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Kawasaki Disease: Global Burden and Genetic Background
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Abstract

Kawasaki disease (KD) is a childhood vasculitides associated with
serious coronary artery lesions. It is the most common cause of pedi-
atric acquired heart disease in developed countries, and is increasing-
ly reported from many rapidly industrializing developing countries.
The incidence varies widely among different nations and is highest in
North-East Asian countries, where almost 1 in 100 children in Japan
having the disease by age of 5, where the lowest incidence reported
in sub-Saharan Africa. The etiology of KD is still uncertain; interac-
tion between a genetic predisposition and several environmental and
immunological factors has been hypothesized. Several susceptibility
genes were identified to be associated with the development of KD
and increased risk of coronary artery lesions. Gene-gene associations
and alteration of deoxyribonucleic acid (DNA) methylation are also
found to play key roles in the pathogenesis and prognosis of KD. This
article will focus on the global epidemiological patterns of KD, and
the currently known genetic predisposition.
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Introduction

Kawasaki disease (KD), first reported by the Japanese phy-
sician Tomisaku Kawasaki, is considered the most common
childhood vasculitides in developed countries [1, 2]. Various
epidemiologic reports showed a significantly increasing inci-
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dence of KD in rapidly industrializing developing countries
as well, such as China, India, and Latin American countries.
This may be due to an actual increase in incident cases or the
improvements in health facilities, and the widespread use of
antimicrobials and vaccines that helped to eliminate infec-
tious diseases with their similar fever and rash allowing more
awareness and ascertainment of KD [2, 3].

The disease causes inflammatory changes to the vessel
walls of small and medium-sized arteries of any area of the
body. However, coronary arteries are predominantly involved,
and coronary artery lesions can occur in up to 25% of untreated
children with KD resulting in serious complications as coro-
nary artery ectasia/dilatation, coronary artery aneurysm, and
acute myocardial infarction [4]. Therefore, early detection
and prompt treatment are crucial, since treatment with intra-
venous immunoglobulin (IVIG) within 10 days after disease
onset can lower the incidence of aneurysm to < 5% [5, 6]. The
peak age incidence of KD generally range between 6 months
and 5 years, and usually presents with fever, skin rash, diffuse
mucosal inflammation, non-exudative conjunctivitis, cervical
lymphadenopathy and extremities changes [7, 8].

The etiology and pathogenesis of KD remain uncertain.
The presence of familial aggregation and the increased inci-
dence by 10 times in Asian population suggest a strong genetic
origin [9]. However, genetic factors alone cannot explain sea-
sonal variations or geographic and temporal clustering of KD
cases [10]. Additional factors, such as infectious agents (bac-
teria, viruses, fungi, etc) [11], environmental rigger or auto-
immune reactions [12] are needed for the onset of the disease,
but their definite role remains unclear. In addition, epidemics
of KD have been reported, most known in Japan in 1982 and
1986 [13]. Several studies have also documented a correlation
between higher socioeconomic status, smaller family size,
and urbanization and increased KD incidence [14, 15].

Since 1980s, KD attained a significant public health con-
cern. As with the control of infection, availability of antimi-
crobial agents, and enhanced general hygiene; the incidence
of rheumatic fever and other infectious diseases declined in
developed countries. Meanwhile the incidence of KD remark-
ably increased and became the commonest cause of pediatric
acquired heart disease, particularly in Japan, Korea, the USA,
and many other developed countries [16].

Global Epidemiology

KD has been documented in more than 60 countries and cross
all ethnicities [4, 17] (Fig. 1, [2]). The incidence of KD is in-
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Figure 1. The global incidence of Kawasaki disease per 100,000 children under 5 years old [2].

creasing in several countries especially rapidly industrializing
nations, which may reflect a role of air pollution in the patho-
genesis of KD [3]. The diagnosis of KD till now is based only
on the characteristic clinical features with the presence of a
proportion of incomplete or atypical KD cases that have no
standard criteria for their diagnosis, which is usually achieved
through clinical and laboratory data supported by expert opin-
ion [4, 18]. This difficulty in diagnosis makes the true inci-
dence and burden of the disease to be still unknown [2].

Epidemiological distributions of KD

The incidence of KD varies greatly among different regions.
In North America, Europe, and Australia, the incidence of KD
ranges from 5 - 22 per 100,000 children < 5 years old. In these
countries the incidence was increasing, partly as a result of
increased ascertainment, until the past 10 years, when the in-
cidence becomes nearly constant [2, 17]. Conversely, North-
Eastern Asian countries, especially Japan, Korea, and Taiwan
report an incidence of more than 10 times greater than North
America, Australia and Europe; and it continues to increase
as reported during the last two decades [19-21]. In the rapidly
growing economics like China and India, although the epide-
miological reports are less accurate, the incidence appears to
be significantly growing and follows the epidemiological pat-
terns of the North-Eastern Asian countries [22, 23].

