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Abstract
Aim: We investigated whether the ongoing COVID-19 pandemic was associated with
the occurrence of Kawasaki disease or with multi-inflammatory syndrome in children
(MIS-C).
Methods: This national Finnish register-based study was based on laboratory-
confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections,
MIS-C and Kawasaki disease cases. We performed a time series analysis on the occurrence of Kawasaki disease in 2016–2020.
Results: In 2020, there were 5170 laboratory-confirmed COVID-19 cases in children
under 18 years of age and five fulfilled the MIS-C case definition. The occurrence of
MIS-C was 0.97 per 1000 (95% confidence interval: 0.31-2.26) laboratory-confirmed
SARS-CoV-2 infections in children. Our time series analysis showed that Kawasaki
disease cases decreased during the COVID-19 pandemic. The seasonally adjusted
incidence rate ratio was 0.49 (95% confidence interval: 0.32-0.74) when it was compared to pre-pandemic levels. This coincided with a reduced occurrence of respiratory
infections, due to social distancing in the population.
Conclusion: This nationwide register-based study found that MIS-C was a rare complication of the SARS-CoV-2 infection. The occurrence of Kawasaki disease and respiratory infections decreased during the pandemic. This suggests that transmissible
microbes may play an important role in Kawasaki disease and social distancing may
have a protective effect.
KEYWORDS
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I NTRO D U C TI O N

Since the global emergence of COVID-19, several centres have
reported clusters of critically ill children with an inflammatory
syndrome that appeared similar to Kawasaki disease. This is now
commonly known as multisystem inflammatory syndrome in children
(MIS-C).1,2 Surveillance data of childhood COVID-19 cases have indicated that children have lower rates of hospitalisation than adults.
However, MIS-C has emerged as a novel clinical entity with a broad
clinical spectrum, including life-threatening cardiogenic shock.3,4
Several studies have reported typical symptoms of MIS-C in patient clusters.1,5–9 However, there have been limited epidemiological
data about the estimated proportion of children who develop MIS-C
after mild, but symptomatic, severe acute respiratory syndrome

Keynotes
• We used Finnish national registers to study the epidemiology of multi-inflammatory syndrome in children (MIS-
C) and Kawasaki disease in relation to the COVID-19
pandemic.
• MIS-C was a rare complication of confirmed severe
acute respiratory syndrome coronavirus 2, and the occurrence of Kawasaki disease decreased during the
pandemic.
• This suggests that other transmissible microbes play an
important role in Kawasaki disease and social distancing
may have a protective effect.

coronavirus 2 (SARS-CoV-2) infections. Furthermore, the overall
incidence rate ratios of Kawasaki disease or Kawasaki disease–
like diagnoses have rarely been compared before and during the
10,11

COVID-19 pandemic using a time series analysis.

2016 to 31 December 2020. Finland’s Care Register for Health
Care, maintained by the Finnish Institute for Health and Welfare,

The aim of this register-based, nationwide study was to report

includes data on the diagnoses of patients who were discharged

the occurrence of MIS-C during the COVID-19 pandemic in 2020.

from hospitals or who visited outpatient clinics or family doctors at

Furthermore, we wanted to compare the relative changes in the oc-

primary healthcare centres. We retrieved data for all patients with

currence of Kawasaki disease before and during the COVID-19 pan-

MIS-C aged 0–18 using the International Classification of Diseases,

demic using a time series analysis.

Tenth Revision (ICD-10) diagnosis code M35.8 and for patients with
COVID-19 using the ICD-10 code U07.2. Information on patients
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PATI E NT S A N D M E TH O DS

2.1 | Study design

with Kawasaki disease was retrieved using the ICD-10 code M30.3.
We contacted all five university hospitals in Finland with paediatric intensive care units to double-check the MIS-C cases during the
study period. This confirmed that all the cases had been recorded
in the registers. We calculated the annual population-based inci-

We conducted a register-based, nationwide study of the epidemiol-

dence rate of Kawasaki disease from 2016 to 2020 using official

ogy of MIS-C in Finland in 2020 and of Kawasaki disease in 2016-

government population data from Statistics Finland. The number

2020, before and during the COVID-19 pandemic. Since August

of children with a laboratory-confirmed SARS-CoV-2 infection was

2020, Finland has strongly recommended free SARS-CoV-2 poly-

retrieved from the National Infectious Diseases Register. All clinical

merase chain reaction testing for all children with symptoms that

microbiology laboratories in Finland are required to report all posi-

suggest COVID-19, even if they are mild. On 16 March 2020, the

tive cases of SARS-CoV-2 to this Register. We also used the Register

Finnish Government announced a state of emergency, which in-

to demonstrate the impact of social distancing on the occurrence

cluded temporarily closing restaurants, food and beverage services

of other infections during the COVID-19 pandemic. To do this, we

and primary and secondary schools until 13 May. Preschools and day

retrieved the numbers of influenza A, respiratory syncytial virus

care centres were not closed. After the two-month closure period,

and Mycoplasma pneumoniae–positive respiratory samples, as well

schools remained mostly open for the rest of 2020.

