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median 11.0 ng/ml) and patients with infectious diseases
(HMW adiponectin: mean 9.8 +4.0, median 8.8 pg/ml;
leptin: mean 2.2 £1.3, median 1.9 ng/ml; visfatin: mean
11.7 £8.0, median 9.1 ng/ml).

Adipokine levels before and after intravenous immune
globulin therapy

Figure 2 shows the changes in serum adipokine levels after
intravenous immune globulin treatment. Serum resistin
levels decreased significantly after treatment (mean
287 184 to 9.2 £ 8.3, median 24.5 to 6.7 ng/ml,
p < 0.001). However, there were no significant changes in
serum HMW adiponectin (mean 11.7 &= 5.5 to 11.3 4 4.8,
median 11.9 to 11.1 pg/ml), leptin (mean 3.0 + 5.9 to
22 4+ 24, median 1.7 to 1.7 ng/ml) or visfatin (mean
11.0 £ 5.3 to 10.9 =£ 3.0, median 9.0 to 10.7 ng/ml) levels
after intravenous immune globulin.

Comparison of serum adipokine levels in responders
and nonresponders to intravenous immune globulin
therapy

We compared serum adipokine levels in patients who
responded to intravenous immune globulin infusion and in
those who did not respond to the treatment, and found that
serum resistin levels on admission were significantly
(p < 0.05) higher in nonresponders (mean 37.2 & 17.0,
median 33.4 ng/ml) compared with responders (mean
28.9 £ 21.0, median 22.9 ng/ml). Serum HMW adipo-
nectin, leptin, and visfatin levels were not significantly
different between responders (HMW adiponectin: mean
11.1 £ 9.9, median 10.0 pg/ml; leptin: mean 1.7 & 0.7,
median 1.6 ng/ml; visfatin: mean 11.5 £6.3, median
9.4 ng/ml) and nonresponders (HMW adiponectin: mean
10.0 £5.8, median 10.1 pg/ml; leptin: mean 3.7 & 1.7,
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Correlations between serum resistin levels and clinical
data in patients with Kawasaki disease

Since significant elevation of only serum resistin levels was
observed in Kawasaki disease, we further analyzed the
relationship between serum resistin levels and clinical
conditions. Table 3 presents the correlations between
serum resistin levels and clinical data considered to be
related to disease severity of Kawasaki disease before
intravenous immune globulin therapy. Significant univari-
ate predictors of severity included age, CRP, peripheral
white blood cell count, and serum sodium level. Simulta-
neous inclusion of univariate predictors into a multivariate
model revealed that high CRP level was a predictor of
elevated serum resistin level.

Discussion

In this study, we found that serum resistin levels. were
elevated in patients with Kawasaki disease compared with
in healthy children and in patients with acute infectious
diseases. However, there were no significant differences in
serum levels of HMW adiponectin, leptin, and visfatin
between the various patient groups. Nozue et al. [17]
recently reported that serum resistin levels in patients with
Kawasaki disease were significantly higher than in healthy
controls; however, they did not measure the levels of other
adipokines.

Human resistin is produced and released mainly in
mononuclear cells (monocytes/macrophages) rather than
adipocytes [18, 19]. Mononuclear cells are also important in
the pathogenesis of Kawasaki disease, and histopathological
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Table 3 Correlations between serum resistin levels and clinical data
in patients with Kawasaki disease

Characteristic Univariate Multivariate
p P R p P
Female 4.887 0.387 0.014 4.013 0.471
Age 0.266 0.034 0.081 0.146 0.677
Weight 1.334 0.077 0.057 -0.327 0.871
CRP 1.609 0.001 0.205 1.151 0.022
WBC 0.001 0.041 0.075 0.000 0.373
Sodium —2.062 0.019 0.098 —1.163 0.199
R?0.276

f regression coefficient, CRP C-reactive protein, WBC white blood
cell

Italics mean significant p values

findings in Kawasaki disease include panvasculitis with
infiltration of mononuclear cells [20]. It has been reported
that CD14-+ monocytes/macrophages play an important role
in cytokine production during acute Kawasaki disease [21].
The elevated serum resistin levels in Kawasaki disease
shown in our study might have been caused by overpro-
duction by monocytes/macrophages. It was recently shown
that resistin competes with lipopolysaccharide for binding to
toll-like receptor 4 (TLR4) on peripheral blood mononu-
clear cells. Torkowski [22] suggested that resistin may partly
act as a proinflammatory cytokine via TLR4. It has also been
reported that expression of TLR4 is upregulated during the
acute phase of Kawasaki disease [23]. These reports and our
clinical data of the present study suggest that resistin may be
a key cytokine involved in the pathophysiology of Kawasaki
disease, possibly as a ligand for TLR4.

After administration of intravenous immune globulin,
which is a standard therapy for acute Kawasaki disease,
serum resistin levels decreased significantly to nearly
normal levels. This suggests that high resistin levels indi-
cate high disease activity. We then examined the correla-
tions between serum resistin level and laboratory
parameters considered to be related to disease activity of
Kawasaki disease [24, 25].

On simple regression analysis, inflammatory markers
(CRP and peripheral white blood cell count) had significant
positive correlations with serum resistin levels, while
serum sodium levels had a negative correlation with serum
resistin levels. Hyponatremia is a common finding in
patients with severe Kawasaki disease [26]. Simultaneous
inclusion of univariate predictors into a multivariate model
resulted in a final parsimonious model with CRP in our
study. In contrast, Nozue et al. [17] showed that the only
variable significantly associated with resistin concentra-
tions before intravenous immune globulin therapy was
body mass index. There were no obvious differences in the
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background characteristics of patients, including age,
gender, weight, and CRP levels on admission, between
their study and our present study. We were not able to
identify any reasons for the differences in the studies other
than the different cohorts of patients.

In our present study, we also compared serum resistin
levels in responders and nonresponders to intravenous
immune globulin treatment. Serum resistin levels were
significantly higher in patients who did not respond to
intravenous immune globulin therapy. This result suggests
that high serum resistin level may be a predictor of non-
responsiveness to intravenous immune globulin therapy.
There were only four patients with coronary arterial
lesions, and they had no trend for increased serum resistin
levels compared with patients without coronary lesions
[serum resistin levels in the four patients with coronary
artery lesions: 19.8, 25.8, 29.2, 54.2 ng/ml, patients with-
out coronary lesions (n = 52): mean 31.5 £ 20.3, median
28.8 ng/ml].

There has been one previous report dealing with adi-
pokines other than resistin in Kawasaki disease. Takeshita
et al. [27] reported that plasma total adiponectin levels in
patients with acute Kawasaki disease were significantly
lower than in those with convalescent Kawasaki disease or
acute febrile disease or in healthy children. In our study,
HMW adiponectin in patients with Kawasaki disease had a
trend toward being lower than the serum levels in healthy
children, but the difference was not statistically significant.
Since the HMW fraction of adiponectin is associated more
strongly with coronary artery disease than other fractions
[10, 11], the trend toward a lower levels might not be
highly attributable to the complications of coronary lesions
in Kawasaki disease. This may be because of the differ-
ences in the pathogenesis of coronary lesions. Coronary
lesions in Kawasaki disease are generally panarteritis with
acute inflammatory cell infiltrations, in contrast to the
progressive atherosclerotic changes associated with adult
coronary lesions [28].

