consistency between delivered products and quantities of materials or raw materials

and ordered products and quantities sufficiently confirmed.

If signs or traces of intentional food contamination (e.g., loss or increase in stock,

shortfall in delivery amounts) are found, a system for inspection and reporting

not established.
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After trial implementation of the guideline, the represen-
tatives of the food facilities expressed the view that some
specific measures may not have been readily understood. To
that end, we prepared an explanation of the guideline to be
used as a reference for particular measures. The explanation
provides specific information, including a response plan for
deliberate or accidental food contamination, coping with an
increase in stock or final products and a tool for determining
such an increase, report production by security personnel,
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training programs for employees, and selection standards for
purchasing pesticides.

Discussion

Since the Rajneesh case in 1984, when the Salmonella was
sprayed onto a salad bar, the awareness of food terrorism has
been recognized. Among the various forms of terrorism, food
terrorism can be carried out relatively easily. In particular,

TABLE 3. “MEASURES THAT NEED TO BE IMPLEMENTED PREFERENTIALLY” AND ‘‘DESIRABLE MEASURES
THAT SHOULD BE IMPLEMENTED WHERE POSSIBLE” IN THE GUIDELINE

Specific measures

Measures that need to be implemented preferentially:

Management Achieving an ideal working environment
Understanding the working situation and work content of employees
Making employees aware of the threat of deliberate food contamination or handling
Establishing response plans and handling and disposal methods for collected products

Human element (staff)

Points of concern at recruitment

Arrangements for collecting uniform, ID badge, key (key card) or other materials
if an employee is transferred or leaves the company

Goods taken into the factory or uniforms worn in certain areas

Management of time when employees start and stop work

Making an identification and recognition system for employees

Human element (public)

Confirmation of presence or absence of visitor appointments and places inside

factory that visitors can access
Employees accompanying visitors
Confirmation of identity and reason for visit
Restricting access within factory
Setting up areas where vehicles and packages/baggage may be brought in.
Designation of reception place for mail or delivery services
Facility Thorough management of fixed number and position of goods used inside factory
Being aware of sites where harmful substances may be deliberately introduced
and exploring food defense measures
Anticrime measures at nonoperational times
Establishment of management method for keys
Intruder preventive measures by regular exchange of keys and changes in security code
Management of contact points between the factory and outside
Storage places for research materials (test agents, reagents)
Restricting access to research facilities (tests, test rooms)
Establishment of storage and disposal methods of toxic substances, etc.
Structuring inspection and reporting system on occurrence of loss, etc.
Establishment of selection standards and storage methods for pesticides
Confirmation of results of safety tests for well water
Restricting access to important data systems, such as computer process control system
Storage of records related to data processing
Operations Confirmation of labels and packaging of delivered materials
Supervising freighting and dropping off of delivered materials and shipping products
Confirmation of the consistency of quantities of delivered products

Loss and increase in stock

Excess or shortfall with delivered amounts (loss or increase)

Structuring an inspection and reporting system whenever such signs as intentional
food contamination are found

Common sharing of contact places where products are delivered

Desirable measures that should be implemented where possible:
Management Concretization of reporting content of results of guard duty and patrols

Human element (staff)

Being aware of places at the site where each employee is present

Facility Intruder prevention measures, such as fences
Monitoring outside the factory buildings and monitoring for toxic substances, materials,
and raw materials stored or on used at the site by patrol guards and cameras
Confirmation of locking, ete.
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food terrorism countermeasures have been introduced following
the increased fear worldwide since the 9/11 attacks in 2001.

International trends in food defense

In the United States, where the development has been
greatest, efforts have been made so that food companies can
implement vulnerability assessment and food defense mea-
sures (FDA 2003, 2003, 2007; Taylor, 2008; USDA, 2008a,b).
Food defense measures have been explored by other countries
and by international organizations, such as the WHO and
APEC (WHO, 2003; APEC Counter-Terrorism Task Force,
2013; USDA, 2007). In practical terms, however, food com-
panies need to execute their own food defense measures.

In the frozen dumpling poisoning case, health damage
occurred through a poisonous substance that had been mixed
into a product from overseas. The harmful foods were not
detected even though sampling inspections at quarantine
stations had been carried out. Food defense measures are very
necessary both for foods produced domestically and those
imported from overseas. Food defense measures are required
not only within production facilities but throughout the dis-
tribution process until the products reach consumers (Celaya
et al., 2007; Soon et al., 2012, 2013; Martini Rodrigues and
Salay, 2012; Dioguardi e al., 2010; Costa Dias er al., 2012;
Sueli Cusato er al., 2013; Domenech er al., 2013).

Comparison of food defense between
Japan and overseas

Our vulnerability assessment indicated that the awareness
among food companies in Japan about the awareness from
terrorism or criminal conduct was extremely low; many food
companies need to improve their measures against the de-
liberate introduction of foreign matter. In Japan, 36.9% of
food companies had taken measures concerning the possi-
bility of food terrorism and 60% had not (Satomura et al.,
2007). Moreover, 60% of the latter companies considered the
possibility of food terrorism to be low.

Food defense measures conducted by food companies in
Japan include countermeasures against intruders, checking
raw materials, security management of transportation, com-
pany personnel being present when receiving or shipping
products, and confirmation of products within 3h before
shipment or after receipt. Conversely, measures that are not
being implemented include restrictions for personnel enter-
ing different workplaces, restrictions on vehicles bringing in
and taking out products, and random inspections of products
brought to the company (Satomura et al., 2007).

Our vulnerability assessment indicated that the awareness
among food companies in Japan about the awareness from
terrorism or criminal conduct was extremely low; many food
companies need to improve their measures against the de-
liberate introduction of foreign matter.

Because of human factors and the economic burden, it
is not feasible to implement a vulnerability assessment us-
ing the CARVER +Shock tool and recommending the food
defense measures listed in its checklist—as is done in the
United States—in Japan’s many medium- and small-scale
food companies. To promote an awareness of the importance
of food defense among Japan’s food companies, it is neces-
sary to present measures that the companies can easily imple-
ment in terms of priority. Thus, mindful of cost-effectiveness

KANAGAWA ET AL.

and following expert judgment, we triaged the measures
listed in the checklist for food facilities and established a
guideline for measures that are of prime importance and
those that should be implemented where possible.

The practicability of the guideline was examined at the
various food companies in this study. To increase the effec-
tiveness of the guideline, we provided an explanation and
also addressed the points of concern with HACCP. Opinions
heard during interviews at the companies became reflected in
the guideline, so we may assume that the guideline will be
helpful for food companies wanting to engage in specific
food-defense measures. Viewpoints relating to food defense
were added to the points of concern with HACCP, with which
Japan's food companies are very familiar, and specific
measures were indicated in the guideline. As a result, we may
expect that the awareness of food defense will increase even
among small-scale food companies in Japan and that they
will make progress in adopting specific measures.

In Japan’s many family-run, middle- and small-scale food
companies, it will be necessary to educate employees about
food defense. However, special consideration will have to be
given to preserving the relationship of mutual trust between
employers and employees.

The purpose of the guideline is not to force food factories
to implement various measures: as far as possible, it is to
bring to the attention of Japan’s food traders, who have a low
awareness of food defense, the necessity of measures in this
area. We consider it useful to embrace the notion of food
defense as part of routine sanitary control and sanitary edu-
cation to prevent both food terrorism and the criminal mixing
of harmful matter into food.

If Japanese food companies establish food factories overseas,
sanitation standards are exported along with the manufacturing
equipment. However, in addition to sanitation standards, it is
desirable that the idea of food defense also spreads. Because
there are only a few countries in which vulnerability assessment
is conducted by specialists, as in the United States, the guideline
established for medivm- and small-scale food factories in Japan
may be useful as a reference for food companies overseas in
applying food defense measures.

Conclusions

This investigation revealed that there is a low awareness of
food defense among Japanese food companies, and further
measures need to be taken in this area. The guidance docu-
ment was established by our research group to bring the ne-
cessity of measures for food defense to the attention of food
companies in Japan and help them implement specific mea-
sures. With this guideline as a reference, we expect food
defense measures among Japan’s food companies to improve.

Disclosure Statement

No competing financial interests exist.

References

Amoa-Awua WK, Ngunjiri P, Anlobe J, Kpodo K, Halm M, Hay-
ford AF, Jakobsen M. The effect of applying GMP and HACCP to
traditional food processing at a semi-comunercial kenkey pro-
duction plant in Ghana. Food Control 2007;18:1449-1457.

APEC Counter-Terrorism Task Force. 2013. Available at: http://
www.apec.org/Home/Groups/SOM-Steering-Committee-on-~



DEVELOPING A FOOD DEFENSE GUIDELINE IN JAPAN

Economic-and-Technical-Cooperation/Task-Groups/Counter-
Terrorism-Task-Force; accessed February 10, 2014.

