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Figure 1. Linkage disequilibrium (LD) structure of the CASP3 locus and association of the variants with KD in Japanese subjects. Pairwise LD plots with 46
variants distributed across the 36 kb region in and surrounding C4SP3 are illustrated using Haploview software. Values for r~ were calculated using genotype
data from Japanese control samples (2 = 1031). Blue horizontal bars under SNP 1Ds represent LD blocks defined by Gabriel’s rule. The genomic organization of
CASP3 and the coiled-coil domain containing 111 (CCDCI11: only 5 part is shown) is illustrated with blue and gray boxes representing the exons. Arrows under
the gene names indicate the orientation of transcription. The position and the negative log of the P-values from the genetic association study (637 KD cases and
1031 controls; allelic frequency comparison) for each variant tested are shown by vertical bars in the upper panel. Threshold for statistical significance (P =

0.001) was indicated by & gray horizontal line in the upper panel,

In this screening, we found that the sequence surrounding
1s72689236 located in the 5-UTR of CASP3 showed an
enhancer activity which was significantly lower for the risk
allele (A) compared with the protective allele (G) (Fig. 2A).
We also found that the allelic difference was more prominent
when these plasmids were transfected into. peripheral blood
mononuclear cells (PBMCs) or CD3" T cells. In contrast,
the difference was modest when transfected into HeLa cells
(data not shown). Enhancement of luciferase activity was
also observed when the plasmids corresponding to inter-
gene_l, 1s62339863 and rs2720377 were transfected.
However, there was no significant difference between either
allele of these three SNPs. Neither enhancer function nor
allelic difference was detected for rs2720378, rs4647610,
154647616, 154647617 and 1559760601 (Supplementary
Material, Fig. 82).

Rs72689236 affects binding of NFAT to the 5-UTR
of CASP3

. To elucidate the enhancer element that may lie near
rs72689236 further, we conducted an electrophoretic mobility

shift assay (EMSA) using nuclear extract from PBMCs and
1572689236 oligonucleotides as probes. As shown in
Figure 2D, there was a band shift using the probe specific to
the G allele. Although no binding sequence of known tran-
scription factor was predicted near rs72689236, we focused
on the GGAA sequence of which the first ‘G’ is changed to
‘A’ by the SNP. Sequence similarity to the consensus
binding sequence of NFAT (GGAAAA) and a recent publi-
cation describing relationship between NFAT and CASP3
expression (10) led us to postulate NFAT as a candidate trans-
activator for this site. We tested this hypothesis by conducting
further luciferase assay and EMSA. In luciferase assay, both
NFATcl and NFATc2 overexpressed in HeLa cells, which
have lower endogenous levels of NFATs (11), significantly
enhanced the difference (Supplementary Material, Fig. S3).
In contrast, cyclosporin A, a calcineurin inhibitor which sup-
presses NFAT signaling, minimized the difference observed
in Jurkat cells (Fig. 2B). While in EMSA, formation of a
DNA-protein complex was abolished by cyclosporine A
added in the culture medium of PBMCs from which nuclear
protein was extracted, and was competed by excess amount
of unlabeled oligonucleotide with an NFAT binding sequence



Table 1. Assaciation of genetic variants in the region of C4SP3 and Kawasaki disease in two independent panels of Japanese subjects

Variants Position™ Allcies® Minor Panel 1 (= 1669) OR 9\"’(: Cl P-valucs  Tanel 2 (n = 660) OR  93% CT P-values  Combined® P-values  »~ with
Major MAF MAF OR  953% CI rs2720378
KD Controi KD Control .
(n=638) (n=1031) (7 =282) {(n=2378)
rs12108061 185815223 C A 0.42 0.33 .37 1.19-1.58  1.7x 107° 041 0,34 136 1L09-10.71 6.9 x 107" 137 1.21-1.54 38x 107" 0.79
rs3720382 188814464 A T 0.44 0.37 134 1.16-1.54 58 x 107° 0.42 0.34 P41 LI13-E77 25 x 1077 136 1.21-133 53 x 107" (.75
rs2705883 185812635 T C 0.44 0.37 1.3¢ 1.17-1.55 47 x107% 042 0.34 L4l 113-1.77 235 x 1078 136 1.21-1.54 43 x 1077 0.7%
rsd 862399 IRSB812136 T C 0.26 Q.20 1.39 L18-1.64 84 % 107% 025 019 1.38 1.06-1.80 0016 1,39 1.21-1.59 40 x 107" 0.36
34605630 183810931 T C 0.44 0.37 134 1.16-1.54 66% 107 042 0.34 141 LI2-1.76 28 x 1070 136 1.20-1.53 6.7 % m‘j 0.74
rsd4801629 185810306 G C 0.44 0.37 1.33 LJ6-1.54 7.5% 1077 042 0.34 L4 112-176 29 % 1077 1.35 1.20-1.53 8.0x 1077 0.74
rs7699420 185809818 G A 0.44 0.37 135 117-1.55 43 x,lﬂ“‘f 0.42 0.34 143 1L14=-179 18 x 1077 137 1.21-154 3.0x IO'J 0.74
rs2703881 183809719 T C (.44 0.37 1.35 117~1.56 33 x 1077 42 .34 141 1L12-176 31 x 1070 137 1.21-1.58 3.6 x 1077 073
rs7693625 183809252 T C .26 0.21 134 L14-1358 4.7x 1077 023 .21 1.27 0.98-1.65 0070 1.32 1LIS~151 87 x107° 0.34
rs1405937 185808932 G C 0.43 0.36 1.36 1LI8-1.57 25x 1075 041 0.34 137 110-1.72 57% 107 136 1.21-1.54 47 x 1077 0.79
rsi2108497 185808551 A G Q.43 0.37 130 1.13~1.50 -2.9 % 10 * 0.41 0.33 L42 113-178 24 x 107 133 LIS=1.51 27x 10 % 0.78
Intergene_1 185807690 T C 0.52 0.45 129 112-1.48 3.6 x 107 052 0.39 169 1.36-2.11 2.7x 107% 139 1.24-1.57 4.0 % 107" 0.49
Intergene_2  IBSR07669 G C 0.51 0.45 1.28 111-1.47 51 x107% 052 0.39 166 1.33-2.07 63 x 1077 1.38 1.23-1.55 83 x 107" 0.70
(s72689236 185807547 G A 0.46 0.38 138 1.20-1.59 7.2x107° 044 0.35 143 1I5-1.79 L6 x 107 1.40 t.24-1.57 4.2x 107" 088
62339863 . 185807461 G T 0.45 .38 136 1.18=137 2.1 x 107° 044 0.34 1,53 1.22-192 20 % 107 141 [.25-1.38 24 % 307" 091
casp3_d 1H5807195 - G .46 .38 136 1LIR-1.57 2.1 x 107 043 .35 153 1.22-191  1.9x 107 1.4] 1.25-0.58 23 x 107% 0,90
£s3720379 183806266 T C {146 0.38 1.37 L19~138 12x 10"5‘ (.44 (.34 153 1.22-191 20x 1077 141 1.26-1.59 1.2x 107" 0.92
rs272037% 185805107 C G 0.45 0.36 141 122163 2.0 x 1079 043 0.34 1.50 1.20-1.88 4.1 % 1077 144 127-1.62 35x% 1077 1.0
34647610 183804925 A G 0,46 . 0.38 1.39 1.20-1.60 6.1 x 107" 0.44 0.34 1,83 1.22-191  Quong2t 142 1.26-161 66 x 1077 094
4647616 183803825 A G 0.45 0.38 137 1.19-1.57 1.5 x 10™° 043 0.35 151 1L.21-1.88  0.00028 141 1.25-1.59 2.1 x 107% 0.94
54647617 183803775 A G 0.46 0.38 137 L19-1.58 1.3 x 107 045 0.34 [.53 1.22-1.91  Q.00020 1.41 1.25-1.39 14 %107 0.94
39760601 185802837 T C (.46 038 1.38 1.20-1.59 87 % 107% 0.44 0.34 1.33 1.22-1.91  Q.00020 142 1.26-1.60 9.1 x 1077 0.94
2720377 183801740 G A 045 0.37 140 L21-161 35x% 107" 043 0.34 148 118188  0.00060 1.42 1.26—-1.60 R7x 1077 0.99
34647652 183795678 T C .43 Q.37 131 L14-1.51 21 x 107 043 0.33 1.5t 1.20-1.8%  0.00034 136 1.21-1.54 43% 1077 0.75
154647655 185794892~ TTCAGGATTT - .43 0.37 132 115-1.52  L3x 107 042 .33 144 115152 000613 135 1.20-1.83 79 x 1077 0.75

