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SARS‑CoV‑2 suppression and early 
closure of bars and restaurants: 
a longitudinal natural experiment
Reo Takaku1*, Izumi Yokoyama1, Takahiro Tabuchi2, Masaki Oguni1 & Takeo Fujiwara3

Despite severe economic damage, full-service restaurants and bars have been closed in hopes of 
suppressing the spread of SARS-CoV-2 worldwide. This paper explores whether the early closure of 
restaurants and bars in February 2021 reduced symptoms of SARS-CoV-2 in Japan. Using a large-
scale nationally representative longitudinal survey, we found that the early closure of restaurants 
and bars decreased the utilization rate among young persons (OR 0.688; CI95 0.515–0.918) and those 
who visited these places before the pandemic (OR 0.754; CI95 0.594–0.957). However, symptoms of 
SARS-CoV-2 did not decrease in these active and high-risk subpopulations. Among the more inactive 
and low-risk subpopulations, such as elderly persons, no discernible impacts are observed in both the 
utilization of restaurants and bars and the symptoms of SARS-CoV-2. These results suggest that the 
early closure of restaurants and bars without any other concurrent measures does not contribute to 
the suppression of SARS-CoV-2.

During the fight against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), almost all developed 
countries shut down full service restaurants and bars, or implemented strong restrictions on their functioning1–3. 
Even if they were allowed to be open, their operating hours were restricted. Because the restaurant industry 
occupies a large share of employment, these policies would increase the unemployment rate4 and firm exit5, and 
lead to the deterioration of the mental health of workers in this industry6. In Japan, even with the high rate of 
vaccination, full service restaurants and bars were under strict restrictions from July 12 to September 30 2021 
due to the spread of the Delta variant. On January 2022, several prefectural governments including Tokyo began 
to implement strict measures for the restaurant industry again due to the spread of the Omicron variant.

Despite the significant economic damage, these policies were implemented in hopes of suppressing SARS-
CoV-2 because plenty of scientific research suggest that full service restaurants and bars contributed to the spread 
of SARS-CoV-27–12. However, it is not clear whether this early evidence can be directly applied to the situation 
today for several reasons. First, these studies are based on data from the first wave when many other non-
pharmaceutical interventions (NPIs) were jointly implemented8,13. Thus, it is quite difficult to separate the effects 
of closing restaurants and bars from the effects of other concurrent policies. In addition, during the first wave, 
many people in North American and European countries did not notice the importance of wearing masks14–16 
and washing their hands frequently17, which was proven to be effective in preventing SARS-CoV-2 afterwards. 
This situation is also quite different from that in the second or later waves, when most people voluntarily per-
formed several preventive behaviors that were effective. Therefore, it is of particular importance to examine the 
effects of strict restrictions on restaurants and bars with much more timely data and better experimental settings.

During January and February 2021, Japan had a unique opportunity to serve as an ideal experimental labora-
tory to investigate the effects of strong restrictions on restaurants and bars. During this period, there were neither 
strict NPIs, except for the early closure of restaurants and bars, nor city lockdowns, border restrictions, school 
closures, and stay-at-home orders with financial penalties. Japan’s negligence toward countering the spread of 
SARS-CoV-2 contrasted from that of other developed countries13.

Instead, in Japan, 11 prefectures declared a state of emergency (SE) in January and implemented strict restric-
tions on full service restaurants and bars. Specifically, 11 prefectural governments prohibited restaurants and bars 
to serve alcoholic beverages after 7 p.m., and forced them to close by 8 p.m., compensating for their financial loss 
with generous governmental subsidies. Among the 11 prefectures, the SE was lifted off only in the Tochigi Prefec-
ture on February 7th, while other prefectures continued till the end of February. The local SE administration in 
Japan only asked the general population to stay at home voluntarily, without any explicit legal enforcement18,19. 
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In Fig. 1, the infection rate is per 100,000 persons. Circles represent the 10 prefectures that declared SE in Janu-
ary and continued till the end of February. The square represents Tochigi prefecture, which declared the SE in 
January but lifted it on February 7th.