We have previously suggested that serum adiponectin
level is elevated in adult patients with rheumatoid arthritis
[16]. It was also shown that adiponectin stimulates the
production of interleukin-8 [29] and prostaglandin E, [30]
by rheumatoid synovial fibroblasts, suggesting that adipo-
nectin might act as a proinflammatory cytokine in rheu-
matoid inflammation. Adiponectin is secreted by not only
adipocytes, but also in synovial fibroblasts in patients with
rheumatoid arthritis [31]. Therefore, the differences in
serum adiponectin levels between patients with Kawasaki
disease and rheumatoid arthritis may be related to differ-
ences in the major affected organs or cells. The different
adiponectin levels between Kawasaki disease and rheu-
matoid arthritis may also be related to their acute and
chronic inflammatory condition, respectively.
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There have been no previous reports about leptin and
visfatin in Kawasaki disease. We found that serum levels of
these adipokines in patients with Kawasaki disease exhibited
no statistically significant differences compared with in
healthy children and patients with acute infectious diseases. In
our previous study, significant elevation in serum leptin level
was observed in patients with rheumatoid arthritis, and a
significant correlation between serum leptin and CRP levels
was shown by multivariate analysis in these patients [16]. It
was reported that serum levels of visfatin are higher in patients
with rheumatoid arthritis, but not in patients with systemic
lupus erythematosus and systemic sclerosis [32]. The differ-
ences in serum levels of these adipokines in different
inflammatory diseases remain to be studied.

In conclusion, we demonstrate herein that serum resistin
levels were elevated in patients during the acute phase of
Kawasaki disease and decreased to nearly normal after intra-
venous immune globulin treatment. In contrast, serum HMW
adiponectin, leptin, and visfatin levels showed no significant
changes. Although further investigations are needed to better
understand the detailed roles of adipokines in Kawasaki dis-
ease, our data suggest that, among these four adipokines, only
resistin participates in the pathogenesis of this disease.
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Abstract In Japan, palivizumab, a humanized monoclo-
nal antibody specific for respiratory syncytial virus (RSV),
has been available since 2002. However, its use is limited
to children at risk of severe RSV infection, with specific
criteria that have been validated in large-scale clinical
studies. The Pharmaceutical Committee of the Japan
Pediatric Society established a committee to conduct a
nationwide questionnaire survey to determine which
diseases place children at risk of severe RSV infection and
require preventive measures. A questionnaire sent to 613
medical institutions, including major pediatric hospitals
and general hospitals with pediatric services, received 272
responses (44.4%). In total, 1,115 children not meeting
current indications for palivizumab therapy were hospital-
ized for severe RSV infection, 16 (1.4%) of whom
died; this suggests that palivizumab therapy should be
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considered for children with severe immunodeficiency or
those at risk of nosocomial RSV infection in whom pre-
vention of RSV infection by standard control measures
appears difficult.

Keywords Nationwide survey - Questionnaire -
Respiratory syncytial virus - Child -
Palivizumab off-label use

Introduction

Respiratory syncytial virus (RSV) is a common virus that is
prevalent from fall through spring, and primary RSV
infection occurs in almost 100% of children by 2 years of
age [1]. RSV may cause lower respiratory tract infection in
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children, and 30-40% of infants <12 months of age may
develop severe illness, necessitating hospitalization in 2-3%
of cases [2]. It has been estimated that 20,000-30,000
children are hospitalized due to severe RSV infection each
year [3]. Immunocompromised children and children with
underlying diseases often associated with cardiopulmonary
disorders are especially susceptible to developing severe
RSV infection. Since there is no specific treatment for RSV
infection, management is difficult, and some children have
a fatal outcome [4].

In Japan, palivizumab, an anti-RSV humanized mono-
clonal antibody, has been available since 2002 for the
prophylaxis of severe RSV lower respiratory tract infection
in high-risk infants. As of December 2009, palivizamab has
been indicated only for children at risk of severe RSV
infection, with specific criteria that have been validated in
large-scale clinical studies. The effects of palivizumab
prophylaxis in premature infants and children with chronic
lung disease (bronchopulmonary dysplasia) were evaluated
in an international Phase II multicenter placebo-controlled
double-blind clinical study [5], which demonstrated a 55%
reduction in RSV hospitalization for these children, as well
as decreases in the duration of hospitalization, days of
oxygen therapy, and the prevalence of intensive care unit
(ICU) admission. In a Phase I/l bridging study conducted
in Japan, it was considered legitimate to extrapolate the
international efficacy data to the Japanese population. The
Ministry of Health, Labor, and Welfare of Japan reviewed
existing clinical trials and domestic data and approved
palivizumab prophylaxis for: (1) infants <12 months of
age born at <28 weeks of gestation, (2) infants <6 months
of age born at 29-35 weeks of gestation, and (3) infants or
young children <24 months of age who had been treated
for bronchopulmonary dysplasia at any time during the
previous 6 months. The use of palivizumab for children
<24 months of age who have hemodynamically significant
congenital heart disease (CHD) was additionally approved
on the basis of the results of a Phase III placebo-controlled
double-blind clinical study in children with CHD [6],
which demonstrated a 45% decrease in RSV hospitaliza-
tion and decreases in the duration of hospital stay and
oxygen therapy, as well as the results of a Phase 1II clinical
study in Japan which yielded profiles of serum palivizumab
concentration in Japanese patients that were similar to
those of participants in the international trial.

There are data from descriptive reports and case-control
studies that support the use of palivizumab to prevent
severe RSV infection in high-risk immunocompromised
children and those with airway diseases, neuromuscular
disorders, or chromosomal abnormalities/malformation
syndromes, and children receiving home oxygen therapy,
though no such findings have been reported in Japan.

Although cases of serious complications of RSV infection
such as sudden infant death syndrome (SIDS), encephalo-
pathy/encephalitis, and cardiomyopathy have recently been
documented, the epidemiology of such cases has not yet
been clearly determined.

Accordingly, members of the Japan Pediatric Society
established an RSV Survey Committee to investigate the
types and risks of underlying diseases that could potentially
be considered for prophylaxis against severe RSV
infection.

Purpose

The present survey was conducted to: (1) identify the
diseases and conditions in which prevention of RSV
infection might be particularly important, and (2) deter-
mine the effects of severe RSV infection in high-risk
children.

Patients and methods

Findings for children <4 years of age who did not qualify
for palivizumab prophylaxis under existing guidelines and
were hospitalized due to or died of laboratory-confirmed
RSV infection during the period between August 2006 and
July 2008 were retrospectively obtained from medical
institutions throughout Japan, using two questionnaire
forms.