185794893

“Positions of vanants are bascd on Build 36.3 chromosome 4 reference sequence.
PNucleotides of reverse strand are shown,
“Combined data analysis was conducted with Mantel—Haenszel method.
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Figure 2. Functional analyses of the G and A alleles of rs72689236. (A} Single or four tandem copies of oligonucleotides for the G allele and A allele of
1572689236 were cloned upstream of the $V40 promoter in the PGL3 luciferase reporter vector and transfected into Jurkat cells (left), PBMCs (middle) and
CD3™ peripheral T cells (right; single assay). Data represent mean £ SEM of triplicate assays for Jurkat and PBMCs. (B) Effect of cyclosporine A on enhancer
activity of rs72689236 G allele. (C) Transcriptional activity of CASP3 promoter with different alleles of rs72689236. Data represent mean + SEM of quintu-
plicate assays. (D) EMSA was performed using nuclear extracts from PBMCs stimulated with ionomycin and PMA. Oligonucleotides corresponding to the A
allele (lanes 1-3) and to the G allele (lanes 4-6) were used as probes. Binding reaction was performed with no specific competitor and with excess amounts
(% 100) of either unlabelled G or A allele oligonucleotides. n.s., non specific bands. (E) Binding of NFATS to the rs72689236 G allele was assessed by EMSA
using nuclear extracts from PBMCs treated with cyclosporine A in addition to ionomycin and PMA (lane 1), competition assay using oligonucleotides containing
an NFAT binding sequence from the human /L-2 promoter or its mutant (lanes 3 and 4) and a supershift assay with antibodies against NFATc¢! (lane 5), NFATc2

(lanc 6) and their isotype controls (lanes 7 and 8).

from the Interleukin-2 (IL-2) promoter. And finally the
complex was supershifted by a monoclonal antibody against
NFATc2? (Fig. 2E).

Allele specifie expression of CASP3

Next we compared levels of CASP3 mRNA expressed from
different alleles of 1572689236 in PBMCs by allele-specific
transcript quantification (ASTQ) experiment. Primers for PCR
were designed to encompass a SNP in the 3'-UTR of CASP3
(rs6948) which was in LD with 1s72689236. We examined
eight healthy individuals who were heterozygous for both
1572689236 and 156948, and therefore, inferred to have haplo-
types I and III (Fig. 3A). In this haplotype combination, risk
allele (A) and non-risk allele (G) of rs72689236 were

absolutely linked to C and A allele of rs6948, respectively.
The ratio of digested:undigested PCR products was approxi-
mately 0.7 for cDNAs and 1.0 for genomic DNA (Fig. 3B, left
panel), indicating that the transcript abundance from haplotype
iII was lower compared with that from haplotype L. Such differ-
ences were not observed when the same experiment was con-
ducted on PBMC from five other volunteers who were
heterozygous at 156948 but homozygous for the A allele at
rs72689236 (Fig. 3B, right panel). These results suggest an
effect of r$72689236 on mRNA expression levels of CASP3.

Association study in US KD families of Eurcpean ancestry

Finally we investigated the association of the 25 variants and
KD susceptibility in US subjects of European ancestry. In a
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Figure 3. Allele-specific transcript quantification (ASTQ) of CASP3 in PBMC. (A) Genomiic structure of CASP3 gene and location of the two SNPs (rs72689236
and rs6948). An amplicon of PCR was indicated by a horizontal bar. Haplotypes for the two SNPs with frequencies larger than 2.5% in the Japanese population
were shown. (B) Comparison of relative expression level of CASP3 mRNA from different haplotypes. Ratio of digested and undigested PCR products from
genomic DNA and ¢cDNA of PBMCs stimulated with PMA and ionomycin from healthy volunteers heterozygous (left panel; n = 8) and homozygous (right
panel; 1 = 5) at rs72689236. “two-tailed P = 3.0 x 107, **two-tailed P = 0.40 by Student’s s-test,

transmission disequilibrium test performed with US trios, the
A allele of rs72689236 was significantly overtransmitted
(n =249, OR = 1.54, 95% CI 1.16-2.05, P=3.7 x 1077,
Table 2). The association of the SNP was no more significant
in the subgroup of patients who developed CALs or poorly
responded to IVIG therapy in either the Japanese or US popu-~
lations, indicating that the SNPs influence susceptibility but
not disease outcome (data not shown). From both the associ-
ation study and our functional analyses, we conclude that
CASP3 is a susceptibility gene for KD in Japanese and Euro-
pean American children.

DISCUSSION

KD is an immune-mediated vasculitis that is thought to result
from an unknown infectious trigger in genetically susceptible
hosts. Our previous findings that downregulation of ITPKC,
which functions as a negative regulator of the Ca®*/NFAT
pathway in T cells, by an intronic SNP resulted in enhanced
activation of the pathway highlighted the importance of regu-
lation of T cell activation in the pathogenesis of KD (5).
Caspase-3 is one of the effecter caspases that plays a central
role in apoptosis. Peripheral T cells from caspase-3 deficient
mice were less susceptible to AICD, a mechanism regulating
the magnitude and duration of the T cell immune response
(8). Furthermore, it was reported that Casp3 transcription
was selectively up-regulated after T cell receptor (TCR) lig-
ation (12). NFATs are activated by a signal from the TCR
and drive transcription of 7L-2 and other cytokines. It was

also reported that the induction of Casp3 mRNA in response
to ionomycin stimulation was abolished in Thl cells from
Nfatc2 deficient mice, indicating that NFATc2 is a key trans-
activator for the gene in this cell type (10). Our data suggest
that the sequence swrrounding rs72689236 might be a
binding site for NFATc2 and acts as an enhancer element in
T cells activated in response to signals from TCR. Sequence
comparison with chimpanzee indicates that the ancestral
allele of 172689236 is ‘G’ (data not shown). Interestingly,
the GGAA sequence was seen in a similar position within
the first non-coding exon of rodent Casp3 genes (Supplemen-
tary Material, Fig. S4), suggesting that the enhancer element
might be evolutionarily conserved. There remains a possibility
that 152720378 as well as the other associated variations also
affect CASP3 expression by other, unknown mechanisms. In
addition, expression of caspase-3 is not restricted to T cells
and a number of proteins are known as substrates for caspases
(13). Caspase-3 is also known to play roles in cellular activi-
ties other than apoptosis (14—17). Further investigation is
needed to understand the impact of reduced CASP3 expression
on the pathogenesis of XD, o

