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Background: Kawasaki disease (KD) is a form of pediatric systemic vasculitis. Although
the etiology remains unclear, infections have been identified as possible triggers.
Children with a later birth order and those who attend childcare are at a higher risk
of infections due to exposure to pathogens from their older siblings and other
childcare attendees. However, longitudinal studies exploring these associations are
limited. Thus, we aimed to elucidate the relationship between birth order, group
childcare attendance, and KD, using a nationwide longitudinal survey in Japan.
Methods: In total, 36,885 children born in Japan in 2010 were included. The survey
used questionnaires to identify hospitalized cases of KD. We evaluated the relationship
between birth order classification, group childcare attendance, and KD prevalence
every year, from 6 to 66 months of age. For each outcome, odds ratios (ORs), and
95% confidence intervals (Cls) were estimated after adjusting for child factors,
parental factors, and region of residence.

Results: Children with higher birth orders were more likely to be hospitalized with
KD at 6-18 months of age (second child OR: 1.77, 95% Cl: 1.25-2.51; third child
OR: 1.70, 95% CI: 1.08-2.65). This trend was stronger for children who did not
attend group childcare (second child OR: 2.51, 95% ClI: 1.57-4.01; third child OR:
2.41, 95% Cl: 1.30-4.43). An increased risk of KD hospitalization owing to the
birth order was not observed in any age group for children in the childcare group.
Conclusions: Children with higher birth orders were at high risk for hospitalization
due to KD at 6-18 months of age. The effect of birth order was more prominent
among the children who did not attend group childcare.
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1. Introduction

Kawasaki disease (KD) is an acute systemic vasculitis that is primarily observed in the
pediatric population (1-5). KD can be attributed to both infectious and genetic factors
(3-5), in that infections can trigger an overactive immune system in genetically
susceptible individuals (2-4). KD symptoms are similar to those of some infectious
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diseases and include fever, conjunctival hyperemia, rash, edema of
the extremities, and lymphadenitis (6, 7). Staphylococcus aureus
and Streptococcus pyogenes have been reported as possible
bacterial triggers of KD (8), whereas adenovirus, herpesvirus, and
parainfluenza virus are viral triggers of KD (8). SARS-CoV-2, the
cause of the recent pandemic, has also been reported to cause
KD or multisystem inflammatory syndrome in children, which is
a disease that overlaps with KD (9).

In Japan, epidemiological surveys of patients with KD have
been conducted every two years since 1970. Three significant
1982, and 1986 (10).
Furthermore, the geographical migration of epidemics and

epidemics were recorded in 1979,

outbreaks in small areas has been observed (2, 10). KD appears
to have seasonal trends (2, 7, 8, 10), with peaks noted from
spring to summer in China and from winter to spring in Japan,
the United Kingdom, Australia, and the United States (2, 7, 8,
10). Based on these epidemiological observations, it has been
suggested that KD may be associated with infectious triggers.
Younger children are considered to be more susceptible to the
pathogens carried by their older siblings and are thus more likely to
develop infections (11, 12). In addition, children in childcare
programs may be exposed to pathogens at childcare centers (11,
13, 14). Therefore, the significant impact of birth order and
group childcare on the natal environment has been the subject of
many studies. However, there are only a few reports on the
relationship between these factors and KD (15). Therefore, in

10.3389/fped.2023.1127053

this study, we aimed to examine the association between birth
order, group childcare, and KD development using data from a
nationwide Japanese birth cohort.

2. Materials and methods
2.1. Study participants

We used data from the Longitudinal Survey of Newborns in the
21st Century (2010 cohort), which was conducted on newborns
born in Japan between May 10 and May 24, 2010, under the
auspices of the Japanese Ministry of Health, Labour and Welfare
(MHLW). A baseline questionnaire (Supplementary File S1) was
administered to all households when infants born during the
old. Of the total 43,767
questionnaires mailed, 38,554 questionnaires were successfully
(88.1%
questionnaires (Supplementary File S2) were sent to all initial

study period were 6 months

collected response rate). Subsequently, follow-up
survey respondents at 1-year intervals (18, 30, 42, 54, and 66
months) (Figure 1), with the final survey being completed in
2015. In addition, birth record data (sex, singleton/multiple
births, gestational age, and maternal parity) from the Japanese
Vital Statistics database were linked for each surveyed child. The

Vital Statistics are basic statistics conducted by the MHLW and

All babies born in Japan between
May 10 and 24, 2010 (n = 43,767)

The questionnaire collected at the first survey
(n =38,554)

4

First born
children
n=18,079

Second born
children
n = 14,365

Third and
subsequent
children
n=6,110

Follow-up questionnaires were sent to all participants for each year.
(at 18, 30, 42, 54, and 66 months)

FIGURE 1

66 months).