In Survey A, a survey of RSV hospitalization in children
with underlying diseases, physicians were asked to docu-
ment information on age, sex, duration of hospitalization,
treatment, and presence/absence of severe sequelae, defined
as conditions requiring support/assistance with daily activi-
ties. In Survey B, a survey of severe RSV infection in
children without underlying disease, physicians were asked
to document data similar to the data involving the hospital-
ization of children with severe RSV infection, i.e., RSV
infection associated with SIDS, apparent life-threatening
events, encephalopathy/encephalitis, cardiomyopathy, severe
bronchiolitis (defined as bronchiolitis with serious respi-
ratory disorder such as expiratory wheezing, polypnea,
chest-wall retraction, and cyanosis), or other diagnoses.
The items investigated were the presence/absence and type
of underlying disease, month of RSV infection, sex, age,
duration of hospitalization, the presence/absence and
duration (in days), if present, of oxygen therapy, and the
presence/absence and duration (in days), if present, of
ventilation (Table 1).

The study protocol was approved by the Ethics
Committee of Yokohama City University.
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Table 1 Underlying diseases and items of survey

I. Underlying diseases evaluated in the survey

Respiratory diseases (n = 414)

Asthma 348 (84.1%)
Bronchomalacia 10 (2.4%)
CLD in child over 2 years of age on HOT 10 (2.4%)
Pulmonary hypoplasia 9 (2.2%)
Others 37

Chromosomal abnormalities/malformation syndromes (n = 130)
Trisomy 21 (no CHD) 57 (43.8%)
Congenital anomaly 35 (26.9%)
Other chromosomal abnormalities (no CHD) 30 (23.1%)
Others 8

Neuromuscular disorders (n = 125)

Epilepsy 62 (49.6%)
Sequelae of cerebral hemorrhage/infarction 19 (15.2%)
Cerebral palsy 13 (10.4%)
Sequelae of meningitis/encephalitis 8 (6.4%)
Myasthenia gravis 0 (0%)
Others 23

II. Items of survey
Underlying diseases®
Severe RSV infection”
Reasons for RSV hospitalization®
Month of RSV infection
Sex
Age at RSV infection
Duration of hospitalization (days)
Use and duration (days) of oxygen therapy
Use and duration (days) of ventilation
Intensive care unit admission”

Presence/absence of sequelae {of RSV infection}

Heart diseases (did not qualify for palivizumab) (n = 27)

CHD in child over 2 years of age 18 (67%)
Arrhythmia 4 (15%)
Cardiomyopathy 3 (11%)
Others 2

Immunocompromised hosts (n = 12)

Leukemia 3 (25%)
Solid tumor 3 (25%)
Primary immunodeficiency syndrome 3 (25%)
Other transplant recipient 1(8.3%)
Kidney transplant recipient 0 (0%)
Liver transplant recipient 0 (0%)
Others 2

Congenital metabolic disorders (n = 8)
Other diseases (n = 40)

Kawasaki disease 26 (65.0%)
Rheumatic diseases 0 (0%)
Autoinflammatory syndrome 0 (0%)
Other diseases 14

RSV respiratory syncytial virus, CHD congenital heart disease, CLD chronic lung disease, HOT home oxygen therapy

* Investigated only in Survey A

® Investigated only in Survey B

Data analysis

The findings for hospitalized patients were tested using uni-
variate logistic regression analysis to evaluate the effect of
each factor on the outcome of RSV infection, with p values
and crude odds ratios obtained for each factor. Significance
was examined using y tests for categorical variables such as
the type of underlying disease, reason for hospitalization, and
month of RSV hospitalization; Fisher’s exact test for binary
variables such as sex and the presence/absence of oxygen
therapy; and Student’s #-test for continuous variables.
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Results

In June 2008, a questionnaire was sent to 613 medical
institutions, including teaching hospitals with pediatric
residency programs, as well as major pediatric hospitals and
general hospitals with pediatric services equivalent to those
provided in teaching hospitals, to report cases of RSV
hospitalization in children not indicated for palivizumab
prophylaxis during the period between August 2006 and July
2008, and 272 institutions (44.4%) responded (Table 2).
After the data of Surveys A and B were reconciled to ensure
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Table 2 Characteristics of patients evaluated in the nationwide
survey

Survey A Survey B
(n =756) (n = 359)
Sex
Male 447 (69.7%) 194 (30.3%)
Female 273 (63.9%) 155 (36.2%)
Age at RSV infection 204 + 12.17 6.7 + 8.55
(months)® [0-47] [1-40]
Duration of hospitalization 10.5 & 21.76 11.5 £ 13.08
(days)* [1-540] [0-210]
<2 weeks 650 (88.0%) 285 (79.4%)
>2 weeks 89 (12.0%) 74 (20.6%)
Use of oxygen therapy 458 (60.6%) 351 (98.6%) *1
Duration (days) 7.7 & 27.15 6.8 + 4.79
[1-540] [1-51]
Use of ventilation 48 (6.3%) 144 (40.4%) *2
Duration (days)* 22.8 + 83.48 6.4 + 3.87
[1-540] [1-22]
Oxygen therapy alone 411 (54.4%) 206 (58.4%) *3
No oxygen/ventilation 297 (39.3%) 5 (1.4%) *3

Data during the period between August 2006 and July 2008 were
collected through a questionnaire sent to 613 institutions, 272 (44.4%)
of which responded

RSV respiratory syncytial virus, SD standard deviation

* Values are means + standard deviation [range]; *1 No data in 3
cases; *2 no data in 3 cases; *3 no data in 6 cases. Cases with no data
in *1 and *2 are separate patients

the absence of overlapping cases and to ensure that the data
were sufficient, the numbers of patients reported in Surveys
A and B were 756 and 359, respectively, and the total number
reported was thus 1,115 patients.

The characteristics of the patients enrolled in the study
are shown in Table 2. Figure | shows the age distribution
of the reported patients. Of the children without underlying
diseases reported in Survey B, 277 were less than 1 year of
age, and the number of reported patients decreased as the
age increased. In Survey A, of children with underlying

300
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Fig. 1 Age distribution of reported patients

diseases, there were substantial numbers of reported
patients throughout the age range evaluated. The relative
risk of having an underlying disease was about 1.3 times
higher in males than in females, and this difference was
statistically significant (1.000 vs. 0.7644, p = 0.0421,
Fisher’s exact test). The mean durations of hospitalization
were 10.5 + 21.76 and 11.5 £ 13.08 weeks in Surveys A
and B, respectively. The most frequent duration of hospi-
talization was 0-2 weeks, and the longest duration of
hospitalization was 77 weeks. The distribution of month of
RSV infection was consistent with the fact that RSV
infection is prevalent during winter months. However,
reported cases were distributed through all months of the
year, particularly in the patients with underlying diseases.
Among the patients with underlying diseases, some were
not treated with oxygen therapy or ventilation, while
among the patients without underlying diseases, RSV
infection was relatively severe, and the number of patients
receiving neither oxygen therapy nor ventilation was small.