We recognize some potential limitations to our study. It is
possible that the observed association of the functional poly-
morphism in CASP3 with XKD susceptibility was somewhat
inflated due to population structure. However, the positive
linkage signal near C4SP3 in our previous sibpair study and
the positive association in our present family-based one,
neither of which are influenced by population stratification,
suggest that the association has not been over-estimated.
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Table 2. Transmission of genetic variants in C4SP3 from Buropean American
parents to their. offspring with Kawasaki disease

Variants DT

Riskallele RAF' T:U" OR 95%Cl  P-value
513108061 ~ 044 114114 1.00 0.77-130 1.00
152720382 T 0.83 78:54 144 1.02-2.04 0037
152705883 C 069 120:80 150 1.13-199 4.7 x 1077
4862399 T 0.88 50149  1.02 0.69-1.51 0.92
534605630 C 0.68 122:85 144 1.09-1.89 0.010
154861629 C 0.81 82:58 141 1.01-198 0.043
157699420 A 0.82 82:63 130 0.94-1.81 0.11
12705881 C 0:82  82:59 1.39 0.99-1.94 0.053
157693625 T 0.81 7870 LIl 0.81-1.54 051
151405937 C 0.81 8262  1.62 0.95-1.84 0.096
1512108497 G 0.68 122:84 145 1.10-192 8.1 x 1073
Intergene_ | C 082 74:58 128 0.90-1.80 0.16
Intergene_2 C 072 11278 144 1.08-1.92 0014
1572689236 A 070 120:79 154 1.16-2.05 3.7 x 107*
1562339863 T 071 12278  1.56 1.18-2.08 1.9 x 107
casp3_4 G 0.66 13495 141 1.08-1.83 0010
152720379 C 0.68 121:82 148 1.11-1.95 6.2 x 1073
152720378 G 0.68 11884 140 1.06-1.86 0017
154647610 G 0.85 72:53 136 095-1.94 0.089
154647616 G 0.84 70:53 132 0.92-1.89 0.13
154647617 G 0.84 70:53 132 0.92-1.89 0.13
1559760601 C 0.84 6849 139 0.96-2.00 0079
152720377 A 0.68 121:81 149 1.13-1.98 49x 107°
154647652 C 0.87 5850 116 0.79-1.69 044
154647655 del (TTCAG 0.87 5950 118 0.81-1.72 0.39

GATTT)

*Risk allele frequency.
T and ‘U’ indicate transmitted and untransmitted risk alleles of each variant.

Puga ef al. (18} described that caspase-3 induced by Nfatc2
leads to T cell anergy by downregulating TCR signaling. The
transient T cell anergy in KD patients in acute and convales-
cent phases which have been documented in several reports
(19-21) might be, at least partly, related to induction of
caspase-3 in T cells by activated NFATc2. No apparent
gene—gene interaction between [TPKC and CASP3 was
detected in the logistic regression analysis of the SNPs
(128493229 in ITPKC and rs2720378 or rs72689236 in this
‘study, data not shown). However, it is of great interest that
NFAT is involved in both pathways in which these SNPs
have a functional role (Supplementary Material, Fig. $5). It
has also been reported that Nfatc2 is a substrate for
caspase-3 (22). It may be that the induction of caspase-3
acts as a negative feedback mechanism to regulate activation
of the Ca™"/NFAT pathway. There are likely to be several
molecular networks playing major roles in the pathogenesis
of KD. Our present findings further highlight the Ca®'/
NFAT pathway as a main axis in regulating these networks.
Since many inhibitors of this pathway such as cyclosporine
and tacrolimus are in clinical use, further elucidation of the
role of caspase-3 in the pathophysiology of KD may lead to
new preventive and therapeutic strategies for this vasculitis.

MATERIALS AND METHODS
DNA samples

We recruited 920 Japanese KD patients from several medical
institutes-in Japan. All Japanese KD patients (male:female:no

info = 554:365:1) were diagnosed by pediatricians according
to the Japanese criteria (23). Median age of disease onset was
23.0 months (range 1~136). Healthy Japanese adults without a
history of KD (n = 1409) were also recruited as controls from
several medical institutes. DNA samples from 249 KD sub-
jects of European descent (male:female = 163:86) and their
biological parents were collected by several medical institutes
participating in the US KD Genetics Consortium. The study
was approved by the ethical committee of RIKEN and the
institutional review board of all participating institutions.
Written informed consent and assent as appropriate were
obtained from subjects and their parents.

Re-sequencing and genotyping

Data regarding tagging SNPs were obtained from the website
of International HapMap Project (hitp://hapmap.ncbi.nlm.nih.
gov/cgi-perl/gbrowse/hapmap24 _B36/). LD map in Figure |
was created using Haploview 4.1 software (http://www.
broad.mit.edu/haploview/haploview). For SNP discovery, we
resequenced the genomic region (NT_022792.17: from nt
17,956,305 to 17,992,719) using DNA from 12 KD patients
and 12 controls. Repetitive sequences except for those in the
region from the promoter to intron 1 of CASP3 were excluded
from the analysis. We genotyped SNPs and insertion/deletion
polymorphisms using the Invader assay (24) and direct
sequencing, respectively.

Statistic analysis

Association of the SNPs was analyzed using a chi-square test.
Meta-analysis of data from case—control sets was conducted
by Mantel-Haenszel methodology. Transmission disequili-
brium test was performed using TDT software (25) integrated
in Haploview 4.1. Haplotype analysis was conducted by using
the program THESIAS (26) (hitp://genecanvas.ccgene.net/
news.php) and conditional log-likelihood with Akaike infor-
mation criterion (AIC): AIC = -2 x (the maximized value
of the conditional log-likelihood) + 2 x (the number of par-
ameters). As the number of parameters, we used the number
of alleles or haplotypes with frequencies >0.01 that were
used for each model. In the logistic regression analysis of a
SNP, we first applied a 1 degree-of-freedom (1 d.f.) likelihood
ratio test to determine whether a 1 d.f. multiplicative allelic
effects model or a 2 d.f. full genotype model was more appro-
priate (26). Because we did not find any significant difference
from the full genotype model (P > 0.05), we assumed a multi-
plicative allelic effects mode. Next, we carried out a forward
logistic regression analysis, where we started by assessing
whether the most significant SNP was sufficient to model
the association among the SNP set. For this, we used a 1 d.f.
likelihood ratio test for adding each of the remaining SNPs
to the model by assuming multiplicative allelic effects for
the additional SNPs.

