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ABSTRACT

Background Epidemiological studies in Kawasaki
disease (KD) have suggested infectious aetiology. During
the COVID-19 pandemic, measures for mitigating SARS-
CoV-2 transmission also suppress the circulation of
other contagious microorganisms. The primary objective
is to compare the number and incidence of KD before
and during the COVID-19 pandemic in Japan, and the
secondary objective is to investigate temporal association
between the KD epidemiology and activities of SARS-
CoV-2 and other viral and bacterial infections.

Methods A retrospective cohort study was conducted
between 2016 and 2020 in Kobe, Japan. We collected
information of hospitalised KD children in Kobe. Child
population was identified through the resident registry
system. Activity of COVID-19 and 11 other infectious
diseases was derived from a public health monitoring
system. Monthly change of KD incidence was analysed
using a difference-in-difference regression model.
Results Throughout the study period, 1027 KD children
were identified. KD had begun to decline in April 2020,
coinciding with the beginning of the COVID-19 pandemic.
The number of KD cases (n=66) between April and
December 2020 was 40% of the average in the same
period in 2016—2019 (165/year). Annual KD incidence
was 315, 300, 353, 347 and 188/100 000 children aged
0-4 years in 20162020, respectively. The difference-in-
difference value of KD incidence was significantly reduced
in the fourth quarter in 2020 (—15.8, 95%Cl —28.0

to —3.5), compared with that in 2016—2019. Sentinel
surveillance showed a marked decrease of all infectious
diseases except exanthema subitum after the beginning
of the COVID-19 pandemic. There were 86 COVID-19
cases aged <10 years and no KD children associated with
CoviD-19.

Conclusion This study showed that the number and
incidence of KD was dramatically reduced during the
COVID-19 pandemic in Japan. This change was temporally
associated with decreased activities of various infectious
diseases other than COVID-19, supporting the hypothesis
of infection-triggered pathogenesis in KD.

INTRODUCTION

Kawasaki disease (KD) is an acute systemic
vasculitis that occurs in young children.!
Epidemiological studies describing incidence,

What is known about the subject?

» Continuing nationwide surveys on Kawasaki dis-
ease (KD) show that KD incidence has consistently
increased since 1970 in Japan.

» Existing research has hypothesised that KD is a con-
sequence of an abnormal immunological response
evoked by any of infectious agents in genetically
susceptible individuals.

» Measures for avoiding disease transmission during
the COVID-19 pandemic, such as use of masks and
handwashing, suppress circulation of other conta-
gious microorganisms.

What this study adds?

» The number and incidence of Kawasaki disease (KD)
was dramatically decreased to less than 50% during
COVID-19 pandemic, compared with that before the
pandemic in Japan.

» The annual KD incidence of 188/100 000 children
aged 0—4 years in 2020 was reduced to the nation-
wide estimates around 2006 in Japan.

» The epidemiological change in KD coincided with
decreased activities in various infectious diseases
other than COVID-19, supporting the hypothesis of
infection-triggered pathogenesis in KD.

age distribution and seasonality in KD suggest
an infectious aetiology.” > However, despite
intensive efforts over decades, the aetiology
has remained to be elucidated. Some inves-
tigators proposed that KD is a consequence
of an abnormal immunological response
evoked by any of infectious agents in genet-
ically susceptible individuals, and that these
microorganisms may trigger the activation of
onset only.*™

Since December 2019, COVID-19 caused
by SARS-CoV-2 has been reported globa111y.5_7
Accumulating evidence indicated that chil-
dren appeared to be less affected and to
exhibit milder manifestations than adults.””
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However, an exception is the newly emerging, multi-
system inflammatory syndrome in children (MIS-C),
which shares some clinical and laboratory features with
those of KD.*'* Children with MIS-C have been docu-
mented mainly in Europe®’ and the USA,'" and little
is known about MIS-C’s prevalence in Asia. Measures for
mitigating SARS-CoV-2 transmission have been widely
promoted in Japan such as use of masks, handwashing
and school closures. These measures may also suppress
the circulation of seasonal influenza and other conta-
gious microorganisms, *'® and may reduce KD under the
presumption of its infection-triggered pathogenesis.*™
These backgrounds raise concerns on an epidemiolog-
ical association between the number of cases of KD and
the magnitude of the COVID-19 pandemic, especially
in East Asia where the incidence of KD is the highest
worldwide." Studies addressing this issue were limited by
small sample sizes, being single-centre studies and being
evaluated during only the initial stage of the COVID-19
pandemic.'™ In the present study, we conducted a
retrospective cohort study in Kobe, Japan. Our primary
objective is to compare the number and incidence of
KD before and during the COVID-19 pandemic, and
secondary objective is to investigate temporal associ-
ation between the KD epidemiology and activities of
SARS-CoV-2 and other viral and bacterial infections.

