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Abstract

This study was aimed at assessing the potential effectiveness of
shutting down transportation systems against pandemic influenza and
comparing this with the effectiveness of other measures, such as fa-
cility closure and area quarantine. An individual based model popu-
lated with 900,000 individuals was employed for this analysis. Shut-
ting down the train system starting at a specified cumulative number
of cases appeared to he 2.16% effective, but closing all facilities at the
same threshold reduced the number of clinically apparent infections
more efficiently. Moreover, if these measures are combined at an early
stage of the epidemic, it was shown that the shutdown of transporta-
tion systems did not have particular influence on the number of cases.
However, it was also demonstrated that the shutdown can increase
the probability of successful containment by 20% if the transmission
probability within trains is high compared to no transmission within
trains.



Introduction

Given the potentially devastating features of pandemic influenza [1], it is of
outstanding importance to construcf detailed control plans. Several industrialized
countries have developed their own original plans of action, partly using mathematical
and/or simulation methods [2-9]. For example, the original plans in the United States
were published on November 3, 2005. These plans consider area quarantine as one of
the possible control measures [10]. The World Health Organization (WHO) has also
emphasized the potential effectiveness of area quarantine as one of their choices [11].
Among various studies on this issue to date [2-9], area quarantine was included in two
seminal papers [2, 4]. These studies modeled potential pandemics in a community
consisting of 500,000 and 85,000,000 individuals, respectively, the models of which
realistically permitted them to go to schools, workplaces and so on. It is possible for
these models to depict detailed features of the spread of disease since they are
constructed on an explicitly .structured realistic field that is often referred to as an
individual based model (ibm) [12]. Consequently, it has been suggested that area
quarantine within 5 km could contain pandemic influenza in rural areas at a very early
stage. In a more recent study, a similar model was proposed to simulate the detailed
contact patterns of the epidemic both at long and short distances, exploring the potential
roles of facility closure, area quarantine and travel ban,

This study further facilitates our understanding of the effectiveness of
preventive measures ‘that are directed at reducing the (spatial) spread of disease.
Specifically, we attempt to assess and compare the effectiveness of freezing human

movement (e.g., shutting down trains, area quarantine and facility closure). This is



motivated by several characteristic features of the spread of influenza in urban settings
(e.g., the spread of Asian flu through urban train networks [13]). Since both the
pandemic plans for the US and the Tokyo Metropolitan Government state that
instituting partial shutdowns of public transportation is likely, we feel that it is crucial to
clarify the impact this will have on an epidemic. Thus, our study is aimed at examining
two unclear points: (1) “Is it possible to contain the pandemic at an early stage in an
urban area?” and (2) “what would be the most optimal conditions for area closure to
contain outbreaks in urban areas?” For this purpose, the household structures (i.e.,
family members), spatial distribution of households and detailed transportation system

used in our simulation model explicitly reflect those of Japan [14].

Method

We construct a model city using the ibm. It consists of 20 by 20 districts. One
district includes 900 households. Since there are 400 districts in this city, it has 360,000

households. The width of each district is assumed to be 1km.

Each household consists of 1-6 agents. Each agent is classified into five types:
two types of adults (Al, A2), two types of children (C1, C2), and the elderly (E). Al
commutes to work, A2 goes to a shopping mall, C1 goes to a school, C2 goes to a
kindergarten, and E goes to a daycare facility.

This distribution of family structure is based on the actual family structure

reported in the 2000 Population Census in Japan [14]. There are. five types of

households, i.e. "couple only", "couple and children", "couple, children, and



grandparents", "couple, children, and a grandparent”, and "single".
On average, one household has about 2.49 agents. Since there are 360,000

households in the city, the population of the city is about 896,400.

A workplace is located in every district and Al commutes to it. Al is assigned
to a workplace following a distribution of distances traveled to work. This is based on
the distribution of commute time from the 2000 Population Census in Japan [14]. For
the distribution of the distance traveled we assume that Al can advance 5km in 30
minutes.

A part of Al's commute is by a crowded train. Al rides in the train from the
closest station to the home toward the workplace. The agent comes in contact with all
other agents on the train. The railroad system is composed of 20 blocks, and is the
length of 20 districts and width of 1 district. We set 20 stations, one in the center of each
block. The closest station to a home or a workplace is set as the one in the same block as
that home or workplace. We assume a straight railroad which connects all 20 stations.
Trains run on this railway once per day. Passengers who are going in the same direction
are assumed to ride on the same train. A1 commutes by the train if the distance from the
home to the workplace is longer than the sum of the distance "from the home to the
closest station" and "from the workplace to the closest station". A1 commutes on foot

otherwise.

A shopping mall, a school, a kindergarten, and a daycare facility exist in every

district and it is assumed that agents go to the nearest facility.



Basically, we apply similar intrinsic dynamics to those which were assumed in
previous studies [3, 15]. We set transmission probabilities in this model based on the
contact rate in a previous study [15]. We suppose that withdrawal means absence from
work, school, etc. to visit a doctor. Thus withdrawal indicates clinical cases. Initially all
agents are assumed to be susceptible and no vaccines are available.

We assume that agents contact each other in the following social groups: home,
neighborhood, community, workplace, train, shopping mall, school, kindergarten, and
dayéare facility.

In a social group, an agent contacts all other agents in a unit time. The
transmission probability in this study is defined as the probability that one susceptible
agent becomes infected when it comes in contact with one infectious agent.