British Standards Institution. PAS221, 2013. Prerequisite Pro-
grams for Food Safety in Food Retail—Specification. London:
BSL, 2013.

Celaya C, Zabala SM, Perez P, Medina G, Manas J, Fouz J,
Alonso R, Anton A, Agundo N. The HACCP system im-
pl ion in small busi of Madrid’s community.
Food Control 2007;18:1314-1321.

Costa Dias MA, Sant’Ana AS, Cruz AG, Faria JAF, de Oliveira
CAF. On the implementation of good manufacturing prac-
tices in a small processing unity of mozzarelia cheese in
Brazil. Food Control 2012;24:199-205.

Dioguardi L, Franzetti L. Influence of environmental conditions
and building structure on food quality: A survey of hand-
crafted dairies in Northern Italy. Food Control 2010;21:1187—
1193.

Domenech E, Amords JA, Escriche I. Effectiveness of prereq-
uisites and the HACCP plan in the control of microbial
contamination in ice cream and cheese companies, Foodborne
Pathog Dis 2013;10:222-228.

[FDA] U.S. Food and Drug Administration. Guidance for In-
dustry: Food Producers, Processors, and Transporters: Food
Security Preventive Measures Guidance. March 21, 2003,
Available at: http://www.fda.gov/Food/GuidanceCompliance
RegulatoryInformation/GuidanceDocuments/FoodDefense
andEmergencyResponse/ucm083075.htm, accessed February
10, 2014.

FDA. Strategic Partnership Program Agroterrorism (SPPA)
Initiative. 2005. Available at: http://www.fda.gov/Food/Food
Defense/FoodDefensePrograms/ucm080836.htm, accessed
February 10, 2014.

FDA. CARVER Plus Shock Method for Food Sector Vulner-
ability Assessments. July 18, 2007. Available at: http://www
fsis.usda.gov/PDF/CARVER .pdf, accessed February 10, 2014.

International Organization for Standardization. ISO/TS 22002-
1:2009. Prerequisite Programs on Food Safety—Part 1: Food
Manufacturing. Geneva: ISO, 2009.

International Organization for Standardization. ISO 22000.
Food Safety Management Systems—Requirements for Any
Organization in the Food Chain. Geneva: ISO, 2005.

Japanese Consumer Co-operative Union. Final report by Ver-
ification Committee (Third Verification Committee) of for the
issue of frozen dumplings. May 30, 2008 (in Japanese).
Available at: http://jccu.coop/info/announcement/pdf/announce, .
080530_01_01.pdf, accessed February 10, 2014.

Martini Rodrigues KR, Salay E. Food safety control practices in
in-house and outsourced foodservices and fresh vegetable
suppliers. Food Control 2012;25:767-772.

[MHLW] Ministry of Health, Labour and Welfare, Department
of Food Security. Case of substance intoxication caused by
Chinese frozen dumplings—Verification of handling by ad-
ministration and management and improvement measures.
July 2008 (in Japanese). Available at: http://www.mhiw.go
_jp/topics/bukyoku/iyaku/syoku-anzen/china-gyoza/dl/01.pdf,
accessed February 10, 2014,

MHLW and Osaka City. Joint expert meeting for the cause of
the food poisoning case by Snow Brand Milk Products Co.,
Ltd. Investigation results of the cause of the food poisoning
case by Snow Brand Milk Products Co., Ltd.—Cause of food
poisoning with type A enterotoxin of Staphylococcus aureus
by low-fat milk or other sources (Final report). December
2000 (in Japanese). Available at: hitp://www.mhlw.go.jp/
topics/0012/tp1220-2.html, accessed November 28, 2014.

959

Michino H, Otsuki K. Risk factors in causing outbreaks of food-
borne illness originating in school lunch facilities in Japan.
J Vet Med Sci 2000;62:557-560.

National Police Agency. White Paper on Police 2000. Section 1
(Chapter 1): Transition of criminal situation and 50 years of de-
tective police (in Japanese). Tokyo: National Police Agency, 2000.

Satomura K, Iwanaga S, Noami M, Sakamoto R, Kusaka K,
Harano K, Nakahara T. Current situation of risk management
including countermeasures against food terrorism in food
companies. Abstract of annual meeting of Japanese Society of
Public Health (1347-8060) 66th, 626, 2007 (in Japanese).

Sueli Cusato, Gameiro AH, Corassin CH, Sant’Ana AS, Cruz
AG, Faria JAF, de Oliveira CAF. Food safety systems in a
small dairy factory: Implementation, major challenges, and
assessment of systems’ performances. Foodborne Pathog Dis
2013;10:6-12.

Soon JM, Davies WP, Chadd SA, Baines RN. A Delphi-based ap-
proach to developing and validating a farm food safety risk as-
sessment tool by experts. Expert Syst Applic 2012;9:8325-8336.

Soon JM, Davies WP, Chadd SA, Baines RN. Field application of
farm-food safety risk assessment (FRAMp) tool for small and
medium fresh produce farms. Food Chem 2013;136:1603-1609.

Supreme Court of Japan, Decision of Supreme Court of Japan
[in Japanese]. Available at: http://www.courts.go.jp/hanrei/
pdf/20090422180047.pdf, accessed February 10, 2014).

Taylor MK. Food terrorism and food defense on the Web. Med
Ref Serv Q 2008;27:81-96.

[USDA] U.S. Department of Agriculture, Food Safety and In-
spection Service. Guide to Developing a Food Defense Plan
for Food Processing Plants. March 2008a. Available at: http://
www.meathaccp.wisc.edu/additional_info/assets/Guide%20
Food%20Processing.pdf#search =’Guide + to + Developing +
a+food + defense + plan + for + Food + Processing + Plants,
accessed February 10, 2014,

USDA. Food Safety and Inspection Service. Guide to Devel-
oping a Food Defense Plan for Warehouses and Distribution
Centers. January 2008b. Available at: http://www.fsis.usda
.gov/pdf/gnidance_document_warchouses.pdfitsearch ="GUIDE +
TO + DEVELOPING + A + FOOD + DEFENSE +PLAN, ac-
cessed February 10, 2014.

USDA. Food Safety and Inspection Service. Developing a Food
Defense Plan for Meat and Poultry Slaughter and Processing
Plants. January 2007 (updated June 2008). Available at: http://
www.fsis.usda.gov/PDF/Food_Defense_Plan.pdf, accessed
February 10, 2014.

[WHO] World Health Organization. Terrorist threats to food:
Guidance for establishing and strengthening prevention and
response systems. 2003. Available at http:///www.who.int/
foodsafety/publications/general/en/terrorist.pdf, accessed
February 10, 2014.

‘WHO. Terrorist threats to food: Guidance for establishing
and strengthening prevention and response systems. 2008.
Available at: http://www.who.int/foodsafety/publications/general/
en/terrorist.pdf, accessed February 10, 2014.

Address correspondence to:

Yoshiyuki Kanagawa, MD, PhD

Department of Public Health, Health Management,
and Policy

Nara Medical University

840 Shijyocho

634-8521 Kashihara, Japan

E-mail: kanagawa-tky @umin.ac.jp



WA

i

mﬁ%@ﬁ ﬁﬂnéﬁéﬁnaﬂﬁﬁﬂ

ISBNST8~4~B7332-279-7
€3236 X10UOE
A (hHE1,000M-4-38)

amrmﬁsgm :

ri

b1

BTSRRI AN SRS
BT eI TR

e
Sz

=2 B

(BELEORHRRSS

=

(B8 (BRORLELITRI —REEEOERMTH L ARYH]]

ﬁnu@'ﬁ(’;ﬁc‘: iﬁt%d))

(7 7 B} ﬁm‘;xmou mmum
2OVEE B TI0H 2 RLsHE

REDBEE)
&) At
(38 17 &) WMEFH

[EX RN HHERES
WR T F T
13 5 ) 3 7
G328 T-FTI

[ R S

Printed in Japan

Ay,
ISBNGT8--87332-278-7

(] |E25))

Jetren BRI (0 -0 JARROR R e - RGBT



100 Mok HAR

M Hew 20144E 2 A158

BEEEBIECET A F v VU R MEREBE L
BB RO DD H A RS54 o DigEt

5 L ATavaE
?*%)II"}:—«T
YIUFOL S0

Ly kR

LAY T AXLT FETH

#H B S S BRI

¥h ¥ B *3E b

e DY
ax Zke BA  He ok ERe

Bl RIS ABRRRBHBFRC OV TOMLAE X LI, G8 THEMRELEVHEEIN
o0, KETIES S ORE - FEEEPEEINTWS, LL, BERTH, AREEOAR
FEICH T ARMAMEL, TOMBEEAEERIN TS, 4EE 2T, AXRORBLEFECAR
PHH R A Y B SR B72DDHA K54 Vv EEVERL 72,