RSV hospitalization in patients with underlying
diseases

Respiratory diseases were the most prevalent underlying
conditions: 54.8% of reported patients had respiratory
diseases, and asthma was the most prevalent respiratory
disease (46.0% of the reported patients). Children with
chromosomal abnormalities/malformation syndromes, neu-
romuscular diseases, cardiac diseases, immunocompro-
mised status, and congenital metabolic disorders were also
reported (Fig. 2a). Table 1 lists the numbers of patients by
underlying disease.

Of the patients with underlying respiratory diseases
(n = 414), 84.1% had asthma, and the remaining children
had various conditions such as bronchomalacia, chronic
lung disease (bronchopulmonary dysplasia) in patients over
2 years of age, and pulmonary hypoplasia. The second most
prevalent category of underlying diseases was chromosomal
abnormalities/malformation syndromes, 130 cases of which
were reported, 57 (43.8%) involving children with trisomy
21 without CHD. RSV hospitalization in children with
neuromuscular disorders was also common (n = 125).
About half of these children had epilepsy, and cases of
cerebral hemorrhage/infarction, meningitis, and encephali-
tis were also reported. Among children reported to have
cardiac diseases not indicated for palivizumab prophylaxis
(n = 27), 18 children (67%) had CHD and were over 2 years
of age, and 3 children (11%) had arrhythmia or cardiomy-
opathy. Twelve children were immunocompromised due to
treatment for leukemia or solid tumors, primary immuno-
deficiency syndrome, or post-transplant status. Of the chil-
dren in the “other diseases” category (n = 40; see Table 1),
26 (65%) had a history of Kawasaki disease.
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Fig. 2 a Types of underlying diseases in children hospitalized for
respiratory syncytial virus (RSV) infection in Survey A (n = 756),
and b reasons for RSV hospitalization in children without underlying

Table 3 shows the outcome of RSV infection stratified
by patient characteristics. When “severe sequelae” and
“death” were considered to represent poor outcomes of
RSV infection, the risk of poor outcome of RSV infection
was about 1,000 times higher in immunocompromised
children than in children with respiratory disorders and
about 2.8-4.3 times higher than that in patients with other
underlying diseases. These findings indicate that immu-
nocompromised status is significantly associated with a
poor outcome of RSV infection (p < 0.0001, x* test).
Oxygen therapy, ventilation, and ICU hospitalization
were also significantly associated with poor outcomes of
RSV infection (p < 0.0023, p < 0.0001, and p < 0.0001,
Fisher’s exact test), and the risks of poor outcome were
about 11.4, 186.1, and 23.3 times higher in patients
receiving oxygen therapy, those receiving ventilation, and
those hospitalized in the ICU, respectively, than in patients
without the corresponding treatment. The risk of poor
outcome was about 1.2 higher in males than in females, but
this difference was not statistically significant.

RSV hospitalization in patients without underlying
diseases

Of patients with severe RSV infection without underlying
diseases, 81.6% had severe bronchiolitis. Cases of RSV
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encephalopathy/encephalitis, apparent life-threatening events,
myocarditis, and SIDS were also reported. Convulsions and
apnea were also observed (Fig. 2b). Table 3 lists the results of
analysis by patient characteristics. Although a crude odds ratio
could not be obtained due to the distribution of cases, the
month of RSV infection significantly affected the outcome of
RSV infection (p = 0.0015, y* test). The relative risk of poor
outcome was about 6.5 times higher in patients requiring
ventilation, and the use of ventilation was significantly asso-
ciated with poor outcome of RSV infection (p = 0.0162,
Fisher’s exact test). The relative risk of poor outcome in male
patients was about 0.5 times that in female patients, though this
difference was not statistically significant.

A total of 16 deaths (Table 4) were reported in children
with or without underlying diseases. Seven of the children
who died (43.8%) wereunder 1 year of age, and 11 (68.7%)
children had underlying diseases, i.e., leukemia and post-
transplantation status in 2, neuromuscular disorder in 3,
chromosomal abnormalities without CHD in 5, and CHD
beyond 24 months of age in 1. The reasons for the RSV
hospitalization of these 11 children were pneumonia in 4
patients and bronchiolitis in 1 patient, and nosocomial RSV
infection during chemotherapy, unsuccessful resuscitation
following cardiopulmonary arrest (CPA), shock, aspiration
pneumonia, and deterioration of upper respiratory tract
infection with CPA in one patient each.
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Table 3 Severity of outcome of RSV infection by patient characteristics—survey in children with and without underlying diseases

Factors With underlying diseases Without underlying diseases
No/mild Severe sequelae® Odds  p value No/mild Severe Odds p value
sequelae or death ratio sequelae sequelae or ratio
death
Underlying diseases
Immunocompromised hosts 9 (81.8%) 2 (18.2%) 1.000  <0.0001
Respiratory diseases 411 (99.8%) 1 (0.2%) 0.001
Neuromuscular disorders 116 (95.1%) 6 (4.9%) 0.233
Chromosomal abnormalities/ 120 (94.5%) 7 (5.5%) 0.262
malformation syndromes
Heart diseases 25 (92.6%) 2 (7.4%) 0.360
Congenital metabolic disorders 8 (100%) 0 (0%) -
Others 39 (100%) 0 (0%) -
Severe RSV infection
SIDS 0 (0%) 1 (100%) - <0.0001
ALTE 11 (100%) 0 (0%) -
RSV encephalopathy 13 (68.4%) 6 (31.6%) -
RSV myocarditis 3 (75%) 1 (25%) -
Severe bronchiolitis 283 (99.6%) 1 (0.4%) -
Others 29 (96.7%) 1 (3.3%) -
Reasons for RSV hospitalization
Bronchiolitis 374 (98.7%) 5 (1.3%) 1.000  <0.0001
Pneumonia 171 (96.6%) 6 (3.4%) -
Encephalitis 0 (0%) 1 (100%) -
Bronchitis 46 (100%) 0 (0%) -
Atelectasis 3 (100%) 0 (0%) -
Asthma attack 25 (100%) 0 (0%) -
Others 55 (91.7%) 5 (8.3%) 6.800
Sex
Male 430 (97.3%) 12 (2.7%) 1.000  0.6790 183 (97.9%) 4 (2.1%) 1.000  0.3331
Female 265 (97.8%) 6 (2.2%) 0.811 147 (96.1%) 6 (3.9%) 1.867
Month of RSV infection
January 163 (96.4%) 6 (3.6%) - 0.3994 94 (94.9%) 5 (5.1%) - 0.0015
February 74 (94.9%) 4 (5.1%) - 48 (98%) 1 (2%) -
March 39 (95.1%) 2 (4.9%) - 17 (100%) 0 (0%) -
April 27 (96.4%) 1 (3.6%) - 8 (88.9%) 1 (11.1%) -
May 12 (100%) 0 (0%) - 3 (100%) 0 (0%) -
June 16 (100%) 0 (0%) - 3 (75%) 1 (25%) -
July 12 (100%) 0 (0%) - 5 (100%) 0 (0%) -
August 18 (94.7%) 1 (5.3%) - 4 (100%) 0 (0%) -
September 23 (100%) 0 (0%) - 5 (100%) 0 (0%) -
October 45 (100%) 0 (0%) - 6 (75%) 2 (25%) -
November 87 (96.7%) 3 (3.3%) - 25 (100%) 0 (0%) -
December 209 (99.5%) 1 (0.5%) - 119 (100%) 0 (0%) -
Age at RSV infection (months) 20.51 £ 12.10 21.61 £ 16.13 - 0.0538 6.68 =+ 8.65 11.2 +7.18 - 0.5606
mean (£SD) [range] [0-47] [1-47] [1-40] [1-21]
Duration of RSV hospitalization 948 + 8.65 47.71 + 12993 - 02427 11.19 4+ 12.25 279 £ 28.56 - 0.0976
(days) mean (£SD) [range] [1-124] [1-540] [1-210] [0-94]
Oxygen therapy
Present 436 17 11.385 0.0023 332 9 0.1084 0.1371
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Table 3 continued

