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Abstract

To assess the longitudinal incidence of Kawasaki disease (KD) within the well-defined predominantly White population of
Olmsted County, MN. This retrospective cohort study used a population-based medical record linkage system and manual
chart reviews to identify children with KD in Olmsted County, MN between January 1, 1979-December 31, 2016. Age- and
gender-adjusted incidence rates were calculated using the 2010 U.S. White population. 124 children with KD were con-
firmed during the study period (median age 3.5, 61% male, 85% White, 9% Asian). The overall age- and gender-adjusted
incidence rates for all ages and < 5 years old were 9.8 and 21.4 per 100,000 person-years, respectively. There was an overall
increase in incidence up to 1994 followed by plateau, except among children between the ages of 1-5 years. There was also
an overall increase in incidence among females compared to males. 24% of children had cardiac complications. While the
overall incidence of KD in Olmsted County appears to be stable since 1994, the incidence of KD in subgroups of children
1-5 years old and females seems to have increased. Given the rising trends and one-quarter of children developing cardiac
complications, further studies identifying factors driving these trends are warranted.
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Introduction

> Bong Seok Choi . ) ) o '
bschoi @knu.ac.kr Kawasaki Disease (KD) is a serious pediatric pro-inflamma-

tory condition recognized as the leading cause of acquired
heart disease among children of developed nations, and thus
has led to significant efforts to determine its etiology and
optimize timely treatment [1, 2]. Epidemiological studies
have been reported in over 60 countries about the incidence
of KD, with the incidence in Asian countries being 10 times
higher than that of Western countries and continuing to rise
[2] Epidemiological studies on KD in the United States have
been primarily conducted in the West Coast region [3-5]
with a large proportion of Asian populations. Recently,
Coronavirus disease 2019 (COVID-19) causes Multisystem
Inflammatory Syndrome (MIS) in previously healthy chil-
dren which overlaps with clinical features of KD [6]. Given
this unexpected emergence of MIS by COVID-19, a long-
term longitudinal incidence for KD could be timely as it
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and may provide an insight into the epidemiology of KD in
relation to previous pandemic (eg, 2009 HIN1 influenza).
Longitudinal age- and gender-adjusted incidence studies
of KD in a well-defined population are limited in the U.S.,
particularly in communities with predominantly White pop-
ulations such as in the Midwestern region. Although there
is a lack of an active nationwide surveillance system for KD
in the U.S., nationwide studies have been conducted [4, 5,
7—-12]. Most previous studies have estimated KD incidence
based on inpatient hospitalization rates, usually only among
children < 5 years old [11].U.S. studies have shown average
annual rates of incidence, ranging from 8§ to 25 per 100,000
person-years, predominantly in non-White populations and
over short-term periods of time [13]. In addition, coronary
artery aneurysms associated with KD have been reported to
develop in 2.3% of cases in the U.S. [14] International data
generally reports an average of 5% of patients developing
persistent coronary changes and 25% with complications
such as aneurysms [2] Given the large geographical area,
large population, and racial diversity in the U.S., as well as
the lack of a national surveillance system for KD, there is a
need for epidemiological information in a mixed rural-urban
setting with a predominantly Caucasian population [12] We
aim to assess the longitudinal, population-based incidence
of KD between 1979-2016 using the well-defined predomi-
nantly White population of Olmsted County, Minnesota,
utilizing both inpatient and outpatient clinical data.

Methods
Study Setting

This study was conducted in Olmsted County, Minnesota,
which has similar population characteristics to the U.S.
White population, with the exception that a large propor-
tion of the population is employed in the healthcare field
[15]. The Olmsted County population has the same age, sex,
and ethnic characteristics as Minnesota in general, with a
majority of non-Hispanic Whites (82%) and minorities of
the population comprised of African American (6%), Asian
(6%), Hispanic (5%) and mixed descent (1%) [16]. Olmsted
County provides an ideal location to perform population-
based studies under the auspices of the Rochester Epidemi-
ology Project (REP) which has archived the medical records
of virtually all persons residing in Olmsted County for more
than half a century. It maintains an electronic index of both
inpatient and outpatient records for medical and surgical
events, and has archived all addresses and demographic
information since 1966, allowing researchers to retrieve all
medical data for disease trends in this population. Over 95%
of residents authorize their medical information for research
use [17] The Mayo Clinic, and Olmsted Medical Center as
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a non-Mayo Clinic health care provider along with their
affiliated Hospitals which are the major partner of the REP
provide primary and specialty care for majority of the com-
munity. Therefore, health care is virtually self-contained in
our study setting. This makes our study setting an excellent
location to perform a population-based longitudinal study
such as this [15, 18]. This study protocol was approved by
the institutional review boards at both Mayo Clinic and Olm-
sted County Medical Center.