How does this policy of targeting restaurants and bars affect virus transmission? The answer hinges on how 
the people affected by this policy, namely those who frequently visited restaurants and bars, altered their behav-
ior. One scenario is that they had to stay at home and not go anywhere at night. In this scenario, the targeting 
policy effectively suppresses SARS-CoV-2 transmission. However, this is an optimistic view of the effectiveness 
of the policy. In reality, the people who were affected by this policy were not scared of SARS-CoV-2 generally, 
and behaved carelessly and spread the infection. For example, many people celebrate the new year with relatives 
and friends in January, and it is possible that new year parties were held in changed venues rather than being 
canceled altogether. In this case, the effectiveness of SARS-CoV-2 suppression would be quite limited.

In addition, it should be noted that, unlike the first wave, many individuals started with a much higher aware-
ness of preventive behaviors in the third wave. Thus, it should be re-examined whether the early closure of restau-
rants and bars, in addition to a high standard of preventive behavior, reduced the spread of SARS-CoV-2 at the 
same level as predicted in the first wave. Consistent with this view, evidence from the UK found that early closure 
of restaurants and bars in September 2020 had no measurable effect on person-to-person contacts20, because the 
level of contacts was already quite low after the first wave. Even in the evidence from the first wave, some studies 
find that the effects of closing restaurants and bars are limited when other strict measures are implemented21.

Most importantly, previous studies consistently pointed out that people reduced their mobility mainly because 
of the fear of SARS-CoV-2, rather than governmental interventions such as shelter-in-place orders22–24. Therefore, 
policies targeting restaurants and bars would have a very small impact on overall mobility and person-to-person 
contacts, without a strong fear of SARS-CoV-2 itself.

To investigate the impacts of this policy, we estimated the difference in subjective symptoms of SARS-
CoV-225,26 between individuals under the Japanese SE declaration and others. Given that many studies suggest 
that the fear of SARS-CoV-2, not policies, induced voluntary reduction of mobility23,27, a naive comparison 
between persons within prefectures with SE declaration and those without may contaminate the effects of the 
policy with the direct effects of fear itself. In fact, the early closure of restaurants and bars was implemented 
because of the spread of SARS-CoV-2; thus, it is still challenging to separate the effects of the policy from the 
direct effects of the virus, even if no other strict policies were implemented.

To overcome this challenge, we focus on individuals who live close to the borders of the prefectures with 
SE declaration and those without, by using the zip-code of respondents, in the same spirit as the geographical 

Figure 1.   Infection Rate across Prefectures.
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regression discontinuity analysis28,29. This empirical strategy seems to be useful because the fear of infection 
would be sufficiently similar in geographically proximal areas. Another feature of our methodology is that we 
use nationally representative longitudinal data with a short interval of only four months. Because the interval 
between the first and second waves is only four months, we could successfully absorb individual-level unob-
servables by incorporating individual fixed effects. With this difference-in-differences approach which focuses 
on geographically proximal areas, we study the effects of the early closure of full service restaurants and bars on 
(a) the utilization of full service restaurants (Japanese pubs) and bars in the past one month, and (b) 5 symptoms 
indicative of SARS-CoV-2, which are validated in previous studies25,30,31.

Methods
Data.  We study the effects of closing restaurants and bars by using a nationally representative internet survey, 
named the Japan COVID-19 and Society Internet Survey (JACSIS)25,32. This web-based, self-reported question-
naire survey was administered by a large internet research agency Rakuten Insight, Inc.. The survey was con-
ducted in accordance with the Declaration of Helsinki. Samples were coded and analysis was performed with 
anonymized database. Informed consent for survey participation was obtained from each patient. This study was 
approved by the Institutional Review Board of the Osaka International Cancer Institute (No. 20084).

The questionnaires were distributed to 224,389 individuals aged between 15 and 79 years old, and 28,000 
responded during the first wave. The participants had the option of not responding to any part of the survey 
questionnaire, and discontinuing the survey at any point. The response rate was 12.5%. The surveys for the first 
and second waves were conducted in August and September 2020 and February 2021, respectively. Note that the 
second survey was conducted when the SE was declared in 10 prefectures, except Tochigi which declared the SE 
in January but lifted it in early February. From the dataset in the first wave, we chose 25,691 individuals, after 
excluding those with missing values. A total of 4775 individuals were dropped in the second wave. The follow-
up rate was 81%. Finally, we constructed a balanced panel data of 20,916 persons. The descriptive statistics are 
shown in SI Appendix Table SI1.