Factors With underlying diseases Without underlying diseases
No/mild Severe sequelae” Odds  p value No/mild Severe Odds  p value
sequelae or death ratio sequelae sequelae or ratio
death
Absent 292 1 1.000 - 4 1 1.0000
Use of oxygen therapy 59.9% 94.4% - - 98.8% 90.0% - -
Duration of oxygen therapy 6.19 + 7.33 42.56 4+ 13298 - 0.2912  6.68 4 4.62 9.88 £877 - 0.3391
(days) mean (£SD) {range] [1-124] [1-540] [1-51] [1-23]
Ventilation
Present 30 16 186.116 <0.0001 128 8 6.500 0.0162
Absent 698 2 1.000 - 208 2 1.000
Use of ventilation 4.1% 88.9% - - 37.9% 80.0% - -
Duration of ventilation (days) mean 10.65 4 11.71 43.20 £ 137.74 -~ 0.3765 6.33 £ 3.35 9.13 £ 799 - 0.3574
(£SD) [range] [2-60] [1-540] [1-15] [1-22]
ICU hospitalization
Present 37 10 23.345 <0.0001
Absent 691 8 1.000 -
ICU hospitalization rate 5.1% 55.6% - -

SD standard deviation, SIDS sudden infant death syndrome, ALTE apparent life-threatening events, ICU intensive care unit

* Severe sequelae were defined as conditions requiring support/assistance with daily activities

In the five children without underlying disease who died
of RSV infection, the reason for hospitalization was SIDS in
1 case, severe bronchiolitis in 1, RSV encephalitis in 1, RSV
myocarditis in 1, and ‘other’ (acute necrotic encephalopa-
thy) in 1 case.

Discussion

The present nationwide questionnaire survey was con-
ducted to identify the conditions for which prophylactic
treatment may be considered to prevent severe RSV infec-
tion and the associated serious sequelae. During the 2-year
period of the survey, a total of 1,115 children under 4 years
of age were hospitalized due to RSV infection, 16 of whom
died. Notably, 756 children had underlying diseases that did
not meet the criteria for palivizumab prophylaxis in Japan.
This suggests that the current coverage of palivizumab
prophylaxis by the National Health Insurance in Japan is
perhaps insufficient to protect against the wide spectrum of
severe RSV infections in high-risk children.

In the present survey, the outcomes of severe RSV
infection were more serious among immunocompromised
children than among immunocompetent children with
underlying diseases. It has been reported that the mortality
rate of RSV infection is 80% when adult bone marrow
transplant recipients receive no specific treatment for this
infection [7, 8]. Pediatric immunocompromised organ
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transplant recipients are susceptible to severe RSV infection
[9], and are at high risk of developing respiratory failure and
death due to RSV infection [10, 11]. The high incidence of
poor outcome of severe RSV infection among immuno-
compromised children in the present survey (2 of 11 chil-
dren, 18.2%) is consistent with these findings, and indicates
the importance of RSV prophylaxis in this population. A
recent study using decision analysis modeling indicated that
mortality in children receiving bone marrow transplantation
was decreased by the addition of palivizumab to protect
against RSV lung disease [12]. The American Society of
Transplantation has recommended that infants (<1 year)
who undergo solid organ transplantation during the RSV
season receive immunoprophylaxis to prevent severe RSV
infection [13]. Large-scale studies should be conducted in
the future to develop guidelines for the prevention of RSV
infection after transplantation.

In the present survey, the number of RSV hospitalizations
was high among children with trisomy 21 (Down syndrome)
without CHD: of the 57 children with trisomy 21 without
CHD, two patients died and one had severe sequelae. This
finding is supported by Bloemers et al. [i4], who have
reported that children with Down syndrome are at high risk
of RSV hospitalization irrespective of CHD, indicating that
patients with Down syndrome with or without CHD should
also be considered for prophylaxis. Although the Japanese
Society of Pediatric Cardiology and Cardiac Surgery rec-
ommends that children under 24 months of age with CHD
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Table 4 Characteristics of patients who died due to RSV infection

Survey A (n = 11)

Survey B (n = 5)

Underlying diseases

Leukemia/transplant recipient
Neuromuscular disorders

Chromosomal abnormality without CHD
(trisomy 21 in 2, trisomy 31 in 1, 4p-syndrome in 1,
Aicardi syndrome in 1)

CHD in child over 24 months of age 1 -
Reasons for RSV hospitalization Pneumonia 4 SIDS 1
Bronchiolitis 1 Severe bronchiolitis 1
Other (nosocomial pneumonia during chemotherapy) 1 RSV encephalopathy 1
Other (unsuccessful resuscitation following CPA) 1 RSV myocarditis 1
Other (shock) Other (acute necrotic 1
encephalopathy)
Other (aspiration pneumonia) 1 -
Other (URTI — CPA) 1 -
No data 1 -
Sex Male 6 (54.5%) 2 (40.0%)
Female 5 (45.5%) 3 (60.0%)
Age at RSV infection Mean (+SD) 22.9 + 15.52 [1-47] 11.2 4 8.06 [3-21]
(months) [range]
<12 4 (36.4%) 3 (60%)
>12 7 (63.6%) 2 (40%)
Duration of Mean (+SD) 18.6 & 33.34 [1-120] 7.0 £ 8.29 [0-22]
hospitalization (days) [range]
<2 weeks 7 (63.6%) 4 (80%)
>2 weeks 4 (36.4%) 1 (20%)
Oxygen therapy 11 (100%) 11 (100%)
Duration (days) Mean (+SD) 8.5 £ 9.23 [1-27] 7.2 £ 8.13 [1-22]
) [range]
Ventilation 11 (100%) 11 (100%)
Duration (days) Mean (£SD) 7.3 £ 9.17 [1-27] 7.2 + 8.13 [1-22]
[range]
Oxygen therapy alone 0 (0%) 0 (0%)
No oxygen/ventilation 0 (0%) 0 (0%)

CPA cardiopulmonary arrest, URTI upper respiratory tract infection

associated with chromosomal aberrations or genetic abnor-
malities, including trisomy 21, be treated prophylactically to
prevent severe RSV infection even when they exhibit no
significant signs/symptoms of CHD or have obtained com-
plete cure of CHD [15], such children are not yet officially
indicated for RSV prophylaxis in Japan.