Study Design

The study was designed as a population-based retrospective
cohort study, which assessed longitudinal age- and gender-
adjusted incidence rates of KD per 100,000 person-years
among children residing in Olmsted County, MN between
1979 and 2016.

Study Subjects

We identified all patients 18 years of age or younger with
an index date of KD (previously called mucocutaneous
lymph node syndrome) between January 1, 1979-Decem-
ber 31, 2016. The inclusion criteria were residents of Olm-
sted County, MN for at least one year prior to the date of
KD diagnosis (index date). Patients who had not provided
authorization for the use of their medical records for research
purposes or those who were not Olmsted County residents at
index date and for at least one year prior to index date were
excluded in case they were referral cases seeking tertiary
care from outside of the county. Patients were also excluded
if they had a physician diagnosis of KD, but their chart
exhibited limited documentation of number of days of fever
or number of other diagnostic clinical symptoms, preventing
the reviewers from verifying true cases of KD as defined by
the American Heart Association (AHA) guidelines.

Case Ascertainment of KD

Using the REP database, we initially conducted medi-
cal index search for all potential KD cases using the
International Classification of Diseases, Ninth Revision
(ICD-9) code 446.1, International Classification of Dis-
eases, Tenth Revision (ICD-10) code M30.3, and Hospital
Adaptation of the International Classification of Diseases
second edition (HICDA) code 4,460,213 for Mucocutane-
ous Lymph Node Syndrome and 4,460,214 for Kawasaki
Disease. Then, we performed comprehensive medical
record reviews for potential cases of KD to ascertain each
case based on the AHA guidelines of diagnosis [19]. A
complete KD diagnosis case was defined as fever of at
least 5 days duration (or shorter if treatment was initi-
ated sooner than 5 days of illness) along with at least 4
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other diagnostic clinical symptoms (bilateral conjunctival
congestion, changes of lips and oral cavity, polymorphous
exanthema, changes of peripheral extremities, and cervical
lymphadenopathy) or evidence of coronary artery abnor-
mality from echocardiogram results. Incomplete KD diag-
nosis case was defined as fever of at least 5 days duration
with only 2-3 other diagnostic clinical symptoms.

Other Pertinent Variables

We collected the following data from the medical records of
each patient: demographics (age, gender, race), BMI clos-
est to index date, and history of any infection in the previ-
ous one month from KD index date. For the purpose of this
study, while we reported distribution of each race and eth-
nicity for characterization, race and ethnicity were classified
as Non-Hispanic White, Asian, and others (Native Hawaii/
Pacific Islander, African American, Hispanic, American
Indian/Alaskan Native, and Other). We determined whether
echocardiography was performed for each patient identified
with KD within 3 months, allowing us to assess whether
coronary artery abnormalities, ventricular function abnor-
malities, or any other cardiac abnormalities such as myo-
carditis were identified. We also collected data on treatment
of KD for each patient (IVIG infusion, aspirin, and steroid
medications).

Statistical Analysis

Basic demographic and clinical characteristics of identified
KD cases were summarized using median (with 25th — 75th
percentiles) for continuous variables and percentages for cat-
egorical variables. Rates of complications were compared
with Chi-Square and Wilcoxon rank-sum for categorical and
continuous data respectively.

Overall age- and gender-adjusted incidence rates were
estimated using the number of cases in each age group< 1,
1,2-4, 5-17 and gender as the numerator, with correspond-
ing age- and gender-specific person-years at risk as denomi-
nators. Person-years at risk were estimated using the REP
census which enumerates the population of people who live
in Olmsted County by utilizing individual timeline methods
[20]. The rates from our study were age- and gender-adjusted
to the U.S. white population in 2010. Ninety-five percent
confidence intervals (CIs) for the incidence rates were cal-
culated under the Poisson distribution. Crude overall and
age- and gender-specific rates per calendar year were cal-
culated. Poisson regression was used to assess gender, age,
and calendar year trends. Non-linear trends and interactions
were investigated. We also reported temporal trend of car-
diac complications (%) and treatment patterns (%).