Main outcomes.  Utilization of restaurants and bars.  Our key dependent variable was the utilization of 
restaurants and bars within the past month. Specifically, restaurants and bars include Izakaya pubs, a common 
type of Japanese pubs that serve alcoholic beverages and a variety of tidbits. For simplicity, they will be referred 
to as “Japanese pubs” hereafter. Because the SE declaration in January and February 2021 explicitly prohibited 
these Japanese pubs and bars from serving alcoholic beverages after 7 p.m., and ordered them to be closed by 
8 p.m., we expected the utilization rate to decrease. The 7 p.m. curfew for serving alcoholic beverages is crucial 
to the management of Japanese pubs, because Japanese people generally start drinking parties around 7 p.m. 
Therefore, curfews are regarded as a substantial business suspension order for Japanese pubs. In fact, a popular 
chain of Japanese pubs, Watami, completely shut down half their outlets.

Health outcomes.  On the health outcomes, we use 5 subjective symptoms indicative of SARS-CoV-2 (high 
fever, sore throat, cough, headache, and smell and taste disorder). Because there were a limited number of PCR 
tests in Japan, self-reported SARS-CoV-2 like symptoms have been regarded as a useful measure to detect per-
sons with SARS-CoV-225,31,33,34. In addition, the validity of these symptoms has been confirmed in the environ-
ment in Japan30. For example, for fever, the sensitivity was at least 80% in many studies, and the specificity was 
more than 90%. The specificity was also high for cough (at least 50%), sore throat (70%), headache (80%), and 
smell and taste disorder (90%)25,30,31.

Note that the number of reports of ordinary seasonal influenza was 533 in 2020–2021, compared to more 
than 100,000 per year for several years prior to the SARS-CoV-2 outbreak35. Therefore, it should be noted that 
symptomatic cases used in this paper are more likely to be considered to capture the infection with SARS-CoV-2 
than with seasonal influenza.

There are two general differences between using SARS-CoV-2 infection itself as an outcome and using SARS-
CoV-2-like symptoms as an outcome: the first, of course, is that symptoms do not always accurately capture 
SARS-CoV-2 infection. The second is that the self-reported symptoms are not influenced by the number of PCR 
tests or how well public health centers can track a suspected infected person. The second difference is important. 
This is because infections in bars and restaurants are difficult to trace, whereas infections at home parties or at 
home are easier to trace. Thus, one aspect of declaring SE is that it reduces the number of infections in bars and 
restaurants, where it is difficult to identify the route of transmission, and facilitates the identification of infection. 
In this sense, the use of the SARS-CoV-2 symptoms as an outcome has the aspect that the impact of SE declara-
tions can be more accurately measured, since the change in the effectiveness of tracking suspected infections 
with and without SE declarations does not affect the incidence of symptoms.

Research design and empirical model.  The intuition for this analysis is shown in Fig. 2. In this figure, 
we plot the utilization rate of Japanese pubs and bars during the first and second waves, around the border of 
the 10 prefectures. On the horizontal axis, the negative (positive) sign represents the area without (with) the SE 
declaration. Because the SE was declared in urban areas, population density, which is shown in the histogram, 
increases as the distance to the border moves from − 50 to 50 km. Solid line represents the utilization rate in 
February 2021 (second wave) and dashed line represents the utilization rate in August–September 2020 (first 
wave). Reflecting an increase in urbanity, the utilization rate of Japanese pubs and bars exhibits an upward slope. 
Note that the utilization rate is about 36% at the border in both first and second waves, suggesting that the use of 
Japanese pubs is common in Japanese society. In addition, the utilization rate in February 2021, when the SE was 
declared, followed a parallel trend with that in August–September 2020, in the area outside the 10 prefectures. 
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However, in the area inside the 10 prefectures, the utilization of Japanese pubs and bars drops to a larger extent, 
when compared to the trend in August–September 2020. In other words, the utilization rate of Japanese pubs 
and bars dropped only in the area under the SE declaration, when compared with the trend in August–Septem-
ber 2020. This pattern of the data strongly supports the view that the SE declaration has negative causal effects 
on the the utilization rate of Japanese pubs and bars, because within the short interval around the border, we can 
assume the the fear of infection23,27 would be sufficiently identical.