FiE TTRERINTOBRBTHAF = v 7 ) A MKRENTOSREERICOWT, B
FARIZDRA BB 7o [HEIEE ] #BH L, TOMEE (BANDROEVHEIR) %,
[REBHFENESTA FS5 4 ()] 2L, ARTHBICHL CTHERDRELERL 2. &
717 BREGEOBAIG, REBTEAF v 7 UAFRTA F54vE TREHESEEER

ARHEFMER (BANM HACCP) J % WL 7,

ﬁ% WREAFEICRELATA PS4V () CRTHRAETH OB M AEERE 2T
[RBEFINET A FS 4 v (RS THAT) | L ZOMREER L, *io, AR
R AL DD, HACCP B 5 REHHMOBAL OOHRBERREIFR L 12,

i REIR R LR S B, RARFEEEMIALST VA FSAVBERLE 2

bhic,

Key words : RHI5Y, RWHH, REBEFIEICBETAF v 7 VAR, REFHETLFSA,
CARVER + Shock, HACCP DEHEHIH

HAARMAMEEE  2014; 61(2): 100-109. doi:10.11236/jph.61.2_100

I FL&ic

200 14E DR R34 T LI, HRAEE TR
FHOBEREREE > T\W5b, 36K, HEKTH,
FROPRFROBIEMEL, hEESHIETIC X
LEBEEOCRETLD, TR OREENT5H
BILAEE > TW5H

AROABTHETH, Ekd oARMEDBS
»Ho, REBOBEMBOZI AN, CRE - HifE T
DERTCOLTRICEBWNT, BEORERIET A7
HOEERA v b BRI - O A iEE

* HUEUKSE KSR R SR SR E E R

2 2 RS R BLK SR HEEOR R Sl

= ZER ST

wARAEERFEESES S

() AR ARMERS

& T2 3 RS I AR DR RT RS A IR

TR BURKSRIEE K EER RSB E L

AL © T113-8655 FURERSIHKALR 7-3-1

B AFES T B E e
MEINTF 7

©?2014 Japanese Society of Public Health

HFHEChH S Hazard Analysis Critical Control Point
(HACCP) FHEEIW ) AN/cBaHETHREER
BOOHEARL, HACCP DRFHEEBFERL G &
WLIBREEIRY AV P VAT LAOERSRET
# % International Organization for Standardization
(ISO) 22000242 fll » 72 U R 7 FHAER ST
B, LAL, TEE] b LRBNOBYORA
i, BOTEETH ST EBEIRINTVWES,
KETEE, 20034F 3 A, & - RERoice
PERPBLR, XNy, HEREDET IHEOS
WRBORTLEXBAMET O AREERR
(Food and Drug Administration; FDA) 7% Guidance
for Industry: Food Producers, Processors, and Trans-
porters: Food Security Preventive Measures Guidance
(BfEF 2 UT + FHEBAA FS54 v il
I, IR SUHRE] R 2ERL, ’R&O
By > BIfRERIRIC B 2 R\ OE 2 J7 oK
ERLTCOEY, S6IC, 2007486 AiCid, JERE
EESETEOTREZHETE, WRPEREE

20144E 2 A15H

O FEBRILICENLD & 5 F9 A v SN HEaa v
FHTH%5 [CARVER +Shocks | #HIFEL, Web
ETABL TWA4Y [CARVER + Shock # | & 13,
Criticality (fEB&HE), Accessibility (7 7 & AR5 1E),
Recuperability (EEAH), Vulnerability (555
#), Effect (§/8), Recognizability (FEEES M)
D 6 DO & T OWRE D bAMT ON/cbh DT
H%, LiL, TCARVER + Shock #:] I & % F¥lh
FEWT A, ELOFEMROBIBLE X
0, TNCHESBHLMEFEERA b, FINE
MR O RPAZES &\ H A Z DFHEFE A BIG
THILIIRHTHEEEE 2 DN,

Fxld, 2005 EEH D, BEEFHRIEPIEE L
T, TRBIR KB4 FrOfBiicBE ¥ 559
Bk « SHANREREIERASEHR) ] ©
TRMEFEL, WIORMEICH T HH0 A
FRETHE L LI, AROABITHBONETINEE T
fliL, B&H7LRGEERERE L TELSD,
BRI, XEORVARSEEESEI, RREEE
DEF LR L RRANDOHREHH T 57D ORE
(RBBFHR) ORBEMICKRSE, LELRE
BT 5 ETCEELRD L5, TERIHICKT
HANBN T ABBEYIECETAF vy 7 VR
AT MESIEAF v 7 VAN 2, T[RRI
TR DY I 5 A BB 7r RS GRS 1B 9
5Fzw 7R LT MYHEHRHAF v 7 U R
FDJ BT TRIERL Tn5689, UL, #100
HE»PORLINGDF x v 7 U R MEHAVTAR
THEOWHREETHE T 2B 610, —EBOME -
MRS LE LS, EOI, FryZURAMRKES
HN/TRCOMKREERT HICd, LEAOBAH
PP DIEEORERD oo, FDID, BROARR
LEICAFHHNEELER IR DD, Frv s
YA P B bR EEIEM D, Rfd
ERFIHL LT WEELRTA BS54 VEOIERS S
ErEZ LN,

CHOLAEEREERE2, T CRERINTHLR
RIBAF vy 7 UAMIML, BANDREZER
L7 TRSRHESERE ] R8T 5 & L dIT, TOHESE
ExET TRRBEErA Fo4 v (AREET
Brd) LT THAFSAV] E0nS ] TR
BEER L7200, 361, RPAeESAENICA
IR SRR T B i, AEREEEICE LA
OB [REHEFHEIGERERANEEEER
(BARHACCP) (LLF (B AR HACCP] &W
D) b F 29 FJURMRERLAHA FSA4 V%
L, REHOBA»OMELE 2 Dh AR
EHREL, [ARMBEHOBSEIRD ANTHEOR

HeE HAALWR $2% 101

EHATHNSLERRINEEEER (AR
HACCP) [JURE 1 RBEE] KB ABEFE
(LAF THACCP ORIEHE] L \WW2)D L (E e
Do

I A &

1. Fzv )X MEBHOBRMROAE &
SHERHERE ORI

ARTHERS vy 7 VA E THEE~ RV AV

M oQUER), TAWESR (RER)) (193EH),
FTARYESR %) GHEB), MEREHE] (22
B), MREEE] 27EE) ©54%, Ho4EE»
LR E NS, RBTHHAF v 7 VR MICHIES
NSRS, BHEEROBE R A M
B, BRINWHEOKES LLELBAOSE S
MHEITNFNEELETY, BRENYELHEL
foo EHIT, FOBRELAVTF z v 7 VA MER
DX RHESERE # ] L 7,

1) BEANSRONE

(1) BEOBE

AR TIHOR S PE, gt WMOH->Tn»
BRI LD RRHSEOSIR LB b
Birh, €7z, TOBRRBICE, BHEHECBETE
BEENHTEHD, BBLRVWT EREMIC, X
7 OBgEHME T, PIEEE D 2, #HoH
I OB B CEAICET B MY HEL2T
VW, UTOSETHESRILLA,

ON—Ffk (R X 555%)

B rRHORBRACHBEERAS Y RE
L, WA GRS YEMERTXFONT
DE&EFEHELL, Bkl

SHOBAE, BOTEH GA), &H ¢
), LR ), B8 QR &Ll

@V 7 bR (REEREW L5 ABRIEESIEES

BEORBELIC X 5535
o F TR DOHEA X AFHRERACHED T A
I‘
MBI AL ;48
IR o A 5208
o IR SR OSEN RN £ > EaH B oo m
AEBE 7N 5 3 R
Jchiiliopre: yIINE I

(2) ZHROBE

FryvUAMCET ONIROERIC X 5%
RELTOLESTHEL, BROXEVHELEHS
HE L,

O SREF & L TRERT-> T RELE2

LNAHRE (6 4)



