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ORIGINAL STUDIES

Kawasaki Disease Patients With Redness or Crust Formation at
~ the Bacille Calmette-Guérin Inoculation Site

Ritei Uehara, MD,* Hiroshi Igarashi, MD, f} Mayumi Yashiro, BA,* Yosikazu Nokamura, MD, MPH,*
and Hiroshi Yanagawa, MD*

Background: A specific diagnostic test for Kawasaki disease (KD) is
currently unavailable. Redness or crust formation at the Bacille Calmeite-
Guérin (BCG) inoculation site is listed a8 & positive sign in the diagnostic
guidelines of KD. The purpose of this study was to investigate the
epidemiologic features of XD patients with such changes at the BCG
inoculation site and to evaluate the specificity of this sign in XD diagnosis.
Methods: Datz on KD patients who received BCG vaccination were
moalyzed from 2 Japanese nationwide epidemiologic survey on XD con-
ducted in 2007. Patients who had 5 or 6 principal signs (complete cases)
with redness or crost formation at the BCG inocnlation site were compared

by sex, year of hospital visit, day of first hospital visit, recurrent status, and ‘

presence of KD in siblings. To evaluate the specificity of the sign for KD
diagnosis, patients aged 2 years or younger who were diagnosed as having
- respiratory syncytial virus or rotavirus infection using a commercial rapid
test' and who required hospitalization were ohserved.

Results: Of the 15,524 KD patients with a histary of BCG vaccination,

7745 (49.9%) had reduess or crust formation at the BCG inoculation site,
This was observed in more than 70% of complete KD patients aged 3 to 20
months. Of these patients, the proportion with this sign in the group whose
first day of hospital visit was within 1 to 4 days from the onset was
significantly larger thau that of the other patients groups (5-9 or 10+ days)
{52.1%, P < 0.001). Among the patients with respivatory syncytial virus or
rotavirus infecton, none showed these changes at BCG inoculation site.
Conclusions: Redoess or crust formation at the BCG inocolation site is a
useful diagnostic sign for KD among children aged 3 to 20 months in
counties with 2 BCG vaccination program. Even if patients have 4 or
fewer signs of the clinical criteria for KD, physicians should consider that
petients with redness or crust formation &t the BCG inoculation site could
suffer from KD.

Key Words: Kawasaki disease, BCG vaccine, diagnosis, epidemioclogy
(Pediatr Infect Dis J 2010,29: 430-433)

Kawasaki disease (KD) is a systemic vasculitis with unknown

ctiology mostly affecting children aged 5 years or younger. As
1o specific diagnostic test is currently available, diagnosis is based
on clinical signs and exclusion of other diseases, KD is defined as
an illness in patients with at least 5 of the following 6 principal
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clinical signs: (1) fever persisting for 5 deys or more (inclusive of
patients whose fever subsided before the fifth day in response to
therapy), (2) bilateral conjunctival injection, (3) changes to the lips
and oral cavity (eg, reddening of the lips, sttawberty tongue), (4) -
polymorphous exanthems, (5) changes to peripheral extremities
(eg, reddening of the palms and soles, edema, desquamation), and
(6) cervical lymphadenopathy,

Bacille Calmette-Guérin (BCG) vaccine is used to prevent
meningitis and disseminated tuberculosis in children,® and about
100 million children receive this vaccine each vear. Japan has been
conducting universal BCG vaccination of infants using 2 multiple
puncture technique since 1951 and the vaccination policy regard-
ing BCG for infants was changed in 2005, Since then, it has been
recommended that all children should receive the BCG vaccine by
6 months of age. According to a BCG vaccination survey in Japan
in 2006, 97% of children received the BCG vaccine by that time.*

Redness or crust formation at the BCG inoculation site is
listed as a symptom or finding both on the fifth revised edition of
the diagnostic guidelines of XD in Japan® and on the American
Heart Association scientific statement® Japanese pediatricians
previously reported findings 6f erythema at the BCG inoculation
site in 281 K> patients who visited their hospital between 1976
and 1980.5 In this report, erythema was observed at the BCG site
in more than 50% of KD patients 1 to 12 months after inoculation.
Several KD cases with BCG reactivation, inflammation, or indu-
ration were also reported from other conntries.” ' According to an
investigation of skin biopsy specimens from the BCG inoculation
site in KD patients, extensive edema in the papillary dermis with
raarked dilation of the capillaries was found."’ In addition, raised
levels of cytokines such as interleukin-1 alpha and turor necrosis
factor alpha were detected at the site, Redness or crust formation
at the BCG inoculation site in XD patients ‘was hypothetically
ascribed to cross-reactivity between mycobacterial heat shock
protein 65 and haman homolog HSP63.1243

The epidemiclogy of XD patients with redness or crust
formation at the BCG inoculation site is poorly understood. In this
study, 'we investigated the epidermiologic characteristics of KD
patients with these changes nsing data from a large-scale nation-
wide survey of the disease in Japan, and evaluated the specificity
of this sign for KD diagnosis.