as positive Streptococcus pneumoniae blood cultures. Anonymised,

The study was covered by the institutional research permit of

summarised data from this Register are freely available to the public

the Finnish Institute for Health and Welfare, who performed the

in Finland. The number of other respiratory infections was present

analyses. According to national legislation, informed consent was

in children and adolescents aged 0-19 years, because of the pre-

not required for this study, because it was performed with register-

defined age structure of the Register’s public database.

based data and no patients were contacted. Other authors used and
analysed the summarised register-based data.

2.2 | National registers and data retrieval

2.3 | Case definition
We defined MIS-C as follows: the patient had a registry entry in the
Finnish Care Register for Health Care for MIS-C or fulfilled the case

We used the Finnish Care Register for Health Care to identify

definition of MIS-C provided by The American Centers for Disease

children under 18 years of age with MIS-C from 1 January to 31

Control and Prevention.12 They had also been discharged from, or

December 2020 and children with Kawasaki disease from 1 January

died, in any of the five Finnish university hospitals with paediatric
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intensive care wards. Kawasaki disease was defined as a patient
with an entry for Kawasaki disease in the same Finnish Register.
The child’s first visit for Kawasaki disease was identified, and subsequent, or duplicate, visits were excluded.

2.4 | Statistical analysis
We calculated the annual incidence rates, and 95% confidence intervals (95% CIs), for both Kawasaki disease and laboratory-confirmed
SARS-CoV-2 cases by dividing the total numbers by children aged
0-18 in Finland in 2020, according to Statistics Finland. The MIS-C
incidence rates, and 95% CIs, were calculated per 1000 laboratory-
confirmed SARS-CoV-2 cases for the three-week periods from 1
January 2020 to 31 December 2020. This enabled us to examine the
impact of the COVID-19 epidemic on the occurrence of Kawasaki
disease.
We also performed an interrupted time series, which is a quasi-
experimental design that evaluates changes on longitudinal data in
relation to an intervention point. In this case, the intervention point
was the start of the pandemic, including the need for social distancing.11 The outcome was the quarterly number of Kawasaki disease
cases each year from 2016 to 2020. We chose the date 16 March as
the cut-off point for our pre-pandemic and pandemic data, as that
is when Finland declared a state of emergency. Our time series included an intercept time variable, which was 20 three-month periods, and a period variable. Seasonality was adjusted using a Fourier
term, and over-dispersion of data was controlled by scaled parameters with Pearson’s chi-square test. The goodness of fit of model
was evaluated by the Hosmer-Lemeshow chi-square test (p=0.448).
Autocorrelation was graphically examined, but it was not detected

F I G U R E 1 (A) Laboratory-confirmed COVID-19 infections in
children and adolescents (<18years of age) in Finland in 2020.
Active laboratory diagnostics for all children, even with mild
respiratory symptoms, has been strongly recommended since
August 2020, that is weeks 33-34 onwards. (B) The occurrence of
COVID-19 and Kawasaki disease in children in Finland in 2020

after the data were adjusted for seasonality.11
We used the most feasible program for each statistical analysis,
because all the statistical analyses were not available in one program.

for all Finnish children with infectious symptoms that suggested

The differences between the two proportions were tested with a

COVID-19, as part of the national strategy.

standard normal deviate test available in StatsDirect statistical soft-

The incidence of SARS-CoV-2 under 18 years of age was 470 per

ware 3 (StatsDirect Ltd). The data management and calculation of

100,000 (95% CI: 457-483). Five paediatric patients fulfilled the case

basic statistics were conducted using SPSS, version 27 (IBM Corp),

definition of MIS-C from 1 March to 31 December 2020. There were

and the 95% CI for rates and proportion differences were calculated

no deaths. The annual population-based incidence of MIS-C was

using StatsDirect statistical software 3 (StatsDirect Ltd). ITS analysis

0.45 per 100,000 in children under 18 years (95% CI: 0.15-1.06). The

was performed using Stata 16 (StataCorp LLC), and the incidence

occurrence of MIS-C was 0.97 per 1,000 (95% CI: 0.31-2.26) when

rates were created using OriginPro 2020 (OriginLab Corporation).

the rate was calculated against all laboratory-confirmed SARS-
CoV-2 infections in that age group.

