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Abstract

Object: First coronavirus disease 2019 (COVID-19) endemic wave in Japan was almost stabilized in late
May in 2020, without strong physical distancing interventions. Our objective was to analyze temporal
trends in the incidence of symptomatic COVID-19 during this phase in Osaka Prefecture (population of 8.8
million).

Methods: We calculated 7-day moving averages of the date-of-onset-based number of symptomatic
COVID-19 cases using anonymous data posted on the official website of the Osaka Prefectural Government
between February 27 and May 23 in subjects whose route of transmission was known (linked case) or un-
known (unlinked case). Joinpoint regression analysis was performed. Daily percent change (DPC) in the
incidence and dates of significant change (“joinpoint”) were identified in the Joinpoint regression analysis.
Results: The maximum daily number of symptomatic COVID-19 cases was 72 on April 3. From March 12
to April 2, the incidence of unlinked cases significantly increased (DPC: +14.8%). Then, the incidence rap-
idly decreased until late May with accelerating downward trend between April 12 and 17 (DPC%: -15.8%).
The temporal change in linked cases was almost synchronized to that of unlinked cases with 6-7 days’ delay.
Conclusions: The peak incidence of unlinked COVID-19 cases in the first endemic wave in Osaka was
observed at April 2, 2020. The temporal trend was synchronically followed by that of linked cases with 6-7

days’ delay.
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I. Introduction

Japan (120 million population) experienced sporadic cases
of coronavirus disease 2019 (COVID-19) mainly in Hokkai-
do, Tokyo, Osaka and some local areas in February 2020.
Then, the first endemic wave occurred from mid-March [1].
During the same period, the government Expert Meeting
was urging people to avoid crowded and confined spaces to
prevent spread of the virus [2]. In addition, the Japanese
Government stated emergency on outbreaks in April 7[3],
which was made based on the Act on Special Measures for
Pandemic Influenza and New Infectious Diseases. Surpris-
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ingly, the number of daily reported cases rapidly declined
starting on April 10[1], without strong physical distancing
interventions such as closures of workplace, shutdown of
public transportation and restrictions on movement (lock-
downs). The number of daily reported cases in the late May
decreased to 50[4] which was approximately one twelfth
of the peak incidence in the first endemic wave on April 9.
The cumulative incidence by May 27 in Japan was 16,651
[4], which was much lower than the respective incidence
in the UK (265,231), Italy (230,555), Germany (179,364),
France (142,704), China (84,544) and the US (1,634,010) [5],
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even though many of these countries conducted multiple
physical distancing interventions [6].

In the first endemic wave, Japanese COVID-19 patients
without known exposure had longer time of symptom onset
to the diagnosis than those with known exposure [7]. We
assume this finding might influence difference in temporal
trends in the incidence of symptomatic COVID-19 cases
between the two groups. Thus, we analyzed the temporal
trends in the incidence of symptomatic COVID-19 during
this phase in Osaka Prefecture, which has a population of 8.8
million with a density of 4700/km2, in classifying linked and
unlinked cases.

II. Methods

1. Definition of a case of COVID-19

A confirmed COVID-19 case was defined according to
the definition of a case issued in a guideline of the Infection
Control Act [8]. In the study period, a physician diagnosed
a symptomatic patient as COVID-19-positive if the patient
tested positive on reverse transcription-polymerase chain
reaction (PCR) [9] or loop-mediated isothermal amplifica-
tion (LAMP)[10] in a sample obtained by a naso-pharyngeal
swab or sputum from the patient. Physicians are mandato-
rily required to submit notification of positive cases to the
public health center (PHC) that has jurisdiction over his/her
medical institution based on the Infection Control Act.

The Department of Health of the Osaka Prefectural Gov-
ernment (DHOPG) collects all incident reports from the
18 PHCs located in Osaka Prefecture, and publicizes the
daily anonymous personal data on the official website of the
Osaka Prefectural Government (OPG) [11]. We used this
publicized data in this study.

2. Study subjects and data items

There were 1,780 confirmed COVID-19 cases diagnosed
between February 27 and May 23, which include the first
endemic wave of COVID-19 in Osaka. Among these, we
excluded 22 cases imported from overseas, 324 cases
clustered in 4 rock-music halls, 6 hospitals and one faculty
of a university, and 172 cases either with asymptomatic
COVID-19 or in which the date of onset was unknown. The
remaining 1,262 symptomatic cases were analyzed in this
study (Figure 1).