METHODS

Epidemiclogic Characteristics of KD Patients With
Redness or Crust Formation at the BCG
Inoculation Site

Nationwide epidemiologic surveys on KD have been con-
ducted approximately every 2 years in Japan since 1970, The 19th
survey on KD was conducted in January 2007 and included
patients who visited hospitals from January 1, 2005 to December
31, 2006, All pediatric hospitals and other general hospitals with a
pediatric department and 100 or more beds were included in the
nationwide survey: Pediatricians were asked to complete a gues-
tionnaire for all KD cases they had diagnosed over the 2-year
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period.® This survey protocol and the questionnaire were re-
viewed and approved by the institutional review board at Jichi
Medical University, Japan,

Two items related to BCG vaccination were included in the
questionnaire of the 19th survey. One item asked whether patients
had received the BCG vaccination and the other item asked
whether redness or crust formation was observed at the BCG
inogulation site, Patients who did not receive the BCG vaccination
or whose history of BCG vaccination was unknown were excluded
from the analysis.

The age-specific proportion of KID patients with redness or
crust formation at the BCG inoculation site was observed. Clinical
criteria were divided into 2 groups: 5 or more signs (complete KD)
and 4 or Tewer (incomplete XD). These patients were compared by
sex, year of hospital visit, day of first hospital visit, recurrent
status, and presence of KD in siblings, Day of first hospital visit
was divided into 3 categories: 1 to 4 days, 5 to 9 days, and 10 days
or more from the onset. The proportion of coronary artery abnor-
malities (CAA) among complete KD patients with redness or crust
formation at the BCG site was compared with that of patients
without such changes. The presence of CAA was also examined
according to time period: <30 days or =30 days after KD onset,
CAA was defined as a giant coronary aneurysm, coronary aneu-
Tystma, or coromary dilatation.'®

Comparisons between redness or crust formation at the
BCG incculation site and categorical variables were made nsing y*
analysis or Fisher exact test; 95% confidence intervals were also
calculated for these proportions. The significance level was P <
0.05. Statistical analyses were performed using the SAS 9.1
software program (SAS Institute Inc., Cary, NC).

Specificity of Redness or Crust Formation at the
BCG Inoculation Site for Diagnosis of KD

To identify the prevalence of redness or crust formation at
the BCG inoculation site in patients with febrile illness except for

KD, we observed scrial patients diagnosed with respiratory syn-
cytial virus (RSV) or rotavirns infection.and who required hospi-
talization af a general hospitel (Oyama Municipal Hospital,
Tochigi, Japan) between October 2008 and May 2009. The rapid
diagnostic test for RSV infection (Check RSV, Alfresa Pharma
Corp., Osaka, Japan) detects RSV antigen in respiratory tract
specimen by using immunochromatography testing. Rapid diag-
nostic test for rotavirus infection (Rapid Testa Rota Adeno, Sekisui
Medical Co. Ltd, Tokyo, Japan) detects rotavirus antigen in feces
by using. immunochromatography testing, Patients who were 2
years of age or younger and who had received BCG vaccination
were inclnded in this observation to compare with the prevalence
of changes at the BCG incculation site in KD patients. ‘

RESULTS

Epidemiologic Characteristics of KD Patients With
Redness or Crust Formation at the BCG
inoculation Site

Completed questionnaires were returned from 1543 (70.7%)
of the 2183 hospitals contacted. A total of 20,475 patients diag-
nosed with KD by a physician were reported: 10,041 in 2005 and
10,434 in 2006. A total of 15,524 patients had a history of BCG
vaccination, Of thesg, 7745 (49.9%) had redness or crost formation
at the BCG inoculation site. The age-specific propartion of these
patients is shown in Figure 1. Of those patients aged 3 to 20
months, more than 70% had redness or crust formation at the BCG
inoculation site, The sawe finding was obtained in complete KD
patients {(n = 12,783),