Luciferase assay

Jurkat E6-1 cells and HeLa cells were obtained from ATCC
and the RIKEN Cell Bank, respectively. PBMCs from
healthy volunteers were separated from venous blood using



Lymphoprep reagent (Axis-Shields). CD3* T cells were iso-
lated using iMag system with a monoclonal antibody against
human CD3 (clone HIT3a) conjugated with magnetic beads
(BD Biosciences). We cloned single or four tandem copies
of 31 nucleotides for each SNP region upstream of the SV40
promoter of the pGL3-promoter vector (Promega). The
minimal promoter region of CASP3 (nt —38 of 5 flanking
to +17 of intron 1) was cloned into pGL3-basic vector.
These reporter plasmids were co-transfected with phRGTK
vector into the cells. C-016 and O-005 programs of the
Nucleofector {Amazxa) were used for transfection into Jurkat
E6-1 and HelLa, respectively. Transfection into PBMCs and
CD3* T cells was conducted with U-014 program. Twenty-
four hours after transfection, Jurkat cells, PBMCs and CD3™"
T cells were stimulated with 1 pg/ml of ionomycin
(SIGMA) and 50 ng/m! of PMA (SIGMA) for 4 h and har-
vested, Suppression of NFAT activity was performed by
adding 100 ng/ml of cyclosporin A (CALBIOCHEM) in the
above-mentioned stimulation medium. Luciferase activity was
measured with the Dual Luciferase Reporter Assay system
(Promega). We also cloned cDNAs of NFATcl (NM_172390)
and NFATc2 (NM_173091) into pcDNA3.1{+) (lnvitrogen)
and co-transfected with reporter vectors for 1s72689236 to test
the effect of overexpression of these proteins on enhancer
activity.

Electorophoretic mobility shift assay

PBMCs were incubated in RPMI 1640 medium supplemented
with 10% of fetal bovine serum and stimulated with ionomy-
cin (1 pg/ml) and PMA (50 ng/ml) for 2 h. Suppression of
NFAT activity was achieved by adding 100 ng/ml of cyclos-
porin A to the stimulation medium. After lysing the cells
with buffer A [10 mm HEPES-KOH (pH 7.8), 10 mm KCl,
0.1 mm EDTA, 0.1% NP-40 and protease inhibitor cocktail],
nuclear extracts were prepared using buffer C [50 mm HEPES-
KOH (pH 7.8), 420 mm KCl, 0.1 mm EDTA, 5 mm MgCl,, 2%
glycerol and protease inhibitor cocktail]. Eighteen base pairs
of double-stranded oligonucleotides corresponding to G and
A alleles of rs72689236 were labeled with digoxygenin
-11-ddUTP wusing DIG Gel Shift Kit (Roche). Probes were
incubated with 5 pg of nuclear extract pre-incubated with
0.2 pg of poly d(I-C), 1 pg of poly-L-lysin for 30 min in
room temperature. For the supershift assay, nuclear extract
and monoclonal antibodies (Santa Cruz) or isotype control
IgGs (R&D SYSTEMS) were incubated for 1 h on ice prior
to the binding reaction. Competition was conducted with
100 x molar excess of unlabeled oligonucleotides. Sequences
of the oligonucleotides are provided in Supplementary
Material, Table S4. The binding reaction mixtures were separ-
ated on 5% non-denaturing polyacrylamide gel in 0.5 x TBE
buffer, transferred onto a nylon membrane and detected with
a chemiluminescent system (Roche).

Allele-specific transcript quantification

ASTQ was carried out as described previously (27). Sequences
of primers for PCR were shown in Supplementary Material,
Table S5. Total RNA was extracted from PBMCs after stimu-
lation for 4 h with 1 pg/ml of ionomyein and 50 ng/ml of
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PMA. Genomic DNAs and c¢cDNAs were amplified for 36
cycles with the primers. At the last cycle, reverse primer
labeled with Alexa Fluor 488 at the 5' was added. Amplicons
were digested with Banll (Takara) according to manufac-
turer’s instruction. Separation was conducted on 12% non-
denaturing polyacrylamide gels in 25 mm Tris and 250 mm
glycine. Visualization and quantification of digested and undi-
gested PCR products was carried out by using FLA-7000 ana-
lyzer and Multiguage software (Fujifilm).

!
Accession codes

Genbank: human chromosome 4 genomic DNA sequence,
NT_022792.17; mRNA sequences for human CASP3,
NM_004346.3 and NM_032991.2.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.
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Background: The most recent epidemiologic features of Kawasaki disease (KD) are unknown.

Methods: The 20th nationwide survey of KD was conducted in 2009, and included patients treated for the disease
in 2007 and 2008, Hospitals specializing in pediatrics, and hospitals with pediatric departments and 100 or more
beds, were asked to report all patients with KD during the 2 survey years.

Results: From a total of 1540 departments and hospitals, 23 337 patients (11581 in 2007 and 11 756 in 2008) were
reported: 13 523 boys and 9814 girls. The annual incidence rates were 215.3 and 218.6 per 100 000 children aged 0-4
years in 2007 and 2008, respectively. These were the highest annual KD incidence rates ever recorded in Japan. The
monthly number of patients peaked during the winter months; smaller increases were noted in the summer months.
The age-specific incidence rate showed a monomodal distribution with a peak at age 9-11 months. The prevalences
of both cardiac lesions during the acute phase of the disease and cardiac sequelae were higher among infants and

older age groups.

Conclusions: The incidence rate and number of patients with KD in Japan continue to increase.

Key words: mucocutaneous lymph node syndrome; incidence; cardiovascular diseases; immunoglobulin, intra-

venous; epidemiology

INTRODUCTION

Kawasaki disease (KD) is a syndrome of unknown cause. It
typically affects infants and foddlers, and causes systemic
vasculitis.!? Cardiac lesions, eg, coronary artery aneurysms,
are a salient characteristic of the disease.>"® The most serious
cardiac lesions are giant coronary aneurysms (those with a
diameter >8mm on 2-dimensional echocardiography), for
which the prognosis is unfavorable, Prevention of these
aneurysms is the primary target for pediatricians treating
patients with KD.

Since 1970, nationwide epidemiologic surveys of KD have
been conducted in Japan nearly every 2 years, and several
features of the disease have been revealed.”! The most recent
previous survey, the 19th, included patients treated in 2005 and
2006, and revealed that both the annual number of patients and
the incidence rate had increased linearly. If the trend were to
continue, the annual incidence rate in 2008 would be higher
than 200 per 100000 population younger than 5 years.'®

Herein, we report the results of the latest nationwide survey,
for KD patients treated in 2007 and 2008,

METHODS

We conducted a retrospective survey of patients with KD
visiting target hospitals for treatment of acute KD during the
2-year period from January 2007 through December 2008,
The medical facitities that were requested to participate in the
survey were hospitals specializing in pediatrics and hospitals
with a pediatric department and 100 or more beds. These
criteria have been used since the first nationwide survey in
1970. Questionnaires and diagnostic guidelines prepared
by the Japan Kawasaki Disease Research Committee'? were
sent by mail to administrators in charge of the pediatric
department of their respective hospitals in January 2009. The
prepared list of hospitals for the survey was based on the
“Listing of Hospitals 2003-2004" compiled by the Committee
on Studies of Health Policies, Ministry of Health, Labour
and Welfare, Japan, and was revised using newly received
information. A total of 2150 facilities met the conditions
stated above,

The patient information requested on the questionnaire was:
address (municipality), sex, date of birth, date and day of

Address for correspondence. Dr. Yosikazn Nakamura, Department of Public Health, Jichi Medical University, 3311-1 Yakushiji, Shimotsuke, Tochigi 329-0498,

