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ABSTRACT
This study reproduces the infection process of 2019 novel coronavirus diseases (COVID-19) in
an agent-based model and compares the effects of multiple infection prevention and control
measures for a tourism location. In this model, 3200 virtual resident agents live in nine areas
where they commute to employment locations or schools and visit stores. This model simulates
a spreading infectionprocess, broughtby a continuous influxof tourists. Theexperiments’ results
showed that an individual infection prevention measure alone or partially combined measures
are insufficient. On the other hand, we confirmed that regular PCR testing for tourism business
employees and an active epidemiological investigation are effective.
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1. Introduction

On July 22, 2020, as Japan had its second wave of
COVID-19 infections, the ‘Go To Travel’ campaign
was launched with the aim of economic stimulation in
tourism areas by promoting consumption [1]. On the
other hand, the government decided to limit travel to
the Tokyo area and travel by Tokyo area residents since
the number of positive COVID-19 test results increased
steadily since the previous month. In some tourist des-
tinations such asOkinawa, the spread of infectionwors-
ened due to increased new positive results in major
cities, unknown contact history, and the percentage of
positive tests. On October 1, given the governmental
update that the situation was under control, the exclu-
sionary measures about the Tokyo area were abolished
[2], and the tourism promotion measures established
by the directive to ‘make Japan better through travel’
were executed in full, even amid unease and mistrust.
To spread and embed the ideals of travel based on the
new normal while living with COVID-19, the Go To
Travel project guidelines include compliance require-
ments for safe and secure travel such as temperature
checks every morning, the use of contact tracing apps,
avoiding the three Cs, staying confined when feverish,
and taking definite infection pre-prevention measures
when travelling in groups. However, while the effec-
tiveness of these countermeasures has not been demon-
strated, as a requirement for participation, travellers
were asked to agree to comply with the new travel eti-
quette. Also, businesses were required to implement
COVID-19 infection prevention countermeasures.

Elsewhere, preliminary calculations were announ
ced stating that the GDP had decreased by 27.8%
in the April–June period because of COVID-19 and
that economic losses were expected to reach 13.3 tril-
lion yen [3]. The impact on the tourism industry, in
particular, is far-reaching, including not only travel
agencies and accommodation businesses but also land,
sea, and air transport, the restaurant industry, and
consumer goods businesses. They are crucial to the
economies of many regions. For example, a prelimi-
nary calculation of economic losses in Okinawa due
to the reduction in tourists was 186.7 billion yen for
the February–May period [4] and total domestic travel
and tourism expenditure in 2019, including inbound
tourism, was 27.9 trillion yen [5]. There were serious
concerns that the ‘evaporation’ of the tourism demand
supporting regional economieswould cause critical dis-
ruption. Therefore, this study designs a model of the
spread of COVID-19 infection in tourism locations
and compares the effects of hypothetical prevention
and control measures to find feasible, effective, astute
infection prevention and control measures consider-
ing the effects both on those directly involved in the
target regions and on others. Infection prevention and
control measures are be categorized into two types
of approaches: a top-down approach and a bottom-
up approach. The top-down approach refers to strong
government restrictions, such as declaring a state of
emergency and closing shops and restaurants. On the
other hand, the bottom-up approach refers to volun-
tary personal behaviour, such as avoiding the three Cs
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(closed spaces, crowded places, and close-contact set-
tings), face masking, and self-restraint of movement.
The purpose of this study is to examine a combina-
tion of infection prevention and control measures that
enable the sustainable economic activities of the entire
region.

