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Background: As countermeasures against the COVID-19 outbreak, sports and entertainment events were
canceled (VEC) in Japan for two weeks from 26 February through 13 March. Moreover, most schools were
closed (SC).
Objective: For this study, we estimated the basic reproduction number (R0) and SC and VEC effects.
Method: After constructing a susceptibleeinfectederecovered model with three age classes, we used
data of symptomatic patients in Japan for 14 January through 24 March. The SC and VEC effects were
incorporated into the model through changes in contact patterns and contact frequencies among age
classes.
Results: Results suggest R0 as 2.56, with 95% CI of [2.51, 2.96] before SC and VEC. The respective effects of
SC and VEC were estimated as 0.4 (95% CI [0.3, 0.5]) and 0.5 (95% CI [0.3, 0.7]).
Conclusion: The estimated R0 is similar to those found from other studies of China and Japan. Significant
reduction of contact frequency has been achieved by SC and VEC. Nevertheless, its magnitude was
insufficient to contain the outbreak.

© 2020 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

The initial case of COVID-19 in Japan was that of a patient
returning fromWuhan, Chinawho showed symptoms on 3 January,
2020. Subsequently, as of 24 March, 2020, 883 people had been
reported as infected while in the community. Their onset dates
were reported with the exclusion of asymptomatic cases, those
infected abroad, and those infected on a large cruise ship: the
Diamond Princess [1].

In Japan, school closure (SC) and voluntary event cancellation
(VEC) policies were introduced on 27 February. The former was
intended to decrease contact among children. The latter presum-
ably decreased contact among adults. We estimated the effects of
these policies using a susceptibleeinfectederecovered (SIR) model
[2,3] incorporating three age classes: children, adults, and elderly
people. An earlier study [2] did not examine age classes. For that
reason, they did not measure SC and VEC, separately. Moreover,
protection among children [4] was not incorporated into themodel.
d The Japanese Association for Infecti
Because we extend the model to have three age classes, we incor-
porated protection among children into the model and measured
SC and VEC, separately.
2. Method

2.1. Model setting

We applied a simple SIR model [2,3] with three age classes:
children and adolescents 20 years old and younger, adults older
than 20 but younger than 60, and elderly people 60 and older. We
assumed that some children were protected initially from COVID-
19 [4]. The incubation periods were assumed to be equal for the
three age classes. We followed the empirical distribution through
the outbreak in Japan. We assumed the ratio of asymptomatic cases
over symptomatic cases as 4/19 [2].

Assuming that the degrees of infectivity among severely affected
patients and mild patients were equal among asymptomatic cases,
symptomatic cases can be inferred as half of the total number. This
relation of infectiousness for asymptomatic cases and symptomatic
cases has been used for many influenza simulation studies [5e9].
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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Contact patterns among children, adults, and elderly people
were estimated similarly to an earlier study [10]. We presumed that
SC and VEC reduced contact somewhat.

2.2. Data

We used community outbreak data of patients with COVID-19
who showed any symptom in Japan for 14 Januarye24 March,
2020. We excluded some patients who had returned from abroad,
e.g. from China, and some patients who were presumably infected
persons from the Diamond Princess. They were presumed not to
have been community-infected in Japan.

For COVID-19 patients with symptoms, information published
by the Ministry of Health, Labour and Welfare (MHLW) shows that
Japan was adversely affected by some uncertainty-related delay
related to visiting a doctor or a delay in the timing of a physician's
suspicion of COVID-19. Therefore, published data of patients must
be adjusted by at least a few days. To adjust the data, we applied the
same regression as that used in an earlier study [2]. We used this
adjusted number of patients in the latest few days including those
after VEC was adopted. In all, 410 data were used for the study
period in 14 Januarye24 March, 2020 [1].

2.3. Estimation procedure

We estimated the SC and VEC effects and the respective pro-
portions of the protected children using a 10% point grid. Simul-
taneously, we sought R0 to fit the number of patients by age class
during 14 January e 24 March and to minimize the sum of squared
residuals between the reported numbers and the fitted values.

First, the joint distribution of R0 and the protection rate for
children in Japan were estimated as fitted to the community
outbreak data before SC and VEC were introduced on 27 February.
Using the estimated R0 and the protection rate for children, we
simulated the SC and VEC effects assuming a hypothetical change in
the contact matrix.

Simulation incorporating both SC and VEC requires the
assumption that the contact matrix changes to reflect the combined
effects of SC and VEC. To evaluate SC and VEC, we compared the
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Fig. 1. Empirical distribution of incubation period published by the Ministry of Health, La
incubation period among 62 cases for which the exposed date and onset date were publish
base case and intervention case total numbers of patients with any
symptom. Then we calculated their 95% confidence interval (CI)
was calculated using 10,000 iterations of bootstrapping for the
empirical distribution of the epidemic curve.
3. Results

During 14 Januarye24 March in Japan, 16 children, 510 adults,
and 418 elderly people were identified as having community-
acquired COVID-19 for whom the onset date was published. Fig. 1
presents the empirical distribution of the incubation period
among 62 cases for whom the exposed date and onset date were
published by MHLW. The mode and median of that distribution
were six days; the average was 6.74 days.

The value of R0 was estimated as 2.56 with 95% CI of [2.51, 2.96]
before SC and VEC. The proportion of the protected child initially
was estimated as 0.4 (95% CI [0.2, 0.7]). The SC and VEC effects were
estimated respectively as 0.4 (95% CI [0.3, 0.5]) and 0.5 (95% CI [0.3,
0.7]). Results indicate Re for children as 1.75. For adults it was 1.84.
For elderly people, it was 2.19.
4. Discussion

We applied a simple SIR model with three age classes including
asymptomatic cases and knowing that some proportion of children
were protected. An earlier study [11e13] estimated R0 for COVID-19
as 2.24e3.58 in Wuhan. The R0 estimated in the present study was
comparable with those found in other studies.

Moreover, results demonstrate that 40% of children were pro-
tected. Another study found that 50% of adults were protected [14].
However, no report of the relevant literature to date has described a
similar study of cross-protection in children. Cross-protection
among children might exceed 40%.

Additionally, results show that SC and VEC have significant ef-
fects for reducing contact frequencies for the same age classes.
However, the effect on R0 was approximately 0.5. Because SC and
VEC do not affect contacts between the other age classes, Re under
SC and VEC was probably greater than one. Therefore, the outbreak
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itself might not be contained even if SC and VEC were to continue
until the outbreak ceases.
5. Conclusion

Results revealed that significant reduction of contact frequency
was achieved by SC and VEC. Nevertheless, magnitude of the
reduction was insufficient to contain the outbreak.
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