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Introduction

The outbreak of coronavirus disease 2019 (COVID-19) 
has become a global health emergency. Children infected 
with severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) have a milder disease course than infected 
adults (1). However, a cluster of children, who were 
tested positive for SARS-CoV-2 either by nasopharyngeal 
reverse transcription-polymerase chain reaction (RT-
PCR) or serologic antibody testing, presented with 
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hyperinflammatory syndrome similar to Kawasaki 
disease (KD) and toxic shock syndrome. This condition, 
provisionally termed pediatric inflammatory multisystem 
syndrome temporally associated with SARS-CoV-2 infection 
(PIMS-TS) or multisystem inflammatory syndrome in 
children (MIS-C), has been reported in the United Kingdom, 
Italy, France, and the United States (2-5). According to 
the definition from U.S. Centers for Disease Control and 
Prevention, MIS-C are diagnosed based on the following 
criteria: (I) an individual <21 years old presenting with fever, 
laboratory evidence of inflammation, and multisystem (>2) 
organ involvement (cardiac, kidney, respiratory, hematologic, 
gastrointestinal, dermatologic, or neurological); (II) no 
alternative plausible diagnoses; (III) positive for current or 
recent SARS-CoV-2 infection by RT-PCR, serology, or 
antigen test; or COVID-19 exposure within the 4 weeks 
prior to the onset of symptoms (6). According to the reports 
of Verdoni et al., Toubiana et al., and Whittaker et al., the 
common symptoms of MIS-C are incomplete KD, KD shock 
syndrome, macrophage activation syndrome (MAS), and 
gastrointestinal symptoms (2-4).

KD is a systemic vasculitis predominantly occurring in 
children under 5 years old. The etiology remains unknown 
and viral infection is considered to be one of the causes. In 
the Italian epicentre, Verdoni et al. reported a 30-fold higher 
incidence of Kawasaki-like disease during COVID-19 
pandemic than that in the past 5 years (3). Similarly, in the 
French epicentre, Ouldali et al. identified a rapid increase 
of KD cases approximately 2 weeks after the peak of the 
COVID-19 epidemic (7), raising the possibility of SARS-
CoV-2 being a trigger of KD. However, no dramatic 
increase in KD incidence was observed in Japan during the 
local epidemic (8). These conflicting results indicated that 
the relationship between SARS-Cov-2 infection and KD 
deserves further study. So far, this relationship has not been 
studied in Chinese population. Therefore, we conducted a 
multi-centre retrospective survey to investigate whether KD 
is linked to COVID-19 in Chinese pediatric population.

We present the following article/case in accordance 
with the STROBE reporting checklist (available at https://
pm.amegroups.com/article/view/10.21037/pm-20-112/rc).

Methods

Ethical approval

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 

approved by the institutional review board of Children’s 
Hospital of Fudan University (No. 2020442) and individual 
consent for this retrospective analysis was waived.

Study design and patient recruitment

This was a retrospective survey based on the 40 hospitals 
of China Kawasaki Disease Research Collaborative Group. 
Patients diagnosed with KD in these hospitals from 
January 1st, 2020 to April 30th, 2020 (corresponding to 
the COVID-19 epidemic period in China) were enrolled. 
KD was diagnosed according to the guidelines released by 
the American Heart Association in 2017 (9). Diagnostic 
criteria for complete KD were the presence of fever for at 
least 5 days together with at least four of the five following 
principle clinical features: (I) bilateral conjunctival injection; 
(II) polymorphous exanthema; (III) erythema and cracking 
of lips, strawberry tongue, and/or erythema of oral and 
pharyngeal mucosa; (IV) erythema and edema of the hands 
and feet in acute phase and/or periungual desquamation 
in subacute phase; (V) cervical lymphadenopathy (≥1.5 cm 
diameter). Incomplete KD, referring to KD patients with 
persistent fever and fewer than four principle symptoms, 
was diagnosed according to the algorithm in AHA 
guidelines. Patients admitted only for further evaluation 
and treatment of cardiac sequelae were excluded.

Data collection

Questionnaires were sent to the 40 hospitals. Clinical 
data were obtained from hospital medical records by 
pediatricians and further verified by a senior pediatric 
cardiologist in each hospital. For each patient, we recorded 
demographic information, diagnosis of KD shock syndrome 
and MAS, contact with confirmed or suspected cases of 
COVID-19, and results of RT-PCR tests and serologic 
antibody tests (IgM and IgG) for SARS-CoV-2. For each 
hospital, we recorded the number of KD cases diagnosed in 
January, February, March and April from 2017 to 2019 for 
comparison with the corresponding period in 2020.