3
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The annual population-based incidence rate of Kawasaki disease
in children was 4.6 per 100,000 (95% CI: 3.5-6.1) in 2020 (Figure 1B).
When we analysed the quarterly time periods from 2016 to 2020,

From 1 January 2020 to 31 December 2020, there were 5,170

the incidence ranged from 2.18 (95% CI: 1.40-3.25) in January to

laboratory-confirmed SARS-CoV-2 infections in children under 18

March 2018 to 0.55 (95% CI: 0.20-1.19) in both July to September

years of age (Figure 1A). The first confirmed paediatric cases were

2020 and October to December 2020 (Table 1). Our time series

reported on 24 February 2020. In Finland, schools were closed from

analysis showed that the occurrence of Kawasaki disease decreased

16 March 2020 to 13 May 2020, but these did not include preschool

during the COVID-19 pandemic (Figure 2). The incidence rate ratio

children or those in day care. Since August 2020, active polymerase

was 0.49 (95% CI: 0.29-0.72) when it was compared to the number

chain reaction SARS-CoV-2 testing has been strongly recommended

of cases before the COVID-19 pandemic. Data from the National

|
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TA B L E 1 The population-based incidence of Kawasaki disease among children in Finland from 2016 to 2020. The COVID-19 pandemic
began in March 2020
Year
2016

2017

2018

2019

2020

Quarter

Incidence (95% CI)

Incidence (95% CI)

Incidence (95% CI)

Incidence (95% CI)

Incidence (95% CI)

Q1

1.50 (0.88 to 2.41)

1.69 (1.02 to 2.63)

2.15 (1.38 to 3.19)

1.90 (1.17 to 2.90)

2.18 (1.40 to 3.25)

Q2

1.86 (1.49 to 2.84)

1.06 (0.06 to 1.86)

1.79 (1.09 to 2.76)

1.26 (0.69 to 2.12)

1.36 (0.76 to 2.25)

Q3

1.50 (0.88 to 2.41)

1.51 (0.88 to 2.42)

1.25 (0.68 to 2.10)

1.99 (1.24 to 3.01)

0.55 (0.20 to 1.19)

Q4

1.06 (0.55 to 1.85)

1.15 (0.61 to 1.97)

1.43 (0.81 to 2.33)

1.44 (0.83 to 2.35)

0.55 (0.20 to 1.19)

Note: Q1 indicates January-March, Q2 indicates April-June, Q3 indicates July-September, and Q4 indicates October-December.

2.5

the peak of the pandemic.1,6,7,15 The data in our present study

2.0

occurring in less than 0.1% of children in the population with

suggest that MIS-C is an infrequent complication of COVID-19,
laboratory-confirmed SARS-CoV-2. Despite this, our study may still
1.5

markedly overestimate the proportion of children developing MIS-C
after COVID-19, because not all children, especially those with as-

1.0

ymptomatic infections, were tested for SARS-CoV-2. According to
the Centers for Disease Control and Prevention, there were 3,185

0.5

0

patients and 36 deaths that met the case definition of MIS-C in the

Incidence rate of Kawasaki per three month periods
Predicted trend of incidence rate
2016

2017

2018

2019

United States from mid-May 2020, when reporting began, to 29
March 2021. Data from a surge in cases in New York showed that

2020

the incidence of SARS-CoV-2 infections in those under 21 years

Year

of age was 322 per 100,000 and the incidence of MIS-C was two

F I G U R E 2 Time series analysis of the occurrence of Kawasaki
disease among children in Finland from 2016 to 2020. The
seasonally adjusted incidence rate ratio (IRR) was 0.46 (95% CI:
0.29 to 0.72) compared to the incidence rate before the COVID-19
pandemic. The start of the global pandemic in March 2020 is
indicated with a vertical dash line

per 100,000 in the same age group.7 A large cohort study from the
United States reported similar results, namely that the cumulative
MIS-C incidence per 100,000 people under 21 years was 2.1 and
varied from 0.2 to 6.3 by state.16 In the present study, the annual
population-based incidence rate of MIS-C was 0.3 per 100,000,
which was lower than the rate reported in the United States. This
may be explained by the different study populations and COVID-19

Infectious Disease Registry showed that the occurrence of influ-

epidemiology situation in Finland.17,18

enza A, the respiratory syncytial virus, Mycoplasma pneumoniae and

Some MIS-C patients have met the diagnostic criteria for

Streptococcus pneumoniae markedly decreased in children and ado-

Kawasaki disease or Kawasaki-like disease.7,8 For instance, Ouldali

lescents aged 0-19 after March 2020 (Figure 3).

et al.10 reported a rapid fivefold increase in the incidence of Kawasaki
disease in a French cohort during a period when SARS-CoV-2 was

4
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the only widely circulating virus. That is why we decided to perform

DISCUSSION

a time series analysis of Kawasaki disease in children before and
during the COVID-19 pandemic. We found that the incidence rate

This nationwide register-based study showed that MIS-C was a rare

of Kawasaki disease markedly decreased after the pandemic began.

complication of the SARS-CoV-2 infection in children. The occur-

Furthermore, the reduced occurrence of Kawasaki disease coincided

rence of Kawasaki disease markedly decreased during the COVID-19

with the reduced respiratory infections in children and in adolescents

pandemic, coinciding with a reduced number of respiratory infec-

in the same population. This was in line with several studies that re-

13,14

tions in children. This was probably due to social distancing.