Results
Characteristics of Study Subjects

We initially identified 181 potential KD cases during the
study period between January 1, 1979 and December 31,
2016 using ICD and HICDA codes. Fifty-seven patients
were excluded: 41 were found to be non-KD cases after man-
ual chart review based on the AHA diagnostic criteria, 15
were not a resident of Olmsted County, MN, and 1 had insuf-
ficient medical record to ascertain true KD diagnosis with
manual review. Table 1 shows the demographic information
of the remaining 124 patients who met inclusion criteria for
the study (median age [IQR]: 3.5 [2.3-6.3], 61% male, 85%
White, 9% Asian). Winter and spring were found to have
higher percentages of KD diagnosis (Table 1).

Incidence of Kawasaki Disease

The overall age- and gender-adjusted incidence rate for all
ages and <5 years were 9.2 (95% CI 7.6 — 10.9) and 21.4
(95% CI 16.7 — 26.0) per 100,000 person-years, respectively
(Table 2). There was an overall increased linear trend in
incidence up to 1994, since when the incidence has remained
stable (Fig. 1).

This appears to be driven by children 2—4 years old, who
have appeared to increase incidence throughout the study
period, while infants and school-aged children (5-17 years)
did not increase in incidence (Fig. 2).

Table 1 Characteristics of Kawasaki Cases, N=124

Age (yr) at KD diagnosis, median (Q1,Q3) 3.5(2.3-6.3)
Age Group (yr) at KD diagnosis, n (%)
0-1 11 (9%)
1-5 71 (57%)
5-18 42 (34%)
Male, n (%) 76 (61%)
Race, n (%)
White 105 (85%)
Asian 11 (9%)
Other (African American, Native American) 8 (6%)
Season of index date, n (%)
Spring (March—May) 37 (30%)
Summer (June—August) 27 (22%)
Fall (September — November) 26 (21%)
Winter (December — February) 34 (27%)
Treatment patterns, n (%)
IVIG 94 (76%)
Aspirin 100 (81%)
Steroid medication 1 (<1%)
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Table 2 Incidence rates of KD (per 100,000 person-years)

Incidence (95%CI)

Overall (Age- and Gender-adjusted) (n=124)
Age-specific (Gender-Adjusted)
<1year(n=11)

9.2 (7.6 - 10.9)

13.7 (6.8 — 24.6)
18.1 (9.9 - 30.4)
25.2 (19.1 - 32.6)
4.8 (3.45 — 6.48)

1 year (n=14)

2-4 years (n=57)

5-18 years (n=42)
Gender-specific (Age-Adjusted)

Male (n=76) 11.7 (9.2 - 14.7)

Female (n=48) 7.8 (5.8—10.4)
Year-specific (Age- and Gender-Adjusted)

1979-1988 (n=13) 4.2(1.9-6.5)

1989-1998 (n=45) 134 (9.5-17.3)

1999-2008 (n=25) 6.3 (3.8-8.8)

2009-2016 (n=41) 12.7 (8.8 — 16.6)

Males (11.7;95% CI1 9.2 — 14.7 per 100,000 person-years)
had a higher incidence rate compared to females (7.8; 95%
CI 5.8 — 10.4 per 100,000 person-years) (P=0.03). Fur-
ther investigation showed a difference in gender-specific
incidence trends (interaction P=0.008) between male and
female patients, with an increasing incidence in female
patients and a steady fluctuation in male patients (Fig. 3).

Outcomes of Kawasaki Disease

We assessed the cardiac complications exhibited over the
study period. Eleven subjects had no information on any
complications. Twenty-eight (24%) study subjects had car-
diac complications as a result of KD, all including coro-
nary artery abnormality of either aneurysm, ectasia or peri-
luminal thickening, and one patient with a miscellaneous
cardiac abnormality. Such complications occurred dispro-
portionately more in males (78.6%, vs. 54.1% of females
P=0.022) and younger patients (P=0.041). The proportion
with cardiac complications was highest among those less
than 2 years old (41.7%). The prevalence of cardiac compli-
cations appears to have decreased over time although this is
difficult to generalize with a small sample size.