When a Japanese PHC received an incident report from
a physician, the PHC immediately investigates the index
case’s behavior during the 14-day period before the date
of onset to identify the route of transmission. At the same
time, the PHC performs contact tracing of the index case
to identify persons with whom the index case was in close
contact between 2 days before the date of onset and the

1,780 confirmed COVID-19
cases diagnosed between
Feb 27 and May 23 in Osaka

* imported from overseas
® |[clustered in
x
324
% * 4 rock-music halls
@ | 6 hospitals

+ 1 faculty of a university

* asymptomatic COVID-19
* the date of onset was unknown

Study subjects

1,262 symptomatic cases

Figure 1 Recruitment of study subjects in the first en-
demic wave of COVID-19 in Osaka, 2020

date of the beginning of isolation in hospital admission or
hotel stay [12]. The asymptomatic persons with whom the
index case was in close contact are required to stay at home
for 14 days from the date of last contact with the index case
with active health monitoring by the PHC. We used data on
index cases whose route of transmission is known (linked
case) or unknown (unlinked case) in this study.

3. Analysis

To give an overview of the trend in symptomatic
COVID-19 cases until the first endemic wave was stabilized
in Osaka, 7-day moving averages of the date-of onset-based
number of cases were calculated in both linked and unlinked
subjects.

Then, to identify days when there was a statistically
significant change in the slope of the temporal trend in
the incidence of symptomatic COVID-19, we applied the
joinpoint regression model [13] by using the Joinpoint Re-
gression Program, version 4.8.0.1[14]. We computed the
estimated slopes describing the 5-day moving average daily
percent change (DPC%) in the incidence in date-of-onset
per 100,000 person-days. In this computation, we added one
dummy case in all the date of the incident number to avoid
exaggeration of the temporal changes. Permutation test was
performed to identify days when a statistically significant
change had occurred (p<0.05).

II1. Results

1. Overview
We saw a small peak (n=9) in the daily number of symp-
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Figure 2 Seven-day moving averages of the date-of onset-based number of COVID-19 cases in linked and unlinked
symptomatic subjects in Osaka between February 17 and May 16 in 2020.

tomatic COVID-19 cases on March 4, which was followed
by a rapid increase with a peak (n=72) on April 3 (Figure 2).
Then, it decreased to zero to 5 patients per day on May 7
and thereafter.

The trend in the 7-day moving average of the incidence
of unlinked cases was characterized by a triangular shape,
reaching a peak on April 2. The seven-day moving aver-
age in linked cases increased from March 20 to April 8. It
seemed to decrease to zero to three patients per day on
May 10 and thereafter (Figure 2).

2. Joinpoint analysis

Figure 3A shows trends in the incidence of symptomatic
COVID-19 among unlinked cases in Osaka between Feb-
ruary 29 and May 21 in 2020. There were five joinpoints
on March 5, March 12, April 2, April 12 and April 17, with
statistically significant changes. A conspicuous upward
trend (DPC: +14.8%, for 21 days) continued from March 12
to April 2, and was followed by three significant downward
segments (DPC: -7.5%, -15.8% and -6.5 %) divided by two
joinpoints (April 12 and April 17).

Among the linked cases, a significant upward trend with
a DPC of +15.7% started on March 19, which was 7 days
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after the beginning of the conspicuous upward trend in the
unlinked cases (Figure 3B). This upward trend ended on
April 8, which was 6 days after the date of the peak inci-
dence in the unlinked cases. The downward trend contin-
ued to May 21, with a DPC% that ranged from -4.6 to -8.0%
(Figure 3B).

VI. Disucussion

The DHOPG identified 48 COVID-19-positive cases who
were part of clusters at four rock-music concerts held be-
tween February 15 and 24 in the Osaka metropolitan area
[11]. The presence of a small unlinked wave at the begin-
ning of March indicates that these clusters had limited im-
pact on subsequent community transmission among Osaka
citizens. At the time, Osaka citizens received no official an-
nouncement on refrain from going to the “three Cs” (“closed

”, «

spaces with poor ventilation”; “crowded places with many

”, o«

people nearby”;
such as night clubs, karaoke clubs and fitness centers from

close contact settings in a loud voice”)
the central nor local governments. Therefore, COVID-19

positive individuals infected in the four rock music concerts
might have negative behavior to go to these other three
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Figure 3 Joinpoint analysis of the symptomatic COVID-19 incidence rate per
100,000 person-days in Osaka between February 29 and May 21 in
2020. (A) is incidence rate of unlinked case, (B) is incidence of linked
case. Daily percent change (DPC) was estimated by using the Join-
point Regression Program version 4.8.10. * Statistical significance
was set at p-vale < 0.05.
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Cs although these places were opened in part at the time.
A previous online survey of Japanese citizens conducted
at the end of March showed that approximately 85 percent
were practicing social distancing measures recommended
by the Japanese government and 86 percent were perform-
ing frequent handwashing [15]. Participants of this survey
responded that the most important event influencing these
preferable actions was the infection aboard the Diamond
Princess cruise ship [15] that was quarantined at Yokohama
Port in early February. We suppose this report implies that
the majority of Osaka citizens had already had social dis-
tancing measures and performing handwashing behaviors
by mid-March, which might be partially attributed to reduce
the risk of unlinked community transmission from these
clusters.