102 Hes BAAMN #H2% 201448 2 H150

QRFEH/DOIMIE~DHFS B (6 K)/HiE
B (&)
@HEOR/IMEANDHFE ; EEN 3 A) /M
2 )
@FD - FEOR EICHES (18
2) Fxv 7V RMEBONRAERE DK
EREIC & BHROBBELD, BAOKRESE
5%, ZTOXKNCEOHEREYER Lz, V7 X
KT O~11ER, N—FRRTIL 7~8 REHEE
A BELE) &L, V7 PR TI 6~8 8, N—
F 3SR CiL 5~6 M A HERE B, Th IS a HESERD
C (BHEN) &L, BT, FEHEMRD O
BEN 5P BIC X 2EMFHNT (T A/
Vv V) BTV, BEERHEL I,
2. HARZAL (B]) OEREERTH~DH
=R Y RE
RBEEP R AR E R TR &5
La BT, HESEEE A, B & L CHIE & cBhER
HaE, [V 7 PR, TN F3%R) s T
[RbHERIN LR, TERBPEE L% %
FIZEL [HA PS54 (B ##FLI
RAELAHTA F 54 (&) kEic, THRIEED
FLELE, - FABREL - 2% - REINTHO ¢ PRRORGE
ITHeRRic, BMEMOBALELT- 7
BN, T4 54V (&) wnshi, B
REDOECKETHHANER (HERS) MR
FH, EEERSEORTIHENKOEMIRIL TR
Lice %72, A4 ESAV (F) WREN-/REH
BISHE & EH ORI RERIC I AT, KA E
i % ECHREE L 2 2BERED TR, REBHEIC
K HEHC, REIHEHEET S ETHEL T
LR SHAEL I,
INLOMERDFEOERYEE 2 C, BE,
TEHBIC L AR AT, A PS54 VRKREY
ERR L 720
3. HACCP OEBBZEBEOKE
BARTE L EAIN TWARROMEERTH S
[ AR HACCP [FIFEE 1 AREE]] i3, R
BfOE 2 3 EE N Tz, EBRERELL
T, BEXEMTOTRICET 5XE, KON
W, EEORELRHILT HOOHRE, BEHED
Fik, e EHAHSETARENEDONT
W5, SOk, AROABIE CRMEHOE 2
FrER34E, BAMTHRAERETEALIICT
57, HAMHACCP L ARIBHEF v 7
DAFRBIER LA A FSA4 v a s, Riafak
B YO RTINS A R T A5 S BE S
I HE 2 FH KL, [HACCP DEEFRIE) L

CTEEL -,

4. WEE~OER

KREICBWC, BEOPFRNGELIFELT
HEANOEBHEITETH S, &, AFRTHED
NIRRT R TEEFBHEICREL T EH, —
WFRETOETKBRINIBNOB H1EH - 40
B OWTCIE, FEARE LTV,

m S

1. BRWMBEINORAHRINDAEELASF
Z4> () ORfE

BRTTEEs.08 BE9 A REL R, o
T84 (RE15H, BIE1R) Tho7

BHEO SHPSELEVRHERIE, RBEEENEO—
STCH 5 TEHPIC 3 2B OKE P VT 45
B Thol, BRSABCESEVERERL
Tro WICERFIOSEAE VTR & LT, ANEE
(REBE) I E TN DRV HERETROMES,
THAOT 7 AR, FEEECHREERET
B HHERPABREOEBHEE DI TH - 72

HESEEE A L LG, V7 PRI E, N—F%
%3EA, HEEB LLT, V7 MHH4EE,
AN— FXHEE 8 THE Shhi 3 v, fhH SN HERE
CHESE, TV7 RREL Th—FRE] K50 T
HIEESNHA FIA4 Y (FB) KRENHEER
LIRS,

2. BERIB~AOHERYAXTOHER

HRERHE X TRIELATAES AV (B) %
EIZ ¢ PRTORBIIBICH L CHERDAEET-
Yol

Ak x v AV MCEL UL, ARSI,
REBITX T HRMBCET 558 - #F L, W
ICRERIITFE L AWERE S 2 TLED I L,
SHBREEREEL TRV EWI Ay -V k
LCERONTLE >TSS 5 LHEOBE
BRENI, TO—HFHT, ELOTHTHE, BEL
ORWEBRIE TS D, AV ENNVARHES
FTTIEB ST,

NEE (RS LTI, B, BER
HEOHLALZE, EXOABITHTIRERL TS
B, B—DF z v 7B INTWiEh ol HER
DREE - BEERIOTIHAMRA (TEA) o7 7t
2T, EBHODRELEEL L WBICEET 52
ERBHOLERPEINDL L LI, T7 A
OHEL, HEREONEBICEEND LOBERBEHL
Epnic,

AHGER (RME) 1BAL Tid, #st b Ok
FBOWY (EREAOHBERLET) OBESThI

20144E 2 A15H H61% BAAMRE 2% 103

F1 HMEESWAHRECESE, [V7PEL Th—FRE] KO TRIFIWLTA PS4V (B) ©Re

NI E

RLHESE SN BXR

ESBENDHAR

[V 7 3R]

O~ 3y A+

+ NBRRRBHEROFES, REOBEROWEHIT
o BHHEORE (A1)
s B E N REORR TR R EOWE (A2)

o TABEZASFER) CHT B aA AT
WEOBEFED, THICHEL RHREFMOER
(B1)

AR AGBEA TR VHEEEOREEHOE

% (B2)

ANERARBRTACESREOREE R BHEAY

e TERE (B3)

» BB OEBEOWRE (B4)

EHEESERE (O LHEROEHILYSE) O

BONEORER - e (85)

.

.

OABYER (FERAS)

« REB OB - W
CRFBORE GRS X OB R, DSy Y
DT (A3), # (Ge—A—F) OEE (A4),
CHRAE - BHEKEUAHREAT AT U 7TOHR
(A5) ¥, FRTOITYTICEEBRICT 7 & AF
REFR OB - BHE (A6)

A ORF I RBRECKEOME (A7)

. THBAABLADEHONE B6)

» THE~ORESOFLAZEER (B7)

o BHOFFRLT Y T OHR (88)

* ABRI RGBT RITASSZORRICHT HNELE
ARBAIET 0SS A (B9)

~ ABITRSBRICHT AFHRBOEEEICET S
B EREE (B10)

OABYESR (EhE)

SEEDL REERS S VRAE TR RS T,

B, EpOBREOHE (B11)

s BHECH L CORROBF OB (812)
FRIEEORE (813)
BHEOLTOEE (B14) L ZOHE (B15)
 BREEORSIRG/BE TR Y A AN D
T2 AGEE (B16)

.

.

OREREE

« BREE RS e AT E DB, KA
BHLUBHFEOTE L - ZLHER (A8)

« EROEEBROFE (B17)

s THRES AR L OBHAORLTR (B18) 2k
(B19)

< SERBIFFOELTEE (820)
SEABSEEEAOANORSEE (B21)

- PIEERER (RFE - BERE) ~07 7 AR (B22)
« BREERUEL (REdE - ) OREEITE KURES
HEOPRE (B23) HIUT 7w AHE (B24)

» REEOR LS4 AUEORE - MR OGO
{B25)

s REEREORLITFER (B26)
cHBWHSOREE (B27) & TOEMRIRRERIE
(B28) - (REHHE (B29), REBHI~DT 7 2 AHIR
(B30)

< EEFOBERE (B31) LEEHEOEE (B32)
» M EP B EDHEOEROY KL T OMOHIED
FAERAOFEL, BEROBREHOE (B33)

.




104 o1 HAAMRE H2% 20144E 2 A15A

Tl OMEEINCEEEECESE, TV KL T FRE AP TRIESNAT A K54V (B) KRS

hicRE (03&)

20144 2 A 150 614 HAR/MEE H2F5 105

K2 REGHERETA o4 (ARIETEN) OME

FOHIEI N DR EEARENBRE
Oy
« EEOMEOMM, TOMOBEORELEROGEY  « B PEMBLEOZEIND, MAEHEDT L2
DHESE (A9) EOWRORER (B34)

» IASEI I3 B R BT DTERE Oy 01, Dk
DHREOTE 2 WIMOAH OB (A10)

s VY o - =B AT LARPER T - VA
FANDT 7 AR EE R (AL1)

s REBORE RSS2 —2—T Y
2 AHEDHIBR (A12)

SHAEH OR ST A LIFEORE (B35)

o MAABLE, - B L, FERLT - B OBEAEOMR
(B36)

o AR DA BB 2 RFBTFRATREOBE - WO
P BROGHOMEE (B37)

o FFKEFIALCWBIEE) HFRORLEERED
FEROBEADIER (B38)

» WO Z ADIUE (B39)

o BRI T A (B40) SEEEWEHHR (B11)
B ONIIGE ORERLRMO B H OREEE

e OV =2 DF — ZUIICHBBEORE (B42)

REGERIA A £ 54 (REMETHA)
— Rz ARSI DORESRE—

1 BRERYICEIE T N &R

[N— K]

OANESR (FEER%)

* PEEEB QWAL IS U 7 TR L3R - B8R A7
LOHEE (A1)
o RV REEE B ORELRLOME 2 (A2)

o PIAICHTET H5HEDHEDOHUE (B1)

Olit &

o Pt A BT B EMICK T A EERE, 778X
F—, BITHFLEDWTIAORT (A3)

o 72 VAL LB PHMADT 7 AGIHE (B2)

o BRI $51 B M B OKE 2 7 A (B3)

- BB A HBYESOMECRERLIRE, ¥R
(B4)

o FEROMAEH L HERFBOEH OEE (B5)