Table 1 summarizes the treatment pattern of children with
KD. Twenty-nine (24%) of patients did not receive IVIG or
aspirin as treatment. 93 cases (75%) were treated with both
IVIG and aspirin, and 1 patient was also treated with ster-
oids. The 28 cases who did develop cardiac complications
and the 29 who had not received IVIG or aspirin as treat-
ment were found to be different patients. Almost all patients
(96.4%) with cardiac complications received treatment with
IVIG, and 100% received aspirin. Fifteen of the 29 patients
who were not treated with any IVIG or aspirin were cases of
incomplete KD without sequelae of coronary abnormalities.

Fig. 1 Age- and gender-adjusted
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Distribution of Kawasaki Disease Symptoms

(n=98, 79%), and changes of the lips and oral cavity (n =98,
79%), cervical lymphadenopathy (n=91, 73%), and desqua-

The median days of fever were 6 (IQR 5-7). Symptoms in ~ mation of palms and soles (n =86, 69%). Twenty-nine cases
frequency were reported as the following: bilateral conjunc- ~ where categorized as having incomplete KD (<4 symptoms
tival congestion (n=103, 83%), polymorphous exanthema and no coronary abnormalities). Forty (32%) of cases had
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symptoms of upper respiratory illness within one month
prior to KD index date.

Discussion

To our knowledge, this is the most long-term incidence study
for KD, which has a span of 38 years of KD incidence and
its outcomes, almost the entire time that Kawasaki Disease
has been recognized as a diagnosis since 1967 [1]. We have
assessed a well-defined, predominantly White population
within the Midwestern region of the U.S., a region in which
incidence of KD has not been studied for almost 30 years,
since Windsor et al. in 1991 [21]. The overall incidence of
Kawasaki Disease over a 38-year period in the Midwest-
ern community with a predominantly White population
appears to be stable since 1994. However, the incidence of
KD among children 1-5 years old and females seems to have
significantly increased.

Incidence of Kawasaki Disease

Our study results indicate that the overall incidence of KD
in Olmsted County, MN appears to be stable since 1994, as
shown in Fig. 1. Nationwide studies by Holman et al. have
shown that annual incidence rates in the U.S. have remained
relatively constant between 1997-2007 except for a peak
in 2005, [11, 22] whereas our study demonstrated a peak
incidence rate in 1994 followed by a plateau. Also, we did
not observe any increased incidence of KD during and after
the 2009 HIN1 pandemic suggesting the 2009 HIN1 does
not cause MIS observed in COVID-19.

The incidence of KD among children 1-5 years old
seems to have increased over time as depicted in Fig. 2. Sun
et al. similarly described a recent increase in incidence of
KD among patients 1-5 years old in China in 2017 [23].
The annual incidence rates found in this study for all ages
and <5 years were 9.84 and 21.37 per 100,000 person-years,
respectively. These are similar to that of short-term U.S.
nationwide studies, such as Holman et al. described as 20.8
per 100,000 for children <5 years old in 2006 [11]. Most
studies in the U.S. have assessed KD incidence in minority
populations in major urban centers with similar incidence
rates around 20 per 100,000, [4, 5, 8, 10, 12, 13, 24, 25]
indicating that incidence in predominantly White popula-
tions are not necessarily lower than in minorities.

Interestingly, our study shows a stable incidence in males
but an increasing incidence in females (Fig. 3), which is a
novel finding that has not been reported in any prior studies.
Burgner et al. reported on the epidemiology of KD exhib-
iting a male to female ratio of about 1.6:1 [26] which is
consistent with our overall finding, and Sun et al. described
a stable overall male to female ratio of about 1.75:1, with
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the highest between 6 and 11 months of life (2.06:1). [23]
Okubo et al. described an overall male to female ratio of
1.35-1.42:1 in the US with no increase in female to male
ratio up to 2012. [14] The increasing incidence in females is
a novel finding of our study that warrants further investiga-
tion for the cause of this trend, and awareness of this finding
among clinicians. The reason for this increase in incidence
among females rather than males is not clear, and theinvesti-
gations with larger sample sizes to help guide the discussion
of this finding will be needed.

Cardiac Complications

Kawasaki Disease is the leading cause of acquired heart
disease in children of developed nations. Most studies dem-
onstrate that one quarter of patients develop coronary artery
abnormalities, [2] which is consistent to our study findings.
Of the patients in our study who developed cardiac com-
plications recognized during the episode of KD and in the
short term follow up, 78.6% were males (vs. 61.3% male
in the cohort), and 17.2% were of Asian descent (vs. 8.9%
Asian in cohort) (although this was not statistically signifi-
cant). Regarding age ranges, younger patients were at high-
est risk, with 62.1% of complications developing in patients
who were between the ages of 1-5 years old (vs. 57.3% aged
1-5 in cohort), and 34.5% being less than 2 years old (vs.
20% aged <2 in cohort).

