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ABSTRACT

Objective On 7 April 2020, the Japanese government
declared a state of emergency in response to the novel
coronavirus outbreak. To estimate the impact of the
declaration on regional cities with low numbers of
COVID-19 cases, large-scale surveillance to capture the
current epidemiological situation of COVID-19 was urgently
conducted in this study.

Design Cohort study.

Setting Social networking service (SNS)-based online
survey conducted in five prefectures of Japan: Tottori,
Kagawa, Shimane, Tokushima and Okayama.
Participants 127121 participants from the five
prefectures surveyed between 24 March and 5 May 2020.
Interventions An SNS-based healthcare system

named COOPERA (COvid-19: Operation for Personalized
Empowerment to Render smart prevention And care
seeking) was launched. It asks questions regarding
postcode, personal information, preventive actions, and
current and past symptoms related to COVID-19.
Primary and secondary outcome measures Empirical
Bayes estimates of age-sex-standardised incidence rate
(EBSIR) of symptoms and the spatial correlation between
the number of those who reported having symptoms and
the number of COVID-19 cases were examined to identify
the geographical distribution of symptoms in the five
prefectures.

Results 97.8% of participants had no subjective
symptoms. We identified several geographical clusters of
fever with significant spatial correlation (r=0.67) with the
number of confirmed COVID-19 cases, especially in the
urban centres of prefectural capital cities.

Conclusions Given that there are still several high-

risk areas measured by EBSIR, careful discussion on
which areas should be reopened at the end of the state
of emergency is urgently required using real-time SNS
system to monitor the nationwide epidemic.

,'® Hiroaki Miyata'

Strengths and limitations of this study

» Using data from the social networking service (SNS)
messaging application, this study, for the first time,
evaluated the impact of Japan’s declaration of a
state of emergency on regional cities with low num-
bers of COVID-19 cases.

» This study succeeded in capturing the real-time
epidemiology of COVID-19 using SNS data in local
Japan and identified several geographical hot spots.

» Caution is necessary as the data were limited to SNS
users.

» The results might include recall bias as the data
were based on questions asking COVID-19-related
symptoms during the past 1 month.

INTRODUCTION

COVID-19, an infectious disease first reported
in Wuhan, Hubei Province, China, has
given a lesson in the difficulty of preventing
emerging infectious disease epidemics in a
global society."™ About 1 month after the first
COVID-19 case report in early January, the
first case in Brazil, over 16000km away from
China, was confirmed, and as of May 11, 215
countries and territories have been confirmed
to have been infected, with 4006257 cases
and 278892 deaths."”

The WHO'’s declaration of Public Health
Emergency of International Concern due to
COVID-19 at the end of January triggered
many countries to shut down their national
borders. However, the virus has spread and
domestic countermeasures were urgently
implemented, including lockdown of major
cities or the whole country. Until 24 March
2020, around 20% of the global popula-
tion were estimated to be in some form of
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lockdown.® The lockdown can surely prevent the spread
of virus, but it is difficult to maintain for a long period
because there is a trade-off between economics and epide-
miology.” US President Trump has issued guidelines for
restarting economic activity, but ultimately the decision
is reserved for state and municipal leaders.® However,
to determine the optimal timing of restarting social and
economic activities, the number of infected residents in
the whole city, instead of the number of confirmed cases
in hospitals, is a necessary information.” To address it, a
system to more easily and effectively track positive but
unconfirmed cases in real time is urgently needed.

In response to the gradual increase in PCR-positive
COVID-19 cases with an untraceable transmission
pathway, the Japanese government declared a state of
emergency for 7 of the 47 prefectures on the evening of
7 April" and extended it nationwide on 16 April."" This
declaration has limited legal force to prohibit people
from moving, which distinguishes it from the so-called
‘lockdowns’—city blockades with penalties—already in
effect in the USA, UK, France, Germany, Italy and India,
and thus it is essentially driven by the voluntary efforts of
Japanese residents.'” ' In this sense, Japan has a unique
and voluntary-based lockdown policy to weaken the
spread of the infection. Since the declaration, in propor-
tion to the decrease in the number of infected people,
the importance of the discussion on how to announce
the end of the state of emergency and social confine-
ment is increasing. However, even when the number of
COVID-19 cases has decreased, since it is affected by the
total number of PCR tests and the likelihood of mild cases
presenting for testing, it does not mean the epidemic is
completely controlled.