The present survey found that severe RSV infections
developed throughout the year. We were unable to analyze
the relationship between month of RSV infection and
corresponding serious outcomes, because of the unequal
distribution of cases annually. Patients with underlying
diseases should therefore be carefully observed for RSV
infection throughout the year. Data in the present study were
insufficient to permit analysis by district. In a nationwide
epidemiological study, there were no differences in patterns

of RSV epidemics among districts of Japan [16]. However,
that survey did not include Okinawa Prefecture, which
consists of islands in a subtropical zone in which it has been
reported that RSV outbreaks also occur in spring and sum-
mer [17]. We therefore consider our findings representative
of the pattern of RSV infection in most of Japan.

In the present survey, patients with neuromuscular dis-
orders accounted for 16.5% of the children with underlying
disease with poorer outcomes than other patient groups
(poor outcome in 6 of 116 patients); they thus represent one
of the important patient groups in which RSV prophylaxis
would be potentially beneficial. In a prospective observa-
tional registry of children who received at least one dose of
palivizumab injection during the RSV seasons from 2002
to 2004 in the United States, the incidence of RSV
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hospitalization was found to be significantly higher in
children with congenital airway abnormality or severe
neuromuscular disorder than in children without such
conditions [18]. Moreover, in a prospective multicenter
study conducted in Germany between 1999 and 2005,
patients hospitalized with RSV infection and neuromus-
cular impairment had a greater risk of requiring mechanical
ventilation and developing seizures, with a statistically
significant, higher attributable mortality compared to con-
trols (5.5 vs. 0.2%) [19].

In the recommendations for the use of palivizumab as
prophylaxis against RSV in infants with CHD, the Working
Group of the British Paediatric Cardiac Association has
included children with cardiomyopathy requiring treatment
in the list of children likely to benefit from prophylaxis
[20]. Although the number of patients with cardiomyopa-
thy reported in the present survey was too small to examine
effects on the outcome of severe RSV infection, this patient
group should be carefully evaluated for the presence of
congestive heart failure that requires prophylaxis in
accordance with the CHD trial [6].

In a cohort study of all children with severe RSV
infection in England from 1999 to 2007, all the children
who died of RSV infection (n = 35) had preexisting dis-
eases (relative risk 2.36), and multiple preexisting diseases
(4.38), cardiac anomaly (2.98), and nosocomial RSV
infection (2.89) were considered risk factors for death from
severe RSV infection. An interaction among preexisting
disease, nosocomial RSV infection, and mortality was also
found [21].

Although the number of large-scale studies of pali-
vizumab in patients with underlying diseases is limited, in
a meta-analysis in 2007, treatment with palivizumab was
found to increase the survival of patients undergoing bone
marrow transplantation by about 10%, from 83 to 92%
[121; also, the use of palivizumab in children with certain
specific diseases is reimbursed in some provinces of
Canada and by some insurance companies in Western
countries [22-26]. The results of the present survey indi-
cate that palivizumab prophylaxis should be strongly
considered in children with severe immunodeficiency and
children with nosocomial RSV infection that is uncon-
trollable with conventional infection control measures.

In the present survey, in children without underlying
disease, severe bronchiolitis was the most common reason
for RSV hospitalization, though RSV encephalopathy/
encephalitis accounted for 5.3% of RSV hospitalizations of
otherwise healthy children. The mechanisms of develop-
ment of severe RSV infection remain unclear in many
respects, and it is also unclear which serotypes of RSV
cause more severe RSV infection. Since encephalopathy/
encephalitis may result in permanent neurological damage
and significantly affect the quality of life of patients and
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their families, it is important to be aware of RSV infection
as a cause of encephalopathy/encephalitis.

In summary, this first nationwide Japanese survey of
RSV infection in high-risk children who did not receive
prophylaxis based on current recommendations provides
epidemiological data useful for the determination of addi-
tional indications for palivizumab. We hope that our results
will help healthcare professionals to investigate the diverse
presentations of RSV disease and target patients with RSV
infection in pediatric emergency services. The survey also
sets the stage for larger prospective studies of underlying
medical disorders that place infants at greater risk of
compromise from severe RSV infection, and it is such
infants who may benefit substantially from prophylaxis.
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Clinical characteristics of aseptic meningitis
induced by intravenous immunoglobulin in
patients with Kawasaki disease

Yasushi Kemmotsu', Tomotaka Nakayama, Hiroyuki Matsuura and Tsutomu Saji

Abstract
Background: Aseptic meningitis is a serious adverse reaction to intravenous immunoglobulin (VIG) therapy. We
studied the clinical characteristics of patients with acute Kawasaki disease (KD) who developed VIG-induced aseptic
meningitis.

Methods: A retrospective analysis of the medical records of patients with KD who developed aseptic meningitis
after IVIG treatment was performed.

Results: During the 10-year period from 2000 through 2009, among a total of 384 patients with Kawasaki disease,
4 (3 females and 1 male; age range, 19-120 months) developed aseptic meningitis after IVIG. All 4 developed
aseptic meningitis within 48 hours (range, 25-40 hours) of initiation of IVIG. The analyses of cerebrospinal fluid (CSF)
revealed elevated white blood cell counts (22-1,248/uL) in all 4 patients; a predominance of polynuclear cells (65%-
89%) was noted in 3. The CSF protein level was elevated in only 1 patient (59 mg/dL), and the glucose levels were
normal in all 4 patients. Two patients were treated with intravenous methylprednisolone; the other 2 children were
observed carefully without any special therapy. All patients recovered without neurological complications.

Conclusions: in our patients with Kawasaki disease, aseptic meningitis induced by IVIG occurred within 48 hours
after initiation of IVIG, resolved within a few days, and resulted in no neurological complications, even in patients

who did not receive medical treatment.

Keywords: Kawasaki disease, intravenous immunoglobulin, aseptic meningitis

Background
Intravenous immunoglobulin (IVIG) is a blood product
that is widely used in the treatment of a number of medi-
cal conditions, including immunodeficiency disorders,
inflammatory diseases, and autoimmune diseases.
Kawasaki disease (KD) is a self-limited systemic vascu-
litis syndrome of childhood that was first reported by
Tomisaku Kawasaki in 1967 [1]. Patients typically
develop a fever, bulbar conjunctival injection, changes in
the oropharyngeal mucosa and peripheral extremities,
cervical lymphadenopathy, and a polymorphous rash.
Coronary aneurysm and myocardial infarction are the
most serious complications of this disease. In Japan,
there are approximately 10,000 incident cases per year

* Correspondence: kemmotsuyasushi@yahoo.co.jp
Department of Pediatrics, School of Medicine, Faculty of Medicine, Toho
University, Tokyo 143-8541, Japan

{ ) BiolMed Central

[2]. The etiology of the disease is not well understood,
but high-dose IVIG is known to prevent the coronary
complications [3,4].