METHODS

Study setting and design

Kobe city is located in west Japan with a population of
approximately 1.5million including approximately

200000 children aged 0-15 years. In 2016, there were
14 hospitals in which children could be hospitalised and
treated by paediatricians in Kobe, and four of them had
been closed by the end of the study. The study covered all
hospitals with paediatric departments in Kobe. Question-
naires were mailed or emailed to representative paedia-
tricians at the 14 hospitals in Kobe and four hospitals in
three cities adjacent to Kobe (two hospitals in Akashi and
one each in Sanda and Ashiya).

Data collection

A retrospective cohort study was conducted between 1
January 2016 and 31 December 2020. The surveillance
structured form included sex, age in months, date of
onset of KD, date of admission, presence or absence of
transfer to another institute during treatment and history
of COVID-19 within 2months of KD onset. We also asked
the number of hospitalised children with COVID-19 or
MIS-C. For cases in which a child with KD appeared twice
in the dataset (by readmission within 1week after the
discharge or transfer between two recruiting centres), we
retained only one admission in the dataset.

Only patients with KD living in Kobe were included,
and the population of children residing in Kobe in each
month was identified through the Basic Resident Register
system (https://www.city.kobe.lg.jp). To calculate the

annual incidence of KD in children aged 0-4 years, the
total KD number in each year was divided by the average
child population in this age group each month (61 230,
60 216, 58 764, 57 083, and 55172 in 2016, 2017, 2018,
2019 and 2020, respectively). The daily case number
of laboratory-confirmed COVID-19 with a 10-year age
distribution was obtained from municipal administra-
tion information (https://www.city.kobe.lg.jp). The
weekly case number of children affected by 11 infectious
diseases (influenza, respiratory syncytial virus (RSV)
infection, hand-foot-mouth disease, exanthema subitum,
herpangina, pharyngoconjunctival fever, group A strep-
tococcal pharyngitis, mumps, erythema infectiosum,
infectious gastroenteritis and varicella) was derived from
31 sentinel institutions (Kobe City Infectious Disease
Surveillance system: https://kobecity-kmss.jp).

Case definition

A diagnosis of KD was based on the Japanese guide-
lines V.5 or 6.%*' We collected data of all patients with
complete, incomplete and atypical definite KD.?** The
case definition for MIS-C was based on WHO criteria.'?

Statistics
Sex distribution was shown as numbers and compared
using the y” test. Patients’ age was shown as median
and IQR and compared using the Mann-Whitney U test.
P values of <0.05 were considered significant. Since it
was reported that there is a seasonal change in the inci-
dence of KD,”® we used a difference-in-difference regres-
sion model to estimate the change in the incidence of
KD after the COVID-19 outbreak. For this analysis, we
assumed parallel trends and common shocks for each
year, and assessed whether the assumptions were held
in our data with visual inspection. In this model, the
monthly incidence rate of KD in children aged 0-4 years
was set as the dependent variable. The explanatory vari-
ables consisted of a variable for the year of 2020, varia-
bles indicating each quarter of the year (January—March,
April-June, July-September and October-December)
and their interactions. The difference-in-difference value
was considered statistically significant if the 95% CI did
not include 0.

We also constructed a local-level Poisson model with
seasonality using the Bayesian method. The model can
be described as follows:

w[t] ~ Normal (p [t — 1] ,0.)

log (A [t]) = p[t] + s [¢] +log (N [¢])

12

Lgl]=0

1

Y [¢] ~ Poisson (A [t])

where Y is the number of patients aged 0-4 years, and the
log of intensity, log (A), is determined by the random walk
component, p, and the seasonal effect with a zero-sum
constraint, s as well as the offset term of population, N.
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With this model, we predicted the number of patients
with KD using the data before March 2020, then visually
compared it with that actually observed. We set four sepa-
rate sampling chains, each consisting of 12000 samples
(including 2000 samples discarded for convergence). We
evaluated sampling convergence by Gelman-Rubin statis-
tics (R-hat) and by visually inspecting a trace plot. All statis-
tical analyses were performed by the R software program,
V.4.0.2 (R Foundation for Statistical Computing, Vienna,
Austria). For Bayesian model analyses, we used the prob-
abilistic programming language Stan (Stan development
team).

Patient and public involvement

There were no patients or public involvement in the
research design, process and research findings dissemi-
nation.