1.1. COVID-19 simulations

Even with the negative impacts of COVID-19 infec-
tions around the world, we have acquired greater exper-
tise. Accordingly, several researchers are working on
modeling social systems that include non-linear inter-
action to create simulations for policy-making support
toward the prediction of infection expansion in the
future, which is almost impossible by intuition alone,
to resolve the situation. The SIR (Susceptible, Infec-
tious, Recovered) model, a mathematical epidemiol-
ogy model based on classic ordinary differential equa-
tions, has also been applied to COVID-19 epidemio-
logical dynamics. In addition to estimating the short-
term infection peak period in Italy, the number of
those infected, and the final number of fatalities, based
on the analysis of the initial infection expansion in
China, Italy, and France, Fanelli et al. demonstrated that
drastic behavioural regulation could control the peak
[6]. Dehning et al., by combining the SIR model with
Bayesian inference, evaluated the efficacy of three inter-
vention measures aimed at ensuring social distancing
by the German government and demonstrated that the
manifestation of the efficacy of intervention operates
on a 2-week delay. They said drastic behavioural con-
trol measures must be taken to control the expansion
of infection, and that the cancellation of these inter-
ventions must be implemented carefully because of the
delayed manifestation of their effects [7]. Further, an
approach based on the SEIR model is being used with
attention to the infection of others before the onset of
symptoms orwhen asymptomatic, which is characteris-
tic of COVID-19, leading to ‘Exposed’ infected people.
Kissler et al., based on an analysis of seasonal effects
due to immune cross-response and immunological
responsewith other types of coronavirus, demonstrated
that intermittent social distancing-ensuring measures
will be required over several years to maintain the
health system in the United States and estimate that
repeated outbreaks will occur, mainly in fall and winter
[8]. Hellewell et al., based on a probabilistic transmis-
sion model with the parameters set for COVID-19,
demonstrated that it can be resolved within 3 months
if sufficient tracking and isolation of those in contact
with infected people are implemented [9]. Based on
population data by age in Ontario, Canada, of non-
medical intervention scenarios, Tuite et al. estimated
a shortage of ICU beds if basic physical distancing is
not ensured or if there is no combination of middling
physical distancing and reinforced case finding and

demonstrated that ensuring physical distancing may
maintain the capacity of healthcare systems and reduce
economic losses and the psychological burden on
citizens [10].

1.2. COVID-19 agent-based simulations

Agent-basedmodels excel at themanifestation of effects
through micro-level behavioural changes among indi-
vidual citizens as specific interventionmeasures against
infection, as well as at operability based on interven-
tion scenario findings. Therefore, they are used with
existing infectious diseases, such as smallpox [11–13],
measles [14,15], Zika fever [16], Ebola haemorrhagic
fever [16,17], and rubella [18]. As for the proposed
COVID-19 simulations, most are based onmacro-scale
mathematicalmodels including the studies discussed in
the previous section, but there are also some interest-
ing agent-based models. Ferguson et al. reported that
non-medical intervention such as wider social distanc-
ing, home isolation, and home quarantine throughout
the UK and the United States may mitigate the spread
of the infection to some degree, but as long as there
is no prevention system such as a vaccine or antiviral
drug, pressure onmedical resources is unavoidable, and
large numbers of fatalities are likely [19]. Based on this
report, the UK government shifted immediately from
its initialmass immunization strategy to strict interven-
tion measures to ensure social distancing. Silva et al.
simulated not only the epidemiological dynamics but
also an estimation of the economic effect of various
intervention scenarios with regard to ensuring social
distancing and demonstrated that where a lockdown is
unfeasible because of the scale of economic impact, a
combination of the use of face masks and partial iso-
lation is more realistic [20]. Aleta et al. constructed
an agent-based model based on census research and
movement data in the greater Boston area and demon-
strated that by means of testing, contact tracing, and
home quarantine after a period of strict social distanc-
ing, it was possible to resume economic activity while
protecting the health system [21].

1.3. Summary of related studies and positioning
of this study

These studies demonstrate that an agent-based model
effectively estimates pandemics but does not sufficiently
verify the effects of non-medical interventions. This
study focuses on the heterogeneity of residents’ daily
lives and their close relations to these interventions
when a vaccine or antiviral drug is unavailable. Further,
there are no spatial or temporal estimates of regional
characteristics with regard to countermeasures and
their effects on parts of tourism locations, for instance,
that receive intermittent influxes of people from other
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Figure 1. Population distribution of the town.

regions. Therefore, this study explores feasible, effec-
tive non-medical infection prevention and controlmea-
sures using a COVID-19 agent-based model with the
assumption of specific tourism locations.

