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Thus, the density risk by the spot contamination level DRSCL(k,t) is given by
the spot contamination level SCL(k,f) and the virtual density of a spot VD(k) as
follows:

DRSCL(k,t) = SCL(k,1)-VD(k), )
where VD(k) is defined as the reciprocal of the virtual space size V.SS(k):
| 1
VD(k) = . 6

The agent contamination protection filter ACPF(i) indicates the self-
contamination protection with personal protective equipment. The spot hazard
level after protection by the ith agent at the kth spot SHLAP(k,i,t) is defined as
follows:

SHLAP(k,i,t) = DRSCL(k,t) - ACPF(i,t). (7)

The agent attenuation filter AAF (i,t) is given by both the environment agent at-
tenuation filter EnAAF (i,t) and the sterilization agent attenuation filter StAAF (i,1)
as follows:

AAF (i,t) = EnAAF (i t) - StAAF(i,t). (8)
The agent contamination level ACL(i,7) is given by

ACL(i,t) = SHLAP(k,i,t) +ACL(i,t — 1) - AAF (i, — 1). 9)

Then the infectious possibility of an agent is given by both the agent’s contamina-
tion level ACL(i,?) and the agent’s physical condition PC(i), which is the individual
immune level using vaccination as follows:

P(l,t) =1— e—PC(l')'ACL(i,t). (10)

3.3 Simulated Social Structures

In this investigation, detailed modeling of social structure using geographic informa-
tion was inessential because the authors highlight the contamination and infection
process of contact between spots and agents. Thus, minimum spot-consolidated
elements of related infection are then considered.

The age distribution and approximate household sizes were based on the Japan
Census 2005. The population by household, age, and urban structure are assumed as
a city with a population of 10,000 in modeling the social structure and composition
of population in this chapter.

The population by age group is categorized by six groups as in Table 2. The
immune level (PC(i)) of both the middle and older generations is defined as being
higher than that of baby, child, student, and young generations. We can see in
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Table 2 The age distribution ) Immune
of the virtual city Generation Age Population  level PC
Baby 0-5 531 0 1
Schoolchild 612 655 0 1
Student 13-18 597 0 1
Young 19-34 2,104 0 1
Middle 35-59 3,425 0.7 0.3
Old 60 over 2,688 0.7 03
Table 3 Household sizes Household Number of household Population
1 Person 1,183 1,183
2 Persons O L,042 2,084
3 Persons 736 2,208
4 Persons 617 2,468
5 Persons 228 1,140
6 Persons 97 582
7 Persons 37 259
8 over Person 10 80
Table 4 Urban structure Classification Number
School Primary school 1
High school 1
Office Big office 1
Middle office 5
Small office 549
Transportation 1
Hospital 1

advance that the generation of later middle age (60% of the population) has had
immunity to smallpox.

The population by household size is divided into eight types as in Table 3. The
urban structure is categorized into seven parts, including residence, transportation,
office, school, and hospital, as in Table 4. The office is divided into three types by
size of enterprise, i.e., based on the number of workers.

3.4 Human Activity Model

An agent defined in the social structure model indicates some locations, such as
home, school, and office, using transportation as shown in Fig. 3. The agent is in
contact with other agents.
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Table 5 Human activity Human Time Activity

Schoolchild 8:00am Go to school
4:00pm "~ Go home

Student 8:00am Use transportation
9:00am Go to high school
3:00pm Use transportation
4:00pm Go home

Young and Middle 8:00am Use transportation
9:00am Go to office
6:00pm Use transportation
7:00pm Go home

In this section, the human activity model is described as the social activity of
the inhabitants. The infected agent contaminates a spot by excretion of a virus, as
formulated in the contamination and infection model. The uninfected agent becomes
infected by means of entry into the contaminated spot.

The agent’s daily behavior involves the movement of the agent between home
and school (or office), except for the baby or older generation, as shown in Table 5.
Children shuttle directly between home and school. Students use transportation
while they shuttle between home and school. Young or middle-aged workers also
use transportation while they shuttle between home and office.