RESULTS
Of the 18 eligible facilities, all responded to the survey.
A total of 1027 KD children were identified with a male/
female ratio of 579/448. Age of onset ranged from
Omonth to 13 years (median: 28 months, IQR: 15-47
months). Figure 1 shows the monthly changes of patients
with KD in each year. Seasonality was observed during
2016-2019 with a peak generally in winter (December—
January) and a reduction in May and June. However,
such seasonality disappeared after April 2020, when KD
began to decline. The annual number of 120 in 2020
was approximately half (53%) of the average (227/year)
during the previous 4 years. When results were limited
to the period between April and December, the reduc-
tion rate was more prominent (60%, 66 in 2020 vs 165
in 2016-2019). On the other hand, distributions of
sex (male/female: 513/394 vs 66/54) and age of onset
(median age (IQR): 28 (15-47) vs 29 (16—47) months)
did not significantly differ between 2016-2019 and 2020.
Notably, the beginning of the decline of KD in 2020
coincided with the onset of a COVID-19 outbreak in
Kobe (figure 2): the first adult COVID-19 case was iden-
tified on March 2, and the first child aged <10 years on
April 13. Thereafter, the first spike of the pandemic devel-
oped between April and May. Between late May and early
June, COVID-19 cases were reduced; however, the second
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Figure 2 Daily case numbers of COVID-19 in 2020. Orange
and blue bars indicate individuals with <10 years and >10
years of age, respectively.

Summer holidays

and third waves occurred in August and November—
December, respectively (figure 2). Since the beginning
of pandemic, 86 children aged <10 years with COVID-19
were identified, accounting for 2.5% of the entire cases in
2020. There were 221 COVID-19 cases in the aged 10-19
years population. Of the 86 children aged <10 years, 27
children were hospitalised. All were asymptomatic or
manifested mild symptoms and were discharged without
sequelae. There were no cases of MIS-C and KD following
COVID-19 within 2months.

As previous nationwide surveys reported about KD in
children aged 0-4 years, we examined changes of KD in
this age group.”” ** The annual incidence of KD in chil-
dren aged 0—4 years was 315, 300, 353, 347 and 188 (per
100000 children aged 0-4 years) in 2016, 2017, 2018,
2019 and 2020, respectively. Figure 3 shows the result of
a Bayesian time series analysis. We found that patients
with KD had begun to decrease after April 2020, and
continued to reduce until December, compared with
the prediction on the basis of data before 2020. When
limited to the period between April and December,
the reduction rate of KD incidence was 53% in 2020
compared with the average incidence in 2016-2019 (111
vs 237/100 000 children aged 0-4 years). The result of
difference-in-difference analysis is summarised in table 1.
The incidence rate of KD significantly decreased in the
fourth quarter in 2020 compared with 2016 to 2019
(-15.8,95% CI (-28.0 to —3.5) ). From visual assessment of
figure 1, the assumptions for the difference-in-difference
regression model were considered unviolated.

Several practices implemented to contain SARS-CoV-2
transmission have likely had an influence on the activity
of other contagious organisms. Sentinel surveillance
showed that the annual incidence of 11 infectious
diseases, except exanthema subitum, was markedly
lower than that in the previous 4 years. Weekly changes
of four representative infections (RSV infection, influ-
enza, herpangina and group A streptococcal pharyn-
gitis) in children aged 0-4 years are shown in figure 4.
RSV infections in 2020 were less than one-eighth the
average in 2016-2019 (figure 4A). Influenza activity
between November and December in 2020 remained at
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Figure 3 Bayesian time series plot of number of patients
with KD aged 0-4 years in 2016-2020. The black line is the
observed numbers of patients with KD aged 0-4, the red
line is the predicted median, and the dark and light areas are
90% and 80% credible intervals, respectively. KD, Kawasaki
disease.

interseasonal levels (figure 4B). In addition, a decrease
in case numbers was observed in group A streptococcal
pharyngitis (figure 4C) and herpangina (figure 4D).

DISCUSSION

This retrospective cohort study showed that in Japan KD
children in 2020 were dramatically decreased to approx-
imately half of the annual average in 2016-2019. When
limited to the COVID-19 pandemic period, the reduc-
tion rate was more prominent. These changes were also
found in KD incidence among children aged 0—4 years.
A difference-in-difference regression model showed that
the incidence in the fourth quarter in 2020 was signifi-
cantly lower than that in 2016-2019. The KD incidence
has shown a consistent increase since 1970 in Japan,
which may be reflected by an improved awareness of the
diagnosis and possible increase of multiple aetiological
agents for KD.*** The abrupt reduction observed in this
study was a marked contrast to this Japanese KD epidemi-
ology. The KD incidence in 2020 (188,/100 000 children
aged 0—4 years) returned to the estimates around 2006.*
Notably, the reduction of KD was temporally associated
with the COVID-19 pandemic as well as low activities in
various infections other than SARS-CoV-2.