2. COVID-19 infectionmodel for tourism
locations

This model is constructed for a tourism location in
Nagano Prefecture as an expansion of existing infec-
tious disease studies in which validity evaluations
have been conducted for the transition of infection
[17,18,22]. The model uses restored population data
created with the household composition restoration
method [23], a method of restoring population data
so that it conforms to various published statistics
(e.g. national census, demographics, business/industry
statistics, etc.), which is optimized using SA with the
errors in the recreated data (restored data) collation
after calculation as the objective function. This restored
population data includes the longitude and latitude of
the location of the household and its members’ gender,

age, employment status, type of industry, the scale of
business, etc. Using these data, Figure 1 shows the pop-
ulation distribution of the target town. With attention
to place names, terrain, road connections, school dis-
trict divisions, etc., the town is divided into nine zones,
as shown in the figure. The central area is traversed by a
local railroad, with residential areas distributed next to
the line along with scattered holiday home areas. The
town has three local railway stations, with the areas
from the left facing these stations – the West Station,
Central Station, and East Station. Public facilities such
as government buildings, schools, and hospitals are
concentrated around the Central and East Station areas.
The East Station area, where the local railroadmeets the
main line railroad, has several promenades, shopping
districts, lodging facilities, shopping malls, etc., which
draw in many tourists.

The total population based on the restored popula-
tion data is approximately 17,000 people, but for ease
of calculation, it was rounded down to approximately
1/5 in the model. However, the ratios of household
composition, number of households, population per
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Table 1. Population composition.

Actual town Model

Population 16,911 3200
Number of households 7561 1459
Average household size 2.2 2.2
0–29 years old (young) 23.1% 23.4%
29–64 years old (adults) 47.0% 48.2%
65- years old (elderly) 29.9% 28.3%
Average age 48.3 –

Table 2. Model household composition.

Househould composition Households Population

Single (adult) 250 250
Single (elderly) 200 200
Couple (adults) 125 250
Couple (elderly) 300 600
Couple + one child 200 600
Couple + two children 175 700
One parent + one child 125 250
Couple + parents 5 20
Couple + one parent 30 90
Couple + one child + parents 8 40
Couple + two children + parents 10 60
Couple + one child + one parent 15 60
Couple + two children + one parent 16 80
Total 1,459 3,200

Table 3. Employment locations of workers.

Employment locations Ratio

Hospitality industry 25%
Local shop 6
Tourist spot 3
Shopping mall
Hotel 3
Nightspot
Education 2%
Childcare facility 4
Elementary school 3
Junior high school
Senior high school 2 (1 in the town and 1 outside
Hospital 3%
Other employment locations (in the town) 35%
Other employment locations (outside town) 35%

zone, etc. were set according to the actual population
composition Table 1

Table 2 shows the model household composition.

2.1. Behaviour of resident agents

Resident agents in the model who commuted to work
or school were set based on restored population data,
municipal public information regarding public facili-
ties, tourism guides, etc. 69% of young people – that
is, 19% of the total population (520 agents) – attended
childcare facilities or school. There were four childcare
facilities, three elementary schools, junior high school
in the town, as well as two senior high schools either
in the town or outside the town. 70% of the remain-
ing young people, 80% of adults, and 30% of the elderly
– that is, 52% of the total population – were work-
ers. This corresponds to a 51.9% total employment
ratio in the restored population data. Table 3 shows the
employment locations of workers.

The area is a popular tourist location. The ratio of
employees at wholesale or retail businesses, accommo-
dation or food service businesses, daily life-related ser-
vices, and entertainment businesses was 46%, almost
half of the total. Reflecting this, the ratio of workers in
actual customer-facing roles was set at 25%, just over
half. These employees in the hospitality industry are
considered to have contact with tourists, the main topic
of this study.

In the hospitality industry, local shops and tourist
spots are established near West, Central, and East sta-
tions in the model area, with their employees set as
residents of nearby areas. A shopping mall, accommo-
dation facilities, and nightspots were established near
East Station, with their employees set as living across
town. Figure 2 shows the household and facility distri-
bution in the model space.

