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Abstract

Background: Kawasaki disease (KD) is a frequent cause of acquired heart disease in infants and young children, which may be
triggered by infectious agents, with the highest incidence in Asian countries. Several genotypes are identified as susceptibility genes
for KD, but none is known in the Iranian population.
Objectives: Due to the racial differences in the frequency and significance of the identified genes, we aimed to investigate the 8p22-
23-rs2254546 genotypes in a sample of Iranian children and their association with aneurysm and resistance to treatment.
Methods: In this prospective cross-sectional study, 100 children with KD as the sample group were compared with 100 matched
unrelated healthy Iranian children with no history of KD or immune-related disease. The control subjects were ethnically recruited
from the same hospital at the time of a routine physical examination. The 8p22-23-rs2254546 genotypes were analyzed using the
polymerase chain reaction (PCR) and direct sequencing techniques, and the frequency of the three genotypes (GA, AA, and GG) was
reported. Finally, the frequency of aneurysm and IVIG resistance was reported, and their associations with 8p22-23-rs2254546 geno-
types were tested by SPSS software.
Results: Of 100 patients with a mean age of 1.9 ± 1.7 (0.1 - 10.2) years, 57% were boys and 43% were girls. Of them, 62% had GG, 30%
GA, and 8% AA genotypes. Besides, 21% of the studied patients were resistant to IVIG, and 19% had aneurysm, but resistance to IVIG
and aneurysm was not associated with GG and GA genotypes of 8p22-23-rs2254546 (P = 0.29 and 0.88, respectively).
Conclusions: The majority of the children with KD were shown to have this genetic susceptibility, which shows the importance of
the 8p22-23-rs2254546 genotype in Iranian children. However, this genotype was not associated with the risk of resistance to IVIG
and aneurysm.
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1. Background

Kawasaki disease (KD) is a frequent cause of acquired
heart disease in infants and young children (1). It is re-
ported in many countries of the world, including Asian,
European, and American countries, with the highest inci-
dence in Asian countries, including Japan and Korea, with
an incidence rate of 265:100,000 children aged < 5 years
(2). This is while in the USA, it is estimated at 19 per 100,000
children aged < 5-years-old (3). The incidence of KD in
other countries depends on the dominant race and ethnic-

ity (4). Furthermore, it is reported to be six times more in
boys with seasonal peaks in incidence (5, 6). Kawasaki dis-
ease has been introduced since 1967 (7), although its etiol-
ogy is still not well understood, which hinders appropriate
diagnosis and treatment (8). However, some reports have
shown the association of KD with bacterial and viral trig-
gers (9). In a case report, the author described a child with
a KD diagnosis that was complicated with streptococcal in-
fection and pleural effusion comorbidity (10). It has been
reported that adenoviruses, enteroviruses, rhinoviruses,
and coronaviruses are the etiologic triggers of KD (11).
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Prolonged fever, mucocutaneous presentations such
as redness, rash, and erythema of the skin and mucosa, bi-
lateral conjunctival injection, periungual desquamation,
and nonsuppurative enlargement of the cervical lymph
nodes are the main symptoms of KD (9). However, the
most important complication of KD, which may cause se-
rious cardiovascular sequelae, is coronary artery vasculitis
(10). If left untreated, vasculitis may occur in one of every
five children after a few days. Therefore, the early adminis-
tration of intravenous immunoglobulin (IVIG) and aspirin
should be done to minimize the risk of vasculitis (12). How-
ever, 13% to 21% of KD patients may be resistant to IVIG, and
vasculitis can still be observed in 3% - 5% of treated children
(13).