In the actual estimation to quantify the impacts of the SE declaration, we employ a difference-in-differences 
analysis with a fixed-effect linear probability model as well as a random effect logistic regression model, after 
adjusting individual level time varying covariates. In the case of a fixed-effect linear probability model, the DID 
specification is:

where Yit is the outcome variable in individual i in wave t; θi is individual fixed effects; Wavei is the wave fixed 
effects; SEit is a binary variable which takes a value of one if individual i was under the SE declaration in wave t; 
Xit is a vector of individual level covariates. Specifically, we control for age, working status (i.e., job loss or not), 
marital status, smoking, and household income level. The household income level is measured by a binary vari-
able that takes a value of 1 for households with an annual income of JPY 7 million (USD 70,000) or more. The 
descriptive statistics for these covariates are shown in SI Appendix Table SI1. Finally ǫit is an error term. In the 
actual implementation, we estimate Eq. (1) in the subsample of individuals who lived within the short interval 
around the border of SE declaration.

Results
Utilization of full service restaurants (Japanese pubs) and bars.  We estimate the differences in 
the utilization of Japanese pubs and bars among persons who were differently exposed to the restrictive policy 
by using the fixed-effect linear probability model and random effect logistic regression model in Table 1. The 
dependent variable is a binary variable for the utilization of Japanese pubs which are a common type of full 
service restaurants in Japan, and bars during the past one month. Panel A summarizes the results from the 
fixed-effects linear probability regression model, and Panel B summarizes the results of the random effect logis-
tic regression model. Coefficients and 95 confidence intervals are reported in Panel A, and odds ratios and 95 
confidence intervals are reported in Panel B (*** p < 0.01, **  p < 0.05, and *  p < 0.1). We control for age, working 
status (i.e., job loss or not), marital status, smoking, and household income level. The household income level 
is measured by a binary variable that takes a value of 1 for households with an annual income of JPY 7 million 
(USD 70,000) or more.

In Column (1), we find a statistically significant reduction in the utilization rate (OR 0.896; CI95 0.814–0.966), 
even with naive specifications, which compares the persons in the prefectures with and without the SE declaration.

This result is robust when we additionally control for individual-level time-varying covariates in Column 
(2) and focus on the persons who live in within 50 km from the border, which separates prefectures with and 
without SE declarations in Column (3).

(1)Yit = θi +Wavet + β1SEit + Xitβ2 + ǫit ,
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Figure 2.   Population Density and Utilization of Japanese Pubs around the Border.
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While the specification in Column (3) is robust for confounders such as direct behavioral effects from the 
virus itself (i.e., fear of the infection), we severely underestimate their impacts in Column (3) because people 
under SE declaration can easily migrate to nearby prefectures when they wished, to visit Japanese pubs and bars.

To avoid a potential underestimation of the impact, we excluded people who lived within 10 and 20 km from 
the border in Columns (4) and (5), respectively. These results are consistent with our predictions. The estimated 
odds ratio (OR) for people who lived in prefectures with the SE declaration was 0.820 (CI95 0.700–0.960) in 
Column (4). The effect in terms of odds ratio is much higher in Column (5) (OR 0.771; CI95 0.640–0.930).

We move to the subsample analysis next because the early closure of Japanese pubs and bars has nothing to do 
with those who do not use them frequently. In fact, in SI Appendix Figure SI1, we find that the utilization rate of 
restaurants and bars was 48 % among people who were not scared of SARS-CoV-2 at all, but 30 % among those 
who were very scared in August–September 2020, when no restrictive measures were implemented.

With this in mind, we implemented a subsample analysis according to age, educational qualification, use of 
Japanese pubs and bars before the pandemic, and how scared of SARS-CoV-2. The results are presented in Fig. 3. 
In this figure, the odds ratio and 95 percent confidence intervals from the three specifications used in Columns 
(3) to (5) in Table 1 are plotted. The full tables for the results in Fig. 3 are shown in SI Appendix Tables S2–S9.

From Fig. 3, we find that the utilization of Japanese pubs and bars reduced among young persons and regular 
users, while there are no statistically significant decreases among elderly persons and non-users. Among young 
people, the odds ratio was 0.688 (CI95: 0.515–0.918) in our preferred specification, which excludes an area 
within 10 km from the border. In terms of percentage point changes derived from the fixed-effect linear prob-
ability model in SI Appendix Table S2, it is equivalent to a 7.2% point reduction in the utilization rate (CI95: 
− 12.2– − 2.2pp), indicating a large reduction of the utilization rate.