Aquestionnaire-based big data analysis can provide infor-
mation in support of economic reopening,’* " but classic
monitoring methods of this kind are time-consuming
and logistically challenging. In early April, in collabo-
ration with LINE Corporation, Kanagawa Prefecture
launched a novel healthcare support system in Japan,
called COOPERA (COvid-19: Operation for Personal-
ized Empowerment to Render smart prevention And
care seeking).'* LINE provides one of the most famous
social network services in Japan, with over 80million
users. Through the LINE app, COOPERA provides
users a questionnaire that collects information on demo-
graphics, preventive actions, and medical and physical
conditions. In response to the provided information,
COOPERA provides personalised support, such as tele-
phone consultations for respondents who report serious
symptoms. COOPERA is proven to be useful in capturing
the COVID-19 epidemic situation'™® and hence may
provide important information on the estimate of the risk
of re-emergence of infection in real time as well as deci-
sions on reopening local economic activities.

This study is a secondary data analysis from COOPERA
and analysed data on five regional areas in Japan between
24 March and 5 May 2020. This study aims (1) to esti-
mate the consistency of the number of participants with

non-specific symptoms (fever and strong feeling of weari-
ness or shortness of breath) with the PCR testing in the
five prefectures; and (2) to identify potential risk areas
by analysing the number of participants with non-specific
symptoms and (3) to assess any change before and after
the state of emergency. This social networking service
(SNS)-based epidemiological analysis would provide
pertinent information to control the COVID-19 epidemic
in real time, which requires rapid decision making.

METHODS

Data sources and participants

COOPERA uses a chatbot that asks participants to report
individual information, including their medical condi-
tions (non-specific symptoms, such as fever and fatigue)
as well as personal characteristics (see the Outcomes of
interest section). The details of COOPERA can be found
in Yoneoka et al'®'® COOPERA recruits participants via
the LINE app using a QR (quick response) code page
in the prefecture’s website. We obtained data on 127964
participants who live in Tottori, Kagawa, Shimane,
Tokushima and Okayama prefectures in Japan (figure 1)
from 24, 26, 27, 30 and 31 March to 5 May 2020, respec-
tively. In this study, those who were 15 years of age and
older were included. For those who used the COOPERA
multiple times, only the first answer was used in the anal-
ysis. The five prefectures consist of relatively small and
local cities with populations of 0.56 (47th among 47
prefectures), 0.96 (39th), 0.73 (44th), 0.67 (46th) and
1.89 (20th) million, respectively, as of April 2020 (ie, 2.7%
of the total population is covered in this study). In addi-
tion to the COOPERA data, we extracted the number of
PCR-confirmed COVID-19 cases from each prefecture’s
web page.

Outcomes of interest

COOPERA collects personal information regarding (1)
demographic characteristics, including age, gender, occu-
pation and postcode; (2) medical information, including
medical history and preventive actions for COVID-19;
and (3) health conditions, including onset dates of
current and past 1 month symptoms related to COVID-19
(ie, fever, strong feeling of weariness or shortness of
breath) and the duration of these symptoms. For those
who report any symptoms, COOPERA further asks about
medical visits and clinical diagnoses, as well as psycho-
logical conditions,'” which are out of focus of this study.
In this study, symptoms are divided into four subgroups:
fever above 37.5°C (condition A), strong feeling of weari-
ness or shortness of breath (condition B), both condi-
tions A and B (condition C), or either condition A or B
(condition D).

Statistical and geographical analysis

Basic characteristics were reported with mean, SD or
prevalence. The daily prevalence of conditions A-D was
calculated throughout the study period as follows: since
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Figure 1

COOPERA asks for the presence of COVID-19-related
symptoms over the past months, for example, if on 20
March a person responds ‘fever above 37.5°C’ as the
current symptom, that person is counted in both the
denominator and the numerator of the prevalence on 20
March. Also, in terms of the past 1 month symptoms, if
the person had a ‘fever above 37.5°C’ on 14 March, the
answer is also counted in both the denominator and the
numerator of the prevalence on 14 March. Note that due
to the definition, the more recent the date, the smaller the
denominator, resulting in greater likelihood of unstable
estimates (see the Discussion section for more details).
Therefore, the period for plotting results was restricted
to the end of April instead of the end of the study period.