As the main step towards effective treatment is to tar-
get the disease etiology, the possible etiology of KD has
been the focus of research for many years (14). Evidence
suggests that KD is developed by the immunologic reac-
tion in genetically susceptible hosts after exposure to en-
vironmental triggers (15). After the identification of genes
associated with a significantly higher risk of KD and coro-
nary artery aneurysm, like ITPKC (16), the Genome-wide
Association studies (GWASs) introduced the association
of single nucleotide polymorphisms (SNPs) with KD or
coronary artery lesions (9, 17, 18). Among these six novel
SNPs, rs2254546 located at 8p22-23 between FAM167A and
B lymphoid tyrosine kinase (BLK) was first discovered by
Onouchi et al. (19) in Japan and the USA (9) and subse-
quently confirmed to be associated with the risk of KD in
a Chinese population (19). However, these studies have not
investigated the association of this genotype with the risk
of aneurysm and resistance to IVIG (9, 19). Furthermore, to
our knowledge, the significance of this genotype has not
been addressed in the Iranian population (20).

2. Objectives

Therefore, this study aimed to investigate the genetic
profile of an Iranian sample of children with KD and exam-
ine the frequency of 8p22-23-rs2254546 and its association
with aneurysm and resistance to IVIG.

3. Methods

3.1. Study Design

The current prospective cross-sectional study was per-
formed at Mofid Children’s Hospital, Tehran, Iran, affili-
ated with Shahid Beheshti University of Medical Sciences.
This hospital is the main referral medical center for pe-
diatric diseases. The Ethics Committee of the Mofid Chil-
dren’s Hospital approved the study protocol, and the study

was performed in line with the principles of the latest ver-
sion of the Helsinki Declaration on human studies.

The study compared 100 children with KD as the sam-
ple group and 100 matched unrelated healthy Iranian chil-
dren with no history of KD or immune-related disease. The
control subjects were ethnically recruited from the same
hospital at the time of a routine physical examination. All
children who were diagnosed with typical KD based on
the diagnostic criteria of the American Heart Association
undergoing treatment at this center were considered as
the study population. The study objectives and steps were
explained to the parents of children who were referred
from October 2015 to October 2016, and they were asked
to read and sign informed consent if they were willing
their child participates in the study. The patients were re-
cruited in the study by a convenience sampling method
until saturation of the sample size. Any patient who re-
fused to complete the study was excluded from the study.
The demographics of children, including sex and age, were
recorded. The presence of an aneurysm was determined by
two-dimensional echocardiography, performed by an ex-
pert specialist.

3.2. Genotyping and Quality Control

Two milliliters of the peripheral blood were taken from
the cubitus area of patients, collected in EDTA tubes, and
transferred in a cold box within 60 min to Gholhak lab-
oratory. A Roche High Pure PCR template preparation
kit was used for the extraction of genomic DNA from the
blood sample, following the manufacturer’s protocol for
the whole blood. A NanoDrop 1000 spectrophotometer
(Thermo Fisher Scientific, Waltham, Massachusetts, USA)
was used to confirm the concentration and optical density
(OD) of DNA. The OD levels > 1.7 - 2 were considered optimal
for the PCR.

The 8p22-23-rs2254546 SNP genotype was determined
by direct sequencing (Applied Biosystems, Foster City, CA,
USA) as a gold standard method for the detection of nu-
cleotide changes, which uses very specific primers, de-
signed for the flanking region of this genotype (Figure 1).

3.3. Polymerase Chain Reaction and Sanger Sequencing

For genotype in grs 2254546, the PCR and Sanger se-
quencing were performed based on the method reported
by Fong et al. (21).

3.4. Statistical Analysis

For descriptive reports, the mean± standard deviation
(SD) was reported for quantitative variables and frequency
(percentage) for categorical variables. Among the three
genotypes, between and within-group associations were
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calculated using the ANOVA test with testing P-value. For
the statistical analysis, the IBM SPSS statistical software for
Windows version 21.0 (IBM Corp. 2012. Armonk, NY: IBM
Corp.) was used.

4. Results

Among 100 patients who completed the study, the fre-
quency of the genotypes was as follows: GG: 62%, AG: 30%,
and AA: 8%. Among 100 controls, GG was 31%, AG was 41%,
and AA was 28% (Table 1). Considering resistance to IVIG, 21%
of the studied patients were resistant. Of all patients, 19%
had an aneurysm. Their mean age at diagnosis was 1.9 ±
1.7 years (3 - 105 months), including 57% boys and 43% girls.
In the next step, the association of genotypes with IVIG re-
sistance and aneurysm was tested by ANOVA, the results of
which showed no significant association (Tables 2-5).

