| TN &

Fifpes,

EFANNS
BfE L

RO
‘*mnfﬂ‘; it

‘Hr SRR
EDHEARIZE D
145 200845 7

BEODE
W L‘?dﬂjz‘

DY ﬁ‘*ﬁi’irxigl'”:
LT AEATE
N /G)ES:fw"l'”“'-’&/‘«')'

DD m

© 4R BRE ¢

SEIRL DR T

37,000 :

5} © hovine spongiforn encephalopathy

HAELA

e I T YT b b W T UENCID) | variant Creutzfeldt- Jekob dis

ITIAS RS
LT, 20094

o

'\’éj{bJ

o R

?%ﬁ?y‘éfi
LA

= HERR - BRI

A e T S P

® "[/Jl»t 4/)
o J s f

(- 304)

AT ey
RO

FEAL 2 E BRI T

R (e

|
l
|
!
§ Py "om.%nu Y
1

FAREvs)

AR TR
-f/*”éi'*' EEaNeR ;44:|?5-a“«5:

L ¥

HA&) R BATVL .
i {;;}A)n?l NG

BNTSUTOR - BRI - JASIED
ERRNRERCESONTRSEON

rtzpiee

7%

”’l/)b'%~%t{f&ﬁ®ﬁm®*€'r
(TERSAEED

BRER BN T RE
(FnEsE sl g D D(D)

« XU

/

° '{@J f )Jb 4
o 4

o <Dk

®

| ol

! e Jyn =y

ZIE 2%

Ih 3.0% -
T 4.0% -

gy
4.8%

13

SR RETLAE - OB ‘i{éi‘ﬁh"@(im#'&aﬂ?ﬂ




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

International Journal of Environmental Health Research, 2014 Taylor & Francis
hitp://dx.doi.org/10.1080/09603123.2014.903904 &

Taykor & Francis Group

Association between first airborne cedar pollen level peak and
pollinosis symptom onset: a web-based survey

Harumi Bando.", Hiroaki Sugiura™, Yasushi Ohkusa“, Manabu Akahane”,
Tomomi Sano”, Noriko Jojima®, Nobuhiko Okabe" and Tomoaki Imamura’

“Faculty of Nursing, Nara Medical University, Kashihara, Japan; *Department of Public Health,
Health Management and Policy, Nara Medical University, Kashihara, Japaﬂ “National Institute
Infectious Diseases, Infectious Disease Surveillance Center, Toyama, Japan; “Kansai Airport
Quarantine Station, Tajiri-Cho, Japan

(Received 25 October 2013; final version received 8 February 2014)

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. 0#7). One meta-analysis revealed that pollino-
sis has a morbidity of 24.5% in the general population in Japanese urban cities
(Kaneko et al. 20%35). 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. 000,
Okubo et al. 200%).

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 1. 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 !99%). 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. {99R). 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 airbome, 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. 20104; Awaya & Murayama 2it12). Therefore, the daily amount of airborne cedar
pollen fluctuates during the allergy season and is influenced by weather conditions
(Takasaki et al. 2000).

Epidemiological surveys of pollinosis are usually conducted using patient question-
naire surveys that show trends, but these surveys cannot clarify prevalence (Okuda
2603), Clinical diagnostic techniques, including IgE assays, can provide definitive diag-
noses to support information gleaned from patient symptom surveys (Sakashita et al.
2018). 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 oceurs, symptoms persist for
the duration of the season (Sasaki et al. 26/1%). 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, (i1 1), The first epidemiologi-
cal survey using the Internet was published in 1996, and others have followed (Bell &
Kahn {994). A benefit of this method is that both individuals who seek medical care
and those who do not can be included (Tilston et al. 2/11%). Internet surveys of the pop-
ulation with and without allergic rhinitis have been conducted using citizens registered
with Internet survey companies (Long 20117; Sharp & Seeto »1111%). 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. 201, 011,
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. 26G13). In the present study, we conducted a survey on pollinosis using the
WDQH. The survey was conducted during the spring, prior to the onset of cedar polli-
nosis symptoms.