There have been a number of reports regarding IVIG-
induced adverse reactions, including mild reactions such
as tachycardia, headache, facial flushing, nausea, diarrhea,
and rash, as well as serious adverse reactions such as ana-
phylaxis, acute renal failure, and thromboembolic events
[5]. Aseptic meningitis is a neurologic adverse event that
can be caused by IVIG. Although there have been case
reports describing IVIG-induced aseptic meningitis, few
studies have described the characteristics of a group of
such patients. In this study, we describe the clinical and
laboratory characteristics of IVIG-induced aseptic menin-
gitis in 4 patients with KD.

© 2011 Kemmotsu et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Patients and methods

Patients

To investigate the clinical characteristics of IVIG-induced
meningitis in KD patients, we retrospectively reviewed
the medical records of patients who were admitted to our
university hospital during the 10-year period from 2000
through 2009. All patients met the Japanese criteria for
typical KD on admission. They were treated with oral
aspirin and 1 or 2 g/kg of IVIG, the latter of which was
administered over 12 or 24 hours, respectively. The IVIG
products were freeze-dried sulfonated (Kenketsu Veni-
lon®-1, Chemo-Sero-Therapeutic Research Institute,
Kumamoto, Japan) and freeze-dried, polyethylene glycol
(PEG) -treated (Kenketsu Glovenin®-I, Nihon Pharma-
ceutical Co, Ltd, Tokyo, Japan) human normal immuno-
globulin. Testing of the CSF was done soon after the
diagnosis of suspected IVIG-induced meningitis, and a
diagnosis of meningitis was made on the basis of clinical
symptoms such as fever and headache, meningeal irrita-
tion signs, and CSF pleocytosis. A final diagnosis of asep-
tic meningitis was made by negative bacterial culture
results.

Results

Characteristics of the study population and IVIG products
A total of 384 patients with KD were admitted to our hos-
pital; 4 developed aseptic meningitis after IVIG. Table 1
shows the background characteristics of these 4 patients.
Three were females older than 5 years. The other patient
was a 1-year-old male. Their serum C-reactive protein
(CRP) levels and white blood cell counts before IVIG
treatment were 3.3-5.5 mg/dL and 6,500-27,100/uL,
respectively. Sulfonated immunoglobulin was given to 2
patients, and a polyethylene glycol-treated product was
given to the other 2 patients. Two patients were treated
with 1 g/kg IVIG, and the other 2 received 2 g/kg IVIG.
There were no adverse reactions during the IVIG adminis-
tration in any of the patients.

Clinical course and laboratory findings

All 4 patients responded well to initial IVIG: their fevers
ceased and the clinical symptoms of KD improved.

Table 1 Background characteristics of the patients
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Table 2 shows the clinical course of the patients. Asep-
tic meningitis developed within 48 hours (range, 25-40
hours) after initiation of IVIG. All 4 patients developed
a sudden, severe fever. Their recorded highest body
temperatures were 38.0, 38.7, 38.8, and 39.1°C. The 3
females complained of headache, and the 1-year-old
male was irritable and vomited frequently. On physical
examination, there were typical signs of meningeal irri-
tation, including neck rigidity, Kernig’s sign, and Brud-
zinski’s sign. Table 3 shows the CSF findings of the 4
patients. The initial pressure was recorded in 1 patient
and was mildly elevated (24 ¢cm H,0). The analyses of
the CSF revealed elevated white blood cell counts
(22-1,248/uL) in all 4 patients, 3 of whom were neutro-
phil-predominant (65%-89%). The CSF protein level was

‘elevated in only 1 patient (59 mg/dL), and the glucose

levels were normal in all 4 patients (51-77 mg/dL). The
CSF chloride and lactate dehydrogenase (LDH) levels
were measured in 3 patients and were normal (123-128
mEq/L and 33-40 U/L, respectively). In addition, the
results of CSF bacterial culture were negative in all
patients. There was no worsening of inflammatory mar-
kers, ie, serum CRP and peripheral white blood cell
counts, at the onset of meningitis (mean + SD CRP:
4.3 + 4.1 mg/dL, WBC: 9,300 = 7,700/pL), as compared
with the levels at admission (mean = SD CRP: 5.9 +
2.0 mg/dL, WBC: 14,800 = 9,000/uL). Two patients
were treated with a single dose of 15 mg/kg of intrave-
nous methylprednisolone; the other 2 patients recovered
without medical treatment. Fever and signs of meningeal
irritation disappeared in 1 or 2 days, and no patient
developed any neurological complications such as sei-
zures or disturbances in consciousness. There was no
recurrence of KD in any of the patients, and all four
patients were discharged without coronary artery
aneurysms.

Discussion

Aseptic meningitis after IVIG was first reported in 1988
[6]. Since then, there have been similar case reports of
IVIG-induced meningitis in patients with medical condi-
tions such as idiopathic thrombocytopenic purpura

Age Sex KD criteria CRP(mg/dL)/WBC(/pL) IVIG product and dose Day on IVIG
on admission
1y male 5/6 5.5/6,500 PEG-treated 8
2 g/kg
6y female 5/6 7.1/15,600 Sulfonated 5
1 g/kg
7y female 6/6 7.8/27,100 Sulfonated 5
2 g/kg
10y female 6/6 3.3/9,900 PEG-treated 4
1 g/kg

KD = Kawasaki disease; CRP = C-reactive protein; WBC = white blood cell; IVIG = intravenous immunoglobulin; PEG = polyethylene glycol.
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Table 2 The clinical course of the patients
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Patient Time from start of IVIG to onset, hrs Treatment Time to recovery
1y male 33 15 mg/kg mPSL 1 day
6 y female 40 15 mg/kg mPSL 2 days
7y female 25 None 2 days
10 y female 31 None 1 day

IVIG = intravenous immunoglobulin; mPSL = methylprednisolone.

(ITP), myasthenia gravis, and inflammatory demyelinat-
ing neuropathy [7-9]. There has previously been only 1
case report describing this complication in a patient
with KD [10].

The rate of aseptic meningitis after IVIG was 1% (4 of
384) in this study, but the frequency varies widely, from
0% to 11%, in reports of patients with different underly-
ing diseases [11,12]. It was also reported that the devel-
opment of aseptic meningitis was not correlated with
the patient age or the type of underlying neuromuscular
disease [12].

Hamrock reported that most patients who developed
aseptic meningitis received 2 g/kg of IVIG, and that
meningitis did not occur in any of their patients receiving
a standard replacement dose of IVIG for a congenital
immunodeficiency [5]. All of our patients received high-
dose IVIG at a dose of 1 or 2 g/kg. Our patients almost
equally received sulfonated IVIG or PEG-treated IVIG,
and 2 patients in each group (total 4) developed meningi-
tis, thus indicating that there are no apparent differences
in the effects of sulfaonated or PEG-treated IVIG with
regard to the development of meningitis. In this study,
patients were exposed to either sulfonated IVIG or PEG-
treated IVIG, but not to products manufactured by other
processes such as cold ethanol Cohn fractionation/ultrafil-
tration, ion exchange, or low-PH treatment. The inability
to further explore the possible etiological factors related to
specific IVIG brand or manufacturing lots may be a limita-
tion of this study. There were no obvious differences of
clinical and laboratory data, including the severity of KD
on admission, day of initiating IVIG, or changes of inflam-
matory markers after IVIG between patients who devel-
oped meningitis and those who did not.