Definitions

KD shock syndrome was defined on the basis of systolic 
hypotension for age, a sustained decrease in systolic 
blood pressure from baseline of ≥20%, or clinical signs of 
poor perfusion (10). MAS was defined according to the 
2016 classification criteria for MAS in systemic juvenile 
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idiopathic arthritis (11). Patients were classified as have 
MAS in the presence of ferritin >684 ng/mL and any two 
of the following criteria: (I) platelet count ≤181×109/L; (II) 
triglycerides >156 mg/dL; (III) fibrinogen ≤360 mg/dL; 
(IV) aspartate aminotransferase >48 units/L. Patients were 
considered to have current or recent SARS-CoV-2 infection 
if RT-PCR or antibody testing results were positive on 
admission for KD.

Statistical analysis

Categorical variables were presented as numbers and 
percentages, and continuous variables as mean (SD) or 
median (IQR). Generalized linear mixed models were 
performed to regress the numbers of KD cases by hospital 
and month (January to April) based on data from 2017 to 
2019, treating hospital as fixed effect and year as random 
effect. The numbers of KD cases and 95% confidence 
intervals (95% CIs) were estimated for each hospital at 
overall level and by month, and 95% CIs were further used 
for hypothesis testing in comparison with the corresponding 
observed numbers in 2020. All missing data were reported. 
Analyses were performed using R software (version 4.0.0).

Results

Patient characteristics

Completed responses to the survey were received from 
29 out of the 40 hospitals (72.5%) across 19 provinces in 
China (Figure 1). A total of 2,108 KD cases were reported 
from January to April 2020, including 1,345 male (63.8%) 
and 763 female (36.2%) cases. Age of onset ranged from 
1 month to 13.8 years (median: 1.9 years). Complete and 
incomplete KD symptoms were observed in 1,775 (84.2%) 
and 333 (15.8%) cases, respectively.

KD shock syndrome and MAS

KD shock syndrome was diagnosed in eight patients (0.4%), 
including five males and three females (Table 1). Age of 
onset ranged from 2.0 to 7.5 years (median: 4.4 years). 
These patients came from different regions, two in Jilin, 
one in Sichuan, one in Henan, two in Chongqing, one in 
Gansu, and one in Guangdong. MAS was diagnosed in two 
male patients (0.1%), with one from Hubei and another 
from Liaoning (Table 1). Age of onset was 1.3 and 3.7 years, 
respectively. Incomplete KD symptoms were observed in 

one case of KD shock syndrome and one case of MAS.

Number of KD cases

In overall, greater number of KD cases from January to 
April 2020 than the upper limit of 95% CI of estimated 
numbers of cases generated from the past 3 years were 
observed in only 2 (6.9%) out of 29 hospitals (Figure 2A). 
The stratified analyses by month showed that the number 
of hospitals with numbers of KD cases in 2020 exceeding 
the estimated numbers for the past 3 years were 3 (10.3%) 
in January, 3 (10.3%) in February, 3 (10.3%) in March, and 
none in April, respectively (Figure 2B,C,D,E).

Evidence of SARS-CoV-2 infection

Of all 2,108 patients, 434 (20.6%) received RT-PCR tests 
and 64 (3.0%) received serologic antibody tests for SARS-
CoV-2 on admission for KD, all showing negative results, 
including one child diagnosed of COVID-19 35 days prior 
to KD onset and eight children who had likely contact 
history with COVID-19 patients. For the ten severe cases 
(with KD shock syndrome or MAS), none had contact 
history with COVID-19 patients (Table 1). RT-PCR was 
performed in two of the ten severe patients and also showed 
negative results.