Flowchart showing data collection from the study participants. A baseline questionnaire was administered to all households when infants born during the
study period were 6 months old. Subsequently, follow-up questionnaires were sent to all initial survey respondents at 1-year intervals (18, 30, 42, 54, and
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include information on births, deaths, stillbirths, marriages, and
divorces in Japan during the survey year.

2.2. Outcome measures

The survey asked whether the child had been hospitalized for
any reason in the previous 12 months. The specific questions
were set as follows: “During the past year, have you had any
illnesses or injuries for which you have been seen in a hospital
or clinic? Please circle all numbers that apply. Of the ailments
you circled, please indicate below the number of each illness or
injury that required hospitalization.” The same question was
asked in each survey at age intervals of 6-18, 18-30, 30-42, 42—
54, and 54-66 months, and parents selected the cause of the
hospitalization from a list of specific disease name options. If the
reason for hospitalization was KD, the child was considered to
have contracted KD during the relevant period.

2.3. Exposure variables

We used the number of living children of the mothers at birth
as an indicator of birth order. Parity information obtained from
38,554 participants was included in the analysis. The survey
asked respondents about their usual caregivers of their children.
Children for whom the response was from a group childcare
provider were assumed to attend group childcare.

2.4. Covariates

Covariates were selected with reference to previous studies (16—
18) and included child and parental factors, and the region of
residence. Child factors included sex, singleton/multiple births,
full-term/preterm birth (<37 weeks of gestation), and maternal
parity. Parental factors included the maternal age at delivery, the
mother’s smoking habits (non-smoker, smoker of <10 cigarettes
per day, and smoking of >10 cigarettes per day), and both
parents’ educational attainment (junior high school and others,
high school, junior college [2 years] or vocational school, and
university [4 years] or higher). The mother’s smoking status was
established through the initial survey (at six months), while the
parents’ educational attainments, which was an indicator of
socioeconomic status, were taken from the second survey. The
region of residence referred to the participants’ place of origin
(ward, city, town, or village) and was taken from the 2010
census. In the main analysis, we performed a multivariate
analysis with the presence or absence of group childcare at the
age of 18 months as an adjustment variable.

2.5. Statistical analysis

We evaluated the order

classifications (first, second, third, or higher) and KD prevalence

relationship  between birth
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at each time point between six and 66 months of age. We
analyzed the relationship between birth order and hospitalization
for KD using a logistic regression model. In a subgroup analysis,
we examined whether the relationship changed with group
childcare during early infancy. Patients with missing data were
excluded. Odds ratios (ORs) and 95% confidence intervals (95%
CIs) were estimated for the outcomes. The oldest child category
was used as the reference group throughout the analysis. We
adjusted for potential confounders, such as child and parental
factors and region of residence. Stata SE version 17 statistical
software (Stata Corp., College Station, TX, United States) was
used for analysis.

2.6. Ethics statement

Written consent was obtained from the parents of all the study
participants. This study was approved by the Institutional Review
Board of Okayama University Graduate School of Medicine,
Dentistry, and Pharmaceutical Sciences (No. 1506-073).

3. Results

The baseline characteristics of the children in the study,
categorized by birth order, are summarized in Table 1. The first
child was the most common birth order, followed by the second
and subsequent children (Table 1). As birth order increased,
multiple births, premature births, and the use of childcare
centers increased. The third and subsequent children were more
likely to have mothers who were smokers, parents with lower
education levels, and births in rural areas (towns and villages)
compared to first and second children.

The follow-up rates of the surveyed children for each period are
presented in Table 2. The follow-up rate for the sixth survey was
68.8%. The percentage of hospitalizations due to KD as well as
ORs and 95% Cls for the association between hospitalization due
to KD and birth order between 6 and 66 months of age are also
shown in Table 2. After adjusting for potential confounding
variables, the likelihood of hospitalization due to KD was higher
for the second and subsequent children than for the first child
between 6 and 18 months of age (second child OR: 1.77, 95%
CIL: 1.25-2.51; third child OR: 1.70, 95% CI: 1.08-2.65). Birth
order was not associated with hospitalization for KD at 18-30
months, 30-42 months, 42-54 months, and 54-66 months. In
this analysis, we performed a multivariate analysis with the
presence or absence of group childcare at the age of 18 months
as an adjustment variable. There was no significant increase in
the odds ratio with or without group childcare in any age group.