5. Discussion

Kawasaki disease also called mucocutaneous lymph
node syndrome, is an acute, self-limited vasculitis that pre-
dominately affects infants and young children (9). The
present study examined the frequency of three genotypes
of 8p22-23-rs2254546 in 100 Iranian children with KD at a
referral pediatric hospital. The results showed that only
8% had an AA genotype, while 62% had a GG genotype and
30% a GA genotype. These results are similar to those re-
ported by Wang et al. (19). In their study, they investigated
the genotype of 892 Chinese children (428 with KD and 478
healthy controls). In the case group, 63% were GG, 33% GA,
and 4% AA, and in the control group, 60% were GG, 33% GA,
and 7% AA (20). Among 100 controls, GG was in 31%, AG in
41%, and AA in 28% (Table 1). These results are similar to the
results of the present study, although the frequency of pa-
tients with the AA genotype was higher in our study and
closer to their control group, which can be justified by the
racial differences in the frequency of different genotypes.
Furthermore, they determined that the GG genotype was
significantly associated with an increased risk of KD (19),
which confirms the results of previous studies indicating
the association of rs2254546 with KD (9, 21). We examined
the association of GG and GA genotypes with two impor-
tant conditions in KD, namely, the risk of aneurysm and re-
sistance to IVIG.

Coronary artery aneurysm is an important complica-
tion of KD, as it results in adulthood cardiac sequelae
(22). As the results of the present study indicated, 19%
had an aneurysm. In an Iranian study on 159 children
with KD, Moradinejad and Kiani (23) reported that 66.7%
of the studied patients had an aneurysm, which is much

higher than the frequency of patients with an aneurysm
in our study. The low rate of patients with an aneurysm
can be attributed to the low frequency of IVIG-resistant pa-
tients, as according to our results, 21% of the studied pa-
tients were resistant to IVIG, which is considered the main
cause of aneurysm in treated patients (23). In the study
by Tremoulet et al. (24) in San Diego County, 38.3% of pa-
tients with KD were IVIG-resistant, which is much higher
than the frequency of IVIG-resistant patients in our study,
and in the study by Dionne et al. (25), 24% of children were
found to be IVIG-resistant, which is a little higher than the
IVIG-resistance rate in our study (21%). This difference in
the rates of resistance to IVIG can originate from differ-
ent population characteristics, including age, serum levels
of inflammatory markers, and liver enzymes, which have
been suggested to affect the risk of resistance to IVIG (25).
Although concurrent infections are associated with KD,
the clinical presentations, prognosis, and even response
to IVIG treatment have been reported to be the same as in
non-confirmed infectious patients (26).

As vasculitis can develop few days after the onset of KD,
it is important to start treatment as soon as possible in di-
agnosed cases (11); however, 15% - 25% of patients are sug-
gested to be resistant to IVIG (27). The rate of resistance
to IVIG in our study was also within the proposed range,
although other Iranian studies have reported lower rates.
In a study on 64 patients in Shiraz, Iran, Kashef et al. (28)
reported that 9.4% of children remained febrile after the
initial dose of IVIG, while in another study by Saffar and
Reshidighader (29), 2/25 patients (8%) remained febrile af-
ter the initial dose and one (4%) after two doses. The fre-
quency of resistance to IVIG in our study was higher than
in the two mentioned Iranian studies (26, 28); nonetheless,
the sample sizes of these studies were small, and further
Iranian studies are required for their results to be compa-
rable to ours. Due to the significance of IVIG resistance on
the complications of KD, different studies have suggested
different scoring systems to estimate the possibility of un-
responsiveness to IVIG, such as Kobayashi, Egami, and Sano
scores. Nevertheless, these scoring systems have a low sen-
sitivity in non-Japanese populations (29), and the accuracy
of these scoring systems has not been investigated in Irani-
ans, and they are not routinely used.