Some of the resident agents other than workers at
local shops go shopping at local stores adjacent to their
residential zones after work or school. After shopping,
all resident agents other than hospital inpatients go
home. Figure 3 shows the flowchart of this series of
behaviour for resident agents in the model. The sim-
ulation model defines the completion of this series of
behaviour for all resident agents as one day. Resident
agents repeat this series of behaviour throughout the
run of the simulation.

2.2. Process of infection and symptom

In each round of simulations, infection is modeled
on local interaction among resident agents. Resident
agents are activated sequentially in random order, and
they move explicitly spatially on the model according
to the flowchart of Figure 3. In the rounds surrounded
by the double line in Figure 3, in the case of con-
tact with other infections resident agents on the model
plane, the contact ratio cr is generated probabilistically
because of interaction, with infection occurring in line
with the transmission ratio tr. The infection ratio ir, the
probability of the occurrence of infection, is defined as
follows.

ir = cr ∗ tr (1)

This infection ratio ir is applied to every contact
between active agents in their daily life shown in
Figure 3: several times in one day. Based on reports of
detailed analyses of the infection prevalence ofCOVID-
19 [24,25], the following process of the progress of
symptoms is defined. The incubation period is 5 days
following infection, but the person can infect others
by the third day even during this period. On the sixth
day, when the incubation period has ended, symp-
toms such as fever, coughing, and diarrhoea occur in
most infected people. After the fever, the basic scenario
includes a 50% probability of home isolation after visit-
ing a doctor. This probability of visiting a doctor is set
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Figure 2. Household and facility distribution.

Figure 3. Flowchart of the daily life of resident agents.

to 50% because the number of symptomatic infected
people is drastically lower than the actual number of
infected people including asymptomatic carriers. The
remaining 50% of infected people are either essentially
asymptomatic or have minor symptoms, so they con-
tinue to go towork or school while self-medicatingwith
febrifuges, etc. After the symptoms have continued for 4
days or more, infected people see a doctor and undergo
a PCR test. The results are confirmed the following
day, leading to hospitalization if the results are posi-
tive. Further, 20 days after infection, 20% of infected

people become seriously ill and are hospitalized even
without having seen a doctor in advance. Also, by 41
days after infection of those hospitalized with serious
symptoms, fatalities comprise 0.06% of young people,
0.21% of adults, and 1.79% of the elderly. These fatali-
ties rate is just applied to infected patients. The mildly
ill recover by 27 days after infection and the surviving
seriously ill by 49 days after infection, achieving tempo-
rary immunity. The simulation stops after all infected
agents have recovered or 365 days (one year) have
passed.
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2.3. Validation of simulationmodels

In an Ebola haemorrhagic fever model [17], a rubella
model [18], and a COVID-19 model [22] in existing
infectious disease studies, validity evaluations of them
have been conducted for the transition of infection. The
basic suburban model for validation is an expansion of
these models by reflecting new findings related to the
infection process of COVID-19 as parameters.

This model is a relatively abstract middle-range
model excluding regional characteristics and consists
of households, workplaces, schools, public transport
facilities, shops, and hospitals. 1120 resident agents
from 400 households repeat commuting and shopping,
reflecting the actual data such as enrolment rate and
employment rate by age group. The daily behaviour of
these resident agents follows the settings same as the
tourism location model described in Subsection 2.1.
At the start of the simulation, only one resident agent
is infected. In each round of the simulation, infection
occurs probabilistically when resident agents contact
with each other on the model plane. The infection
and symptom process follows the settings same as the
tourism location model described in Subsection 2.2.
That is, the basic suburban model is essentially equiv-
alent to the tourism location model. Therefore, the
validity of the model is confirmed employing a com-
parison between the actual transition in the number of
newly confirmed positive cases during the early period
of infection expansion and the simulation outcomes of
the basic suburban model.