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

Methods

Survey method

The daily survey was conducted between 1 February 2009 and 30 March 2009, and
involved 1453 residents of Tokyo, Japan; the study was approved by the Research
Ethical Committee of Nara Medical University (No. 220). The study population
comprised individuals and their families who ordered food using the Internet and who
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were members of the Japanese Consumers’ Co-operative Union (CO-OP). The survey
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 =289 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. 21} 1).

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 ¥* test of pollinosis symptoms was determined before
and after the date on which the maximum level of airbomne 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

BRI HYE L N

April 2014

Downloaded by {Hiroaki Sugiura] at 01:08 15

4 H. Bando et al.

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 aitborne 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 |. 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 x* 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. 201 3).

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 airbome 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 scason.

Odds 95% CIL

Number Ratio Lower limit Upper limit

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

> 60 years 73 1.99 1.08 3.66
>40 to <60 years 474 2.48 1.54 3.99
220 to <40 years 399 2.67 1.65 433
215 to <20 years 105 2.1 1.24 3.58
210 to <15 years 138 23 1.36 39
25 to <10 years 128 1.88 1.08 3.27
Reference: <5 years 136

Women vs. men 1.26 .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 (1319 February), when the
level of airborne cedar pollen reached its maximum value, 35.2% of the subjects
reported the initial onset of pollinosis symptoms. This finding indicates that the initial
large amount of airborne cedar pollen caused seasonal pollinosis in many citizens. By
19 February (3 days after the maximum level of airborne cedar polien), 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, 1015, and 15-20 year age groups) revealed
that pollen symptoms were also present in individuals aged 5-10years. This supports
previous data published after an investigation of allergies among primary school-aged
children in Tokyo (Futamura et al. 261 1),

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 24 Ekman et al.
20046). Another advantage is the inclusion of subjects with mild and early symptoms
who do not normally seek care at medical facilities (Bell & Kahn {%96). 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. 26:00),

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 airbome 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. (i 1).
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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 usc 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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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 http://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 (Intemational 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 Force 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 to 1985 and were manufactured by major confectionary
companies (Ezaki 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 curry-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 Consurmer
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 foodborne
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 Foon
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 Tune
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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. Forexample, 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 long-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 911 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, Sio
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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 volnerability 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—vpublic (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 31

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

Management o 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)

s e v e

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.

@

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

Human element (public) o NMethods allowing visitors access not decided.

Goods introduced by persons in charge of facility maintenance and areas where

they can be taken not decided.

&

Facility

Operations

6 o

®

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 n 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.

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 (ool 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
Mauking 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, etc.
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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, 2005, 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 et al., 2010; Costa Dias et al., 2012;
Sueli Cusato et al., 2013; Domenech et 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 ez 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
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and following expert judgment, we triaged the measures
listed in the checklist for food facilities and established a
suideline 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 medium- 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.
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Tentative food defense guidelines for food producers and processors in Japan

Yoshiyuki KaNAGAwA®, Manabu AKAHANEY, Tomoaki IMAMURA®®, Atsushi HASEGAWA®,
Kentaro YAMAGUCHE*, Kazuo ONITAKE®*, Satoshi TakAYA™ and Shigeki YAMAMOTOS™7*

Key words : food contamination, food defense, food defense checklist for food producers and processors,
food defense guidelines, CARVER + Shock, HACCP

Objectives With increasing global interest in intentional food contamination, expert meetings have been
held by the G8, while the U.S. government has proposed policies for preventing food terrorism and
intentional contamination. However, Japan has no food defense policy, and some food companies
are concerned about an impending terrorism and contamination crisis.

Methods We developed a Food Defense Checklist for Food Producers and Processors and published the de-
tails on the website. We also developed tentative Food Defense Guidelines for Food Producers and
Processors on the basis of the checklist. In this study, we tested the usability of the guidelines
through a hearing survey regarding food plants. We also compared the checklist with the implemen-
tation manual for the approval system of Comprehensive Sanitation Management and Production
Process (the Japanese equivalent of the HAGCP).

Results We organized the comments gleaned from the hearing survey and provided a detailed explanation
of the guidelines. As the HACCP has been adopted by Japanese food companies, we included both
precautionary measures and the HACCP perspective in the explanation regarding the rapid dis-
semination of information.

Conclusion The guidelines are uscful for Japanese food companies, and it is important to disseminate

knowledge on this topic and implement food defense measures.
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