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Abstract
Although the primary mechanism for the spread of coronavirus disease 2019 (COVID-19) infection is through respiratory droplets (1), the virus that causes
COVID-19 can survive on smooth surfaces (e.g., stainless steel, plastic, glass) for days at low temperatures (2). Surface transmission represents a possible
route of infection, as unwashed hands that touch a contaminated surface can transfer the virus to mucous membranes (e.g., eyes, nose, mouth) (3). However,
it is di�cult to observe disease transmission directly. Therefore, the Japanese Cluster Countermeasures team has identi�ed the “Three Cs”—Closed spaces
with poor ventilation, Crowded places, and Close-contact settings—as factors to avoid to prevent COVID-19 clusters. Identifying other environmental factors
that increase or decrease the number of infections would be useful to prevent the spread of COVID-19. Therefore, this study aimed to develop a shoe-related
transmission model and enhance COVID-19 transmission route precautions by investigating the associations between the prevalence of COVID-19 and both
population density and the distribution of tatami stores in each prefecture in Japan. As a result, a signi�cant negative relationship was observed between the
number of tatami stores per 100,000 population and the number of COVID-19 cases and deaths.

Introduction
Tatami is a type of straw mat used for �ooring in Japanese-style rooms. Since Japanese people always take off their shoes before entering a Japanese-style
room, the density of tatami stores in a locale might be a proxy for the cultural practice of shoe removal in Japan. Therefore, we hypothesized that the number
of tatami stores in each prefecture, adjusted by population, would be related to the number of cases of, and deaths associated with, coronavirus disease 2019
(COVID-19) in Japan. We previously reported that there were signi�cantly fewer deaths associated with COVID-19 relative to population size in countries that
follow the cultural practice of removing shoes when going indoors compared with those that do not (4).

Globally, regional differences are seen in the morbidity and mortality rates for COVID-19 infection. In general, patients with COVID-19 tend to reside in densely
populated cities (5). In Japan, as of mid-2020, the number of infected people per capita is the highest in Tokyo Prefecture, followed by Hokkaido, Osaka,
Fukuoka, Aichi, and Okinawa Prefectures (6).

However, the number of infections is high even in places with less dense populations, such as Hokkaido, the least populous of Japan’s 47 prefectures. One of
the reasons for the high number of reported COVID-19 cases in Hokkaido is that it is located in the northernmost part of Japan, where the temperature is cold.
However, the Tohoku region, which is just south of Hokkaido, has reported far fewer cases of COVID-19 infections, whereas Okinawa, which is located in the
southernmost, tropical part of Japan, has reported many cases. Despite these regional differences, there is something common to areas across Japan: tatami
�ooring.

The tatami culture in Japan, including the practice of always removing one’s shoes before stepping onto a tatami mat, persists to the present day. Given this
background, this study aimed to develop a shoe-related transmission model and enhance COVID-19 transmission-route precautions by investigating the
association between the prevalence of COVID-19 and both population density and the distribution of tatami stores in each prefecture in Japan.

Materials And Methods
To test the validity of our hypothesis, we compared the number of COVID-19 cases and deaths with the number of tatami stores in all 47 prefectures in Japan
and the population density in each prefecture. Data regarding prefectural populations and population density were obtained from the 2015 Census (7). The
number of COVID-19 cases were obtained from NHK’s dedicated COVID-19 website (8) and the number of deaths from Google’s special site (9) (Data were
obtained by Google from authoritative sources such as Wikipedia, national health ministries, and The New York Times).

There are two large tatami associations in Japan: the Japan Tatami Promotion Association (10) and Zennihon Tatamijigyo Kyodokumiai (11). Almost all
tatami stores register with one or both associations. The tatami stores in each prefecture were counted from the homepages of these associations. The
obtained information was collated, and duplicate tatami stores were excluded. A scatterplot of the number of tatami stores per 100,000 population and
COVID-19 cases and deaths was created for the statistical analysis.

To evaluate the relationship between the numbers of tatami stores and COVID-19 cases and deaths, rate ratios were calculated using “the number of COVID-19
cases and deaths” as the dependent variable and “the number of tatami stores per 100,000 people” as the independent variable, with the con�dence interval
(CI) set at 95%. This formulation of the independent variable corrected for differences in regional populations. Additionally, a Poisson regression model using
a logarithm as a link function was analyzed.

Similarly, to evaluate the relationship between “population density” and “the number of COVID-19 cases and deaths,” rate ratios were calculated, with the
“number of COVID-19 cases” and “number of COVID-19 deaths” set as the dependent variables and “population density” set as the independent variable.
Similarly, 95% CIs were used. A Poisson regression model was also analyzed. SPSS 22.0 (IBM Japan, Ltd., Tokyo, Japan) was used for the statistical analysis.