< P, MK, BRI OZLURER (B6)
cHFKEFIHL T BHE, K, BIUZOBEEH
CERBET HRMOER (B7)

o AU 2RO BRI O AL & 5 R IERR 7T B/ R BB O
@8

TWiEWT &R, FHR-LEMEDBA DD DM
REEDMC S, AR EEREENEAD L
TBT YL, othHORHE~DILE
DORFTICOWTIE, FOTOBEERRAT LM, B
Bl RT LW T &, HnomRE, £/
TORFEDHEIIREZEDLT, —AUV L VITFE
MICTERL T W —ARBIE EA ETH -, B
Hin BOFFFBITIE T N — T EHRPBFELES LS
FNBTD, —RICHBORITORLEOMRE | =it
L\ & OB ®H - 1o,

MREBICOWTIE, BEEH5 OE E L HONE

(BHTUR 7 & DEEEL)

Z2iL, BEA TR TWaWERSHEE S hz,
REPOFBWELMAEHL, HARECHERE
EERINTWAT &%, REGHAHEVPTVE
SBERBIENC L BA—RIITH - 7=,
BEEEICOWTE, RSEH EORES A
RHZIEI L T E, 805 OB A7 Hr e ik
OHFFNIFMEM S T LB TERD - 7o, HEGED
HTRE OEIIRER L T 508, TR ES L4
FERE DT TR 2B E, X ORINSD OFF
EREEETH HBRPHUE SN, T, KHEES
ThAMEEEE OB HRE L OB R LD -7,

BRI AV

o E 2T WIRIBIRIE OB &, Hitd XU HHERSAOTE LTEROEE

» BRI BRSO N S HEREROFREW LHRAMOLDOWHRACEGHNEOE &, HEREAD
FAA

s WROREORMBROLOOEFPREEEEREOWHR, BN T ARBRBERO/AI~OHE, W5
DEW, RE, BREOFHEOKE

BAMER (A%

AR O TR COHIERER, SN TR DR ATER

- B RIS HIRR B, ID Ny Y, @ G- — 1) OB, BH - BEY AT AOBE, wHEEHED
a0

o BLETIBAI AN O LIAZTTHESR Y A + OFER 2 BSFORER

c REBLORFAED, HBRYSHOE L VEEOHE

BANER )

» FHFOHT - FHMEH - FRESOMR L XEAORT

» BEBOEMDT 7L AT VYT, OB LARL YT DRE

» THNE BT 23 MEBO/RLHOMER, TEMFLRAZNOHE

o W, ERMEOLT ANEORE, BREAADIILAY, & - EHERUSEADETNDRE

[ iRy

o REY, FIHE - FEE SR OB R R

c AMKEBEFEMNS Z LB TELTECREES AR VEITE, ERNICEEYELREAL LT VWEHTONE
&, BEEIS SR OB

o JEREIRFIC 540 B BH AL 5K

» BOFEIFEORE, EHOREOWE 2 - BEERS OLEHIC X D445 © DRABS LR O M

o THPIE &S & OREE R ORE L /R OEN

o THAORHBHE (REARE - BHERHSE) CHEYHORBENORE, &8 - REHE - EEREOERH
EEORE L, EEMPREREROBMEH OB

o WEFIOBEBIME S LUEH - REHEOER

o HF, ok, BKIERR AN ORAR EHE LELBLERME~OT 7 L AEE - BROEK

o YK o —F - IBHIH Y AT DEADT 72 AFFHEOMR, RE) - BIGEDT 7 AHEME, 57— F 0
& B DRAF

BAHESEOEY

- B EM RSO S NP WEOMR, BROZRMHRTREOIME - MR RGOHE L BROMH OREE
o EH R FM RS OMAIEE S X UR R HA{EEORER

 MHABLE - BB L, FEEE - KR EOEEMHORR

o REROEBEORK - 1, BRI RFBIERTAEEOKE - T, WARRTRE (@08 S84 L A«
WA R BRI DR

o ABLB O OTERITHEDOIH

2. AR TOEMSE Eh R

BiAf~ v A/

o - WEEROBENEDOWREL

BANESR (RRA%)

* WP DREHE R F DI DILE

[ pipacgad

* Bt P~ D & AT X5

 BHAOKE R A THIC LA THBEBNIN, BH MR, BEWH GRS

[S'63IPE =13 0))



20144 2 H150

%3 HACCP 2B 5 REHHOBE,» LORBHEICR I NAE

106 Ho1d BARMEHE HF2F5

o RSN ROBREEOBE

S HADD, BEHEMAD, BSHE DL Y OANE L ORET SO L fisess OB R AH
o A & OEER DA IEL TR

» FbiAamoOkE

o AR B OBLE I X HIERH

s REBOWHNTIE L eSIATEL U 7%, RE~DT 7 2 AHR
o (EEFIR R 5 - BB LT S ORRL &, (FRADHHOE=S UV PIERARLEOHEEHR

FI L BBRATHROWH

o NAW I BYRAOTEEDOTNS B %I@%E@%ﬁ@’ﬁ%

o HEEEPBIE Y HMIAEANORRBIENR T HEFOR

cREEBORBEY, ERE - TFE - IHES ?e%ﬂ)ﬁ"é“%f‘ﬁ LB L OWREES T 7 £ AFE

* Bl B A O RSF S BIRO TES OB E O FLOTER

- BAGF S ORE R EH
* RS T ORES OEE

o R ROTEFIRCEREOW D H kP, ERROREPERTEORE

 FEERER OB TAB N DOIMH AN DER

HA RS A VOBRICOWTIE, V7 hRE:
IN— BRI T 5 2 L AR E LD B L
5, BRETERTNELOER®S, TAE54V
DARTIE, RRBBEHSEE SN E BMENRIEBD D
D 3HWEDERDBE Mo,

3. ARHRENA kT4 (BEREETHR

) OfEHICOWT

HEROAEOKEHE 2T, FEEMRPD
RSN APEHAIC X ABE 2TV, V7 PR
EN— FRPEIC I, BEaiE, TEERRI
Eig N =R, (THEABETOERIEETND
K OB OB TREHERETA K54
v (RFESSETHRT) OBIER S i,

FroZ VANRTA FSA4Y () Tid, ABY
EX (RERS - L5 PREEECESEhTY
FoHEOR, BERMHRICEGRT AR THsE
B wEedbE b, KEALO MEEER]
1, BERETH TAHFEOEE ] Kdd s,

FORR, HA4 P54 VERREE, TEENIC
ETERE] L LT, AfkerxvAVE (4
HE), AWEFX (¥A%) GHEA), AWEE
o) GHEE), MEEE (14HH), ABME
O%E (61HE) OHSEE D, [TELZEETO
EAEENLAE] L LT, Bk AV
(138H), AWER (REE%) (EHE), ERE
W (GIEE) O 6 HEMSTIEIN,

SERLIH A BS54 VOBESZE 2 1KRT,

Fiz, HA S A VHBRAHTHOBRBIC BT 55
HhBET 5 O TR, THRERRECOX K

(Seik12 & 0 #EE L)

DHEROSTH 2B 1DDLDTHA LD
g - BRYZSBISUC IR L fo.

BB, HAESAVDLATER, AREEIES
NEBARIHEB S PN IV DERER S 2
T, RROESEAICRRBBIHNELRF T 5L
CEELEHEOITA S 4D (B Z{ER
Lico MRS, ARBnBRiE gt 3 A xinat
EOVER, BEHENEH» SORMENE, AR E
RERICHT BB 07 S 4, B EFIARS
OBELELE, TP RR BT ORI B B35
TR ING OBEFESEOWT, BEREAA
oD BRI A,

4. HACCP ([CHITZESPBHOBRALOEE

BHE

TEAR HACCP] &, ARISHHFz v 7 U A
FRAA RSV EEELESR, BAEARHACCP
OEREEC, ARFHOBEELOOBEEHEYE
HTBHIES, BAORREESRMPIHNEL &
LETEREEZ BN, BAENKE, S5Eim
TOIRICETAXE, HERONE, BEOREY
BT 570 E, BEEEO Tk, R
HENCDWTC, FNFNARBGHOBRSEP LOFE
APBRE AN,

HAFSAVOBEERHLLTARENTWS
[HACCP OFHEHHE | KRR S N - AE DB
*F 3IRT,

v =
20014E 0 9. 111 R M & F 7 0 LI, WHO O

20144F 2 150

[REENTHTROFRICNT BV AT AT
LU—Fv T N—T ] ObfEe, [REFDOE
BUCH BT 57200 WHO ~D#E)45 ], Terrorists
Threats to Food (BT I DBEANDFE & KD
TedDH A XA OFFRL, KETO Mt
U5 FRHHETA Fo4 V7 RRREsE, T
BRUERE 8] OfFr, &RFICHT 5
SR EE & LT TCARVER + Shock # | D
BAZE, TUTRPREEFGT (APEC) LB
PR (OECD) kW 57 oiEEREOME
¥, ERACAERFORECEEESEE s Ty
%mﬂs)c