3.5 Intervention

There are some interventions in the agents’ behavior that can be implemented to
prevent outbreaks of smallpox, such as quarantine (school closure, office closure,
traffic closure) and vaccination. 4

In this chapter, the authors identified two types of intervention. One is quarantine
(i.e., school closure) of elementary school and high schools; the other is two types
of vaccination: mass vaccination and ring vaccination [12, 13]. The beginning of
intervention is classified into four types of time lags (0, 10, 20, and 30 days).
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The vaccination strategy includes vaccine supply, vaccination rate, and target.
The amount of vaccine supply is classified into four types (10%, 20%, 50%, 100%)
of coverage for the population. The vaccination rate is assumed as 300 people
per day at a hospital. The vaccination target is categorized in combination with
the targeted generation and coverage for ring vaccination. The targeted generation
is categorized into two patterns: targeted mass vaccination, which is targeted to
all generations and those who are randomly vaccinated; and generation-targeted
mass vaccination, which is targeted to the susceptible generation (including babies,
schoolchildren, students, and young workers). Ring vaccination is categorized into
two patterns. One is limited coverage that is targeted to the patient, his or her family,
and his or her coworkers (or classmates at school). The other is expanding coverage
that targets the coworkers (or classmates) of the patient’s family and the family of
the patient’s coworkers in addition to the limited coverage.

4 Simulation Results

In this section, we analyze the infection phenomenon on variations of the simulation
in order to clarify the effects of intervention policies in the case of infection spread
up to two weeks after the occurrence of smallpox bioterror event.

4.1 Conditions

We assume the initial conditions of the simulation scenario, including 50 initially
infected people comprised of 10 persons each among schoolchild, high school
student, young office worker, middle-aged office worker, and older person. The
simulation begins at the time of patient outbreak. The unit of time is incremental
progressions of 30 min. The parameters included in the formulation are as shown
in the chapter entitled “Agent-based Simulation of Diversity and Organizational
Performance” and in Table 6.

4.2 Hlustrative Scenarios

We assume the initial conditions of the simulation scenario. There would be 50
initially infected people comprised of 10 persons each among schoolchild, high
school student, young office worker, middle-aged office worker, and older person.
Figure 4 shows the number of infected persons that would occur without school
closure. Figure 4a shows the scenario based upon a targeted mass vaccination; the
number of infected persons with a short delay (0, 10 days) and high vaccine supply
(50, 100%) is lower than with a long delay (20, 30 days) or low vaccine supply
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Table 6 Parameters Parameter Name Value
EnSAF Environmental spot - 0.8
Attenuation filter
StSAF Sterilization spot 1
Attenuation filter
VSS Virtual space size 400
EPF Excretion protection filter 0.3
EnAAF Environmental agent 0.8
Attenuation filter
StAAF Sterilization agent 1
Attenuation filter
Iso Admission rate 0.8
Ability Vaccination ability 300
(per day) '
ACPF Agent contamination 1
Protection filter
a b
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Fig. 4 The number of infected person without
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school closure. (a) All targeted mass vaccina-

tion (b) Generation-targeted mass vaccination (¢) Expanded ring vaccination (d) Limited ring

vaccination

(10, 20%). In particular, in the case of low vaccine supply, the number of infected
persons is nearly equal between no delay and a delay of 10 days. The results imply
that early and sufficient vaccination is obviously efficient. However, in the case of
a long delay in vaccination, countermeasures are too late even if the vaccine supply
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Fig. 5 The number of infected person with school closure. (a) All targeted mass vaccination (b)
Generation-targeted mass vaccination (¢) Expanded ring vaccination (d) Limited ring vaccination

is sufficient. Figure 4b,c shows the results of generation-targeted mass vaccination
and expanded ring vaccination. The number of infected persons in the case of a
short delay (0, 10 days) is significantly lower than with a long delay (20, 30 days).
In this case, the number of infected persons with a 50% vaccine supply is the same
as with 100%. Figure 4d shows the results of limited ring vaccination. There are
clear differences in the tendency of a decrease in the number of infected persons in
terms of vaccine supply between a 30-day delay and others. In the case of no delay,
there is a significant effect of vaccination if the vaccine supply is over 50% of the
population. ,

Comparing Fig. 4c with d in the case of no delay, the number of infected persons
from an expanded ring vaccination is larger than that from a limited ring vaccination.
This is because the coverage of vaccination was too wide and fell short of supply
for the younger generation that does not have immunity. Therefore, the unvaccinated
younger generation causes an infection increase in these cases.