The subgroup analysis of the surveyed children stratified by
group childcare status is presented in Table 3. After controlling
likelihood  of
hospitalization due to KD between 6 and 18 months was higher

for potential confounding variables, the
for the second and subsequent children than for the first child
(second child OR: 2.51, 95% CI: 1.57-4.01; third child OR: 2.41,

95% CI: 1.30-4.43). This trend was stronger when children in
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TABLE 1 Demographic characteristics of children in the study by birth
order.

First N= | Second N=
18,079 14,365

Sex, n (%)
Male 9,324 | (51.6%) | 7,322 | (51.0%) | 3,198 | (52.3%)
Female 8,755 | (48.4%) | 7,043 | (49.0%) | 2,912 | (47.7%)
Singleton birth, n (%) 17,891 | (99.0%) | 14,048 | (97.8%) | 5,892 | (96.4%)
Multiple births, n (%) 188 (1.0%) 317 (2.2%) | 218 | (3.6%)
Term birth, n (%) 17,174 | (95.0%) | 13,605 | (94.7%) | 5,677 | (92.9%)
Preterm birth, n (%) 905 (5.0%) 760 (5.3%) | 433 | (7.1%)
Group childcare attendance at 1.5 years old
Not attending, n (%) 11,508 | (73.5%) | 9,037 | (72.1%) | 3,557 | (69.0%)
Attending, n (%) 4,144 | (26.5%) | 3,505 | (27.9%) | 1,596 | (31.0%)
Maternal age at delivery 30.2 (5.0) 32.0 (4.5) 33.8 (4.3)
(years), mean (SD)
Maternal smoking status, n (%)
Non-smoker 17,042 | (94.5%) | 13,347 | (93.2%) | 5,368 | (88.2%)
Smoker (<10 cigarettes per | 785 (4.4%) 739 (5.2%) | 512 | (8.4%)
day)
Smoker (>10 cigarettes per | 203 (1.1%) 239 (1.6%) | 209 | (3.4%)
day)
Maternal educational attainment, #n (%)
University or higher 4,815 | (30.8%) | 3,137 | (25.1%) | 836 | (16.3%)
Junior college or vocational | 6,262 | (40.1%) | 5,366 | (42.8%) | 2,059 | (40.1%)
school
High school 3,871 | (24.8%) | 3,447 | (27.5%) | 1,800 | (35.0%)
Junior high school and 667 (4.3%) 574 (4.6%) | 443 | (8.6%)
others
Paternal educational attainment, n (%)
University or higher 7,302 | (47.8%) | 5,385 | (43.5%) | 1,703 | (33.7%)
Junior college or vocational | 2,805 | (18.4%) | 2,275 | (18.4%) | 917 | (18.2%)
school
High school 4238 | (27.8%) | 3915 | (31.6%) | 1,900 | (37.7%)
Junior high school and 920 (6.0%) 817 (6.5%) | 525 | (10.4%)
others
Residential area, n (%)
Wards 5,677 | (31.4%) | 3,913 | (27.2%) | 1,418 | (23.2%)
Cities 11,113 | (61.5%) | 9,254 | (64.4%) | 4,039 | (66.1%)
Towns or villages 1,289 | (7.1%) | 1,198 | (8.4%) | 653 | (10.7%)

The data are expressed as numbers, n (%). For maternal age at delivery, age
(median) and standard deviation (SD) are expressed.

group childcare were excluded from the analysis. No association
was observed between birth order and hospitalization for KD
among children not in group care at 18-30 months, 30-42
months, 42-54 months, and 54-66 months. In addition, an
increased risk of KD hospitalization due to birth order was not
observed in any group for children in group childcare.

4. Discussion

We found that higher birth order was associated with a greater
risk of hospitalization due to KD at 6-18 months of age, which
coincides with the peak age of onset of KD in Japan (10). This
association was not observed in patients over 18 months of age.
In addition, the risk of hospitalization for KD due to higher
birth order was increased for children not attending group
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TABLE 2 Association between birth order and hospitalization due to
Kawasaki disease among Japanese children between 6 and 66 months

of age.

Age interval [n; response

rate (%)]; Birth order

Between 6 and 18 months (n = 32,035;
83.1%)

N case/N (%)

Odds ratio
(95% ClI)

First 54/15,000 (0.36%) 1 (ref.)
Second 77/12,108 (0.64%) | 1.77 (1.25-2.51)
Third 30/4,927 (0.61%) 1.70 (1.08-2.65)

Between 18 and 30 months (1 = 30,946;
80.3%)

First 55/14,454 (0.38%) 1 (ref.)
Second 44/11,733 (0.38%) 0.99 (0.66-1.45)
Third 13/4,759 (0.27%) 0.72 (0.39-1.31)

Between 30 and 42 months (n =28,173;
73.1%)