The present study has some strengths. It covered all
hospitals even small institutes in Kobe and the adjacent
three cities with complete response, and the number of
children living in Kobe was based on a public registry.
Children with KD are admitted and treated in hospitals
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Figure 4 Weekly case numbers of respiratory syncytial
virus infection (A), influenza (B), group A streptococcal
pharyngitis (C) and herpangina (D) among children aged 0-4
years in 2016-2020. Annual total number of each infection
(A-D) was 96, 795, 279 and 94 in 2020, respectively, and
844, 2,460, 596 and 629 on average in the years 2016-2019,
respectively. Cyan, orange, grey, yellow dotted lines and red
solid lines indicate weekly changes in 2016, 2017, 2018,
2019 and 2020, respectively.

in Japan; hence, these approaches allow us to accurately
analyse KD incidence. Furthermore, the incidences
reported in 2016, 2017 and 2018 in the present study
were quite similar to the estimates in Japanese nationwide
surveys® * (815, 300 and 353 vs 309, 317 and 359,100
000 children aged 0—4 years, respectively), which suggests
that our cohort was representative. Simultaneously, we
could assess the activity of SARS-CoV-2 and various other
pathogens using a public health monitoring system.

KD has a varied incidence among children of different
races and ethnicities with the highest incidence in East
Asia, especially in Japan and South Korea." A seroprev-
alence study in a single Japanese institute showed no
apparent association of COVID-19 and KD.'” An early
epidemiological analysis in South Korea also failed to
detect this association.'” We contrarily showed a temporal
association between a reduction of KD and the COVID-19
pandemic. The discrepancy between the South Korean
study and ours may be reflected by the evaluation period;
our study was conducted throughout the year, while the
former was limited to the early stage of the COVID-19
pandemic.'” We found no MIS-C cases during the

Table 1
2020 and 2016-2019

Estimated monthly number of Kawasaki disease patients aged 0-4 years and difference-in-difference value between

Estimated monthly no of cases per 100000

children aged 0-4 years

Difference-in-difference value in 2020 vs

2016-2019 2020 2016-2019 (95% Cl)
January-March 30.2 25.6
April-June 22.8 13.8 -4.4 (-16.6 t0 7.8)
July-September 26.6 14.0 -8.0 (-20.2 t0 4.2)
October-December 29.6 9.2 -15.8 (-28.0t0 -3.5)
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pandemic, in line with the other studies in Japan'’ and
South Korea.** This may be explained by recent find-
ings that MIS-C shows a predilection for individuals of
black or Hispanic descent.'” * ** In the USA, as of 20
February 2021, 2060 MIS-C cases were identified while
COVID-19 cases in children aged 0-17 years were up to
2.39million.?® %" In contrast, because of small number of
COVID-19 cases (n=307) in the patients under 20 years of
age in this study, we were not able to conclude that MIS-C
was rare in Japanese children. A larger study is warranted
to definitively assess these associations in Japan.

The exact reasons of the significant reduction of KD
are unclear. It seems to be unlikely that SARS-CoV-2 itself
directly suppressed the occurrence of KD, because only
a small number of children aged <10 years were affected
with this virus in Kobe. The most plausible explana-
tion is that various measures to reduce the spread of
SARS-CoV-2 also suppressed the transmission activities
of other microorganisms, and thereby reduced KD."” *
Weekly epidemics of 11 infectious diseases in Kobe paral-
leled nationwide surveillance reports.”® The disappear-
ance of seasonality in KD in 2020 provides evidence for
the contribution of multiple viruses to KD pathogenesis.
Taken together, our findings support the hypothesis of
infection-triggered pathogenesis in KD.

Several limitations are included this study. First, our
findings indicated a temporal association between the
decline in KD and the increase of SARS-CoV-2-affected
individuals as well as a reduction of various infections.
However, studies evaluating epidemiological time series
could not fully account for this causality. Numerous
infectious agents not examined in this study or other
factors, such as environmental and behavioural changes,
may contribute to KD occurrence. Second, our study was
conducted in Japan. Whether similar findings are gener-
alised to other regions with different genetic ethnici-
ties, magnitude of COVID-19 pandemic, and protective
measures remains to be determined.

CONCLUSION

The present study showed that KD significantly decreased
during the COVID-19 pandemic in Kobe, Japan. Epidemi-
ological analysis through the public surveillance system
also showed a profound decrease of various types of infec-
tions, probably due to the implementation of protective
measures against SARS-CoV-2 transmission. Our data
support, at least in part, the hypothesis that many micro-
organisms are involved to trigger KD occurrence.
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