According to the Ministry of Land, Infrastructure,
Transport and Tourism in Japan, there were 109 munici-
palities and 7094 postcodes in the study area at the time
of the study. We conducted geographical analysis at both

140°E  145°E  150°E  155°E

Map of five prefectures: Tottori, Kagawa, Shimane, Tokushima and Okayama.

municipality and postcode levels. Latitude and longi-
tude were extracted from map polygon data for each
municipality. Empirical Bayes estimates of the age-sex-
standardised incidence rate (EBSIR), which are assumed
to be independent and identically distributed and follow
a gamma prior distribution, were calculated to illustrate
the geographical distribution of conditions A-D during
the study period. The EBSIR can incorporate the spatial
neighbourhood information to smooth the estimate
towards the local mean to stabilise the estimation.'?* The
spatial neighbourhood and its associated local adjacency
matrix were defined based on the queen contiguity, where
spatial neighbours shared at least a common border.”
As a sensitivity analysis for the results by the change of
the definition of neighbourhood, we changed the local
adjacency matrix based on the knearest neighbourhood
method with k=10and k=30 in the online supplemental
figure 1. To examine the geographical distribution in
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more detailed resolution, postcode-level data were used
with the k-nearest neighbourhood method with k=60. To
test spatial correlation, r, between the number of those
who reported having each symptom and the number of
confirmed COVID-19 cases, the modified statistical test
for spatial correlation coefficient developed by Clifford
et al’' was used. The test statistics are calculated based
on modified variance and df of the standard t-test. To
examine the impact of the state of emergency in the local
area in Japan, the geographical distributions of EBSIR for
condition A before and after the declaration were plotted.
In addition, to compare the spread of condition A before
and after the declaration in detail in Kagawa Prefecture,
the smallest prefecture in Japan, we estimated the spatial
Gini coefficient, which quantifies the spatial inequality
of the risk of condition A among non-neighbours,
using a Monte Carlo simulation with 2000 iterations.*
A bi-squared weighting scheme and the k-nearest neigh-
bourhood method with k=60 were assumed for the calcu-
lation. Lastly, the mean and SD of EBSIR at each distance
from the Kagawa prefectural office (latitude=134.044,
longitude=34.340), which is located at the centre and the
most populous area in Kagawa Prefecture, were calcu-
lated. Statistical analyses were conducted with R (V.3.6.0)
software. The type I error rate was fixed at 0.0125 after
Bonferroni correction for multiple testing.

Patient and public involvement
Patients and the public were not involved in this study as
secondary data were the main source.

RESULTS

A total of 127121 participants were reported, drawn
unevenly from Tottori (20659 participants, 16.3%),
Kagawa (21 383, 16.8%), Shimane (31 498, 24.8%),
Tokushima (10 945, 8.6%) and Okayama (42 636, 33.5%)
prefectures during 24 March and 5 May 2020. The demo-
graphic characteristics of the participants at the initial
response date are shown in table 1 by condition type.
Of the participants 97.80% did not have any symptoms
(ie, no-symptom group) during the study period, while
0.90%, 1.69%, 0.38% and 2.20% reported conditions
A, B, C and D, respectively. The mean and SD of age at
the initial question was 43.04 (SD: 12.73). There were
more women (63.2%) than men (36.8%). About 40%
were office workers, followed by part-time workers and
unemployed persons at about 11%-14%, depending on
the conditions. The implementation rate of preventive
actions was highest among those without symptoms for
all actions, except for ‘“Take time off from school or work
when you have a fever or other symptoms’, ‘gargling with
iodine’ and ‘Other preventive measure’. Participants with
diabetes mellitus were more likely to report symptoms
(4.01%, 5.64%, 7.36% and 4.68% for conditions A, B,
C and D, respectively) than those with other diseases or
pregnant people.