First 40/13,144 (0.30%) 1 (ref)
Second 34/10,765 (0.32%) 1.04 (0.66-1.64)
Third 13/4,264 (0.30%) 1 (0.53-1.87)
Between 42 and 54 months (n =26,591;

69.0%)

First 25/12,521 (0.20%) 1 (ref)
Second 17/10,137 (0.17%) 0.84 (0.45-1.56)
Third 2/3,933 (0.05%) 0.25 (0.06-1.07)
Between 54 and 66 months (1 =26,529;

68.8%)

First 29/12,538 (0.23%) 1 (ref)
Second 9/10,068 (0.09%) 0.39 (0.18-0.82)
Third 5/3,923 (0.13%) 0.55 (0.21-1.42)

Adjusted for child factors (sex, singleton/multiple births, gestational age, parity),
parental factors (maternal smoking, maternal education, paternal education), and
region of residence. The data are expressed as numbers, n (%). Cl, confidence
interval.

childcare aged 6-18 months, but not for children attending
group childcare.

During the COVID-19 pandemic, older children and adults
were encouraged to take infection control measures, such as
wearing masks in public places, maintaining social distancing,
and washing hands (19, 20), owing to which many viral
infections have been reduced (20, 21). Consequently, countries
have reported a decrease in KD cases after the COVID-19
pandemic compared with previous years (19, 21-24). Thus, the
KD incidence appears to be affected by the prevalence of
infectious diseases. In contrast to older children, infants have a
limited range of social activities (25, 26); therefore, infections in
infants are more likely to be caused by pathogen transfer from
older siblings or children of the same age living together (13, 14,
25, 26). When infections occur, neutrophils and macrophages are
activated, and inflammation is elicited (8). In typical infections,
inflammation is controlled and sufficient to serve as a defense
system; however, in KD, inflammation is further exacerbated (3,
5, 27-29). The end result is over-activation of the immune
system, leading to the development of KD (2, 4, 5, 27-29).
Although KD has been studied nationwide in Japan since 1970,
the relationship between the pathogenesis of KD and infectious
diseases is still being investigated, and many factors associated
with KD development remain unresolved. Specifically, the reason
for the peak age of onset of KD being approximately one year
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TABLE 3 Association between birth order and hospitalization due to
Kawasaki disease among Japanese children with and without childcare

attendance between 6 and 66 months of age.

Age interval [n; response
rate (%)]; Birth order

No childcare attendance

Between 6 and 18 months (n =22,972;
59.6%)

First

Second

Third

Between 18 and 30 months (1 =19,625;
50.9%)

First

Second

Third

Between 30 and 42 months (n = 15,546;
40.3%)

First

Second

Third

Between 42 and 54 months (n=9,816;
25.4%)

First

Second

Third

Between 54 and 66 months (1 =9,324;
24.2%)

First

Second

Third

With childcare attendance

Between 6 and 18 months (n=9,054;
23.5%)

First

Second

Third

Between 18 and 30 months (n=11,308;
29.3%)

First
Second
Third

Between 30 and 42 months (n=12,561;
32.6%)

First
Second
Third

Between 42 and 54 months (n =16,748;
43.4%)

First

Second

Third

Between 54 and 66 months (n=17,193;
44.6%)

First

Second

Third

N case/N (%) Odds ratio
(95% ClI)

29/10,923 (0.27%)
56/8,670 (0.65%)
21/3,379 (0.62%)

22/9,476 (0.23%)
30/7,328 (0.41%)
5/2,821 (0.18%)

20/7,587 (0.26%)
23/5,812 (0.40%)
10/2,147 (0.47%)

6/4,751 (0.20%)
6/3,724 (0.17%)
0/1,335 (0.05%)

10/4,536 (0.23%)
2/3,521 (0.09%)
1/1,267 (0.13%)

25/4,074 (0.61%)
21/3,433 (0.61%)
9/1,547 (0.58%)

33/4,970 (0.23%)
13/4,403 (0.41%)
8/1,935 (0.18%)

20/5,527 (0.26%)
11/4,929 (0.40%)
3/2,105 (0.47%)

19/7,752 (0.25%)
11/6,401 (0.17%)
2/2,595 (0.08%)

19/7,999 (0.24%)
716,545 (0.11%)
4/2,649 (0.15%)

1 (ref.)
2.51 (1.57-4.01)
2.41 (1.31-4.43)

1 (ref.)
1.57 (0.87-2.83)
0.75 (0.27-2.06)

1 (ref)
1.49 (0.79-2.82)
2.09 (0.92-4.73)

1 (ref)
1.29 (0.40-4.13)
1 (empty)

1 (ref)
0.14 (0.18-1.13)
0.51 (0.06-4.25)