Japan, including Osaka, experienced the first endemic
wave of COVID-19 from mid-March to early May. As a
whole genome sequencing network analysis of the virus
that was predominant in clusters at this time demonstrated
that the viruses were related to the virus in the outhreak
in Europe [16], the primary virus in the first endemic wave
was probably imported from Europe, before the Japanese
government restricted European travelers from entering
Japan in mid-March.

The number of daily unlinked symptomatic cases in Osa-
ka started to drastically decrease on April 3. This suggests
that the magnitude of COVID-19 transmission rapidly de-
creased around March 28, on the basis of the assumption
of one incubation period interval [17]. At this time, 1) the
Osaka Prefectural Government requested the citizens’ co-
operation to stay at home on the weekend of March 21 and
22; ii) the Osaka prefectural government announced that
the number of daily COVID-19 cases in Osaka jumped from
7 to 20 on March 27; iii) Prime Minister S. Abe encouraged
the Japanese public to avoid the overlapping three Cs on
March 28; iv) a famous Japanese comedian (K.S.) died by
COVID-19 with severe dyspnea on March 29 and v) the
Osaka prefectural government urged the public to refrain
from going to the “three Cs” such as night clubs, karaoke
clubs and fitness centers on March 31. We speculate that
these events and messages possibly influenced some Osa-
ka citizens to refrain from engaging in high-risk behaviors
with regard to COVID-19 transmission in late March. In
addition, the Japanese social custom of being quiet in public
spaces, and the Japanese language which is characterized
by soft pronunciation of both vowels and consonants may
have contributed to the low risk of droplet infection even in
close-contact settings.

The declining trend in the daily number of unlinked
symptomatic COVID-19 cases was accelerated between
April 12 and April 19. We think that this change was at-

tributed to Prime Minister Abe’s statement of emergency
on outbreaks issued on April 7[3], which was made based
on the Act on Special Measures for Pandemic Influenza
and New Infectious Disease. Osaka citizens probably main-
tained self-restraint to avoid the “three Cs” more strictly,
which led to the accelerated downward trend that occurred
after one incubation interval from the time of the statement
(April 7 to 12).

On the other hand, the joinpoint analysis showed that
the change in daily number of linked symptomatic cases
was synchronized with the temporal trends in unlinked
cases with an interval of almost one incubation period (6 to
7 days). This finding was possibly due to the situation that
many linked cases were detected by contact tracing of the
index unlinked cases by the local PHC.

Osaka had 268 COVID-19 cases clustered in 6 hospitals
between April 17 and May 8[11]. However, the downward
trend in the DPC% in late April was not changed until late
May. This phenomenon indicates that these clusters had a
limited impact on the spread of the virus among Osaka cit-
izens, possibly in part by self-restraint behaviors to protect
against the virus.

One strength of this study is that all the incident data
were obtained from the 8.8 million Osaka residents through
the preventive action based on the Infection Control Act.
Trained public health nurses in local PHC offices ask all
confirmed COVID-19-positive individuals about their be-
haviors to explore the route of transmission. Moreover, as
we excluded asymptomatic cases, the significant trends we
found would have low influence from detection bias due to
patients’ accessibility to physicians or patients receiving
PCR testing.

Limitations of this study were: in the study period, we
had lower COVID-19 PCR test availability than other de-
veloped countries [mean number of PCR tests per day in
the second week of April in Osaka was 380[11]]. Therefore,
the incidence rate was probably underestimated. However,
since such underestimation might occur during the obser-
vation period equally, it would not have an influential detec-
tion bias in the temporal trends nor joinpoints we found.

In conclusion, we showed that the first symptomatic
COVID-19 endemic wave in Osaka ended at around 60
days with a peak daily incidence of less than 100. The peak
incidence of unlinked COVID-19 cases in the first endemic
wave in Osaka was observed at April 2, 2020. The temporal
trend was synchronically followed by that of linked cases
with 6-7 days’ delay.