The specifications of this simulation were to abstract
infection situations in a small number of infected peo-
ple and small communities around them. Therefore, it
was not oriented to compare the simulation population
or number of positive cases with the actual absolute
population or number of positive cases in a specific
location. Rather, it was oriented towards comparisons
in relative indicators such as the ratio of increase of pos-
itive cases, effective reproduction number, and timing
of key events in an epidemic. Therefore, in the compari-
son, three quantitative criteria are used: ratio of increase
of positive cases, days to the peak in the number of new
cases, and effective reproduction number, during the
early period of infection expansion.

The validity of the models is also verified by means
of a comparison between a rise of the actual infection
in the target area and the outcomes of the simulated
tourism location model.

2.3.1. Ratio of increase of positive cases
Figure 4 shows the transition in the number of newly
confirmed positive cases and the ratio of increase of
positive cases in Tokyo between mid-February and
April 3, 2020, based on official documents [26]. The
number of positive cases as reported in mid-February
remained at around 10 people per day for some time.

However, from the end of March onward, the situa-
tion changed completely: 41 newly positive cases were
reported on March 25 and 91 on April 2. This sud-
den increase among newly positive cases consistently
exceeded 1.1. That is, a rate of increase regularly exceed-
ing 1.0 signifies an accelerating rise in the number of
infected people, so close attention is required to the
changes in this value.

Figure 5 shows the transition of infection in the
basic suburbanmodel in which the active epidemiolog-
ical investigation is conducted in Tokyo(Scenario B2)
(median implementation of 100 times). In this scenario,
there is no lockdown, and only an active epidemiologi-
cal investigation is conducted.

The approximate linear function of the rate of
increase of infected people in the first phase of
increased infection was y = −0.001x+ 1.173 in Tokyo,
similar to Scenario B2 (y = −0.0017x+ 1.177).

2.3.2. Days to the peak in the number of new cases
Also, the trend in the transition in infection is almost
the same as that recorded in Wuhan, China [24]. After
the first infected people were confirmed in Wuhan,
approximately 60 days passed before the number of
newly confirmed positive cases peaked. In Scenario B2
transition, as well, the first confirmation of positive
cases was approximately 20 days after the first detection
of infection. That means the simulation start date and
approximately 60 days were needed to reach the peak in
the number of new cases.

2.3.3. Effective reproduction number
Further, the effective reproduction number was around
3.0 in the initial period of increased infection, decreas-
ing as the number of cases increased and dropping
below 1.0 after about 90 days. The basic reproduction
number R0 reported by WHO in the Wuhan infec-
tion was 2–2.5 up to January 23, when the authorities
had not intervened [25], almost the same as the esti-
mated value of 2–2.3 in the first phase of increased
infection up to the peak number of newly confirmed
positive cases in Scenario B2. Likewise, this is roughly
similar to the domestic effective reproduction num-
ber reported by Novel Coronavirus Expert Meeting
[27,28].

2.3.4. Discussion on validation
This research attempts to estimate the spread of infec-
tion under the limited condition that infection in
tourism locations, including the target tourism loca-
tion, had not been analysed in detail during the early
period of infection expansion. At the time, the factors
of the spread of infection in Tokyo were almost equiva-
lent to those in the target tourism location, such as the
nature of the pathogen, the progression of symptoms,
the patterns of residents’ behaviour, and the adopted
infection prevention measures. In terms of the ratio
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Figure 4. Transition in the number of newly confirmed positive cases and rate of increase of positive cases (Tokyo).

Figure 5. Scenario B2: Transition in the number of newly infected cases and hospitalized cases with serious/minor symptoms per
day, effective reproduction number, and correlated rate of increase of new cases according to active epidemiological investigations.

of increase of positive cases and the effective repro-
duction number, the patterns of the basic suburban
model corresponded to the data of Tokyo. Because
the tourism location model is essentially equivalent to
the basic suburban model, this correspondence is an
important suggestion of the validity of the tourism loca-
tion model. In addition, at the time, the peak in the
number of new cases was confirmed only in Wuhan.