1 (ref.)
1.00 (0.54-1.83)
0.86 (0.37-1.98)

1 (ref.)
0.50 (0.25-1.00)
0.68 (0.29-1.59)

1 (ref)
0.55 (0.25-1.19)
0.35 (0.10-1.21)

1 (ref)
0.78 (0.36-1.68)
0.37 (0.08-1.65)

1 (ref)
0.35 (0.13-0.98)
0.65 (0.21-2.04)

Adjusted for child factors (sex, singleton/multiple births, gestational age, parity),
parental factors (maternal smoking, maternal education, paternal education), and
region of residence. The data are expressed as numbers, n (%). Cl, confidence
interval.

and the risk factors associated with this age are unknown. Few
reports have documented the effect of the presence of siblings on
KD incidence before the age of one (15). Furthermore, to gain
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insight into the pathogenesis of KD, it is necessary to examine
the factors that contribute to this peak age of onset through
comparisons across a broader age range. In this study, we
examined the association between birth order and KD incidence
in children aged between 6 and 66 months, as well as the effect
of group childcare on this association, using data from a
nationally representative longitudinal survey of residents in Japan.

The birth order is associated with the risk of developing
infectious diseases (10, 12, 14, 26). Children born later are
exposed to more pathogens from their older siblings and may
therefore be at a higher risk of acquiring infections. The current
study supports the notion that higher birth order may increase
the risk of developing KD due to the pathogens to which
children are exposed during the first 6-18 months. In this study,
the effect of higher birth order was enhanced in children aged 6-
18 months who did not attend group childcare. For children not
enrolled in group childcare, pathogen transfer is often limited to
family members. Therefore, the effect of higher birth order on
KD development is likely more significant. It may also suggest
that infections caused by pathogens in group childcare may
trigger KD, regardless of birth order. In contrast, no clear
association between KD and higher birth order was observed in
any age group after 18 months of age. This may be due to the
increased range of social activities among older children and the
their
households. This study does not imply that group childcare

increased pathogen transfer from children outside
should be avoided, or that fewer siblings are preferable. However,
this indicates that children with higher birth orders may be
exposed to pathogens from their older siblings at home and that
this may be involved in KD development. Further research is
needed to explore these associations along with studies on the
genetic and immunological susceptibility of children to KD
development.

The greatest strength of this study is its use of a large,
nationally representative Japanese pediatric cohort; approximately
one-twentieth of all children born in Japan in 2010 were
included. Therefore, the number of KD cases was relatively large.
Moreover, the response rate for the baseline survey was high
(88.1%), and the follow-up rate remained high at approximately
70% by the sixth survey. The incidence of KD in our cohort
differed little from that reported in the Japanese National
Epidemiological Survey of KD (10, 30). Thus, we believe that the
cohort used in this study is appropriate for the study of children
with KD in Japan. Additionally, we were able to adjust
extensively for potential confounding factors, including child and
parental factors, and region of residence. There have only been a
few cohort studies of KD using a similarly large population. Few
studies have examined the effect of the presence of siblings on
KD incidence up to age one (15). Additionally, our study
included children up to 66 months of age, and we observed not
only the effect of birth order on KD onset but also the influence
of group childcare on this relationship.

This study had several limitations. Firstly, the presence or
absence of hospitalization due to KD was obtained from
questionnaire responses and reported retrospectively. In addition,
the data obtained from the MHLW were anonymized and direct
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hospitalization could not be verified. However, the diagnosis of KD
is based on a set of characteristic clinical signs and symptoms.
Furthermore, the Diagnostic Manual (Revision of Diagnostic
Guidelines for Kawasaki Disease: 5th revised edition) (31) was
used between 2002 and 2019; hence, the method used to
diagnose KD should have been uniform across the country
during the study period (31). In addition, children in Japan
generally have good access to pediatric care because of the
national health insurance system coverage, which means that
most children in Japan are likely to have access to pediatric
specialists. The questionnaire was answered by parental recall,
and there may be some uncertainties in this regard. However,
Japanese guidelines for the treatment of KD include multiple
follow-up echocardiographic examinations during the first year
after the onset of KD (32), allowing for easier parental recall.
Therefore, the presence or absence of KD based on questionnaire
responses is likely to be based on the pediatrician’s diagnosis and
correctly recalled by the parents and is thus considered reliable.
Secondly, this study only investigated the presence of
hospitalizations due to KD; the survey made no distinction
between typical, atypical, and incomplete KD. During the period
covered by this study, the diagnosis of KD was made in
accordance with the Diagnostic Guidelines for Kawasaki Disease
(5th revised edition) (31). In the guideline, atypical KD is
diagnosed when only 3-4 major symptoms are observed, and
coronary artery lesions are found on echocardiography during
the disease. If the patient has only 3-4 major symptoms and no
coronary artery lesions, but other diseases are ruled out and KD
is the most likely diagnosis based on the reference criteria, the
diagnosis is incomplete KD. Furthermore, only the incidence of
KD was considered in this study. Clinical information after
admission, such as the presence or absence of coronary artery
lesions and the assessment of coronary arteries according to Z-
score criteria, was not available. It was not possible to examine
the relationship between birth order or group childcare and KD
severity. Thirdly, the study cohort was limited in birth dates
(May 10-24, 2010); therefore, the seasonality of KD and
infectious diseases may have affected the age of onset and the
number of KD cases in the current cohort. Lastly, several studies
have reported an association between KD and genetic factors,
and a higher incidence of KD has been reported in siblings (33).
However, in this study, we could not evaluate whether siblings
were affected by KD because the questionnaires did not include
this information. Further studies are needed to determine the
genetic and infection-related factors involved in KD pathogenesis.