Regarding educational attainment, we found a much larger reduction in the use among college graduates 
than among non-college graduates. Regarding fear of SARS-CoV-2, we found that the ORs were lower among 
people who were not scared of the virus than among those who were scared. In terms of percentage point 
changes, the utilization rate among persons who was not scared of SARS-CoV-2 decreased by 4.7% points (CI95: 
− 9.3pp– − 0.1pp) in SI Appendix Table S8.

Symptoms indicative of SARS‑CoV‑2.  Given that the early closure of Japanese pubs and bars signifi-
cantly reduces their use among some high-risk subpopulations, such as young people, and the users of these 
services, this may lead to the reduction of symptoms related to SARS-CoV-2 mainly among these groups.

According to the descriptive statistics for five symptoms (fever, sore throat, cough, headache, and smell and 
taste disorder) in the SI Appendix Table S1, the proportion of people with each symptom was 1.8% (fever), 11.4% 
(sore throat), 13.1% (cough), headache(1.9%), and 1.2% (smell and taste disorder). We also found that smell and 
taste disorder, which has the highest specificity for the infection of SARS-CoV-2 among these five symptoms, 
increased from 0.8% in August–September 2020, to 1.3% in February 2021.

The results of the full sample for the five symptoms are listed in Table 2. In Panel B, the results are based on 
a random effect logistic regression model. Odds ratios (ORs) and 95 confidence intervals (CIs) were reported. 
We control for age, working status (i.e., job loss or not), marital status, smoking, and household income level. 
Standard errors are reported in parentheses (*** p < 0.01; **  p < 0.05; *  p < 0.1).

The specifications in Columns (1) to (5) are the same as those in Table 1. In this table, we do not find any 
statistically significant reductions at the 95% significance level for all the symptoms. In our preferred speci-
fications in Column (4), the odds ratio for fever exceeds 1, strongly rejecting the reduction (OR 1.222; CI95 
0.697–2.141). The odds ratios for headache, smell, and taste disorder were 0.966[CI95 0.493–1.894] and 0.808 
(CI95 0.362–1.807), respectively.

Table 1.   Effects on the utilization of Japanese pubs and bars.

(1) (2) (3) (4) (5)

Panel A. Fixed Effect Linear Probability Model

SE − 0.018** − 0.020** -0.024** − 0.033*** − 0.043***

(− 0.033– − 0.003) (− 0.037– −  0.003) (− 0.044– − 0.004) (− 0.057– − 0.009) (− 0.071– − 0.015)

Panel B. Random Effect Logit Model

SE 0.896** 0.881** 0.869** 0.820** 0.771***

(0.814–0.986) (0.791–0.982) (0.755–1.000) (0.700–0.960) (0.640–0.930)

Prefecture fixed effects for 
logistic regression Yes Yes Yes Yes Yes

Individual-level covariates No Yes Yes Yes Yes

Exclude Respondents far from 
50 km from the Border No No Yes Yes Yes

Exclude Respondents within 10 
Km from the Border No No No Yes No

Exclude Respondents within 20 
Km from the Border No No No No Yes

Observations 41,238 32,863 25,338 21,578 15,237
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Figure 4 summarizes the results of the subsample analysis. In this analysis, odds ratios (ORs) and 95 percent 
confidence intervals (CIs) were calculated using the random effect logistic regression model. The specification 
is the same as that in Column (4) of Table 2. “Young persons” represents those less than 40 years old. “Regular 
users” represents individuals who regularly used Japanese pubs, which are a common type of full service res-
taurant in Japan, and bars before the pandemic. We control for age, working status (i.e., job loss or not), marital 
status, smoking, and household income level.

Although we find large reductions in the utilization of Japanese pubs and bars among young people, regular 
users, and those who were not scared at SARS-CoV-2, the odds ratio for fever among young persons is 0.960[CI95 
0.431–2.134], suggesting no statistically significant reduction. On smell and taste disorder, we find odds ratios 
are rather positive among young persons, regular users, and those who were not scared at SARS-CoV-2. Only 
among college graduates do we find a statistically significant reduction of cough (OR 0.651; CI95 0.465–0.911).

We found no statistically significant effects for the outcomes among other subpopulations. Among elderly 
persons who were not strongly affected by the strict measures for Japanese pubs and bars, all odds ratios were 
not statistically significant, as expected.