Discussion

This study involved 29 hospitals from 19 provinces across 
China, reflecting the clinical features of KD in China 
during the COVID-19 pandemic. However, we did not 
find a link of KD with COVID-19 in Chinese pediatric 
population. While KD shock syndrome and MAS are 
rare severe complications of KD, they were diagnosed in 
over 50% of children with MIS-C in Western countries 
(2,3). Our data showed that the severe KD cases in China 
were much less common during the pandemic. KD shock 
syndrome (0.4%) in this study was less than that reported 
(1.5%) in Taiwan in 2013 (12) and MAS (0.1%) was less 
than that reported (1.1%) in Zhejiang province in 2015 (13). 
In addition, there are some differences in clinical features 
between severe KD patients and MIS-C children. Firstly, 
although it is difficult to distinguish MIS-C from KD shock 
syndrome due to the similar features of KD symptoms and 
hypotension, children with MIS-C were generally older 
than those with KD or with KD shock syndrome (median 
age: 9 vs. 2.7 vs. 3.8 years) (2). The median ages of children 
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with KD and with KD shock syndrome in our study were 1.9 
and 4.4 years, respectively, suggesting a difference between 
these children and those with MIS-C. Secondly, only two 
out of the ten severe KD patients had incomplete KD, 
while the proportion of incomplete KD in MIS-C children 
was nearly 50% (3,4). Thirdly, cases of KD shock syndrome 
or MAS were distributed in different provinces (one or two 
cases in each province), rather than concentrated in areas 
with higher rates of SARS-CoV-2 infection.

It is worth noting that MIS-C is currently considered 
as a post-infectious disease, which means that children’s 

antibodies against SARS-CoV-2 may produce an immune 
response in the body, and then produce symptoms similar 
to Kawasaki disease. The peak of MIS-C cases is observed 
approximately 2 to 4 weeks after the peak of COVID-19 
cases (7,14). The number of COVID-19 cases in China 
emerged in December 2019 and reached a peak in February 
2020. However, as compared with the past 3 years, a surge 
of KD cases were not observed in most hospitals during 
January to April 2020, indicating the incidence of KD has 
not increased during the COVID-19 epidemic period. This 
finding was contrary to the Italian and French researches 

Figure 1 Geographic distribution of 29 enrolled hospitals from 19 provinces across China.
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(3,7), but consistent with the results of Iio’s research in 
Japan (8). No case of MIS-C was reported in Japan and 
China. One possibility to explain the discrepancies is 
that Japanese and Chinese children are not susceptible to 
MIS-C, which were found more prevalent in children of 
African descent (4,5,15). However, epidemiologic studies 
have revealed that the incidence of KD is much higher in 
Asian than in other areas (16,17), suggesting that MIS-C 
and KD are not the same disease. Another explanation 
is that studies with the finding of a link of KD with 
COVID-19 are limited by single-centre nature and a small 
number of patients. Recently, Quiat et al. found that there 
were no differences in antiviral antibody profiles between 
KD and matched febrile control sera using high-throughput 
sequencing (18). Therefore, the relationship between 
serologic antibodies and KD symptoms remains elusive and 
further studies are warranted.

Tests for COVID-19 were undertaken in a relatively 
small proportion of KD children in our study, which was 
mainly due to the limited knowledge of MIS-C at that 
time. Therefore, a recent or current SARS-CoV-2 infection 
could neither be confirmed nor excluded in most children 
at the onset of KD. However, no increase was found in the 
number of KD cases and the proportion of severe cases 
during the COVID-19 epidemic, which did not indicate 
an association between COVID-19 and KD. In addition, 
we found there were some differences in clinical features 
between ten severe KD patients in our study and reported 
MIS-C children in terms of age of onset, the proportion 
of incomplete KD, and geographical distribution. 
Furthermore, only 9 of 2,108 KD patients had exposure 
history of COVID-19 in our study. Those with exposure 
history of COVID-19 did not have severe disease courses, 

and those with severe disease courses did not have exposure 
history of COVID-19. All these indicate that their illness 
is not likely caused by SARS-CoV-2 infection, which is 
supported by the absence of KD symptoms in Chinese 
children with SARS-CoV-2 infection (1,19,20).