5. Conclusions

Using data from a nationwide longitudinal survey in Japan, we
found that higher birth order was associated with KD development
among children aged 6-18 months. The effect of higher birth order
was more pronounced among children who did not attend group
childcare. In this age group, which coincides with the peak age
of onset of KD among Japanese children, exposure to infections
from older siblings may be associated with the development of KD.

Frontiers in Pediatrics

10.3389/fped.2023.1127053

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: Data supporting the results of this study are
available from the Japanese Ministry of Health, Labour and
Welfare. These data were used under license for this study and
are not available to the public; therefore, their use is restricted.
The data used in this study are available from the authors upon
reasonable request and with permission from the Japanese
Ministry of Health, Labour and Welfare.

Author contributions

TN, AT, and TY conceived and designed the study. TN, AT,
NM, and TY contributed substantially to data acquisition, analysis,
and interpretation of the results. TN drafted the manuscript with
the assistance of AT, NM, MT, MY, HT, and TY. All authors
contributed to the article and approved the submitted version.

Funding

This research was partly supported by the Okayama University
Efficient Management Strategy Research Grant (Grant No.
2007030201).

Acknowledgments

We would like to thank all the patients and their parents.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.2023.
1127053/full#supplementary-material.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fped.2023.1127053/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2023.1127053/full#supplementary-material
https://doi.org/10.3389/fped.2023.1127053
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Namba et al.

References

1. Kato H, Koike S, Yamamoto M, Ito Y, Yano E. Coronary aneurysms in infants
and young children with acute febrile mucocutaneous lymph node syndrome.
] Pediatr. (1975) 86:892-8. doi: 10.1016/5S0022-3476(75)80220-4

2. Rowley AH, Shulman ST. The epidemiology and pathogenesis of Kawasaki
disease. Front Pediatr. (2018) 6:374. doi: 10.3389/fped.2018.00374

3. Lo MS. A framework for understanding Kawasaki disease pathogenesis. Clin
Immunol. (2020) 214:108385. doi: 10.1016/j.clim.2020.108385

4. Hara T, Nakashima Y, Sakai Y, Nishio H, Motomura Y, Yamasaki S. Kawasaki
disease: a matter of innate immunity. Clin Exp Immunol. (2016) 186:134-43.
doi: 10.1111/cei.12832

5. Hara T, Yamamura K, Sakai Y. The up-to-date pathophysiology of Kawasaki
disease. Clin Transl Immunol. (2021) 10:e1284. doi: 10.1002/cti2.1284

6. Kobayashi T, Ayusawa M, Suzuki H, Abe J, Ito S, Kato T, et al. Revision of
diagnostic guidelines for Kawasaki disease (6th revised edition). Pediatr Int. (2020)
62:1135-8. doi: 10.1111/ped.14326

7. Chang LY, Lu CY, Shao PL, Lee PI, Lin MT, Fan TY, et al. Viral infections
associated with Kawasaki disease. ] Formos Med Assoc. (2014) 113:148-54. doi: 10.
1016/j.jfma.2013.12.008

8. Principi N, Rigante D, Esposito S. The role of infection in Kawasaki syndrome.
J Infect. (2013) 67:1-10. doi: 10.1016/j.jinf.2013.04.004

9. Folga BA, Karpenko CJ, Grygiel-Gorniak B. SARS-CoV-2 infection in the context
of Kawasaki disease and multisystem inflammatory syndrome in children. Med
Microbiol Immunol. (2022) 212:3-12. doi: 10.1007/s00430-022-00756-3