Figure 2 shows the geographical distribution of the
number of participants with each condition in the five
prefectures during the study period, plotted at the munic-
ipality level. Within the green box, three subregions in
Kagawa Prefecture are plotted in detail at the postcode
level. The black lines represent roads. The number of
participants with conditions was relatively clustered in
prefectural capitals such as Takamatsu and Okayama
cities. There was a statistically significant spatial correla-
tion with the number of those who reported having
each symptom in figure 3: r=0.664 (p<0.001), r=0.666
(p<0.001), r=0.622 (p<0.001) and r=0.665 (p<0.001) for
conditions A, B, C and D, respectively.

Figure 3 shows the estimated EBSIR for each condi-
tion at the municipality level. Our estimates suggest that
the risk of each condition varies by region within the
prefecture. The green box also shows the three regions
in Kagawa Prefecture in detail at the postcode level. As a
sensitivity analysis, the results of conditions A and C using
k=10and k=30 are presented in online supplemental
figure 1. Online supplemental figure 2 illustrates the
geographical distribution of PCR-confirmed COVID-19
cases by municipality until 5 May 2020.

Figure 4 (top and middle) shows the geographical
distribution of EBSIR at the postcode level for condition
A before (top) and after (middle) the declaration of the
state of emergency. The colour contrast between the plots
before and after the statement was enlarged, suggesting
the gap between high-risk (in red colour) and low-risk
(in blue colour) areas has been strengthened. In other
words, higher risk areas became higher risk, and lower
risk areas became lower risk, after the declaration of
emergency. The strengthening in contrast is confirmed
by the spatial Gini coefficients before and after the decla-
ration: spatial Gini coefficients were 0.168 (p<0.001)
and 0.570 (p<0.001) for before and after the statement,
respectively, which implies that the spatial inequality (or
associated colour contrast in figure 4) of the EBSIR grew
after the declaration. Figure 4 (bottom) shows the mean
and SD of EBSIR for condition A at each distance from
the Kagawa prefectural office before and after the decla-
ration. It shows that before the declaration, the risk was
spread almost uniformly from the centre, but after the
declaration the risk increased with distance from the
central area up to 23km and became stable beyond this
threshold.

DISCUSSION

To monitor epidemiological trends in COVID-19, this
study analysed the data of 127121 participants living
in local areas of Japan which reported low numbers of
COVID-19 cases, using an SNS-based healthcare system
COOPERA. Our SNS-based system has a great advan-
tage in its timeliness: with COOPERA, symptoms can be
captured immediately, making data collection quicker
than local public health centres. In addition, SNS allows
easy tracking of the change in symptoms over time,
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Total, N=127 121

No symptom (A) Fever (B) Strong feeling of
(n=124319, >37.5°C (n=1146, weariness or shortness of Both (A) and (B) Either (A) or (B)
97.80%) 0.90%) breath (n=2145, 1.69%) (n=489, 0.38%) (n=2802, 2.20%)

Mean (SD) 4317 (12.7)  38.04 (14.1) 37.5 (12.37) 39.08 (15.3) 37.44 (12.54)

13-19 3279 (2.64) 72 (6.29) 104 (4.85) 30 (6.13) 146 (5.21)

30-39 31287 (25.17) 382 (33.33) 706 (32.91) 149 (30.47) 939 (33.51)

50-59 24753 (19.91) 120 (10.47)

231 (10.77)

51 (10.43) 300 (10.71)

70-79 2557 (2.06) 31 (2.71) 21 (0.98) 14 (2.86) 38 (1.36)

>90 14 (0.01) Combined* Combined* Combined* Combined*

Female 78655 (63.27) 672 (58.64) 1291 (60.19) 262 (53.58) 1701 (60.71)

Pregnant 1624 (1.31)  19(1.66) 46 (2.14) 9 (1.84) 56 (2.00)

Self-employed 11810(9.5) 111 (9.69) 216 (10.07) 52 (10.63) 275 (9.81)

Public officials 12287 (9.88) 91 (7.94) 162 (7.55) 43 (8.79) 210 (7.49)

Part-time workers 17362 (13.97) 154 (13.44) 303 (14.13) 48 (9.82) 409 (14.6)

Others 13370 (10.75) 125 (10.91) 233 (10.86) 62 (12.68) 296 (10.56)