KD in North America, Europe and Australia

KD incidence in these countries is nearly constant with the
lowest incidence in Scandinavian countries, and the highest
incidence in North America [2, 17]. In USA, the incidence is
estimated to be 17 - 21 per 100,000 children < 5 years old
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[17]. Both data from the USA and Canada showed significant
ethnic variation, with a markedly higher rate among American
Asians and peoples of the Pacific Islands supporting the genet-
ic background of KD [17, 24]. Most of the European countries
report an incidence rate < 16 per 100,000 children < 5 years
old; there were also noticeable ethnic variations, with higher
incidence reported in children of Eastern Asian descent [25].
In Australia, the incidence rate ranges between 8 and 10 per
100,000 children < 5 years, and it is not determined whether
the incidence has plateaued or is still increasing [25].

KD in Japan, South Korea and Taiwan

The incidence rates of KD in these countries are the highest
worldwide (> 50 per 100,000 children < 5 years old) and the
number continues to increase [19-21]. The highest rate glob-
ally is reported in Japan with an estimate of 264 per 100,000
children <5 years. Recurrence rate of KD was 3.5% of cases,
mortality rate was < 0.02%, and resistance to IVIG reported in
17.0% of cases [21]. South Korea reported the second high-
est incidence rate (134.4 per 100,000 children < 5 years) [20].
Data on KD in Taiwan are extracted from the records of the
national health insurance program with an estimated incidence
of (82.8 per 100,000 children <5 years) and reported coronary
complications in 5.4% of the cases [21, 26].

KD in China

The incidence data of KD are available from studies conducted
in different provinces, as an accurate nationwide study is diffi-
cult to conduct in the most populous country in the world. The
reported incidence varies between 7.06 and 55.1 per 100,000
children < 5 years [27-29]. For example, in Beijing the inci-
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dence rate increased from 40.9 per 100,000 children in 2000 to
55 per 100,000 in 2004, and in Shanghai the rate increased 3
times in less than 20 years (from 16.8 per 100,000 in 1998 to
50.5 per 100,000 children in 2012). On the other hand, in the
lower income Sichuan province, the reported incidence was 7
per 100,000 children, largely lower than other provinces which
may reflect a lack of access to medical care services due to
relative lower social status. In Hong Kong, the incidence rate
is the highest in China (74 per 100,000 children < 5 years)
[30]. Despite the shortage of a nationwide data in China, it
appears that it follows the trend of the increasing incidence of
KD similar to that of other East Asian countries.

KD in other Asian countries

A gradual increase in the incidence of KD has been reported in
India, Thailand, and many other countries across Asia [23, 30].
The lack of nationwide epidemiological data makes it difficult
to determine whether this is a true increase due to environmen-
tal and climate changes associated with industrialization or
just an increase ascertainment resulting from more awareness
by health care professionals and increased access to medical
care following the rapid economic growth [23]. Before 1990,
there were only three available reports of KD in India. After
this time, KD has been reported in almost all regions of the
country with incidence data of 4.5 cases per 100,000 children
less than 15 years old [31].

KD in the Middle East and Sub-Saharan Africa

Except for some studies conducted in Turkey and Iran, limited
data have been reported from other Middle Eastern countries
[32, 33]. A reason of shortage of incidence reports from this
region could be due to the lower socioeconomic status and a
lack of census data for children < 5 years of age. A study from
Egypt reported coronary aneurysms denoting missed child-
hood KD cases when they reviewed a series of 580 patients <
40 years of age presenting with symptoms of coronary artery
ischemia [34]. Also, Agha et al reported two cases with in-
complete KD in children <5 years old complicated with coro-
nary aneurysm [35]. The data for KD incidence are lacking
in sub-Saharan Africa, however several sporadic cases have
been reported across many countries in the region [36]. These
findings raise the possibility that KD is not that uncommon in
the Middle East and sub-Saharan Africa as previously thought,
and increased awareness and diagnosis may reveal the true in-
cidence of KD.

KD in Latin America

Prior to the formation of the Latin American Kawasaki Disease
Network (REKAMLATINA), which included 20 countries, lit-
tle was known about the epidemiology and prevalence of KD
in these countries [37]. In Chile as an example, there were
several reports of increasing cases of KD, which also may be
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a result of the increased awareness and ascertainment of the
disease [38].

Seasonality of KD

Many Asian countries such as Japan and South Korea had re-
ported distinctive seasonal patterns of KD, where they reported
a summer peak in July and a winter peak in January [19, 20].
In USA, Canada, Europe, and temperate regions of Australia,
they reported peak of incidence of KD occurring in the winter
season except for Hawaii, which has different seasonality [14-
17]. It has been hypothesized that tropospheric wind patterns
arising from north-eastern China are associated with KD peaks
in Japan, Hawaii, and southern California suggesting that KD
could be induced by an airborne pathogen arising from this
area [39].