Among all complete KD patients receiving the BCG vacci-
nation, the proportion of male patients with redness or crust
formation at the BCG site significantly larger than that of fernale
patients with the same sign (52.2% vs. 46.4%, P < 0.001) (Table,
Supplemental Digital Content 1, http://tinks.lww,com/INF/A353).
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FIGURE 1. Age-specific proportion of Kawasaki disease patients who had redness or crust formation at the Bacille Calmette-
Guérin inoculation site. Data of the nationwide survey of Kawasaki disease in Japan which was conducted in 2007 was
used. This figure showed the proportion of 7745 patients with Kawasaki disease who had redness or crust formation at the

Bacilie Calmette-Guérin inoculation site by age at onset.
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TABIE 1. Association Between Redness or Crust Formation at the Bacille Calmette-Guérin Inoculation Site and
Coronary Artery Abnormality in Complete Kawasaki Disease

Redness or Crash CAA (<30 d of Tliness) CAA (=80 d of Illness)
Formation No. Patients Proportion (95% CD P No. Patients Proportion (95% CI) P

All patients (n = 12783)*

(+) £23/6302 8.9 (9.2-10.7) <0.001 196/8221 3.2 (2.7-3.8) 0.87

(=) - 756/6400 11.8 (11.0-12.8) 196/6323 3.1 (2.7-3.6)
3-20 mo of age (n = B44B)"

(+}) 45174404 10.2(8.4-11.2) 0.46 14374358 3.8 (2.8-3.9) 0.91

(=) 95/1004 9.5 {7.7-11.4} 32/998 3.2 (2.2-4.5)

¥ Number of missing denarninator were 81 befare 80 d of illness and 239 in 30 4 of ilness or after,
* Number of missing denominatar were 40 befare 30 d of illness and 94 in 80 & of illness or after.

CAA indicates coronary artery sbnarmality; O, confidence interval.

The proportion of patients with the changes at the BCG inoculation
site in the group whose first day of hospital visit was within 1 to
4 days from the onset was also significantly larger than that of the
other patient groups (52.1%, P < 0.001). Patients with a recurrent
KD statns were significantly less likely to have redness or crost
formation at the BCG inoculation site (24.0%, P < 0.001). When
data from patients aged 3 to 20 months were analyzed, similar
findings were obtained (Tsble, Supplemental Digital Content 1,
http://iinks.lww.com/INF/A353). These findings except for sex
were also observed among incomplete XD patients.

Compering complete KD patients without chanpes at the
BCG moculation site, the proportion of CAA <30 days after
disease onset was smaller in patients with changes at the BCG
inoculation site (9.9% vs, 11.8%, P < 0.001) (Table 1). How-
ever, a similar association was not observed in patients aged 3
to 20 months. There was no association between redness ar
crust formation at the BCG inoculation site and CAA =30 days
after the onset.

Specificity of Redness or Crust Formation at the
BCG Inoculation Site for Diagnosis of KD

A total of 53 patients met the inclusion criteria for the
identification of redness or crust formation at the BCG inocu-
lation site among those with other febrile illnesses during the
observation period. The mean age was 11.6 months (standard
deviation: 5.5) and the range was 20 months (3—-23 months).
Forty-nine patients were diagnosed with RSV infection, and 4
with rotavirus infection. None of these patients had sedness or
crust formation at the BCG site.

DISCUSSION

Redness or crust formation at the BCG inoculation site is a
common finding among Japanese KD patients. More than 70% of
complete KD patients aged 3 to 20 months had this finding.
Cervical lymphadenopathy, which is one of the 6 principal signs of
XD, was found in less than 60% of patients aged 2 years or
younger.'*? Among the complete KD patients who were 2 years
of age or younger, redness or crust formation at the BCG inocu-
‘fation site was more prevalent than cervical lymphadenopathy.
Alfthough there was z high prevalence of redness or crust formation
at the BCG inoculation site in complete XD patients, especially
those aged 3 to 20 months, no patient with RSV or rotavirus
infection showed the same changes at the BCG inoculation site.
Even if patients have 4 or fewer signs of the clinical criteria for
XD, physicians should consider that patients with redness or crust
formation at the BCG inoculation site could have KD. Regarding
observation of the prevalence of changes at the BCG inoculation
site among patients with other febrile illness, most patients were
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diagnosed as having RSV or rotavirus infection during the obser-
vation period. Only one patient was diagnosed with influenza virus
infection and required hospitalization. No patients with adenovirus
infection or group A streptococcus infection met the inclusion
criteria. One patient with human herpes virus 6 infection having
erytherna at the BCG inoculation site has been reported.’® Further
investigation of the prevalence of redness or crust formation at the
BCG inoculation site in patients with other infections diseases or
febrile illnesses may be needed,