Current 1628 (1.31) 445 (38.83) 578 (26.95) 219 (44.79) 804 (28.69)

Diseases currently undergoing treatment (multiple answers)

Malignant tumour 1144 (0.92) 14 (1.22) 26 (1.21) 9(1.84) 31 (1.11)
without anticancer
drugs

Kidney diseases 927 (0.75) 11 (0.96) 30 (1.40) 7 (1.43) 34 (1.21)
On dialysis treatment 127 (0.10) 5(0.44) 7(0.33) <5 (£1.02) 8 (0.29)
Treatment with 1252 (1.01) 18 (1.57) 47 (2.19) 12 (2.45) 53 (1.89)
immunosuppressant
Continued

(3]
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Table 1 Continued

Total, N=127 121

No symptom (A) Fever

(B) Strong feeling of

(n=124319, >37.5°C (n=1146, weariness or shortness of Both (A) and (B) Either (A) or (B)
97.80%) 0.90%) breath (n=2145, 1.69%) (n=489, 0.38%) (n=2802, 2.20%)
Preventive measures (multiple answers)
Washing hands in 76267 (61.35) 659 (57.50) 1262 (58.83) 270 (565.21) 1651 (58.92)
running water
Washing hands with 107 309 929 (81.06) 1714 (79.91) 374 (76.48) 2269 (80.98)
soap and water (86.32)
Hand disinfection with 88239 (70.98) 702 (61.26) 1349 (62.89) 267 (54.60) 1784 (63.67)
alcohol
Etiquette (masks, 108158 940 (82.02) 1789 (83.4) 374 (76.48) 2355 (84.05)
handkerchiefs and so  (87.00)
on) in case of coughing
or sneezing
Take time off from 48852 (39.3) 546 (47.64) 779 (36.32) 213 (43.56) 1112 (39.69)
school or work when
you have a fever or
other symptoms
Gargling with water 62420 (50.21) 481 (41.97) 897 (41.82) 172 (35.17) 1206 (43.04)
Gargling with iodine 14285 (11.49) 148 (12.91) 273 (12.73) 73 (14.93) 348 (12.42)
Regular ventilation 68717 (65.27) 518 (45.20) 935 (43.59) 206 (42.13) 1247 (44.50)
Maintaining humidity 26893 (21.63) 205 (17.89) 392 (18.28) 94 (19.22) 503 (17.95)
A well-balanced diet 54256 (43.64) 356 (31.06) 589 (27.46) 138 (28.22) 807 (28.80)
Regular exercise 29453 (23.69) 170 (14.83) 260 (12.12) 67 (13.70) 363 (12.96)
Getting plenty of rest 56491 (45.44) 399 (34.82) 721 (33.61) 156 (31.90) 964 (34.40)
Telework 5578 (4.49) 40 (3.49) 73 (3.40) 18 (3.68) 95 (3.39)
Staggered commuting 3260 (2.62) 23 (2.01) 48 (2.24) 10 (2.04) 61 (2.18)
Avoidance of crowds 23597 (18.98) 148 (12.91) 279 (13.01) 46 (9.41) 381 (13.6)
other than staggered
commuting
Staying up-to-date on 73806 (59.37) 505 (44.07) 1078 (50.26) 199 (40.7) 1384 (49.39)
COVID-19
Other preventive 1657 (1.33) 13 (1.13) 40 (1.86) 9(1.84) 44 (1.57)
measures
No preventive 774 (0.62) 23 (2.01) 39 (1.82) 16 (3.27) 46 (1.64)
measures

*For the purpose of anonymisation, if there was one item with fewer than five people in each variable, it was combined with the numbers in
the item above. If there were more than one item with less than five people, each is indicated as ‘less than five people’.

such as the date of symptom occurrence, diagnosis and
recovery. We found that 0.90% (1146) of participants
had fever (condition A) and 0.38% (489) had fever and
strong feelings of weariness or shortness of breath (condi-
tion C) during 24 March and 5 May, including the date
of the declaration of the state of emergency on 7 April. It
should be noted that our outcomes of interest (ie, fever
and strong feeling of weariness or shortness of breath)
are just surrogate indicators of the COVID-19 infection,
implicating that the number of participants with such
symptoms might be affected by both COVID-19 and other
cases such as cold and influenza A and B. In that sense,

our results overestimate the prevalence of COVID-19.
However, Sakamoto et al® reported the seasonal influenza
in 2020 in Japan is less active than in previous years,”
which suggests that the system has (at least partially)
captured the COVID-19 epidemiological situation.