Japan (e-mail: nakamuyk@jichi.ac.jp).
Copyright © 2010 by the Japan Epidemiological Association
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Figure 1. The number of patients with Kawasaki disease and incidence rate in Japan, by calendar year.

illness at first hospital visit, days of illness when discharged
from the hospital, diagnosis (typical definite, atypical
definite, and suspected), intravenous immunoglobulin
(IVIG) therapy, additional therapy if conducted (additional
IVIG therapy, steroids, infliximab, and immunosuppressive
agents), recurrences, history of KD in patient’s siblings and
parents, cardiac lesions, and complications other than cardiac
lesions such as arthralgia or arthritis, aseptic meningitis,
hepatic abnormalities (serum aspartate aminotransferase
>3501U/L andfor alanine aminotransferase >50T1U/L),
gallbladder swelling, paralytic ileus, facial nerve palsy, and
disseminated intravascular coagulation (DIC). Acute cardiac
lesions were defined as those that developed within 1 month
of onset (acute lesions); cardiac sequelae were defined as
those that persisted beyond | month after onset. Almost
all patients were diagnosed on the basis of 2-dimensional
echocardiography.

After checking for possible inconsistencies on the
questionnaires, the forms were sent back to the respondents
to correct any errors. The incidence rates were based on the
population data used in the vital statistics of Japan.!* The
Ethical Board of Jichi Medical University approved this
survey (November 11, 2008, No. 08-39).

RESULTS

Of the 2150 invitations sent requesting participation in the
survey, 48 were returned because the pediatric department
or the institution itself had closed. Of the remaining 2102
departments, 1540 (73.3%) responded to the survey and
reported a total of 23 337 patients (11581 in 2007 and 11756
in 2008). There were 13 523 male patients and 9814 female
patients. The average annual incidence rate for the observed
2-year period was 216.9 per 100 000 children aged 04 years
{245.4 for boys and 187.0 for girls).

The annual numbers of patients with KD and the incidence
rates in the 20 nationwide surveys, including this one, are
shown in Figure 1. As previously reported, there were 3 large
nationwide epidemics of the disease in Japan, in 1979, 1982, -
and 1986. Since then, there has been no nationwide epidemic,

~ but the number of patients started to increase in the mid-
1990s. Because of the decrease in the birth rate in Japan, the
incidence rate increased more rapidly than did the number of
patients, reaching 218.6 per 100 000 children aged 0-4 years
in 2008. This was the first time that the incidence rate was
higher than 200, and it surpassed the rates observed in 1979,
1982, and 1986, when the epidemics occurred.

Trends in the monthly number of patients observed in the
previous 4 nationwide surveys (17th to 20th) are shown in’
Figure 2. The number was highest during the winter months
in all years. There were also smaller increases during the
summer months. :

Age-specific incidence rates by sex are shown in Figure 3.
As in previous surveys, the incidence rate was highest among
children aged 6-11 months, after which it gradually decreased
with advancing age.

Of the 23337 patients reported, 18620 (79.8%) were
typical definite cases (patients with 5 or 6 of the symptoms
specified in the diagnostic guidelines for KD), 648 (2.8%)
were atypical definite cases (4 of the 6 symptoms plus
coronary aneurysms including dilatation), and 4069 (17.4%)
were suspected cases (those who did not satisfy the diagnostic
criteria, but were suspected as having KD by the pediatricians
reporting the cases). Of the 4069 suspected cases, 2661
(65.4%) had 4 of the 6 principal symptoms, 1063 (26.1%) had
3, 239 (5.9%) had 2, and 32 (0.8%) had 1.

The number of patients with a sibling affected by KID was .
326 (1.4%); 165 (0.7%) patients had at least 1 parent with a
history of KD. There were 823 (3.5%) recurrent cases. Of the
23 337 patients reported, 6 died.

J Epidemiol 2010;20(4):302-307
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Figure 2. The number of patients with Kawasaki disease in Japan by month, 2001-2008.

/100,000 population
500
450 ool oo
~8— Males
400
K L —— Females

300

250 -

200 fff---

150

100

50

0

Age {year)

Figure 3. Age-specific annual incidence rate of Kawasaki disease in Japan, 2007-2008.

During the acute phase, 2577 (11.0%) patients had (a)
cardiac lesion(s): 58 (0.25%) had giant coronary aneurysms,
282 (1.21%) had coronary aneurysms less than 8mm in
diameter, 1992 (8.54%) had coronary dilatations, 8 (0.03%)
had coronary stenoses, 3 (0.01%) had myocardial infarctions,
and 383 (1.64%) had valvular lesions. A total of 746 patients
(3.2%) had cardiac sequelae 1 month after the onset of KD:

59 (0.25%) had giant coronary aneurysms, 188 (0.81%) had

coronary aneurysms less than 8 mm in diameter, 435 (1.86%)
had coronary dilatations, 5 (0.02%) had coronary stenoses, 2
(0.01%) had myocardial infarctions, and 114 (0.49%) had
valvular lesions. As shown in Figure 4, cardiac abnormalities
were more prevalent in boys than in girls, and in infants and
older children (as compared with children aged 14 years).
Of the patients reported, 20313 (87.0%) received TVIG

J Epidemiol 2010;20(4):302-307

- therapy. Of these, 3351 (16.5%) received additional IVIG

therapy, 1173 (5.0%) were treated with steroids, 81 (0.35%)
received infliximab, and 54 (0.23%) were treated with
Immunosuppressive agents.

Regarding patients with complications other than cardiac
lesions, 1.13% had arthralgia or arthritis, 0.55% had aseptic
meningitis, 27.4% had hepatic lesions, 1.62% had gallbladder
swelling, 0.45% had paralytic ileus, 0.0% (1 patient) had

-facial nerve palsy, and 0.08% had DIC.

DISCUSSION

We presented the results of the 20th Nationwide Survey
of Kawasaki Disease in Japan, which highlighted the most
recent epidemiologic features of the disease. Since 1970, the
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‘Figure 4. Age-specific prevalence of cardiac lesions and sequelae due to Kawasaki disease in Japan, 2007-2008.

nationwide surveys have been conducted almost every 2
years.” ! As shown in Figure 1, the number of patients and
the incidence rate have dramatically increased since the mid-
1990s. Even though there has been no nationwide epidemic of
KD since 1986, the annual incidence rates in 2007 and 2008
were higher than those in the years of nationwide epidemics.
Because the etiology of KD remains unknown, the reasons for
these increases are also unclear. This increase is of concern
and highlights the need for continued observation of the
epidemiologic features of KD in Japan. Moreover, the results
should motivate researchers to hasten their efforts to identify
the cause of this disease.

The response rate of the survey was 73.3%, after 2
reminders were sent. Therefore, the actual number of patients
was higher than that reported. However, data suggest that the
real figures are at most 10% higher than the values we have
reported.'> We asked the departments and hospitals to respond
to the survey even if they had not treated a KD patient during
the 2-year period of the survey. However, despite this request,
many of the nonresponding hospitals might have elected
not to participate in the survey because they "had treated no
KD patients. Therefore, the underestimation is approximately
10%, despite a participation rate of only 70%.