The results of the present study indicated that
aneurysm and resistance to IVIG were not associated
with GG or GA genotypes of 8p22-23-rs2254546. The associ-
ation of this gene with aneurysm and resistance to IVIG has
not been previously studied for the results to be compara-
ble to ours; however, according to the results of studies,
the identified genes are not only genetically associated
with the risk of KD but also are associated functionally.
ITPKC, encoding a negative regulator of T cell activation
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Table 1. Association Between 8p22-23-rs2254546 and Kawasaki Disease Risk in the Current Study

KD Odds Ratio Std. Err. Z P > z [95% Conf. Interval]

AG 2.560976 1.196932 2.01 0.044 1.024652 6.400802

GG 7 3.200932 4.26 0.000 2.856695 17.15268

-cons 0.2857143 0.114541 -3.12 0.002 0.130224 0.6268617

KD

AG 0.3658537 0.119176 -3.09 0.002 0.193211 0.6927606

AA 0.1428572 0.065325 -4.26 0.000 0.0583 0.3500548

-cons 2 0.439941 3.15 0.002 1.299543 3.078005

aLogistic regression number of obs. = 200; LR chi2 (2) = 24.01; Prob > chi2 = 0.0000; log likelihood = -126.62314; pseudo R2 = 0.0866.

Figure 1. Genotyping of 8p22-23-rs2254546 SNP

Table 2. Intravenous Immunoglobulin Resistance in Kawasaki Disease Patients

No. (%) Valid Percent

Valid

Sensitive 79 (79.0) 79.0

Resistant 21 (21.0) 21.0

Total 100 (100.0) 100.0

(1,4,5-triphosphate 3-kinase C), has been associated with
an increased risk of an aneurysm (15). In addition, LNX1,
CAMK2D, ZFHX3, CSMD1, and TCP1 have also been shown to
be related to inflammation, apoptosis, and cardiovascular

Table 3. Aneurysm in Kawasaki Disease Patients

No. (%) Valid Percent

Valid

Normal 81 (81.0) 81.0

Dilated 19 (19.0) 19.0

Total 100 ()100.0 100.0

pathology (16). A review of the articles has also determined
that the gene loci, FCGR2A, BLK, CD40, and HLA, predict not
only the risk of KD but also that of coronary artery lesions
and resistance to IVIG (30). Accordingly, we hypothesized
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Table 4. Association Between Genotypes and Intravenous Immunoglobulin Resis-
tance (Analysis of Variance)a

IVIGres
Genotype

1 2 3 Total

0 48 26 5 79

1 14 4 3 21

Total 62 30 8 100

aPearson chi2 (2) = 2.4691; Pr = 0.291.

Table 5. Association Between Genotypes and Aneurysm (Analysis of Variance)a

IVIGres 0 1 Total

0 68 11 79

1 13 8 21

Total 81 19 100

aPearson chi2 (1) = 6.2980; Pr = 0.012.

that 8p22-23-rs2254546 genotype would also be associated
with an aneurysm; however, the results did not confirm
our initial hypothesis.

The advantages of the present study included study-
ing the 8p22-23-rs2254546 gene in an Iranian population
for the first time, as well as studying its association with
aneurysm and resistance to IVIG. But, this study may also
have some limitations, including the fact that we had no
control group to compare the results with and examine
whether the gene is associated with KD risk. Furthermore,
the inclusion of patients into the study was not random,
and all patients were selected from consecutive patients of
one center; therefore, the results may not be generalized to
the entire Iranian children with KD.

5.1. Conclusions

Kawasaki disease is an important disease-causing vas-
culitis and cardiac sequelae. One important issue in KD
is genetic susceptibilities, identified in different popula-
tions, including Japanese and Chinese populations. Mean-
while, the susceptibility gene loci have not been investi-
gated in Iranian children with KD. In this study, we iden-
tified that the majority of the patients with KD had GG or
GA genotypes of 8p22-23-rs2254546, and the frequency of
aneurysm and resistance to IVIG was 19% and 21%, respec-
tively. In addition, we examined the association of this
genotype with aneurysm and resistance to IVIG. However,
the identified genotype in our study was associated neither
with an aneurysm nor with resistance to IVIG. Further case-
control studies are required to add to the results of this
study.
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