ZO—F, HEATHE, RELEO0XTASTD
FRELTESLT, EHIEZTORO0%EARTD
OFEEREVE B2 TWAR Y, AHTFDITHY
BEEESMENC EBNEHIN T B9, Fa b ERN

8 PRTORFEMN T ARBERED (F2, HE, 8
T, BEREE, JORBUREMERETE 6 »E, B
Mgk 2 BFF) & RICHEIT L7 “CARVER + Shock
B I L AHRBEFHHOBR, LY, FOLBRET
B (NBRREMBEAS) KN 28R THOEF
2 UF o SROERRAEIL PR NIEL, L E
2 UF ¢ ROERTH S, BHIIBT BTl
SFORICR AEBEOHERL, BOTENLOT
B8,

IOl e, BRORREEORET I
R HBEEED, AAENTHEERE T I L8
BIROBE L - T,

AT TIC, FDAD TRREF 2 U5 ¢+ T
BETA P54y “RBEEE ML IUHR
R e, TSRy AR TARE
SR (BEERE) ), T ARYEESE GRstas) o, TReRRrm
[EEEE] 05 5%, FeEBICES [&RTH
HAFzy2ZYAML &, TEE<x2IAVEF] TA
RIBESE (RE3EES) ), T AWES Bt ), TR
TE], (BEEE] O55%, HBEE»LAS
e« v 7 U AR BERL, RHITH
L RBOWIHBRE TORS AN EOEER DKM
ERBLTEL, ZOEE, ChoDF v
DA MB, KFEA— 2RSSR AR L
THEAZEL T DEES, SEATHEHY HRE
BICXH L THBERFBIALMEE, XBREYE
L CWARBEEELY BT ARFINFEEND S
CEBPERLBTHREIN TS, ZO—7F,

NEHRBEORRAEDS VERICEWT, XKE
L AROIEIIEFHTOEB, Fxv 7 U AT
BN ERHERT S LI ARAED ANESE
LRFEN T ABEERT S LHENTHERL, AR

#61% AARAMmEE £25 107

DERER L 2T VHERY, BEIELE SU-ORT
T EBBBEEHEZ LN,
COESHBRERE2C, RRIEHEF v 7
JAPEBORKHEREZHREL, ThElEak
THAEs 4w (B HfFEL, ARGE~OLT
U VI EBUTC, TOEREEHERL, TOER%Y
=2 T, TBRmicsERd~Ex ), TWakRi
ECTOERSEINANE] O2BHE»SRS [
AFEFAV] PRERLI, BRELRFLLIE
T, Fry 7 UARCRENI0EE T VFE
W, WA S A UTHOEBICES S, 26
12, G e eaE R ER L2 é‘:T, LN AE
AR ROV 5 Z LMK TR
HERORBEEST- ”C\f\%ﬁnnbﬁ@? ﬁ 2L T
i, BABSECERHOF 2 v 7, BREORSE
FH, BEABORADISY, BEHROAMEOE
O 3FEHAOBERREREER TN 58, BREORE
IR AT ADEOHEE S, BA - BHHEOSHE,
|AGOEEROVBRERTON TRV EEDNT
t‘\%“ﬂg
HNERBEES S, REEENLAERERESS
WHAKRI W, EERANORSIMCEY 5
BFETERTAEATE, FEOEBHMALELS
FRCEBROBEBALELEZ b, 5, A
B KD 10, ASARCHRAIOE:
HACCP IZARBHOBAREML, BERNREE
FERETHIENRLHRBEE L LN,
SEERENAHTAF T 4 0280,
HACCP OEEHIRY ¥ &%, H fﬁﬁ’}f”ﬂa
WEEEEREY, §EHTO-RELT, AR
WOHEZH FIRO ANTHL I EBFHTHES D,

Vo i

BHRECETRGHENES YR 570D, BE
REREREL, WEOHEELYE 2, £
- EBEOE W THA P54V ] LEOMBEE
T A <li é_ Hil, ARFEFERCLZLAOEY
HAGCP [Z{f - 7o BRSRH OB, SHEFIRE R
L?’Lc

HAFFAVE, RGN R 25
T5LDTHEZL, [T TOXROLEM
DEAEZB/B] 12DDSDTHS, HAFS5A v
L ZOfEH %, THACCP OEEIIE] # AL X
Bo, B ORBAEFEBRBHEIEOLHEEP L
R R AR SN A Z LRI EN S,

RPFFEIL, STE214F B ~ 2547 L JEL AR SR D 2
e (RBOREMERAGEPIRESE) K XVFEHL, B



108 61k HAAHRE H25 20144F 2 A15H 20144F 2 A15H Ho1% AAAWMEE £25 109
SEE70E B AARBEFES BHE) KBWTRERL, BEMEOWIEICB T B4, BT ARRLBIBHS

(*iﬁ' 2012.10.26 ANBHE R MBR BT 55 2 v 7 U A . K

2 e B 2 TR o : . o )
A 2013.12.10 Z;i?;?gg*ggiﬁiﬁéﬁzgigfiﬁ Tentative food defense guidelines for food producers and processors in Japan
3 R K7 R SR DOTESL & AT REMEOBGEIC B3 B 5P % (BT Yoshiyuki KANAGAWA*, Manabu AKAHANE?*, Tomoaki IMAMURAZ¥, Atsushi HASEGAWA®*,

GREE  SRMY) 2011 ; F 11 1-37. hatp://

. . Kentaro YAMAGUCHI?*, Kazuo ONITAKE!, Satoshi TAKAYAS* and Shigeki YamamoToS™7*
www.naramed-u.ac.jp/~hpm/pdf/ff_checklist/ff_check-

1) EEBREFEHERRMRERE - AWEERE. 8

ﬁ@dﬁ%ﬁﬁ&iﬁi@f&:)%%/& HAGCP ¥ AF LD list_h22ver.pdf (20124F 5 A 1 B7 74 ATTE)
W Gl . BREE262 - HFLE240, 1996. http:// 9) AR AEBEEO B HE ORE & S5 Key words : food contamination, food defense, food defense checklist for food producers and processors,
www.mhlw.go.jp/ topics / syokuchu / kanren / kanshi/dl/ Heb OMEEICBE T B EIEE. B 2 ARIC R AW food defense guidelines, CARVER + Shock, HACCP
961022-1.pdf (20134 8 3 2 07 7 ATHE) IS4 5 ABRE AR BIBILICET 5F = v 7 Y

D _TEMEEARGERCY S - HACCP AR oy sy g A S WHSTIRERDS (KA
¥ — & X — X HACCP® ¥ ## 18022000 , DRLTHRIETIRESE) BF - SETSRESR & Objectives With increasing global interest in intentional food contamination, expert meetings have been

E L A FREN =

FSSC22000 & . http: // www.shokusan.or.jp/haccp / E OB R ORET & ST EENE ORI IC B held by the G8, while the U.S. government has proposed policies for preventing food terrorism and
basis/is022000.html (20134E 8 A 2 H7 7 & AW[HE) THPE BefiEs  Sam) 2011 ; B2 1-& 2 intentional contamination. However, Japan has no food defense policy, and some food companies

3) United States Department of Health and Human Serv-

- 21. http: // www.naramed-u.ac.jp / ~ hpm / pdf / df are concerned about an impending terrorism and contamination crisis.

ices, Food and D Administration, Center for Food . . :
‘SC:;(Y Zc:;d a/-r\)pplie?gNutr:il:;S ré;?;am:r}:: I:;us:;‘ checklist/df_checklist_h22ver.pdf (20124£5 1 1 HT & Methods We developed a Food Defense Checklist for Food Producers and Processors and published the de-
' . Y ATTHE) tails on the website. We also develo i ideli
" _ B . ped tentative Food Defense Guidelines for Food Producers and

Food . Producers,. Processors, and Transporters: Food 10)  REEHEID B0 E DT & B A e OBET ) . ) ‘ . . o
Security Preventive Measures Guidance (March 2003; (B BT, AESHAET A K5 4 ie DT Processors on the basis of the checklist. In this study, we tested the usability of the guidelines
Revised October 2007). 2007. http://www.fda.gov/ 9. BEBHETAESA Y (ARIETHBRG). through a hearing survey regarding food plants. We also compared the checklist with the implemen-
Food / GuidanceRegulation / GuidanceDocumen- 2012. http: // www.naramed-u.ac.jp / ~ hpm / res _fd_ tation manual for the approval system of Comprehensive Sanitation Management and Production
tsRegulatoryInformation / FoodDefense / ucm083075. htm document.htm (2013412495 7 77 & ZA[HE) Process (thc Japanese equivalent of the HACCP).