The results from the fixed-effect linear probability model in SI Appendix Tables S10–S17 is totally consistent 
with those from the random effect logistic regression model.
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Discussion
In this paper, we explore how the early closure of full-service restaurants (Japanese pubs) and bars in Japan 
during the third wave of the SARS-CoV-2 pandemic affected the utilization of these services and the incidence 
of symptoms indicative of SARS-CoV-2. During the third wave, 11 prefectures declared an SE in January 2021 
and prohibited restaurants and bars to serve alcoholic beverages after 7 p.m. and forced them to close by 8 p.m. 
Unlike other countries experiencing the first wave, no other strict measures such as school closures and border 
restrictions were implemented in Japan. Therefore, Japan during the winter 2020-2021 can be regarded as an 
ideal laboratory to explore the effects of the early closure of restaurants and bars.

By using large-scale nationally representative survey data and focusing on the people who live sufficiently 
close to the border that separates prefectures with and without SE declarations, we find a large reduction in the 
utilization of Japanese Izakaya pubs, which are a common type of full-service restaurants in Japan, and bars. In 
particular, the impacts are large among young people(OR 0.688; CI95 0.515–0.918) and regular users of these 
services (OR 0.754; CI95 0.594–0.957). Despite the reduction of the utilization rate, we find no discernible 
decrease in the symptoms of SARS-CoV-2, except the reduction of “cough” among college graduates. In the 
inactive and low-risk subpopulations (e.g., elderly persons), as expected, no changes were observed in both the 
utilization and the symptoms.

The results from our analysis exhibit a sharp contrast to the existing evidence that supports the effectiveness 
of the early closure of full-service restaurants and bars in restraining the spread of SARS-CoV-27–12. There are 
several reasons why our study did not find any discernible impacts of the early closure policies. First, it is pos-
sible that the effectiveness of the early closure varies according to the standard of daily preventive behaviors. In 
the second and later waves, most people knew the importance of wearing masks and washing hands frequently. 
In particular, compliance with these preventive behaviors was quite high in Japan because of its collectivist 
culture36, which is different from that in the US37. Thus, it is possible that the additional effects of early closure, 
though not completely null, are limited. Therefore, more research is needed to investigate the effects of the early 
closure changes over time.

Second, early closure affects only high risk subpopulations, who may be prone to other risky behaviors. 
Thus, it is possible that they will eventually become infected, even if full-service restaurants and bars are closed. 

Table 2.   Effects on symptoms like SARS-CoV-2

(1) (2) (3) (4) (5)

Panel A. Fixed Effect Linear Probability Model

High fever
0.003 0.003 0.002 0.003 0.005

(− 0.001–0.007) (− 0.001–0.008) (− 0.004–0.008) (− 0.004–0.011) (− 0.004–0.014)

Sore throat
0.001 0.001 -0.009 -0.01 -0.016

(− 0.013–0.015) (− 0.015–0.017) (− 0.027–0.009) (− 0.031–0.011) (− 0.042–0.011)

Cough
− 0.005 − 0.007 − 0.015* − 0.017 − 0.018

(− 0.016–0.006) (− 0.020–0.006) (− 0.033–0.003) (− 0.040–0.005) (− 0.044–0.008)

Headache
-0.020* − 0.023* − 0.02 − 0.011 0.005

(− 0.040–0.000) (− 0.047–0.001) (− 0.054–0.013) (− 0.048–0.025) (− 0.045–0.054)

Smell and taste disorder
0.002 0.001 0.001 − 0.001 − 0.001

(− 0.003–0.006) (− 0.003–0.005) (− 0.002–0.005) (− 0.004–0.003) (− 0.005–0.003)

Panel B. Random Effect Logistic Regression Model

High fever
1.302 1.258 1.15 1.222 1.279

(0.919–1.843) (0.868–1.824) (0.697–1.896) (0.697–2.141) (0.670–2.444)

Sore throat
1.024 1.03 0.89 0.894 0.84

(0.881–1.191) (0.871–1.218) (0.713–1.110) (0.701–1.141) (0.631–1.118)

Cough
0.97 0.941 0.844 0.811* 0.796

(0.836–1.124) (0.798–1.109) (0.681–1.045) (0.640–1.028) (0.598–1.058)

Headache
0.797 0.778 0.937 0.966 0.987

(0.525–1.210) (0.495–1.221) (0.510–1.722) (0.493–1.894) (0.454–2.147)

Smell and taste disorder
1.187 1.095 1.111 0.808 0.809

(0.741–1.903) (0.659–1.818) (0.546–2.262) (0.362–1.807) (0.331–1.980)