Genetic Background

Ethnicity significantly affects the genetic ability to develop
KD. Not only as mentioned before that the incidence is in-
creased by 10 times in Asian children [9], but also the genes
associated with KD and their degree of expression seem to
vary among different ethnicities [40]. In response to this situ-
ation, several susceptibility genes including single-nucleotide
polymorphisms (SNP) for the /ITPKC, CASP3, FCGR2A4, BLK,
ORAI, and CD40 genes have been recognized through genome-
wide association and genome-wide linkage analysis employed
in different ethnic populations to have an association with the
etiology and prognosis of KD, and also with the development
of coronary artery aneurysms (CAA) [41-43].

Gene-gene associations

Recently, several studies have indicated an important role of
gene-gene interactions in KD pathogenesis, and have iden-
tified that varying gene-gene associations could predict the
development of KD or the increased risk of its complications
of CAA; and its prediction power is greater than that of in-
dividual SNPs [44-46]. Kuo and colleagues examined 384
SNPs for 159 immune-related candidate genes in of deoxyri-
bonucleic acid (DNA) samples collected from 73 KD patients
with CAA (73 patients), KD patients without CAA (153 pa-
tients), and 575 healthy controls. By logistic regression analy-
sis, they identified that the combined acquisition of PDE2A
gene (rs341058) and CYFIP2 gene (rs767007) significantly
increased KD susceptibility (odds ratio (OR) =3.54; P=4.14
x 1077), while the combined acquisition of LOCI100133214
gene (rs2517892) and IL2RA gene (rs3118470) significantly
increased the risk of CAA in KD patients (OR = 5.35; P <
0.001) [9].

In another study conducted by Kuo et al, they noticed that
high-risk genotype patients with combined acquisition of /7~
PKC gene (1s28493229) and CASP3 gene (rs113420705) were
more associated with CAA formation (P =0.0227, OR = 3.06)
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and had a higher IVIG resistance rate in comparison to patients
with individual susceptible SNP [47].

Gene-expression patterns associated with KD

During the past years, gene expression signatures have gener-
ated new clues for the diagnosis and pathogenesis of various
infectious and inflammatory diseases with unclear etiology
[48, 49]. According to the current guidelines [4, 18], the diag-
nosis of KD relies on clinical features that are usually similar
to other infectious or inflammatory diseases, leading to de-
layed or missed diagnosis and treatment in many cases with an
increased liability to complications.

In a study performed by Wright et al [50], they presented
a rapid diagnostic blood test dependent on the measurement
of small numbers of host gene transcripts, which would help
an early diagnosis of KD and definite differentiation from
other infectious or inflammatory diseases. They recognized a
13-transcript gene expression signature with high sensitivity
and specificity for KD that included eight genes (CACNAIE,
DDIAS, KLHL2, PYROXD2, SMOX, ZNF185, LINC02035,
and CLIC3) with an increased expression in KD relative to oth-
er conditions, and five other genes (S1/00P, IFI27, HS.553068,
CD163, and RTNI) that showed a decreased expression in KD.
These findings, supported by other earlier studies [51, 52],
might form the basis of a fast and easy applicable diagnostic
laboratory test for KD.

DNA methyltransferases expression in KD

Methylation is the principal epigenetic modification in mam-
mals’ genome, and in general, the DNA methylation alteration
of CpG islands present in the promoter region of the genes can
lead to a powerful transcription inhibition [53]. DNA meth-
ylation is controlled by two groups of enzymes, the first are
DNA methyltransferases (DNMTs) and the second are the Ten-
eleven translocation (TET) family [53, 54].

In 2018 Chen et al [55] compared the CpG methylation
status in KD patients and controls, and found that most of CpG
loci (97%) revealed hypomethylation with only 3% showed
hypermethylation; a finding suggesting that the majority of
genes in KD patients have a hypomethylation status which re-
sults in an over-expression of these genes with increased activ-
ity of varies immune mechanisms including T helper 1 (Thl),
Th2, Th17, innate immunity, acquired immunity, cytokines,
etc. The exact reason why most genes are activated remains
uncertain. DNA hypomethylation by imbalanced DNMTs and
TET activities is hypothesized to be a key factor in the patho-
genesis of this condition.

In another study Huang [56] et al identified differential ex-
pressions of DNMTs and TETs” mRNA levels in KD patients
when compared to both febrile and healthy controls, with a
significant decrease in the mRNA levels of DNMT1 and DN-
MT3A, and a significant increase in TET2 levels in KD pa-
tients. In addition, following an IVIG treatment, they noted a
decrease in the mRNA level of TET2 and significantly lower
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DMNT1 mRNA levels between patients with CAA and those
without. These studies emphasize the hypothesis of altered
DNA methylation to be among the first pathogenic changes
during the acute phase of KD.

Conclusions

KD is an acute febrile vasculitic disease in children and is the
most common cause of acquired heart disease in children and
young adults in developed counties. It is also increasingly re-
ported in several developing countries, including China, India,
Middle East and Latin American countries. The etiology of
KD is still unclear; interaction between a genetic predisposi-
tion and several environmental and immunological factors has
been hypothesized. Several susceptibility genes were recog-
nized to have an association with the development of KD and
an increased predisposition to its compilations. Gene-gene in-
teractions and alteration of DNA methylation are also found to
play key roles in the pathogenesis and prognosis of KD.
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