Therefore, in terms of the peak in the number of new
cases, the confirmation of the correspondence between
the pattern of the basic suburban model and the data
of Wuhan was the available and effective validation
method. Thus, although under the limited condition,
we confirmed that the emergent patterns not directly
defined as parameters in the model settings quantita-
tively corresponded to the multiple observed patterns



8 H. NAGAI AND S. KURAHASHI

that characterize the modelling target systems. This
means the validity of this simulation model based on
the validation method of pattern-oriented models [29].

In addition, from the viewpoint of pattern-oriented
scenario analysis, the following two items also qualita-
tively corresponded (see Section 4).

• The pattern of the increase in total cases brought
about by a continuous influx of tourists in the out-
comes of the simulated tourism location model

• The increase of the number of newly confirmed pos-
itive cases as the increase of the estimated number
of influxes of infected people in Nagano prefecture,
which includes the target tourism location

This correspondence also supports the validity of
this simulation model.

3. Estimating effects of infection prevention
and control measures

For this model, simulation scenarios for infection pre-
vention and control measures for the entire region were
set, including the hospitality industries that infected
tourists may use. Table 4 shows the list of detailed
settings.

In Scenario B0, tourists are not accepted by the hos-
pitality industry overall, and there is no influx of infec-
tions, but one resident is infected at the initial point.
In Scenario B1, tourists are accepted by the hospital-
ity industry overall, and one infected person per week
enters. In Scenario S1, contact with tourists by hospi-
tality industry workers is reduced by 50%; in Scenario
S2, nightlife districts close down voluntarily; in Sce-
nario S3, contact with tourists by hospitality industry
workers is reduced by 25%; and in Scenario S4, contact
with tourists by hospitality industry workers is reduced
by 25%, nightlife districts close voluntarily, and those
testing positive are isolated at a treatment accommo-
dation facility. In scenarios S5–S10, contact between
hospitality industry workers and tourists is reduced by
25%, workers undergo regular PCR testing, and those
testing positive are isolated at a treatment accommo-
dation facility. In scenarios S11–S14, contact between
hospitality industry workers and tourists is reduced by
25%, forward tracking (once or twice) of persons in
close contact and PCR tests are implemented, and those
testing positive are isolated at a treatment accommoda-
tion facility. Here the first forward tracking of persons
in close contact to prevent further infection expan-
sion is implemented by tracking tests via the contact
app COCOA [30], etc. for persons in post-infection
close contact with people who have tested positive for
infection. The second forward tracking involves fur-
ther tracking tests for persons in post-infection close
contact with people who have tested positive in the for-
ward tracking testing. The tracking ratio was defined as Ta
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Figure 6. Comparison of the effectiveness of preventive measures on total cases and duration until all infected agents recover.

the probability that the public health sector finds per-
sons in close contact and the infection source. PCR tests
were implemented to find persons in close contact and
the infection source, and those who were confirmed
as positive are isolated. In scenarios S15 and S16, con-
tact between hospitality industry workers and tourists
is reduced by 25%, forward and backtracking of per-
sons in close contact and PCR tests are implemented,
and those testing positive are isolated at a treatment
accommodation facility. Here, backtracking of persons
in close contact is tracking tests for persons in pre-
infection close contact with people testing positive for
infection, to identify the source of infection.

4. Experiment results

Each simulation scenario was implemented 100 times.
The results on the indexes of total cases and duration
until all infected agents recover are shown in Figure 6.
The results on the indexes of fatalities and peak patients
are shown in Figure 7.

In Figure 6, the duration until all infected agents
recover is not so different for any infection preven-
tion and control scenario. It is because of the simu-
lation setting as infected tourists inflow continuously.
For the same reason, the number of total cases is rel-
atively high in all the scenarios. As long as these cases
occur sporadically, they would not significantly impact
on the medical resources in the region. In Figure 7,
each peak value does not mean the number of the new
cases occurred on that day. Instead, these value refers to
the cumulative values of patients at that day; therefore,
they means the required number of medical resources,
e.g. beds and ventilators. Therefore, the infection pre-
vention and control measures were evaluated by the
average of the peak number of people hospitalized with
serious symptoms, which is the particularly serious
impact on medical resources.