Results
A signi�cant positive relationship was found between population density and the numbers of COVID-19 cases (p < 0.001; Fig. 1) and deaths (p < 0.001; not
shown in the �gure). The numbers of COVID-19 cases and deaths increased by 1.838 (95% CI: 1.828–1.848) and 1.832 times (95% CI: 1.788–1.877)
respectively for every 1,000-person increase in population density. Hokkaido Prefecture was located off the curve of the scatterplot, at a single point.

A signi�cant negative relationship was found between “the number of tatami stores per 100,000 population” and “the number of COVID-19 cases” (p < 0.001;
Fig. 2) and “the number of COVID-19 deaths” (p < 0.001; not shown in the �gure). The number of COVID-19 cases and deaths increased by 0.547 (95% CI:
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0.542–0.553) and 0.498 (95% CI: 0.475–0.521) times with every increase in the number of tatami stores per 100,000 population. In this case, Hokkaido
Prefecture was located on the curve of the scatterplot.

Discussion
In terms of population density, Hokkaido Prefecture reported many COVID-19-related cases and deaths that deviated from the scatterplot. While high infection
rates are reasonably expected in densely populated prefectures, Hokkaido Prefecture has a low population density; yet, the number of infections is relatively
high. As such, it is necessary to build a simple model of COVID-19 infection patterns in Japan, including in outlier prefectures such as Hokkaido, that accounts
for different regional development trajectories.

The development of Hokkaido began in earnest during the Meiji era, a period marked by the mass adoption of Westernization in Japan. Westernization had a
substantial impact on the use of tatami in modern Japan, where tatami stores have come under strong consumer selection pressure because of the spread of
Western culture (12). Browsing each tatami store’s website revealed that many established tatami stores, some of which have been in business for more than
100 years, continue to thrive in rural areas, with the exception being Hokkaido Prefecture. Hokkaido Prefecture has been Westernized since its development,
resulting in fewer tatami stores. Lower numbers of tatami stores may be one reason why COVID-19 cases and deaths are high in Hokkaido. By contrast, the
tatami industry in Taiwan, which is also facing selection pressure, continues to thrive (13). Today, Taiwan has achieved exceptional success in minimizing
COVID-19 infections in the country.

While it is di�cult to reduce population density, taking off one’s shoes is well within an individual’s control. To enter a Japanese-style tatami room, everyone
must take off their shoes. If such rooms are kept clean, this cultural practice protects the family from visitors wearing shoes that may carry infected droplets.

Tatami rooms could be a factor that mitigates the spread of COVID-19 infection, but substantial time and resources are needed to create new Japanese-style
rooms. Nonetheless, it is easy to take measures such as removing shoes worn in a crowded place before going indoors; therefore, removing one’s shoes may
be a viable option for preventing the spread of COVID-19 infection.

Conclusion
In this study, the number of tatami stores in each prefecture, adjusted by population, was negatively associated with COVID-19 morbidity and mortality, thereby
providing a good model to explain the transmission of COVID-19 in Japan, including in cases such as Hokkaido Prefecture, which has a unique developmental
history.

Regarding droplet transmission, the virus that causes COVID-19 can be found in the respiratory droplets of infected persons, which often fall to the ground.
The National Institute of Infectious Diseases reported that on the Diamond Princess cruise ship, samples were collected from a total of 601 locations, and
COVID-19 RNA was detected in 58. A sweep of patient’s rooms returned 57 specimens from 21 rooms. The frequency of detection of the virus that causes
COVID-19 varied in each room: 13 bathroom �oors (39%), 11 pillows (34%), 8 telephones (24%), 8 desks (24%), and 7 TV remotes (21%). The maximum
number of days between guests leaving their room and the collection of RNA detection samples was 17 days (14).

As described in this paper, research on COVID-19 transmission suggests that it is dangerous to bring shoes from documented sites of COVID-19 cases into
residential spaces. Therefore, an “Avoid the ‘Three Cs’” campaign has been proposed to prevent COVID-19 (15). In addition to avoiding the “Three Cs” of Closed
spaces with poor ventilation, Crowded places, and Close-contact settings, we propose “Care of shoes” as a fourth “C” to help prevent the spread of COVID-19
infection.
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Figures

Figure 1

Relationship between population density and the numbers of COVID-19 cases and deaths.

Figure 2



Page 5/5

Relationship between the number of tatami stores per 100,000 people and the number of COVID-19 cases in each prefecture