There are factors that can potentially distort the reporting of
chronological trends in KD. One of these factors is response
rate, which was 73.3% in the current survey. The response rate
was 70.7% for the 19th survey (2005-2006),1° 70.1% for
the 18th survey (2003-2004),” 68.0% for the 17th survey
(2001-2002),® 66.5% for the 16th survey (1999-2000),%
68.5% for the 15th survey (1997-1998),'¢ and 67.7% for
the 14th survey (1995-1996).1¢ As is ‘evident, the response
rates were similar. Thus, we do not believe that changes in the
response rate affected the analysis of chronological change.
Another issue would be a change in diagnostic criteria. In the
current survey, the Fifth Revised Version of the Diagnostic
Guidelines of Kawasaki Disease {2002) was used. Although
the guidelines have been revised to account for the increased

understanding of KD since the first nationwide survey in

- 1970, the principal points have not changed.'® Therefore, the

revision of the guidelines was unlikely to affect reporting of
chronological changes. If the number of suspected cases
increased, the clinical features of KD may also have changed.
The proportion of suspected cases was 17.4% in the current
survey, 14.3% in the 19th survey,!® and 13.6% in the 18th
survey.” Although there are no relevant data before the 18th
survey, we do not believe that the proportion of suspected
cases has increased to an extent that would affect the increases
in the annual numbers of patients and incidence rates.

Even though the ectiology of KD is unknown, the
epidemiologic data suggest a relationship between the onset
of the disease and infection.!” One trend suggesting an
infectious trigger is seasonal variation in the disease. As
shown in Figure 2, the number of patients is always higher in
winter. In addition, smaller peaks were observed in summer.
Perhaps infectious agents—one prevalent in winter and the
other in summer—triggered the onset of KD. Seasonal
variations differ among countries and areas, even in the
same hemisphere, whether north or south.!? If the responsible
infectious agents differ among countries and areas, this would
explain variation in seasonal patterns among countries.

Regarding the age-specific incidence rate curve shown in
Figure 3, a monomodal incidence rate curve was observed
in the current survey, which indicates that there may be a
relationship between disease occurrence and an infectious
agent, in addition to the seasonal variation.!” The low
incidence rate just after birth might be due to the presence
of passive immunity conferred from mothers, and the decrease
after 1 year of age might be caused by herd immunity.

Cardiac lesions are of great concern in KD. Fortunately, the

" proportion of patients with cardiac sequelae has decreased

year by year. The proportion was 7.0% in the 15th nationwide
survey in 1997-1998,'% 5.9% in the 16th (1999-2000),% 5.0%
in the 17th (2001-2002),% 4.4% in the 18th (2003-2004), and
3.8% in the 19th survey.'® The proportion had been greater

J Epidemiol 2010;20(4):302-307
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than 10% in the early 1990s.20 This improvement is due to
progress in the diagnosis of KD, in identification of cardiac
lesions, and in treatment, the core of which is IVIG therapy.
Originally, the regimen for IVIG therapy was 200mg or
400 mg per kilogram of body weight x 5 days, but this was
changed to 2g/kg for 1 day.?»?? The reduction in cardiac
sequelae is partly due to this change. However, KD is the
main cause of acquired heart disease in childhood both in
Japan? and in the United States,?* and treatment to prevent
cardiac lesions must continue to progress. The higher
proportion of lesions among infants might be due to their
immature circulation system, which is affected by vasculitis
caused by KD?; the higher proportion observed among older
children might be due to the difficulty in diagnosing XD at
this age, as some older children display an atypical clinical
course.?® In this survey, 16.5% of patients treated with IVIG
therapy received additional IVIG therapy, -5.0% were treated
with steroids, and 0.4% and 0.2% were treated with infliximab
and immunosuppressants, respectively. All of them may have
been resistant to initial IVIG therapy during the acute phase. It
is therefore important to identify the factors that predict such
cases and the best treatment for such patients.

There are some limitations in the current survey. Because
the etiology of the disease is unknown, there are no specific
findings to aid in the diagnosis of the disease. Therefore,
all the patients reported to the survey were diagnosed by
pediatricians according to the diagnostic guidelines. Another
problem is that some patients might have been reported by
more than 1 hospital, as they may have been referred to
another hospital due to the severity of the disease. In the 18th
nationwide survey, 8.9% of the patients were referred from
other hospitals, some of which were not included among the
target hospitals for the survey, because of their small number
of beds or the lack of pediatric departments; 4.9% of patients
were referred to other facilities.!® The proportion of double
registrations is likely to be lower than these figures, and the
effects on the overall results are unlikely to be substantial.

In conclusion, the number of patients and incidence rate of
KD in Japan continue to increase year by year, and cardiac
lesions remain an important concern. The monitoring of KD
should therefore be continued.
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Case-control study of giant coronary aneurysms due to Kawasaki
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Background: The risk factors for recently reported cases of giant coronary aneurysms due to Kawasaki disease have not

Methods: Fifty-three patients with giant coronary aneurysms, dlagnosed as Kawasaki disease in 2005 and 2006, were
selected from the 19th nationwide survey of the disease in Japan. With all the other patients recorded at the same

Resalts: In multivariate analyses, patients aged younger than 1 year (OR compared with 1-2-year-olds = 6.57) and those
older than 5 years (OR compared with 1-2-year-olds = 4.24), those who received additional intravenous immunoglobulin
(IVIG) without the use of steroid (OR = 8.38) and those who received steroid administration with or without the
additional use of IVIG (OR = 220.51 and 83.83, respectively), showed significandy higher OR for giant coronary
aneurysms. As for IVIG therapy, the additional use of IVIG (OR = 14.84), total dosage of IVIG exceeding 2500 mg/kg
(OR compared with 15002499 mg/kg = 12.26) and the duration of IVIG administration for more than 3 days (OR =
30.12), were found Lo significantly increase the risk of developing giant anevrysms in univariate analyses that were

Conclusions: The observation of 53 patients with giant coronary aneurysms due to Kawasaki disease among those
included in the nationwide survey presented some risk factors, together with considerations about the associated

Abstract
been elaborated.
hospitals as a control gronp, OR and their 95%CI were calculated to delineate the risk factors.
adjusted for sex and age.
aneurysms.
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syndrome.

One of the most serious problems associated with Kawasaki
disease is the formation of giant coronary ameurysms, The
recently-reported proportion of patients with giant aneurysms is
approximately 0.3-0.4% in Japan.'® Although this proportion is
small, the existence of giant coronary aneurysms sertously affects
the prognosis of the disease.>*

Fortunately, in Japan, the proportion of patients with cardiac °

sequelae has decreased over time.'**” This declining trend
was due to improvements in the diagnosis of the disease, the
morphological evaluation of cardiac lesions and pharmacological
therapies including intravenous immunoglobulin (IVIG) admin-
istration. Although the cause and pathophysiology of Kawasaki
disease remain unknown, treatment is the only area of the disease
in which firm evidence has been established from randomized
clinical trials.*'" A single-infusion of high-dose immunoglobulin
(2 glkg per day), together with aspirin, currently constitutes the
standard therapy for the acute stage of Kawasaki disease; but
problems, such as the 10-20% of patients who do not respond to
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this therapeutic modality, and the need for long-term follow up of
patients with cardiac sequelae, still remain.