The effects of the infection prevention and control
measures endorsed as the new normal and new travel
etiquettes(scenarios S1–S4) were, in comparison with
the peak number of patients hospitalized with seri-
ous symptoms with cancelling tourism (Scenario B0 ),
212% if tourists are accepted without countermeasures

(Scenario B1); 183%with voluntary closures of nightlife
districts (Scenario S2); 167% with a thorough reduc-
tion in contact among workers (Scenario S3); and 159%
with a combination of voluntary closures of nightlife
districts, a thorough reduction in contact, and isolation
of infected people (Scenario S4).

Next, in addition to a thorough reduction in contact
and the isolation of infected people, the effects of com-
posite prevention and control measures also including
regular prioritized virus tests for workers in contact
with tourists (scenarios S5–S10) were 149% with a 50%
test ratio every 2 weeks (Scenario S5), 138% with a
75% test ratio every 2 weeks (Scenario S6), and 128%
with a 100% test ratio every 2 weeks (Scenario S7) in
comparison with Scenario B0 of the peak number of
patients hospitalized with serious symptoms. For tests
conducted every 5 days, it was 128% with a 50% test
ratio every 5 days (Scenario S8), 103% with a 75% test
ratio every 5 days (Scenario S9), and 99% with a 100%
test ratio every 5 days (Scenario S10).

In addition to a thorough reduction in contact and
the isolation of infected people, the effects of compos-
ite prevention and control measures also including the
implementation of tracking tests for persons in close
contact (scenarios S11–S16) were, in comparison with
Scenario B0 of the peak number of patients hospitalized
with serious symptoms, 133% with a forward one-time
tracking ratio of 50% (Scenario S11), 117% with a for-
ward two-time tracking ratio of 50% (Scenario S13),
106% with a forward two-time tracking ratio of 80%
(Scenario S14), and 59% with a forward two-time and
back one-time tracking ratio of 80% (Scenario S16).

According to the analysis based on the actual mea-
surement data of movement of people and number of
infected people, in Nagano prefecture, which includes
the target tourism location, the number of newly con-
firmedpositive cases increased as the estimated number
of influxes of infected people increased [31]. This ten-
dency was remarkable in the early period of infection
expansion, which is the target of this study: the first
half of 2020. From the viewpoint of pattern-oriented
scenario analysis, this qualitatively corresponds to the
pattern of the increase in total cases brought about by a
continuous influx of tourists, as shown in Figure 6.
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Figure 7. Comparison of the effectiveness of preventive measures on fatalities and peak patients.

5. Discussion

The experiment results demonstrate that there are lim-
ited effects even when changes are made to tourist
lifestyles or to hospitality business service methods in
regions such as tourism locations that are intermittently
visited by infected people.

The discovery of infected people by means of sub-
stantial PCR testing at the regional level is expected to
have an effect on reducing infection. Still, uniform test-
ing for all regional residents is limited, so the effects of
regular PCR tests were evaluated with regard to work-
ers in contact with tourists in commercial stores, tourist
spots, accommodation facilities, and entertainment dis-
tricts. As a result, with a test ratio of 75% every 5 days,
it was found that the effect on infection control was
almost the same as that of prohibiting tourism. As the
regional characteristics with regard to a large number of
tourism employees are reflected, in this case, the model
calls for testing of approximately 2% of the population
of the entire region per day. In Japan, the maximum
testing capacity per day for PCR tests as of December
2020 is approximately 0.07% (91,610 tests [32] out of
126.5 million people), which does not reach 1/25 of the
testing standard mentioned above. For example, Daegu
City (approximately 2.4 million people), South Korea,
established a testing system for up to approximately
7000 (0.3% of the population) per day [33] in the epi-
demic before the pandemic and served it to resolve the
situation. However, even with this, there is a large gap
from the testing standard mentioned above.