Prefecture fixed effects for logistic regression Yes Yes Yes Yes Yes

Individual-level covariates No Yes Yes Yes Yes

Exclude Respondents far from 50 km from 
the Border No No Yes Yes Yes

Exclude Respondents within 10 Km from 
the Border No No No Yes No

Exclude Respondents within 20 Km from 
the Border No No No No Yes

Observations 20,619 17,132 13,214 11,280 7982
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To support this interpretation, we additionally explore the effects on daily going-out behaviors such as “avoid 
crowds” in SI Appendix Figures S2. In short, we find no discernible impacts on these outcomes, suggesting 
that, even without going to full-service restaurants and bars, the overall tendency to go out remained almost 
unchanged among high-risk subpopulations. This is consistent with evidence from the UK that the early closure 
of full-service restaurants and bars in September 2020 did not reduce person-to-person contact20.

Note that our results do not seem to be compatible with some evidence that government subsidies aimed 
at encouraging people to eat out in restaurants such as the UK’s Eat-Out-to-Help-Out scheme spread SARS-
CoV-238. One study in Japan also found that the Japanese version of this government subsidy increased the symp-
toms of SARS-CoV-225. However, it is natural to think that subsidization and early closure may have asymmetric 
impacts on the spread of SARS-CoV-2. Specifically, the subsidization to eat out in restaurants largely increased 
the number of people coming into contact with each other, but the early closure may have limited impacts on 
such contacts because people meet and chat with their friends and colleagues in other places20. Therefore, our 
results are still compatible with earlier studies on the effects of subsidies25,38.

Although this study is the first to investigate the independent causal effects of the early closure of restau-
rants and bars, there are several limitations. First, in our experimental setting, individuals in the prefectures 
with SE declarations could migrate to nearby prefectures to eat in restaurants and drink at bars. Thus, it is still 
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Figure 4.   Effects on Symptoms of COVID-19.
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possible that a nationwide closure, not local closures, would suppress the spread of SARS-CoV-2. However, in 
the preferred specification used in Fig. 4, individuals living in an area within 10 km from the border to separate 
prefectures with and without SE declarations were excluded because they can easily cross the border; thus, our 
results are sufficiently robust to potential migration, and implications from our paper can be still applicable for 
the effects of a nationwide closure.

The second limitation is related to the stable unit treatment value assumption (SUTVA)39–41. Because infec-
tious diseases spread locally and rapidly, neighboring areas generally tend to have similar infection rates. There-
fore, our research may underestimate the impact of the policy, even if the early closure of restaurants and bars 
suppresses SARS-CoV-2 to a large extend. However, if this threat is relevant, we should have found large negative 
effects in the models that include persons far from the border, like in Columns (1) and (2) in Table 2, because the 
spillover effects from the prefectures with SE declarations to those without may not reach areas far away from 
the border. However, the odds ratios from these specifications regarding fever, sore throat, cough, and smell 
and taste disorder are generally higher than the odds ratios in Columns (3) to (4). This pattern of results is not 
compatible with the instantaneous spread of SARS-CoV-2 within local areas. Previous studies have also shown 
that SARS-CoV-2 spreads through commuting42 and traveling43, which are not always limited to areas that are 
geographically close to each other.

From the perspective of public policy implications, our study suggests that the early closure of full-service 
restaurants and bars, without any other concurrent policies, is not an efficient way to suppress SARS-CoV-2. 
Given the large detrimental effects on employment4,5, alternative measures for full-service restaurants and bars 
should be considered before they are closed completely. For example, a combination of much more moderate 
NPIs, such as bans on small gatherings12 and early detection and isolation44 would perform better than only 
targeting full-service restaurants and bars. Evidence also suggests that the effectiveness of NPIs largely depends 
on the combination of the interventions implemented8,11,45. In addition, in an effective combination with other 
NPIs and a sufficiently high vaccination rate today, the early closure policy can be replaced by weaker measures, 
such as a recommendation to use outdoor seats and a limitation on the number of seats served per table. Such 
moderate interventions would be, if implemented successfully, far more efficient to make the infection control 
compatible with the freedom of business among full-service restaurants and bars.

Data availability
The datasets used and/or analysed during the current study are available from Dr. Takeo Fujiwara and Dr. Taka-
hiro Tabuchi on reasonable request.
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