Figure 5 shows the number of infected persons that would occur with school
closure. In these cases, the countermeasure is simultaneous quarantine and
vaccination. Figure 5a shows the general mass vaccination. While the number
of infected persons in the case of both 100% vaccine supply and no delay is the
lowest compared with the other scenarios, the number increases exponentially along
with the delay in initiating vaccination. Figure 5b shows the generation-targeted
mass vaccination. Compared to the cases of long delay, there are few infected
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persons in the situation of short delay at every vaccine supply level. In these cases,
the number of infected persons at a 50% vaccine supply is the same as at 100%.
Figure 5c shows the effect of the expanded ring vaccination. The results of these
- cases are similar to the previous cases, and the number of infected persons in cases
with a short delay and high vaccine supply is significantly less than those cases of
generation-targeted mass vaccination. Figure 5d shows the effect of limited ring
vaccination. The results of these cases in high vaccine supply are similar to the
cases of other ring vaccination. In these cases, the number of infected persons with
a 50% vaccine supply is the same as at 100%. In cases of a short delay, the number
of infected persons was reduced despite the low vaccine supply.

5 Discussion

5.1 The Effectiveness of School Closure

As one can see in comparing Figs. 4 and 5, the number of infected persons following
school closure is less than that without school closure. In particular, the shorter the
response delay, the fewer the number of infected subjects. If the response delay is
longer, however, the school closure will reduce the effectiveness. In delays of 20
and 30 days, the effect will be quite limited. ‘

School closure is intended to reduce waves of infection spread to generations
that have no immunity. Thus, even if the vaccination (supply amount or speed) was
limited, the school closure realizes good results by reducing the first and second
waves. Without school closure, the infection spread depends on the past acquired
immunity of middle-aged and older generations. If the acquired immunity of the
‘generation is insufficient, it would be required to implement vaccination for the
younger generation, which has no immunity. '

5.2 The Effectiveness of Vaccination

The effect of vaccination is determined by the amount of vaccine supply, the number
of vaccinations per day, and the delay in starting vaccination.

We focused on the delay in starting vaccination. Regardless of school closure,
comparing the effect of the delay of 10 and 20 days, it is clearly possible to attenuate
the rate of infection with a delay of 10 days. Even if the amount of vaccine supply
is inadequate, vaccination reduces infection with no more than 10 days’ delay. It is
also effective to combine earlier vaccination with school closure. :

We then considered the combination of vaccination with school closure. Com-
paring expanded ring vaccination with limited ring vaccination, the effectiveness
of expanded ring vaccination provides a small change in response with a vaccine



144 M. Ishinishi et al.

supplies of 10% or 20% because the vaccine supply is insufficient for susceptible
individuals. In particular, the most effective policy for preventing infection is with
limited ring vaccination with a 20% vaccine supply.

In addition to the effect of school closure, we considered that the time limit of
vaccination is less than 20 days.

6 Conclusion

We developed a simulation of smallpox epidemics using an agent-based model.
We also proposed an artificial social model that considered the agent’s social
behavior in urban and demographic structure using the SOARS-developed disease
state transition. This chapter described an investigation about the timing, location,
generation, and behavior of an outbreak of smallpox terrorism and the effectiveness
of countermeasures, such as school closure, using social simulation.

The simulation results show (1) it is necessary to control the waves of infection
spread to prevent diffusion of the virus; (2) in order to suppress the spread, a
combination of school closure with vaccination is significant; (3) early school
closure suppresses the speed of waves of infection spread despite the limited amount
of vaccine supply; (4) vaccination is a method to acquire immunity for younger
(non-immune) generations; thus, a difference in vaccination strategy influences the
trend of outbreak among patients; (5) if the school closure and vaccination are
delayed more than 20 days, the effect of suppression of infection spread falls; (6) in
terms of vaccination strategies, target and speed are considered to be a tradeoff; thus,
it is necessary to consider the quantitative evaluation of the relationship between the
‘population of the non-immune generation and vaccination speed per day.
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Abstract

The Act on Special Measures Concerning Nuclear Emergency Preparedness was established in 2000
as a specific act within the broader Disaster Control Measures and Reactor Regulation Act which was
written in response to the JCO Criticality Accident of 1999. However, this regulatory system did not
address all aspects of the Fukushima Daiichi Nuclear Power Plant Accident. This was especially evident
with public health issues. For example, radioactive screening, prophylactic use of potassium iodide,
support for vulnerable people, and management of contaminated dead bodies were all requested
immediately after the occurrence of the nuclear power plant accident but were not included in these
regulatory acts. Recently, the regulatory system for nuclear accidents has been revised in response to
this reactor accident. Herein we review the revised plan for nuclear reactor accidents in the context of
public health.
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