For prospective surveys of persons in post-infection
close contact with those testing positive for infection
and the implementation of tracking tests, almost the
same effects are forecast with a two-stage 70% tracking
ratio. Also, PCR test numbers in tracking surveys can

limit the figure to around 1/10–1/100 in comparison
with regular PCR testing for all workers in the hospi-
tality industry. Furthermore, for retrospective surveys
not only for persons in post-infection close contact with
those testing positive for infection but also in the areas
around the people who are the source of infection and
the implementation of tracking tests, even in compar-
ison with not accepting tourists, hospitalized patients
can be kept under 60%.

However, such surveys require the construction of
systems that enable large-scale information collection
and processing across large areas and over a long period
of time. Therefore, the capacity is limited when rely-
ing only on the efforts of public health center workers,
for example. And if infection expansion continues and
the labour required for the survey expands likewise, the
survey system and even the medical system are at risk
of collapse. Therefore, the construction of comprehen-
sive survey systems that utilize IT, including tracking
persons in close contact by means of mobile phones,
etc., is expected to have a major effect on the preven-
tion of increased infection. To this end, in addition to
designing a top-down system, the key is to increase the
users of COCOA [30] and other contact tracing apps
to contribute to a bottom-up system. The experiment
results indicate that the major factors include the delay
between positive confirmation and app registration, in
particular, and the delay between app notification and
PCR testing and the ratio of the latter, as well as com-
pliance with home isolation while waiting for PCR test
results. As targets for infection prevention and control,
from now on, the app usage ratio should be 80% both
in the region and among visitors, and the delays should
each be one day or less between positive confirmation
and notifying persons in close contact.
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In Japan, in addition to the continuing low capac-
ity for PCR testing, there are major barriers to access
to tests for residents, namely decisions made by doc-
tors and the fact that voluntary testing is not covered
by insurance [34]. So sufficient testing systems have
not been constructed to implement any of the infec-
tion prevention and control measures described above.
Regardless of whether or not the region is a charac-
teristic tourism location, for residents who want to be
tested after becoming aware that they may have been
infected or infect others, testing is to be implemented
without delay, allowing for subclinical cases, to identify
infected people. Through the construction of a sys-
tem with bottom-up aspects of this kind, for the first
time, it will be possible to accurately grasp the infec-
tion situation, the highest priority for public health.
This pandemic is still full of uncertainties regarding, for
example, the development anddistribution schedule for
a vaccine and the pathology of after-effects. Therefore,
it is desirable to invest pertinent resources promptly
to minimize the damage to citizens’ health and to the
economy to the extent possible.

6. Conclusion

6.1. Research achievement

To evaluate the COVID-19 infection prevention and
control measures in tourism locations, this study com-
pared 16 types of infection prevention and control
measures by constructing simulation models in imi-
tation of specific tourism locations. The models were
based on two types of analytical results (CCDC,WHO)
on the basis of detailed restored population data in
tourism locations primarily in Nagano Prefecture and
on records of 72,314 infected patients in Wuhan. Fur-
ther, as part of public health policy to prevent and
control infection, analyses of tourist contact reduction
measures, regular PCR testing for tourism business
employees, and prospective tracking tests for people in
close contact with those testing positive for infection
were conducted. As a result of the simulated experi-
ments, while there are certain effects from measures to
reduce contact, it was found that the effects are lim-
ited in the case of a continuous influx of infected peo-
ple to tourism locations. While major effects can be
expected from the regular PCR testing of tourism busi-
ness employees, this requires large-scale PCR testing,
which is currently a major barrier. Although there are
also major effects from prospective tracking tests for
people in close contact with those testing positive for
infection, there is a limit to methods that rely only on
human labour. While the introduction of contact trac-
ing apps is effective as a countermeasure therefore, there
is a need for further improvement in the registration
delay time and the implementation systems for prompt
PCR testing after notification.

6.2. Future work

This study aimed to estimate the spread of infection
under the limited situation that infection in tourism
locations had not been observed in detail during the
early period of infection expansion. However, data on
actual phenomena and their analysis are being accu-
mulated day by day. Furthermore, the situation is
constantly changing due to uncertainties such as the
establishment of new treatments and the emergence of
mutant viruses with different infectivity. Update of the
model reflecting these is very much the key component
in future attempts to overcome the limitation of this
study.
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