Previously, our group conducted a case-control study using
data obtained from the 15th and 16th nationwide surveys (1996~
2000): in multivariate arialyses, the study revealed that male sex,
age younger than 1 year and the condition that developed to the
fatal stage constituted significantly higher risks of developing
giant coronary aneurysms." In the same study, sex- and age-
adjusted univariate analyses revealed the following as risk factors
for giant aneurysms: an early start of IVIG therapy (1-3 days
from onset); additional administration of IVIG; total dosages of
IVIG exceeding 2500 mg/kg; the duration of IVIG administra-
tion lasting more than 3 days; and a regimen of 400 mg/kg IVIG
x 5 days compared with 2 gfkg x 1-day regimen. In those days,
however, only treatment with 400 mg/kg IVIG X 5 days was
covered by the public medical insurance systems in Japan; and a
2 glkg TVIG x 1-day regimen had been adopted in only a limited
number of hospitals. Therefore, treatments for the disease dif-
fered among hospitals and pediatricians even within the same
hospital. When the 19th nationwide survey was conducted for
the patients in 2005 and 2006, however, a new regimen (2 g/kg
IVIG x 1 day) had already been accepted by the public medical
insurance systems; and this has been the standard therapy for the



acute phase of the disease. As a result, the differences in the
initial IVIG therapy for the disease among institutions have
become minimal. On the contrary, for additional IVIG therapy
and steroid therapy, regimens differ among institutions and stan-
dard therapies have not yet been established.

To elucidate the risk factors for giant coronary aneurysms due
to Kawasaki disease, the data from the 19th nationwide survey of
Kawasaki disease in Japan were examined and a case-control
study was conducted. We endeavored to discover how the change
in IVIG regimens affected the risk factors for giant coronary
aneurysms. In addition, how additional IVIG therapy and steroid
therapy influenced the probability of déveloping giant aneurysms
was investigated.

Methods

The 19th nationwide survey of Kawasaki disease, sponsored
by the Ministry of Health, Labour and Welfare of the Japanese
govemment, was conducted in 2007 by the Japan Kawasaki
Disease Research Committee. All hospitals with 100 or more
beds and a pediatric department, as well as all pediatric hospitals,
were asked to provide individual data on patients with Kawasaki
disease who had been treated during a 2-year period from 2005
to 2006. i

In the present survey, giant coropary aneurysms are defined
as those having a diameter of 8 mm or more detected by echo-
cardiography or coronary-angiography one month after the onset
of the disease. All the patients with giant coronary aneurysms
who visited the hospital before the 10th day after the onset of
Kawasaki disease were treated as the cases in this case—control
study. All the other patients without giant coronary aneurysms
who visited the same hospitals before the 10th day after onset
served as controls. Patients who visited hospitals on the 10th day
of illness or later were excluded from the category of either case
or control because they were not observed at the most critical
period during the natural course of the disease at the hospital
that reported the patients to the nationwide surveillance system.
Those who lacked any individual data for use in statistical analy-
ses of this study were also excluded.

The presence or absence of related factors between the two
groups with and without giant coronary aneurysms was com-
pared. In this comparison, conditional logistic regression models
with spss (version 13.0]) were used, and OR and their 95%CI
were obtained (univariate analyses). In addition, several factors
were included in the mode] at the same time to adjust for poten-
tial confounding factors (multivariate analyses).

Results

Over the 2-year period of observation, there were 53 patients who
had Kawasaki disease with giant coronary aneurysms, thus being
cases for the present study. A total of 1760 controls were selected
according to the control-selection protacol.

Table 1 shows the characteristics of the 53 cases and 1760
controls who visited the hospitals before the 10th day of their
itlness, No fatal cases were found in either group in-the present
survey.
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Table1 Characteristics of cases and controls (19th nationwide
survey in Japan, 2005-06)

Cases (%)  Controls (%)
(n=153) (n = 1760)
Sex
Male 37 (70 105 (60)
Female 16 (30) 709 (40)
Age (years) :
0 22 (42) 451 (26)
1-2 8.(15) 718 (41)
34 917 388 (22)
25 : 14 (26) 203 (12)
Duration of illness at ime of
presentation to hospital (days)
1-3 days : - 33 (62) 724 (41)
4-6 days 14 (26) 926 (53)
7-9 days 6 (11) 110 (6)
Diagnosis
Definite (typical) 48 O1) 1540 (88)
Definite (atypical) + Probable 509 220 (13)
Recurrence
- 51 (96) 1690 (96)
+ 2 @ 70 %
Sibling cases
- 52 (98) 1736 (99)
+ 12 24 (1)
Fetal cases
- 53 (100) 1760 (100)
+ 0 0
IVGG therapy
- 1(2) 238 (14)
+ 52 (98) 1522 (86)
Starting day of illness
Without IVGG therapy 1(2) 239 (14)
1-3 days & (15) 108 (6)
4-6 days 34 (64) 1196 (68)
27 days 10 (19) 217 (12)
Additional administration :
- 17 (32) 1500 (85)
+ 36 (68) 260 (15)
Total dose
Without IVGG therapy 1(2) 238 (14),
<1500 mg/kg hodyweight 24 191 (11)
1500-2499 mg/kg bodyweight 14 (26) 1087 (62)
22500 mg/kg bodyweight 36 (68) 244 (14)
Duration of administration
Without IVGG therapy 1) 238 (14)
1-2 days 50 (94) 1517 (86)
23 days 24 5 (0:3)
Steroid therapy
- 22 (42) 1701 (97)
+ 31 (58) 39 (3)
Additional IVGG, steroid therapy
+ + 25 (4D 43 (2)
- + 6 (11) 16 (1)
+ - 11 2D 217 (12)
- - 11 21) 1484 (84)

TA typical definite case is a patient with five or six symptoms of the
guidelines of Kawasaki disease. An atypical case is a patient with four
symptoms having cardiac lesions. A probable case is a patient with
four symptoms not having any cardiac lesions. TVGG, intravenous
gammaglobulin,

© 2010 The Authors
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Table 2 Relationship between observed factors and the formation of giant coronary aneurysms

Univariate

Univariate adjusted for
sex and age

Multivariate

Sex.

Male
Female
Age (years)

0

1-2
3-4
25
Duration of illness
1-3 days
4-6 days
7-9 days
Diagnosis
Definite (typical)
Definite (atypical) + Probable
Recurrence
+
Sibling cases
+
Fetal cases
+
VGG therapy

+

Starting day of illness
Without IVGG therapy
1-3 days
4-6 days
27 days

Additional administration
+

Total dose
Without IVGG therapy
<1500 mg/kg bodyweight

1500-2499 mg/kg bodyweight

22500 mg/kg bodyweight
Duration of administration
Without IVGG therapy
1-2 days
=3 days
Steroid therapy

+

Additional IVGG, steroid therapy

+

+

+

1.55 (0.85-2.82)
1.00 (reference)

477 (2.08-10.92)
1.00 (reference)
1.84 (0.70-4.84)
6.09 (2.48-14.96)

1.00 (reference)
0.34 (0.17-0.65)
0.99 (0.39-2.52)

1.00 (reference)
0.73 (0.28-1.90)

1.00 (reference)}
0.93 (0.22-3.98)

1.00 (reference)
1.14 (0.15-8.93)

100 (reference)

1.00 (reference)
7.98 (1.08-58.90)

0.14 (0.02-1.02)
213 (1.11-6.71)
1.00 (reference)
1.36 (0.63-2.90)

1.00 (reference)
16.16 (8.20--31.84)