Okubo et al. studied the development of coronary
artery aneurysms in KD patients in the West Coast from
2003-2012, and demonstrated a rate as low as 2-3%, [14]
compared to the general 20-25% rates in the literature. [2]
Okubo et al.’s findings were based on ICD-9 codes for coro-
nary artery aneurysms rather than including general coro-
nary artery abnormalities such as ectasia and periluminal
thickening as our study found. However, our study revealed
that there were no coronary artery aneurysms in our patients
from 2009-2016, conveying a decrease in development of
aneurysms in recent years.

We found 24% of patients had received no treatment, and
24% also had developed cardiac complications. On further
review, we found that these were different patient groups.
Treatment with IVIG was administered in 96.6% of patients
who developed cardiac complications, and aspirin to 100%
of patients who developed cardiac complications. Patients
who did not receive any treatment were often followed up
on an outpatient basis rather than hospitalized. Interestingly,
Kibata et al. reported a potential for genetic IVIG resistance
that might explain why some patients did not respond to
treatment and develop coronary abnormalities. [27] They
also described an increase of IVIG-resistant patients from
7 to 23% within the last decade in Japan, consistent with
our finding of 24% of patients developing coronary artery
abnormalities despite IVIG treatment. Regarding the trend
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of cardiac complications with seasons, this was the same
as the findings with incidence of KD, as winter and spring
exhibited the highest rates of cardiac complications (P=0.66
for seasonality; P=0.03 for monthly variation). In general
the literature has not found statistically significant associa-
tions between seasonality and KD.

Strengths

The main strength of our study is a population-based design
which minimized selection bias, because most previous stud-
ies for KD incidence used hospitalization associated with
KD to estimate incidence, rather than population-based
all-incident cases of KD as in our study. Because previous
studies used ICD-9 codes associated with hospitalization to
identify KD cases, [4, 5, 11, 14, 22, 24] patients who were
treated as outpatients might be omitted in estimating the
incidence of KD by previous studies, leading to an underes-
timation. We used reliable ascertainment of KD with com-
prehensive medical record review and predetermined criteria
based on AHA guidelines of KD diagnosis. Most retrospec-
tive studies did not confirm cases via manual chart review
which might cause misclassification. For example, our study
excluded 57 cases (31.5%) out of 181 potential cases that
were misclassified as KD. Finally, our study has impor-
tant epidemiological advantages in estimating an accurate
incidence of disease: (1) our study setting is virtually self-
contained (only two health care sites provide medical care
to all Olmsted County, MN residents); (2) patients’ medical
records of the two sites are linked through the REP; and 3)
almost all (>95%) of Olmsted County residents authorize
using medical records for research.

Limitations

There are inherent limitations for our study as a retrospec-
tive study. This is a single-center study with a small sam-
ple size despite its population-based design. It is possible
that during the early decades of this study time period,
cases were missed, particularly because in the early days
when the concept of this disease was introduced, it was
recognized as a disease that occurs mainly in Asians, and
KD was not considered as a high priority in differential
diagnosis. While our results provide an important insight
into the incidence of KD in the community with a pre-
dominantly White population given the lack of this epide-
miological data, our findings might not be generalizable or
extrapolated to other study settings, particularly with more
diverse ethnic compositions. However, it has been known
that age, sex, and ethnic characteristics of residents from
Olmsted County, MN (where this study was conducted) are
similar to those of the state of Minnesota and the Upper
Midwest, and thus, we expect that these study results will

be generalizable to those regions with similar characteris-
tics.! Also, not all patients had multiple longitudinal echo-
cardiographs as recommended and thus, our study might
have missed some long-term outcomes of KD.

Conclusion

The overall incidence of Kawasaki Disease over a 38-year
period in the Midwest community with a predominantly
White population appears to be stable since 1994. How-
ever, the incidence of KD among children 1-5 years old
and females seems to have significantly increased. Further
studies identifying potential factors driving these upward
trends of KD in high-risk subgroups identified in our study
are warranted.
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