A higher prevalence of redness or crost formation at the
BCG inoculation site was observed in complete KD patients who
visited a hospital between 1 and 4 days after the onset of illness,

" sugpesting that this sign appears during the early stages of the

disease.’”® In" addition, parents or gnardians of children with
changes at the BCG inoculation site are likely to take the child to
hospital quickly if the symptoms are accompanied by fever or
other principal signs of KD, Patients with recurrent KD status were
less Iikely to have reduess or crust formation at the BCG inocu-
lation site; this could be because the age distribution of KD
patients with changes at the BCG inoculation site was skewed
toward old children. The proportion of KD patients aged 2 years or
younger was only 17.0% among complete KD patients with
recurrent KD status in the present survey. No association between
redness or crust fopmation at the inoculation site and the develop-
ment of CAA was found among patients aged 3 to 20 months,
supgesting that these changes are not useful for predicting the
presence of CAA.

Although the association between redness or crust forma-
ton at the BCG inoculation site and each principal sign is an
important issue, we were unable to investigate this because infor-
mation about principal signs was not collected in the 19th survey.
Similarly, ‘we were not able to assess the severity of inflammation
in patients with changes at the inoculation site as laboratory data
were not obtained in the survey. Reparding a BCG inoculation
method, multiple puncture techmigne may be umique. Also in
countries where an intradermal injection is used, similar investi-
gation should be needed.

In conclusion, redness or crust formation at the BCG inoc-
ulation site is usefud for the diagnosis of KD among children aged
3 to 20 months in countries with a BCG vaccination program. The
prevalence of this sign among complete KD patients aged 3 ta 20
months was higher than that of cervical lymphadenapathy. Even if
such patients have 4 or fewer signs of the clinical criteria for XD,
physicians should assess them for KD development.
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Kawasaki disease (KD; OMIM 611775) is an acute vasculitis syndrome which predominantly affects small- and
medium-sized arteries of infants and children. Epidemiological data suggest that host genetics underlie the
disease pathogenesis. Here we report that multiple variants in the caspase-3 gene (CASP3) that are in linkage
disequilibrium confer susceptibility to KD in both Japanese and US subjects of European ancestry. We found
that a G to A substitution of one commonly associated SNP located in the 5 uniranslated region of CASP3
(rs72689236; P = 4.2 x 1072 in the Japanese and P = 3.7 x 107? in the European Americans) abolished
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binding of nuclear factor of activaied T cells to the DNA sequence surrounding the SNP. Our findings suggest
that altered CASP3 expressnon in immune effecter cells influences suscepfibility to KD.

INTRODUCTION

Kawasaki disease (KD) is chamcteﬁzgd by high fever, poly-
morphous skin rash, injection of the conjunctiva, erythema

of the palms and soles followed by desquamation, redness of -

oral mucosa and lips and non-~supprative cervical lymphadeno-
pathy (1,2). Despite clinical and epidemiological features
suggesting an infectious trigger in the pathogenesis of KD,
the etiology remains unknown. Marked activation of the
immune system accompanied by infiltration of lymphocytes,
macrophages and neutrophils into the vascular wall occurs
during the acute phase of KD. The coronary arteries are selec-
tively targeted and coronary artery lesions (CALs) develop in
20-25% of the patients without treatment {3). KD is now a
leading cause of acquired cardiac disease in children in deve]-
oped countries.