10. Ae R, Makino N, Kosami K, Kuwabara M, Matsubara Y, Nakamura Y.
Epidemiology, treatments, and cardiac complications in patients with Kawasaki
disease: the nationwide survey in Japan, 2017-2018. ] Pediatr. (2020) 225:23-9.e2.
doi: 10.1016/j.jpeds.2020.05.034

11. Ball TM, Castro-Rodriguez JA, Griffith KA, Holberg CJ, Martinez FD WA.
Siblings, day-care attendance, and the risk of asthma and wheezing during
childhood. N Engl ] Med. (2000) 343:538-43. doi: 10.1056/NEJM200008243430803

12. Ponsonby AL, Van Der Mei I, Dwyer T, Blizzard L, Taylor B, Kemp A, et al.
Birth order, infection in early life, and multiple sclerosis. Lancet Neurol. (2005)
4:793-4; author reply 795. doi: 10.1016/S1474-4422(05)70233-7

13. Schuez-Havupalo L, Toivonen L, Karppinen S, Kaljonen A, Peltola V. Daycare
attendance and respiratory tract infections: a prospective birth cohort study. BMJ
Open. (2017) 7:¢014635. doi: 10.1136/bmjopen-2016-014635

14. Collins JP, Shane AL. Infections associated with group childcare. In: SS Long, CG
Prober, M Fischer, editors. Principles and practice of pediatric infectious diseases.
Philadelphia: Elsevier (2018) p. 25-32. doi: 10.1016/B978-0-323-40181-4.00003-7

15. Fukuda S, Tanaka S, Kawakami C, Kobayashi T, Ito S, Kamijima M, et al. Exposures
associated with the onset of Kawasaki disease in infancy from the Japan environment and
children’s study. Sci Rep. (2021) 11:13309. doi: 10.1038/541598-021-92669-z

16. Takeuchi A, Namba T, Matsumoto N, Tamai K, Nakamura K, Nakamura M,
et al. Preterm birth and Kawasaki disease: a nationwide Japanese population-based
study. Pediatr Res. (2022) 92:557-62. doi: 10.1038/s41390-021-01780-4

17. Dionne A, Bucholz EM, Gauvreau K, Gould P, Son MBF, Baker AL, et al. Impact

of socioeconomic status on outcomes of patients with Kawasaki disease. J Pediatr.
(2019) 212:87-92. doi: 10.1016/j.jpeds.2019.05.024

Frontiers in Pediatrics

07

10.3389/fped.2023.1127053

18. Prakash J, Singh S, Gupta A, Bharti B, Bhalla AK. Sociodemographic profile of
children with Kawasaki disease in north India. Clin Rheumatol. (2016) 35:709-13.
doi: 10.1007/s10067-014-2825-6

19. Shulman S, Geevarghese B, Kim KY, Rowley A. The impact of social distancing
for COVID-19 upon diagnosis of Kawasaki disease. ] Pediatric Infect Dis Soc. (2021)
10:742-4. doi: 10.1093/jpids/piab013

20. Hatoun J, Correa ET, Donahue SMA VL. Social distancing for COVID-19 and
diagnoses of other infectious diseases in children. Pediatrics. (2020) 146:¢2020006460.
doi: 10.1542/peds.2020-006460

21. Hara T, Furuno K, Yamamura K, Kishimoto J, Mizuno Y, Murata K, et al.
Assessment of pediatric admissions for Kawasaki disease or infectious disease
during the COVID-19 state of emergency in Japan. JAMA Netw Open. (2021) 4:
€214475. doi: 10.1001/jamanetworkopen.2021.4475

22. Stanford T, Shulman AHR. An unintended consequence of pandemic control
measures: fewer cases of Kawasaki disease. J Pediatr. (2021) 239:11-4. doi: 10.1016/
jjpeds.2021.08.069.

23. Ae R, Shibata Y, Kosami K, Nakamura Y, Hamada H. Kawasaki disease and
pediatric infectious diseases during the coronavirus disease 2019 pandemic.
J Pediatr. (2021) 239:50-8.e2. doi: 10.1016/j.jpeds.2021.07.053

24. Phamduy TT, Smith S, Herbst KW, Phamduy PT, Brimacombe M, Hogan AH,
et al. Kawasaki disease hospitalizations in the United States 2016-2020: a comparison
of before and during the coronavirus disease 2019 era. Pediatr Infect Dis ]. (2021) 40:
€407-12. doi: 10.1097/INF.0000000000003289

25. Miller JE, Carter KW, de Klerk N, Burgner DP. The familial risk of infection-
related hospitalization in children: a population-based sibling study. PLoS One.
(2021) 16:€0250181. doi: 10.1371/journal.pone.0250181