Acknowledgements

The authors express appreciation to colleagues and staffs

J. Natl. Inst. Public Health, 70 (3) : 2021 319



TANAKA Hideo, MORISADA Kazutoshi, WATANABE Miki

at the 18 public health centers in Osaka Prefecture and the
DHOPG who provided these raw data through engagement
in COVID-19 control actions.

Conflict of Interest
[9]

The authors declare no conflict of interest.

Ethical approval

2020. https://www.mhlw.go.jp/content/000668291.pdf (ac-
cessed 2021-03-20)

[COVID-19 clinical guideline Ver.3 2020.] https:/www.
mhlw.go.jp/content/000668291.pdf (in Japanese)(accessed
2021-03-20)

Shirato K, Nao N, Katano H, et al. Development of
genetic diagnostic methods for detection for novel
coronavirus 2019(nCoV-2019) in Japan. Jpn J Infect Dis.
2020;73(4):304-307.

[10] Kitagawa Y, Orihara Y, Kawamura R, et al. Evaluation of

All the anonymous data we used in this study was ob-
tained from the official website of the Osaka Prefectural
Government. Therefore, this descriptive epidemiologic

rapid diagnosis of novel coronavirus disease (COVID-19)
using loop-mediated isothermal amplification. J Clin Virol.
2020;129:104446.

study does not need approval of an institutional review [11] KBEfF. HoB 5B R (e PR #EHR20204E2 H 27H ~

board on ethical issue.
References

[1] Infectious Diseases Weekly Reports (IDWR) Japan.
COVID-19. 2020;22(18/19):11-14.

[21 JEAES A, A - B o g A L R &G

JEXF T K234 ) — K — FOEREE httpsy/www.
mhlw.go.jp/stf/seisakunitsuite/bunya/0000121431_00093.
html (accessed 2021-03-20)
Ministry of Health, Labor and Welfare. [Countermeasure
on COVID-19 infection.] https:/www.mhlw.go.jp/stf/sei-
sakunitsuite/bunya/0000121431_00093.html (in Japanese)
(accessed 2021-03-20)

[3] BEHITER. Hif a7 £ v A KGET AT (5527
[A1). https:/www.kantei.go.jp/jp/98_abe/actions/202004/07

corona.html (accesed 2021-03-20) [12]

Prime Minister’s office of Japan. [The 27th countermea-
sure headquarters meeting on COVID-19.] https:/www.
kantei.go.jp/jp/98_abe/actions/202004/07corona.html (in
Japanese)(accesed 2021-03-20)

[4] Infectious Diseases Weekly Reports (IDWR) Japan.
COVID-19. 2020;22(21):8-11.

[5] World Health Organization (WHO). Coronavirus dis-
ease (COVID-19) Situation Report-128. https://www.
who.int/docs/default-source/coronaviruse/situation-re-
ports/20200527-covid-19-sitrep-128.pdf? sfvrsn=-

20204F 5 H23H). http://www.pref.osaka.lg,jp/hodo/index.
php?HST BUCODE=6000&HST _SYOCODE=&HST
STARTDATE2_START=&HST_STARTDATEZ2_
END=&HST STARTDATE2=&HST TITLE1=%83R
9%83%8D%831%81%40%8A%B3%8E%D2&SEARCH _
NUM=300&searchFlg=%8C%9F %81%40%8D%F5
&site=fumin&start=1 (accessed 2021-03-20)

Osaka Prefectural Government. [Daily report (Department
of Health and Medicine between February 27 and May 23 in
2020).] http://www.pref.osaka.lg.jp/hodo/index.php? HST _
BUCODE=6000&HST SYOCODE=&HST START-
DATE2 START=&HST STARTDATEZ2 END=&HST _
STARTDATE2=&HST TITLE1=%83R%83%8D%83
1%81%40%8A%B3%8E%D2&SEARCH_NUM=300&-
searchFlg=%8C%9F %81%40%8D%F5&site=-
fumin&start=1 (in Japanese)(accessed 2021-03-20)

E N EGSE TR A iE e v 4 —. Hiila o+
7AWV R JEGRE BT 2 R 19328 5 A S U
B (A 2 45 H29H ). https:/www.niid.go.jp/
niid/ja/diseass/ka/corona-virus/2019-nov/2484-idsc/9357-
2019-ncov-02.html (accessed 2021-03-20)