0.27 (0.03-2.20)

0.26 (0.03-2.23)

1.00 (reference)
13.43 (6.72-26.82)

0.04 (0.002-0.78)
0.33 (0.04-2.87)
1.00 (reference)

1.00 (reference)
73.49 (31.25-172.85)

153.78 (55.38-427.01)
127.04 (24.92-647.75)
8.73 (3.45-22.13)
1.00 (reference)

1.00 (reference)
0.40 (0.20-0.79)
1.12 (0.42-2.99)

1.00 {reference)
0.61 (0.23-1.66)

1.00 (reference) -
0.85 (0.20-3.72)

1.00 (reference)
1.33 (0.16-10.92)

1.00 (reference)

1.00 (reference)
7.65 (1.03-36.55)

0.14 (0.02-1.08)
2.51 (0.98-6.43)
1.00 (reference)
1.31 (0.61-2.85)

1.00 (reference)
14.84 (7.56-29.12)

0.32 (0.04-2.54)

0.28 (0.03-2.35)

1.00 (reference)
12.26 {6.10-24.64)

0.03 (0.001-0.78)
0.25 (0.02-2.91)
1,00 (reference)

1.00 (reference)
88.56 (34.39-228.07)

188.81 (63.04-565.47)
97.52 (17.25-551.28)
7.73 (3.05-19.60)

1.00 (reference)

1.70 (0.83-3.50)
1.00 (reference)

6.57 (2.40-17.93)
1.00 (reference)
2.10 (0.72-6.14)
424 (1.40-12.85)

1.00 (reference)
1.18 (0.52-2.64)
3.09 (0.74-12.98)

1.00 (reference)
2.22 (0.68-7.29)

1.00 (reference)
1.52 (0.30-7.63)

1.00 (reference)
0.88 (0.03-30.72)

1.00 (reference)

1.00 (reference)
2.97 (0.34-26.03)

220.51 (67.29~722.58)
83,83 (13.47-521.58)
8.38 (3.13-22.47)

1.00 (reference)

Data show the OR with 95%CI given in parentheses. IVGG, intravenouns gammaglobulin.

Table 2 shows the OR and their 95%CI. In multivariate
analyses, those aged younger than 1 year or older than 5 years
compared with 1-2-year-olds, those who received additional
IVIG administration without the use of steroid, and those who
received steroid administration with or without the additional use

- of TVIG, were found to be associated with significantly higher

© 2010 The Authors
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tisks of developing giant coronary aneurysms, For IVIG therapy,
additional administration, total dosage exceeding 2500 mg/kg
compared with 1500-2499 mg/kg and the duration of IVIG
therapy for more than 3 days were observed as risk factors with
statistical significance in univariate analyses that were adjusted
for sex and age.



Discussion

Using the data from the 19th nationwide survey, the recent
epidemiological features of giant coronary aneurysms due to
Kawasaki disease during a 2-year period from 2005 to 2006 in
Japan are presented. One of the most important problems asso-
ciated with Kawasaki disease is the cardiac sequelae; thus the
goal of treating the disease is to prevent these sequelae. Among
these sequelae, the formation of giant coromary aneurysms is
one of the most significant issues affecting the prognosis of
the disease.**

Previously, our group conducted a case—control study of giant
coronary aneurysms dne to Kawasaki discase during a 4-year
period from 1997 to 2000 in Japan by examining data taken from
the 15th and 16th nationwide surveys." The findings were very
similar to those of the current study. In the earlier survey, labo-
ratory data, such as hematocrit, leukocyte count, neutrophil
count, hemoglobin, alanine aminotransferase (ALT) and sodinom
contents, were recorded.!! Some of these parameters observed in
the laboratory are component factors of Harada’s score, which
is the basis for the clinical application of IVIG."*!> However, no
laboratory data were collected in the current survey, and for that
reason, such laboratory data as described above could not be
compared in this study.

In the present study, age younger than one year was observed
as a significant risk factor for glant coronary aneurysms, and
male sex showed a higher OR without statistical significance,
which was probably due to the small sample size of this study.

" These findings were also shown in the earlier study to be of
statistical significance.” Both factors have also been shown
to constitute high risks for developing the disease in other
countries™*¢ and are therefore included in Harada’s score. This
may mean that both factors affect the probability of developing
coronary aneurysms. In this study, those patients who are older
than 5 years were also found to be at a significantly higher risk of
having giant aneurysms (a finding that coincided with the results
of our previous study, although lacking statistical significance!).
This may be explained by the difficalty in diagnosis and subse-
quent delay in treatments because some of these older patients
showed an atypical clinical course of the disease.”” The same
tendency was also seen in this survey {data not shown).

Nowadays, a single infusion of high-dose (2 g/kg) immuno-
globulin is the standard therapy for the acute stage of Kawasaki
disease. Also, among all the patients observed in this survey, the
initial administration regimens of IVIG consisted of 2 g/kg x 1
day (67.4%), 1 g/kg x 2 days (18.2%), 1 g/kg x 1 day (10.1%),
2 g/kg x 2 days (0.2%) and other medication schedules (4.1%).
‘When our previous survey was conducted, the public medical
insurance systems in Japan covered only the treatment with
400 mg/kg IVIG x 5 days; therefore, a high-dose infusion
regimen of IVIG was only adopted in a limited number of hos-
pitals. Although this difference in the TVIG regimen might influ-
ence results, similar findings were also observed in this smdy.
Administration of additional IVIG, total dosage of IVIG exceed-
ing 2500 mg/kg and the duration of IVIG therapy for more than
3 days showed significantly higher OR for giant coronary aneu-
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rysms in the present study. These results are reasonable because
pediatricians may diagnose severe cases at an early stage and
decide to administer IVIG beyond its conventional dosage.
Currently, 10-20% of patients who do not respond to the
initial treatment with TVIG are frequently treated with an addi-
tional dosage of IVIG and/or steroids, as recommended in the
guidelines presented by the American Heart Association.’® With
regard to steroid therapy, however, there has been a longstanding
controversy about its efficacy in preventing coronary aneurysms.
Recently, a multicenter randomized controlled trial showed no
superiority in adding methylprednisolone pulse therapy to the
conventional TVIG therapy.”” On the other hand, some studies
showed the efficacy of steroid therapy in the acurte stage of
Kawasaki disease.” In the current study, steroid administration
with or without the additional use of IVIG showed a significantly
higher OR for giant aneurysms. The result seems reasonable if
one considers that pediatricians may decide to administer steroid

~ compounds to patients considering their degree of resistance to

the initial or subsequent additional IVIG therapy.

Unfortunately, because the present study is not an inter-
ventional but rather an observational study, we cannot draw
definitive conclusions, This is the greatest limitation to the
discussion in this study. A multicenter -randomized controlled
trial is required to obtain conclusive results. If we had matched
all cases to the control patients in the baseline laboratory data
inclnded in Harada’s score, which were not collected in this
survey, we conld have revealed which therapy was most effective
to prevent giant coronary aneurysms. This is also an important’
limitation.

In conclusion, 53 cases with giant coronary aneurysms due to
Kawasaki disease were reported in the 19th nationwide surveys.
The examination of these cases provided some risk factors, such
as age younger than 1 year and older than 5 years, additional
IVIG therapy and steroid therapy, together with considerations
about the associated aneurysms.
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