" (2§%5£n1§u7git0§§%@?ﬁﬁ% Pr— 1) AREOBEE LR ROREL & EIT R EEIE OBGE Results  We organized the comments gleaned from the hearing survey and provided a detailed explanation
gg *@;rﬁuz%rﬁ}% 1 FD: 75;%':?:5@?2@)5@%2% B B BFEHL ﬁcﬁlﬁim’(ﬁﬁi/( F54 \/ﬁ;‘g\’\»( of the guidelines. As the HACCP has been adopted by Japanese food companies, we included both

- ) : 3. REEEEITA F 5 AV (AREEIISMT) 3. . P . ; -

= o . 3 N w recautionary measures and the HACCP perspective in the explanation regarding the rapid dis-
)‘EI&%?BQ‘F%K@@%LV //7 FTaTY iE% 2012. http: // www.naramed-u.ac.jp /~hpm [ res _fd _ P L. Y . . persp P & s P
R : REICHY HRAORMTHMBALE. AWMKAE document.htm (2013412325 F 7 7 & AT EE) semination of information.
54} No. 13/2007. 2007; 3-4. hitp://www.nihs.go.jp/ 12) RSB BN R DT & T TTRER OBEE Conclusion The guidelines are useful for Japanese food companies, and it is important to disseminate
hsc / food-info / foodinfonews / 2007 / foodino200713.pdf BT BFRTE. ARENET A F 54 vicowT knowledge on this topic and implement food defense measures.
(01265 5 1 07 7 L ATHE) (BHER) RESHOBAER) ANIBED, B

5) United States Food and Drug Administration. FDA AN SRR AR EREE (AR
Releases New Software Tool to Help Keep Food Facili- HACCP) [BiEs 1 AREE] i 52 BEEE. * Division of Social Medicine, Graduate School of Medicine, The University of Tokyo

ties Safe from Attack: Latest Effort in Strengthening 2* Department of Public Health, Health Management and Policy, Nara Medical University

2012. http: // www.naramed-u.ac.jp / ~ hpm / res _fd _

U.S. Food Defense. FDA News Release P07-103. 2007. R = School of Medicine

http://www.fda.gov/NewsEvents/Newsroom/PressAn— la)docmu;;f;mﬁ(;:;:ggéé D;’ﬁg;;;f;A@Fé f: ?;Iit;:zh(i}i;s:::zl)Irés:t;;t:;alt?; Union

nouncements/2007 /ucm108934.htm (201245 § 1 @ BT DA A F R T B OB o Jaian Food Hygiens Amcg’a .

7 7 R AHE) LZWHOHBMELEHHRE. REHEPGR 2002; 52 6* Division of Biomedical Food Research, National Institute of Health Sciences
6) SHMY. RBICLBHNA T T OO T % (10): 27-31. 7* Current address; Course of Food Science, Department of Fishery, School of Marine Science

BHE. PROFEE A SR AT REME (RRD 14) HEAH, KEAT. KEORGT DI b b and Technology, Tokai University

RO REMEIEMVIEHA) FRICPETROE g memoksBisRers A7 ROBLA

ERATIREREE RMICED/ 2T DO[RIEI b EREEE B B MR O RE. A

BI9 AHFgE (Froefides S 2009; 1-1-1-54. EAEPZR 2005; 55(1): 15-28.
7 SR, KRR IORST & R iy bt e o

EORIECIT AT, PRIFEEESBRST e

SHMDE (RRORLMFHETIRRE) T A, AR 2005, 55(1); 9-14,

E-TRBEERATMARED KBHNORKIOL 16 mo o woomm, 58 B 1 KSLRCH

HIROWE L RTTEREOETICHT SHE AR 7 gz nsgier st EBEBORK. oo A4

HE SHEE) 201 117136 AR LB 2007, 62.

8)  SHMB. RAMPIHIO AR R OWESL & FTH




International Journal of Environmental Health Research, 2013 e Taylor &Francis
Vol. 23, No. 3, 247-257, http://dx.doi.org/10.1080/09603123.2012.717916 Taylor &Francis Group

Internet survey of the influence of environmental factors on human
health: environmental epidemiologic investigation using the web-based
daily questionnaire for health

Tomomi Sano®*, Manabu Akahane®, Hiroaki Sugiura®, Yasushi Ohkusa®,
Nobuhiko Okabe® and Tomoaki Imamura®

“Department of Public Health, Héalth Management and Policy, Nara Medical University School
of Medicine, 840 Shijo-cho, Kashihara, Nara 634-8521, Japan, >National Institute of Infectious
Disease, Infectious Disease Surveillance Center, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640,
Japan

(Received 26 October 2011; final version received 2 July 2012)

With increasing Internet coverage, the use of a web-based survey for
epidemiological study is a possibility. We performed an investigation in Japan
in winter 2008 using the web-based daily questionnaire for health (WDQH). The
WDQH is a web-based questionnaire survey formulated to obtain information
about the daily physical condition of the general public on a real-time basis, in
order to study correlations between changes in physical health and changes in
environmental factors. Respondents were asked whether they felt ill and had
specific symptoms including fever. We analysed the environmental factors along
with the health conditions obtained from the WDQH. Four factors were found to
influence health: minimum temperature, hours of sunlight, median humidity and
weekday or holiday. The WDQH allowed a daily health survey in the general
population in real time via the Internet.

Keywords: web-based survey; environmental factor; minimum temperature;
general population

Background

With the rapid progression of Internet technology, a web-based epidemiological
survey was developed and implemented for use with the general public (Ekman and
Litton 2007). This allowed epidemiological studies to be conducted at lower cost,
with greater speed and with higher data precision compared with paper-based or
face-to-face surveys on a similar scale (Bennett et al. 2007, Ekman and Litton 2007).
Although early web-based surveys were found to be problematic because of
population bias, this has been mitigated with the marked increase in the proportion
of the population using the Internet (Ekman et al. 2006).

Web-based epidemiological studies came to be implemented for cross-sectional
studies as well as for follow-up investigations (Bennett et al. 2007). To date, web-
based follow-up surveys have been conducted with patients with specific diseases, but
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not with the general public. Specifically, no studies have been conducted to
investigate the correlations between daily environmental changes and the daily
physical condition of members of the general public. There is currently concern over
human health with regard to air pollution (Huang et al. 2009) and global warming
(McMichael et al. 2006). Accordingly, it would be useful to be able to determine the
influence of environmental factors on the health of the general population on a daily
basis. Therefore, we developed a follow-up survey system using the Internet to
question citizens directly on a daily basis. We named this survey the web-based daily
questionnaire for health (WDQH).

We then studied the correlations between changes in the daily physical condition
of the subjects and changes in environmental factors that are considered to have an
influence on health (minimum temperature, hours of sunlight, median humidity,
weekday or holiday) using the WDQH.

Methods
Survey method

The WDQH is a prospective survey system designed to conduct a direct health-
related questionnaire survey of individuals every day for a certain period to collect
and analyse information on a real-time basis. The WDQH has already been put into
operation in part, and its usefulness has been established (Sugiura et al. 2010).

Participants

Participants were persons already registered with an existing internet survey
company, who noticed the request to participate in the questionnaire survey on
the company website, and voluntarily decided to participate. They understood the
purpose of the survey, and that it also included information on their families. In this
survey, the residential area of the participants was limited to Izumo, a regional city in
Japan. We only included those who understood the details of our request and agreed
to cooperate in the survey. The population of Izumo is approximately 150,000, with
approximately 50,000 households. The study included 702 subjects (333 males,
369 females; mean age 37.4 years; range 16-72 years) from 181 households. We
collected information describing the survey participants including their residential
district, age, gender, occupation, marital status, number of children and annual income.
The survey was performed for 78 days from January 10, 2008 to March 28, 2008.

Questionnaire

The survey required participants to answer questions regarding subjective symptoms
every day. The internet survey company sent a reminder email to each subject daily
requesting completion of the questionnaire survey. The subject opened the email,
accessed his/her personal password and then answered the questionnaire about
himself/herself and his/her family. Respondents were asked whether they felt ill. If
not, they closed the survey on that day. Those who answered in the affirmative were
then asked detailed questions about whether they had any of the following
symptoms: fever, coughing, diarrhoea, vomiting, rash, convulsion and others.
Remuneration (approximately 60 yen/answer: US$ 0.75; US$1.00 = 80 yen at the
time of writing) was given to the registered monitors. The survey was repeated every
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day over the study period. We analysed and studied the correlations between changes
in the daily physical condition of the participants and changes in environmental
factors.

Environmental factors

Data describing the following 12 environmental factors are monitored and published
by The Japan Meteorological Agency: mean temperature, maximum temperature,
minimum temperature, hours of sunlight, cloud cover (the percentage or fraction of
the sky obscured by clouds represented by an 11-point scale), median humidity,
atmospheric pressure, vapour pressure, precipitation, wind direction, wind speed and
weekday or holiday. Data describing these environmental factors in the survey area
were collected. Mondays to Fridays were considered weekdays, while Saturdays,
Sundays and public holidays were considered to be holidays.