26. Person MK, Esposito DH, Holman RC, Mehal JM, Stoll BJ. Risk factors for
infectious disease death among infants in the United States. Pediatr Infect Dis J.
(2014) 33:¢280-5. doi: 10.1097/INF.0000000000000414

27. Schnabel A, Hedrich CM. Childhood vasculitis. Front Pediatr. (2019) 6:1-11.
doi: 10.3389/fped.2018.00421

28. Ozen S, Sag E. Childhood vasculitis. Rheumatol (United Kingdom). (2020) 59:
iii95-100. doi: 10.1093/rheumatology/kez599

29. Cannon L, Wu EY. Recent advances in pediatric vasculitis. Rheum Dis Clin
North Am. (2021) 47:781-96. doi: 10.1016/j.rdc.2021.07.007

30. Kawasaki Disease Research Center of Japan. Results of the 25th Kawasaki
Disease Nationwide Epidemiological Study in Japan. (2019). p. 1-33. Available at:
https://www jichi.ac.jp/dph/wp-dph/wp-content/uploads/2019/09/
1bb34be7b6c9f852c1df45cc2ac4152¢-1.pdf

31. Ayusawa M, Sonobe T, Uemura S, Ogawa S, Nakamura Y, Kiyosawa N, et al.
Revision of diagnostic guidelines for Kawasaki disease (the 5th revised edition).
Pediatr Int. (2005) 47:232-4. doi: 10.1111/j.1442-200x.2005.02033.x

32. Fukazawa R, Kobayashi J, Ayusawa M, Hamada H, Miura M, Mitani Y, et al.
JCS/JSCS 2020 guideline on diagnosis and management of cardiovascular
sequelae in Kawasaki disease. Circ J. (2020) 84:1348-407. doi: 10.1253/circj.CJ-19-
1094

33. Onouchi Y. The genetics of Kawasaki disease. Int ] Rheum Dis. (2018) 21:26-30.
doi: 10.1111/1756-185X.13218

frontiersin.org


https://doi.org/10.1016/S0022-3476(75)80220-4
https://doi.org/10.3389/fped.2018.00374
https://doi.org/10.1016/j.clim.2020.108385
https://doi.org/10.1111/cei.12832
https://doi.org/10.1002/cti2.1284
https://doi.org/10.1111/ped.14326
https://doi.org/10.1016/j.jfma.2013.12.008
https://doi.org/10.1016/j.jfma.2013.12.008
https://doi.org/10.1016/j.jinf.2013.04.004
https://doi.org/10.1007/s00430-022-00756-3
https://doi.org/10.1016/j.jpeds.2020.05.034
https://doi.org/10.1056/NEJM200008243430803
https://doi.org/10.1016/S1474-4422(05)70233-7
https://doi.org/10.1136/bmjopen-2016-014635
https://doi.org/10.1016/B978-0-323-40181-4.00003-7
https://doi.org/10.1038/s41598-021-92669-z
https://doi.org/10.1038/s41390-021-01780-4
https://doi.org/10.1016/j.jpeds.2019.05.024
https://doi.org/10.1007/s10067-014-2825-6
https://doi.org/10.1093/jpids/piab013
https://doi.org/10.1542/peds.2020-006460
https://doi.org/10.1001/jamanetworkopen.2021.4475
https://doi.org/10.1016/j.jpeds.2021.08.069
https://doi.org/10.1016/j.jpeds.2021.08.069
https://doi.org/10.1016/j.jpeds.2021.07.053
https://doi.org/10.1097/INF.0000000000003289
https://doi.org/10.1371/journal.pone.0250181
https://doi.org/10.1097/INF.0000000000000414
https://doi.org/10.3389/fped.2018.00421
https://doi.org/10.1093/rheumatology/kez599
https://doi.org/10.1016/j.rdc.2021.07.007
https://www.jichi.ac.jp/dph/wp-dph/wp-content/uploads/2019/09/1bb34be7b6c9f852c1df45cc2ac4152c-1.pdf
https://www.jichi.ac.jp/dph/wp-dph/wp-content/uploads/2019/09/1bb34be7b6c9f852c1df45cc2ac4152c-1.pdf
https://doi.org/10.1111/j.1442-200x.2005.02033.x
https://doi.org/10.1253/circj.CJ-19-1094
https://doi.org/10.1253/circj.CJ-19-1094
https://doi.org/10.1111/1756-185X.13218
https://doi.org/10.3389/fped.2023.1127053
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Evaluation of the association of birth order and group childcare attendance with Kawasaki disease using data from a nationwide longitudinal survey
	Introduction
	Materials and methods
	Study participants
	Outcome measures
	Exposure variables
	Covariates
	Statistical analysis
	Ethics statement

	Results
	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