Since the transmission probability in the train is not very well known, we
examined the sensitivity of epidemic trajectories with three probabﬂities, i.e. no
transmission, moderate transmission, and high transmission. These cases seem to
represent approximately non-crowded, moderately crowded, and highly crowdéd trains,

respectively.

We suppose three counter measures for pandemic influenza, i.e. facility closure,
shutdown of trains, and area quarantine. These three interventions were simulated as
follows:

(1) The first measure is facility closure. It means that when the absentee rate of
a facility exceeds a set criterion, we close the workplace, school, kindergarten, or
daycare facility for three days. If the absentee rate is less than the set criterion for three

days, the facility reopens. Facility closure means that there is no contact in the closed



facilities, and A1 who commutes to a closed workplace will have no contact in the train
as well. We examined three criteria, i.e. no closure, closing at 5%, and closing at 1%.

(2) The second measure is the shutdown of trains when the clinical rate of the
city exceeds a set criterion. If the clinical rate is less than the set criterion for three days,
the shutdown is terminated. This policy means no contact on trains, and Al who
commutes by train cannot go to the workplace.

(3) The third measure is area quarantine. Since we did not model the entire
nation, but only one city, our model could not exactly realize area quarantine as in a
previous study [2]. Instead of that, we measure the maximum radius where the infected
ageﬁts are located when the number of infected clinical cases reaches 20. This is the
same timing of area quarantine in the previous research. This radius represents the
necessary distance for area quarantine in order to contain an outbreak.

As an initial case, we released one Al on the first day of the incubation period
into the center of the city. As state transitions are decided stochastically, we examined
the behavior for 360 days, repeated the simulation 50 times, and took an average of the

outbreak cases from these 50 simulations.

Results

During 50 simulation runs, there were 38 runs in which the disease declined to
extinction and there was no transmission on the train. Thus, in the following, the extinct
runs were excluded.

Figure 1 shows the epidemic curve without facility closure and transmission on

the train. The number of new clinical cases reaches the maximum number on the 117th



day and about 16% of the population is clinically diagnosed (refer to Figure 2).

Figure 2 shows the impact of facility closure and shutdown of trains. When
facility closure is not assumed, moderate transmission in the train hastens the peak by
30 days and high transmission hastens it by 79 days. Closing facilities at i% criterion
delays the peak of the epidemic by 42 days when transmission in the train is not
assumed. However, no counter measure delays the peak in the case of high
transmission.

When transmission in the train is assumed to be moderate, closing facilities at
1% criterion reduces the cumulative attack rate by about 4.8% and shutting down trains
reduces it by about 0.4%. The combination of closing facilities at 1% criterion and
shutting down trains at 1% criterion has about the same effectiveness as facility closure
alone.

Figure 3 shows the diffusion of infections. Moderate transmission in the train
decreases the probability of successfully containing the epidemic within 10km by about
80% and with high transmission containment fails within 10km.

The effectiveness of facility closure and the shutdown of trains is shown in
Table 2. Facility closure at 1% criterion appears to be about 25% effective regardless of
transmission in the train. Shutdown of trains at 1% criterion appears to be about 2%

effective, which is less effective than facility closure.

Discussion

This paper evaluated the risks for a megacity where we assumed transmission

in the train. If the transmission probability in the train was high, the shutdown of the



transportation system was 2.16% effective in reducing the clinical attack rate. However,
if facilities were closed with a 1% criterion, most effects caused by the shutdown of
trains seemed to disappear. It is important to note that facility closure is more effective
here than the shutdown of trains. So far, in previous research the possibility of
transmission on a commuter train or bus has been ignored. This may be appropriate in
the US or UK where cars are the main mode of transportation, but it seems
inappropriate for megacities in Asia such as Tokyo, Seoul, or Shanghai.

Transmission probabilities and natural history were mainly based on previous
studies [3, 15). The previous study by Germann et al. [6] suggests that the illness attack
rate is 43.5% with no intervention and 29.3% with school closure for Rg=1.9. Therefore,
the effectiveness of school closure is (43.5-29.3)/43.5%100=32.6%. This effectiveness is
roughly the same as the effectiveness in our study even though we could not make a
simple comparison because of the difference in closure criterion. The initial seeding is
one individual in our study. However, the number of initial seeding seems to affect only
the frequency of outbreaks. The necessary distance for containment at a'p'robability of
90% in our model] city is 11km without transmission in the train and 13km-14km with
transmission in the train. However, the previous study by Ferguson et al. [2] indicates
that a 5km ring policy can contain a pandemic in Thailand.

Our findings suggest that school or workplace closure at a very early stage can
mitigate the transmission, but late closure may not affect transmission at all. At the very
least, schools and workplaces should be closed at 1% criterion. On the other hand, the
effectiveness of the shutdown of trains may be limited. The simultaneous use of both
mitigation policies, especially when started at a very early stage, is strongly suggested

for preparation planning for pandemic flu. Conversely, area quarantine seems to be



impossible to perform in Japan.

The mos.t important limitation in this research is reality. Even though this paper
models a hypothetical city based on the actual distribution of family structure,
commuting time and so on, it is not real. Individual based models, including this paper
and the previous research thus far use only distribution, and have no base in actual data
of movement and location at the individual level. Therefore, these models cannot
evaluate the risks for specific areas or policies; they can oniy suggest the general
propensity of diffusion or efficacy of a policy. On the other hand, we know of research
which uses actual data of movement and location at the individual level [16], so the next

step is to move towards a hybrid of the ibm and this actual data.
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