Except for SARS-CoV-2, there are six coronaviruses 
known to infect humans, including HCoV-NL63, HCoV-
229E, HCoV-OC43, HCoV-HKU1, SARS-CoV-1 and 
Middle East respiratory syndrome coronavirus (MERS-
CoV). In 2005, Esper et al. found that KD children have a 
higher rate of HCoV-NL63 infection than those controls 
with nonspecific respiratory symptoms (8/11 vs. 1/22), 
indicating a possible association between KD and HCoV-
NL63 (21). However, the association was not confirmed 
in the subsequent studies by Shimizu et al. (1/48 KD 
children tested positive for HCoV-NL63) (22), Ebihara  
et al. (0/19 KD children vs. 5/208 controls with respiratory 
tract disease tested positive) (23), and Chang et al. (all 53 
KD children tested negative) (24). In 2014, Shirato et al. 
found that HCoV-229E was related to the development 
of KD as HCoV-229E showed a higher positivity in the 
sera from KD patients when compared with healthy  
controls (25). In 2016, Gira et al. reported that HCoV-
OC43 and HCoV-HKU1 were detected on the upper 
respiratory tract specimen of a 17-month-old KD girl, 
indicating a possible association between KD and HCoV-
OC43/HCoV-HKU1 infection (26). However, the 
association of three human coronaviruses (HCoV-229E, 
HCoV-OC43, and HCoV-HKU1) and KD has not been 
confirmed in other studies. There are no reports on the 
relationship between KD and other two novel coronaviruses 
(SARS-CoV-1 and MERS-CoV). In 2021, Choe’s study 
demonstrated no temporal association between human 

Table 1 Clinical features of patients with KD shock syndrome or MAS

Clinical features KD shock syndrome (n=8) MAS (n=2)

Males, n 5 2

Age of onset, years, median (range) 4.4 (2.0 to 7.5) 1.3 to 3.7

Incomplete KD, n 1 1

Provinces Jilin 2, Sichaun 1, Henan 1, Chongqing 2, Gansu 1, 
Guangdong 1

Hubei 1, Liaoning 1

Contact history with COVID-19 cases None None

Laboratory tests for SARS-CoV-2 RT-PCR: negative in 1/1; antibody testing: not 
performed

RT-PCR: negative in 1/1; antibody 
testing: not performed

KD, Kawasaki disease; MAS, macrophage activation syndrome; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2; RT-PCR, reverse transcription-polymerase chain reaction.
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Figure 2 Comparison of number of KD cases in 2020 with that from 2017 to 2019. The number of KD cases in different periods from 2017 
to 2019 was estimated for each hospital through generalized linear mixed models, and compared with that in 2020. The number of hospitals 
with greater number of KD cases in 2020 than the upper limit of 95% CI of the estimates was 2 (hospital 12 and 15) from January to April (A), 
3 (hospital 9, 12 and 20) in January (B), 3 (hospital 12, 15 and 26) in February (C), 3 (hospital 7, 12 and 20) in March (D), and none in April 
(E). KD, Kawasaki disease; CI, confidence interval. 

100

50

0

100

50

0

150

100

50

0

400

200

0

120

80

40

0

N
um

be
rs

 o
f K

aw
as

ak
i d

is
ea

se
 c

as
es

N
um

be
rs

 o
f K

aw
as

ak
i d

is
ea

se
 c

as
es

N
um

be
rs

 o
f K

aw
as

ak
i d

is
ea

se
 c

as
es

N
um

be
rs

 o
f K

aw
as

ak
i d

is
ea

se
 c

as
es

N
um

be
rs

 o
f K

aw
as

ak
i d

is
ea

se
 c

as
es

JAN to APR Legend

Estimated numbers

Observed numbers of 2020

JAN

MAR APR

FEB

Hospital

Hospital

Hospital Hospital

Hospital

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

A

B

D E

C

Hospital



Pediatric Medicine, 2021 Page 7 of 9

© Pediatric Medicine. All rights reserved. Pediatr Med 2021;4:23 | http://dx.doi.org/10.21037/pm-20-112

coronavirus and KD at the national level in South  
Korea (27). Given all these, it has not been confirmed that 
coronavirus can cause KD.

The retrospective design of our study has its inevitable 
limitations. However, currently, the retrospective research 
is the only feasible study design for our study. We applied 
the data of year 2020 and of the past 3 years rather than 
using even earlier data to minimize the uncertainties. 
Further prospective studies are needed to investigate the 
relationship between KD and COVID-19, for example, to 
test if the infection rate of SARS-CoV-2 in KD patients is 
significantly higher than that in other pediatric patients.

In conclusion, our current study did not provide evidence 
of the link of KD with COVID-19 in China in terms of 
its prevalence and severity. However, it may highlight the 
important role of different subtypes of SARS-CoV-2 and 
ethnic differences in genetic background in the disease 
course of COVID-19 patients. Since the association of 
COVID-19 and MIS-C has become new concerns all over 
the world, further study is warranted to clarify the potential 
link between KD with COVID-19 in children.
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