In addition, three individual factors (sex, age and annual income) were included.

The 15 variables were first subjected to principal component analysis. As a result,
five principal components were identified. The first component was temperature; the
second component was hours of sunlight; the third components were sex and age; the
fourth component was wind direction; and the fifth component was median
humidity.

Then, the correlation coefficients of all 15 variables were examined. Eight
variables (sex, age, annual income, median humidity, precipitation, wind direction,
wind speed and weekday or holiday) were included because of no correlations
between them. Cloud cover, vapour pressure and atmospheric pressure, which were
not extracted as main components and showed strong correlations (correlation
coefficient >0.5), were excluded from the variables. Mean temperature was strongly
correlated with maximum temperature (r = 0.924) and minimum temperature
(r = 0.722). Hence, a single variable could be selected from mean temperature,
maximum temperature and minimum temperature. Minimum temperature, which
was not correlated with hours of sunlight (r = —0.097), was selected as a variable to
negate interaction with hours of sunlight, which was selected as the second
component for principal component analysis. Thus, 10 variables were selected: sex,
age, annual income, minimum temperature, hours of sunlight, median hu:(mdlty,
precipitation, wind direction, wind speed and weekday or holiday.

Additionally, the 10 selected variables were analysed using generalized estimating
equations (GEE). Three variables (precipitation, wind direction and wind speed)
showed no significant correlation with any independent variable (ill or healthy and
details of symptoms) and were excluded from covariates by a stepwise method. The
variables remaining in the final analysis included four environmental factors
(minimum temperature, hours of sunlight, median humidity and weekday or
holiday).

Statistical analysis

Statistical analysis was conducted using IBM SPSS 20. A p-value <0.05 was con-
sidered to indicate significance. Adjusted odds ratios and standard deviations were
determined with 95% confidence intervals.

The data used in this study were answers repeatedly collected from the same
subject to the same question. We selected the GEE useful for the analysis of repeated
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measurements of health results, The repeated measurements included individuals
and households as subject variables and days as an intra-subject variable.

Generalized estimating equations was conducted using “ill or healthy” as a
dependent variable and three individual factors (sex, age and annual income) and
four environmental factors (minimum temperature, hours of sunlight, median
humidity and weekday and holiday) as independent variables. The GEE was also
performed using presence/absence of specific symptoms (fever, coughing, diarrhoea,
vomiting, rash and others) as a dependent variable, and the seven aforementioned
independent variables.

Ethics and consent

This research was conducted with the approval of the Ethics Committee of Nara
Medical University (Authorization code: 220).

Results

The largest age group of the enrolled subjects was between 35 and 39 years old (37
years old on average) for both males and females. The ratio of males to females of
the participants was approximately 1:1. The male and female participants were
similar in age distribution. Approximately, 500 completed questionnaires were
received each day during the survey period, giving a daily response rate of 35% to
51% (47% on average) (Figure 1). The mean response rate was 48.7% on weekdays
and 44.4% on holidays. The everyday responder rate throughout the survey period
was 3.2%. Although 34.5% of persons registered to show his/her willingness to
answer the survey, they did not respond. As shown in Figure 2, the proportion of
respondents who reported that they felt ill during the survey period ranged from 3%
to 10% on a daily basis during the survey period.

Table 1 illustrates the outcome of the questionnaire according to gender. There
were more female respondents than male respondents who suffered changes in their
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Figure 1. Daily response rate to the questionnaire.
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Figure 2. Proportion of respondents who answered that they were ill on specific days.

Table 1. Questionnaire outcomes.

Male Female Total

Presence of Absence of Presence of Absence of Presence of Absence of
symptoms  symptoms symptoms symptoms symptoms symptoms

(%) (%) (%) (%) (%) (%)
I 1746 (5.7) 28,830 (94.3) 2246 (6.9) 30,274 (93.1) 3992 (6.3) 59,104 (93.7)
Fever 247 (0.8) 30,329 (99.2) 249 (0.8) 32,271 (99.2) 496 (0.8) 62,600 (99.2)

Coughing 944 (3.1) 29,632 (96.9) 958 (2.9) 31,562 (97.1) 1902 (3) 61,194 97)
Diarthoea 117 (0.4) 30,459 (99.6) 181 (0.6) 32,339 (99.4) 298 (0.5) 62,798 (99.5)
Vomiting 94 (0.3) 30,482 (99.7) 116 (0.4) 32,404 (99.6) 210 (0.3) 62,886 (99.7)

Rash 28 (0.1) 30,548 (99.9) 34 (0.1) 32,486 (99.9) 62 (0.1) 63,034 (99.9)
Convulsion 19 (0.1) 30,557 (99.9)  2(0) 32,518 (100) 21 (0) 63,075 (100)
Others 768 (2.5) 29,808 (97.5) 1602 (4.9) 30,918 (95.1) 2370 (3.8) 60,726 (96.2)
Sum total 30,576 32,520 63,096

physical condition. Coughing accounted for the highest proportion (3%) of an
individual symptom suffered by respondents during the survey period.

From principal component analysis, the first principal components were mean
temperature, maximum temperature and minimum temperature. The second
principal component was hours of sunlight. The third principal components were
sex and age. The fourth principal component was wind direction. The fifth principal
component was median humidity.

Pearson’s correlation coefficients were calculated. Variables strongly correlated
were as follows: mean temperature and maximum temperature (r = 0.924;
p < 0.001), mean temperature and minimum temperature (r = 0.722; p < 0.001),
mean temperature and atmospheric pressure (r = —0.547; p < 0.001), mean
temperature and vapour pressure (r = 0.880; p < 0.001), maximum temperature
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and hours of sunlight (r = 0.566; p < 0.001), maximum temperature and cloud

cover (r= —0.579; p < 0.001), maximum temperature and vapour pressure
(r=0.779; p < 0.001), minimum temperature and atmospheric pressure
(r = —0.520; p < 0.001), minimum temperature and vapour pressure (+ = 0.760;

p < 0.001), atmospheric pressure and vapour pressure (» = —0.521; p < 0.001).

Table 2 shows the results of the GEE of ill participants. The number of ill
subjects was inversely proportional to individual factors (age and annual income)
and environmental factors (minimum temperature and hours of sunlight). In
addition, fewer people were found to be ill on holidays.

Table 3 shows the results of GEE of individual symptoms. The results revealed
that the number with fever, cough, diarrhoea, vomiting and rash decreased with age.
Others (unidentified complaints) decreased as annual income increased. Fever and
rash decreased as the minimum temperature increased. Additionally, fever and
vomiting decreased as hours of sunlight increased. On holidays, cough and others
decreased and rash increased.

Discussion

In the present study, the relationship between environmental factors and health
conditions, which changed on a daily basis, were analysed from health results in the
daily web questionnaire survey. Case control designs, generalized linear models
(GLIM), and GEE are useful for such repeated epidemiological analyses. The GEE
was established by modifying GLIM, and has been found to be useful for repeated
measurements and longitudinal data analysis. The GEE allows unbiased estimation
and bias correction for individual confounding factors that may be generated from
Internet survey results. They are commonly used in large epidemiological studies,
especially multi-site cohort studies as they can handle many types of unmeasured
dependence between outcomes (Nitta et al. 2010). Thus, we employed GEE for
analysis of the repeated measurements of health results in our web survey to analyse
the changes in environmental and health conditions.

Correlations between environmental changes and changes in daily symptoms
have been reported for particular diseases (Vocks et al. 2001; Srinivasan et al. 2007;
Pantavou et al. 2008). A decrease in temperature is associated with an increase in
ischemic cardiac events such as angina pectoris and a rise in blood pressure, while an

Table 2. Generalized estimating equations of ill subjects.

1 Healthy GEE

Mean SD  Mean SD B SE  p-value Exp(B)
Sex 0.099 0.2440 0.686 1.104
Age 36.15 6460 3790 9.000 —0.023 0.0111 0.035%* 0.977
Annual income 3.07  1.499 353 1.609 —0.197 0.0893 0.027** 0.821
Minimum temperature  5.078 2.8328 5359 2.9440 —0.029 0.0128 0.024%* 0.972
Hours of sunlight 2.873 3.1088 3.163 3.2276 —0.030 0.0111 0.007** 0.971
Median humidity 76.47 7411 76.08 7.353 0.002 0.0035 0.563 1.002
Weekday or holiday 0.122 0.0474 0.010** 1.130

Notes: **p < 0.05; *p < 0.1. The table shows the mean and standard deviation (SD) based on the
presence/absence of symptoms for comparison. GEE: generalized estimating equations; SE: standard
error.