The

ported that viral respiratory infections had decreased by 60%–70%

observed reduction suggests that transmissible microbes play an im-

in the population due to social distancing.13,14,19,20 Thus, the reduced

portant role in the pathogenesis of Kawasaki disease.

transmission of microbes other than SARS-CoV-2 may explain the

MIS-C is a novel, serious and life-threatening disease associated
1,4,6,8

with COVID-19 in children.

observed decreased incidence of Kawasaki disease in the present

There have been limited data on the

study. Our finding was in line with a study from six hospitals in

proportion of children developing MIS-C after being infected with

Japan, which showed a possible 27% reduction in Kawasaki disease,

SARS-CoV-2. Most previous studies have presented the symptoms

with an incidence rate ratio of 0.73 (95% CI: 0.48-1.10) during the

in selected patient series or clear temporal patient clusters during

COVID-19 pandemic. 21 The aetiopathogenesis of Kawasaki disease

|
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F I G U R E 3 The occurrence of common respiratory viral infections (influenza A and RSV) (A-B), blood-culture positive Streptococcus
pneumoniae infections (C) and Mycoplasma pneumoniae (D) in 0-to 19-year-old children and adolescents in Finland in 2016-2020. Data from
the public National Infectious Diseases Register are presented. The beginning of COVID-19 pandemic is indicated with a vertical dash line.
The 0 level has deliberately been elevated to show the absence of infections more clearly
has been extensively studied but is not fully understood. It appears

respiratory infections, but the data are insufficient to prove its in-

to result from an interplay between genetic susceptibility and an in-

volvement with coronaviruses in general. 22,25,26

fectious trigger, followed by an abnormal immune response. Ouldali

The present study had several strengths. This was a large na-

et al. reported the emergence of Kawasaki disease in France during

tionwide study that used comprehensive data from high-quality na-

the COVID-19 pandemic10 and noted that the study population was

tional registers that also covered the periods before the COVID-19

multi-ethnic. The present study did not report the patients' ethnic-

pandemic. In addition, we performed a time series analysis, which

ity, as that is not registered in medical records or national registers in

has rarely been used to compare Kawasaki disease–like diagnoses

Finland. Most Finnish residents are Northern European, but it is still

before, and during, the COVID-19 pandemic. Since August 2020,

possible that differences in ethnicity and genetic susceptibility may

Finland has strongly recommended free, national and easily available

have influenced the occurrence of Kawasaki disease in our study

testing for all children with symptoms, no matter how mild they are.

population.

This means that we were able to estimate the total number of SARS-

It has been suggested that respiratory viruses, such as influ-

CoV-2 infections in the study population better than most previous

enza, the respiratory syncytial virus and enteroviruses, may trigger

reports of MIS-C patient clusters during the COVID-19 pandemic.

Kawasaki disease in genetically predisposed children.

22,23

Esper

In addition to the register-based data, we retrieved all MIS-C cases

et al. carried out a small case-control study and reported that a

directly from the five university hospitals with paediatric intensive

novel human coronavirus called New Haven coronavirus was de-

care units in Finland to ensure they had all been included in that

tected more frequently in the respiratory secretions of patients with

data. We also present the changes in the epidemiology of common

Kawasaki disease than in control patients. However, this finding

respiratory infections in the study population.

has not been replicated in other studies. 24 The idea that respira-

Our register-based study had some limitations. These included

tory viruses are the main triggers of Kawasaki disease is supported

the lack of a specific ICD-10 code for MIS-C from the start of the

by findings from its clear seasonal cycle, which is similar to that of

COVID-19 emergency, which may have affected the accuracy of
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the register-based data. Finally, the low number of MIS-C cases did
not allow us to carry out analyses to compare the characteristics of
MIS-C and Kawasaki disease patients.

5
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CO N C LU S I O N

This nationwide register-based study showed that MIS-C was a rare
complication of the SARS-CoV-2 infection in children. The occurrence of Kawasaki disease decreased during the COVID-19 study
period and coincided with a reduced number of respiratory infections due to social distancing. This finding suggests that transmissible microbes play an important role in the pathogenesis of Kawasaki
disease.
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