Infectious Diseases Surveillance Center, National In-
stitute of Infectious Diseases. [Guideline on contact
tracing of novel coronavirus infection in Japan (May 29,
2020).] https://www.niid.go.jp/niid/ja/diseass/ka/corona-
virus/2019-nov/2484-idsc/9357-2019-ncov-02.html (in
Japanese)(accessed 2021-03-20)

11720c0a_2 (accesed 2021-03-20) [13] Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation

[6] Islam N, Sharp SJ, Chowell G, et al. Physical distanc-
ing interventions and incidence of coronavirus dis-

tests for joinpoint regression with applications to cancer
rates. Stat Med. 2000;19(3):335-351.

ease 2019: natural experiment in 149 countries. BM]J. [14] National Cancer Institute (NIH), Division of Cancer

2020;370:m2743.
[7] Ogata T, Tanaka H. High probability of long diagnostic
delay in coronavirus diseases 2019 cases with nuknown

Control & Population Sciences, Suveillance Research
Program. Joinpoint trend analysis software. https://sur-
veillance.cancer.gov/joinpoint/ (accessed 2021-03-20)

transmissio route in Japan. Int J Environ Res and Public [15] Muto K, Yamamoto I, Nagasu M, Tanaka M, Wada K.

Health 2020; 17, 8655; doi:10.3390/ijerph172228655
8] Fr#anad v AV AEIEZHDO T5] & 5 3

Japanese citizens’ behavioral changes and preparedness
against COVID-19: An online survey during the early

320 J. Natl. Inst. Public Health, 70 (3) : 2021



Trends in the incidence of symptomatic COVID-19 during the first endemic wave in the Japanese population

phase of the pandemic. PLoS One. 2020;15(6):e0234292. [17] Nishiura H, Linton NM, Akhmetzhanov AR. Serial in-
[16] Sekizuka T, Itokawa K, Hashino M, et al. A genome terval of novel coronavirus (COVID-19) infections. Int J
epidemiological study of SARS-CoV-2 introduction into Infect Dis. 2020;93:284-286.

Japan. medRxiv. 2020.

J. Natl. Inst. Public Health, 70 (3) : 2021 321



TANAKA Hideo, MORISADA Kazutoshi, WATANABE Miki

<E#>
BAAN (KBRAF) (CHT3HBIO0FT1ILAHRT
F1HEBEHOERMBRBO ML > K9
Mgk 2 fie—k, mearyg
DK R I 5 A AT
! PR
Y LT A AR AL SR e
R A ) ) TRV NGy NG 4 o e 4 1| g Ay A St g
Wiz

322

BEY : HARICBI 2 Moo+ 4 VA EGHE (COVID-19) FATOH 1 #%IE, ERISK$ 2 Rl
ATHEIMIBR 2 FE i 5 & & 72 < 202048 5 HiR I3 —H TR E 2o 72, AWFZECTIERBEFALT (830
HN) 2B BRI OFIEIRE 7 - 72COVID-19MBEORKEFI b L > FOSFE S 2123 5.
Fik  20204E 2 A27H A5 5 H23H OIS KBRGENTHREMD B - 72, WA IER DO COVID-194#
BAO, BEHB X OEGV — b ARHL B O, KB REFREFRTBOS AT 2R — A _—
VHhHAFLE IREHCCRIEN CTRAREERO 7 HMBEIFEEREB L. 72, BEZZK
v — FNAHF EHBEIC25 L, Yagf rRA Y MNEEITEEHWTENENOFRIEH TR/
BEOML Y FEGHL, UREOFHSNEHRITEOMN Y HADEE L BET L7,

R FIHEICBIIBEREOE—2134H3H (2N) Thotz B — MABHBEKD 3 H12
HA 5 4 J] 2 H % To?annual percent change (DPC) 13+14.8% L BEZ Z2Ma /R L, FhUHEaEIC
WAL (DPC-7.5%), $512, BAHBESOHENZ4ATH2S5 HEDO 4 A12H»55H
MIZDPCAH-15.8% &, WAHEIME L CTwiz, —7, Egov— MBHEOREBEHRO ML ¥ ML, #%
A6 H2L 7HENLTEGL — MAHBEREO FL Y FIZHF LTV,

#EER 0 KRB OCOVID-1954T45 1 9IS B 2 e — FAHEOREKOE -7 1Z4 H2HTH -
7o BV — NHE ORBEOBKIFNELD S Y — v iE, BRIV — MAHFZEOFNIZ6-7 HiER
T L T,

F—T—F FHRaoFy AV ABGEE, BE BV — PAUE, HA, YaA YRS VMG

J. Natl. Inst. Public Health, 70 (3) : 2021