We illustrated the geographical distribution of the
estimated EBSIR for non-specific symptoms. We also
showed the significant spatial correlation between such
symptoms and the number of PCR-confirmed cases of
COVID-19 (r=0.62-0.67). This implies that COOPERA
can partially capture geographical clusters of COVID-19
cases by observing the real-time number of symptoms

Yoneoka D, et al. BMJ Open 2021;11:¢042002. doi:10.1136/bmjopen-2020-042002
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Figure 2 Maps of the number of non-specific symptoms in five prefectures. The black line represents the road network. The
blocks are divided by municipality. The thin black line indicates boundaries. Within the green box, three subregions in Kagawa
Prefecture are plotted by postcode level. Panels: (A) condition A (fever); (B) condition B (strong feeling of weariness or shortness
of breath); (C) both conditions A and B; and (D) either condition A or B. The grey areas indicate there were no participants.

even in the area with low reported numbers of COVID-19
cases. In addition, we found several geographically high-
risk areas with high EBSIR, especially in downtown or
prefectural capital cities: for example, around Takamatsu,
Marugame and Tokushima, cities are likely to form rela-
tively larger geographical clusters of condition A. Further,
although additional examination is required, it seems

that geographical clusters follow with roads (black line in
the figures), especially around road-crossing hubs. Based
on this evidence, we can discuss how medical and human
resources to combat COVID-19 should be allocated. In
terms of the impact of the state of emergency, we observed
a clear-cut inflation of Gini coefficients and a colour
contrast of the spread of EBSIR between before and after
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Figure 3 Maps plotting the age-sex-standardised incidence rate of the risk of non-specific symptoms in five prefectures. The
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green box, three subregions in Kagawa Prefecture are plotted by postcode level. Panels: (A) condition A (fever); (B) condition B
(strong feeling of weariness or shortness of breath); (C) both conditions A and B; and (D) either condition A or B. The grey areas

indicate there were no participants.

the declaration. After the statement, it appears that fever
cases were locked in certain local areas, preventing the
spread of the infection to other neighbourhood areas,
indicating that even though the declaration has limited
legally enforceable measures, such as prohibiting the
movement of residents, the declaration had a lockdown-like

effectin the sense that high-risk areas became higher and
low risk areas became lower after the declaration.

There are several limitations to this research. The first is
bias related to participants’ features. Since our monitoring
was not a random sampling scheme through the online
tool LINE, our results might include sampling bias: those
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who have no access to the internet, smartphone or LINE
app may be underrepresented. Further, our result might
include respondent bias: LINE users who have relatively
stronger anxiety from any symptoms or at high-risk envi-
ronment might have stronger motivation to answer the
questionnaire, resulting in overestimation. Unfortunately,
no detailed data on user backgrounds such as gender, age
and prefecture of residence are available. Therefore, it
is difficult to verify the sampling bias. Second, our result
might include recall bias: our monitoring contained ques-
tions asking symptoms during the past I month, and thus
the further back in time we account for, the more uncer-
tain the result becomes. Lastly, we should note that the
daily changes in the number of the denominator in the
prevalence are shown in online supplemental figure 3,
showing that the denominator has declined since 1 April
and has been particularly low in recent weeks. Therefore,
the estimation accuracy might be low in the recent weeks.
Other limitations are discussed extensively in Yoneoka et
al.™®

In summary, this study is the first report using large-
scale data (over 120000 participants) to monitor the
COVID-19 pandemic situation in regional areas in Japan
with low reported numbers of COVID-19 cases. Given that
there are still several high-risk areas, careful discussion on
which area should be reopened first is urgently required,
which is the key to control the local and nationwide
epidemic in Japan. In addition, given that Japan has a
unique and weak lockdown policy to slow down the speed
of transmission between cities, our result would also be
helpful in preparing for the second or third wave without
a strong lockdown to protect the local economy not only
in European countries and the USA, but also in devel-
oping countries.
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