Previously, we performed an affected sibpair linkage study
and identified several candidate regions (4q35, 5q31.4, 6927,
Tpl5, 8q24, 12q24, 18923, 19q13.2, Xpl12 and Xg26) for KD
susceptibility (4). Recently, we identified a functional SNP in
ITPKC, encoding inositol 1,4,5-trisphosphate 3 kinase-C on
19q13.2, that confers both increased risk of KD and CAL for-
mation (5) This effect is likely mediated through upregulatmg
of the Ca>"/NFAT pathway in T cells, thus increasing IL.-2 pro-
duction. These findings supported the hypothesis that geneti-
cally determined mwodulation of the immune response is
fundamental to KD pathogenesis and suggested that genes
with immune regulatory function located in chromosomal
regions with positive linkage signals should be considered
potential candidates for KD susceptibility. In an attempt to
identify a novel susceptibility gene, we performed a positional
candidate gene study for 49335 region. We found that there is a
set of common variants in caspase-3 (CASP3) gene significantly
associated with KD in both Japanese and European American
subjects. We also demonstrate a functional significance of one
commonly associated SNP which affects binding of nuclear
factor of activated T cells (NFAT) to the 5’ untranslated
region (UTR) of the gene.

RESULTS

Identification of the variants of CASP3 gene associated
with KD susceptibility

The candidate region on 4g35 was attractive because several
immune genes have been mapped around the peak of
linkage, including the interferon regulatory factor 2 gene
(IRF2), CASP3 and toll-like receptor 3 gene (7LR3), which
all lie within 1.7 Mb of the linkage peak. Previous reports
describing delayed apoptosis of peripheral blood lymphocytes
(6) and neutrophils (7) from KD patients led us to focus on
CASP3, which is located at 185.8 Mb on chromosome 4
close to the linkage peak (184.9 Mb). Caspase-3 is a key mol-
ecule of activation-induced cell death (AICD) (8) and it has
also been reported to cleave the inositol 1,4,5-triphosphate

receptor, Type 1 (ITPR1) in apoptotic T cells. ITPR! is a
receptor for inosito] 1,4,5-trisphosphate (IP3), a substrate for
ITPKC in T cells {9).

Based on linkage disequilibrium (LD) data at the web site of
the International HapMap project, we selected 12 tagging
SNPs with minor allele frequency (MAF) greater than 5%
from the 36 kb region containing the CASP3 gene flanked
by 10kb upstream and 5kb downstream (Supplementary
Material, Fig. S1). Using Haploview 4.1, the tagging SNPs
were classified into four SNP groups at a threshold of +~ >
0.8. Four tagging SNPs (rs4647693, rs2696057, rs2720378
and rs2705881) were selected as representatives of ecach
group (Supplementary Material, Fig. S1). For the first stage
of screening, the genotype at these four locations was deter-
mined for 638 Japanese KD patients and 1031 healthy
Japanese controls. Three SNPs showed significant association
with KD (P < 0.05 after Bonferroni correction for four tests;
Supplementary Material, Fig. S1) when comparing allele fre-
quencies between cases and controls. We then resequenced
the 36 kb region in 24 Japanese subjects (12 KD subjects
and 12 controls) and genotyped the first case—control panel
for 34 additional variants and compared allele frequencies
(Supplementary Material, Table S1). Twenty-five of the 46
variants (12 tagging SNPs + 34 additional variants) showed
P-values < 0.001 (P < 0.05 after a conservative Bonferroni
correction for 46 tests) and most were clustered in the §'
region of CASP3 (Fig. 1). To validate the association and
identify of the causative variant, these 25 loci were further
examined in an independent Japanese case—control panel
with 282 KD patients and 378 controls. In this case—control
panel, all of the 25 variants showed the same trend of associ-
ation and rs2720378 was the most sigpificant in a
meta-analysis by the Mantel-Haenszel method [odds ratio
(OR) = 1.44, 95% confidence interval (CI) 1.27-1.62; P=
3.5 x 1077, Table 1]. Most of the 25 significant variants
except for rs4862399 and 187693625 were in high linkage dis-
equilibrium with 152720378 (+* > 0.69) and showed the same
trend of association. No increase of association due to haplo-
typic effect was seen for the combination of 152720378 and
any other variations including rs4862399 and rs7693625 in a
haplotype association study and logistic regression analysis
(Supplementary Material, Tables S2 and S3).

Screening of functionally significant variants

We next assessed the functional significance of the variants in
CASP3. Because all of the 25 variants were in untranscribed or
untranslated of CASP3, we postulated that the variant(s) might
influence expression of CASP3. We screened for possible
enhancer activity around the associated variants by a reporter
gene assay. To facilitate the screening, we cloned four tandem
copies of oligonucleotides corresponding to both alleles of the
variants upstream of the SV40 promoter in the luciferase
reporter vector, pGL3, and transfected them into Jurkat cells.