In the present study, aseptic meningitis developed
within 25 to 40 hours after initiation of IVIG. In pre-
vious case reports, most patients also developed menin-
gitis within 48 hours of beginning IVIG. Although all of

Table 3 Cerebrospinal fluid findings

our patients developed a fever and typical meningeal
irritation signs, it may be possible that milder cases of
aseptic meningitis could be misdiagnosed as IVIG-
refractory KD, since the onset of fever after completion
of IVIG therapy is often interpreted as recrudescence of
KD. It is important to consider the possibility of IVIG-
induced meningitis with careful physical examinations
to avoid unnecessary therapies, such as additional IVIG,
steroids, and infliximab.

CSF examinations revealed neutrophilic pleocytosis in
3 of our 4 patients, slight elevation of the protein level in
1 patient, and normal glucose levels in all 4 patients.
These findings were similar to those of previous reports.
The analysis of the CSF in patients with aseptic meningi-
tis usually shows pleocytosis with neutrophil predomi-
nance, normal or slightly elevated protein, and normal
glucose levels. It may therefore be difficult to differentiate
IVIG-induced meningitis from viral meningitis by the
CSF findings, as it has been reported that the CSF protein
levels are normal to mildly elevated, glucose levels are
normal to slightly depressed, and neutrophil predomi-
nance is also seen in pediatric patients with viral menin-
gitis [13,14].

All of our patients recovered without developing any
neurological complications. Two were treated with
intravenous methylprednisolone, and the other 2 were
monitored without medical treatment. Jayabose et al.
reported that children with ITP who were given predni-
sone had a lower risk of neurological complications
after IVIG [15]. However, it has also been reported that
such symptoms are self-limiting, and that there is no
specific therapy that shortens the duration of symptoms.
Thus, it may be advisable to carefully observe such
patients and avoid systemic therapy [5]. In our study,
there were no obvious differences in the clinical courses
between patients treated with intravenous methylpredni-
solone and those who received no medical treatment,

Patient Cells (/uL) Glucose (mg/dL) Protein (mg/dL) LDH (U/L)
1y male 1,248 (P 89%) 51 59 39
6y female 120 (P 13%) 54 23 33
7y female 648 (P 83%) 77 30 40
10 y female 21 (P 65%) 52 37 NT

LDH = lactate dehydrogenase; P = polynuclear cells; NT = Not tested.
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which suggests that systemic steroid administration is
not beneficial for IVIG-induced meningitis.

The mechanisms underlying IVIG-induced meningitis
are not clear. One possible cause is an allergic hypersensi-
tivity reaction caused by direct entry of the IVIG prepara-
tion into the CSF compartment. This is supported by the
fact that CSF eosinophilia has been observed in some
patients [11]. In our study, one patient exhibited periph-
eral eosinophilia (11% of the total 5,800/uL white blood
cells) but CSF eosinophilia was not observed in any of our
patients. None of our patients developed exanthema after
IVIG. Although our patients received no pre-treatment, it
may be useful to give antihistamines prior to IVIG if aller-
gic reaction is one of the mechanisms responsible for
IVIG-induced meningitis. Recently, it was reported that
there were increased levels of CSF monocyte chemoattrac-
tant protein-1 (MCP-1) in ITP patients with IVIG-induced
meningitis, which suggests a role for monocytes in the
inflammation of the meninges [16]. On the other hand,
Jarius et al. reported that aseptic meningitis was frequently
associated with neutrophillic pleocytosis in the CSF and in
vivo activation of TNF-a-primed neutrophils by atypical
antineutrophil cytoplasmic antibodies in IVIG might con-
tribute to aseptic meningitis [17]. In our present study, the
CSF cytokines or chemokines were not measured.

Meningitis is also a known complication of KD. Dengler
et al reported that one-third of patients with KD who
underwent a lumbar puncture had CSF pleocytosis with
mononuclear cell predominance [18], which is in contrast
to the polynuclear cell predominance observed in IVIG-
induced meningitis. Meningitis as a complication of KD
usually occurs early in the course of the disease and
improves after KD treatment, which is mainly IVIG therapy
[19]. Table 4 shows a comparison between IVIG- and KD-
induced meningitis. It is not difficult to differentiate IVIG-
induced meningitis from aseptic meningitis complicating
KD, as both the time of onset and CSF findings differ.

Conclusions
In conclusion, IVIG-induced meningitis developed
within 48 hours of initiating IVIG and resolved in a few

Table 4 A comparison between IVIG- and KD-induced
meningitis

Meningitis due to IVIG  Meningitis due to KD

Appearance  Within 48 hrs after IMIG Early in the stage, before
MG

Clinical Typical meningeal signs  Can lack meningeal signs

findings

CSF findings  Polynuclear cell Mononuclear cell
predominance predominance

Effective No special therapy Therapy for KD

therapy

IVIG = intravenous immunoglobulin; KD = Kawasaki disease; CSF =
Cerebrospinal fluid.
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days, without neurological complications, and systemic
steroid administration was not beneficial in our patients.
Further investigations of the pathophysiology of IVIG-
induced meningitis, including a detailed analysis of the
underlying mechanisms, are needed.
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Mizoribine provides effective treatment of
sequential histological change of arteritis and
reduction of inflammatory cytokines and
chemokines in an animal model of Kawasaki
disease

Kei Takahashi', Toshiaki Oharaseki', Tomokazu Nagao?, Yuki Yokouchi', Hitomi Yamada', Noriko Nagi-Miura®,
Naohito Ohno? Tsutomu Saji?, Tomio Okazaki® and Kazuo Suzuki®

Abstract

Background: Intravenous immunoglobulin (IVlg) treatment results in an effective response from patients with
acute-phase Kawasaki disease (KD), but 16.5% of them remain nonresponsive to IVlg. To address this therapeutic
challenge, we tried a new therapeutic drug, mizoribine (MZR), in a mouse model of KD, which we have established
using injections of Candida albicans water-soluble fractions (CAWS).

Methods: CAWS (4 mg/mouse) were injected intraperitoneally into C57BL/6N mice for 5 consecutive days. MZR or
IgG was administered for 5 days. After 4 weeks, the mice were sacrificed and autopsied, the hearts were fixed in
10% neutral formalin, and plasma was taken to measure cytokines and chemokines using the Bio-Plex system.

The incidence of panvasculitis in the coronary arteries and aortic root was 100% in the control group. The
incidence of panvasculitis in the MZR group decreased to 50%. Moreover, the scope and severity of the
inflammation of those sites were significantly reduced in the MZR group as well as the IgG group. On the other
hand, increased cytokines and chemokines, such as IL-1a, TNF-a,, KC, MIP-Tar, GM-CSF, and IL-13, in the
nontreatment group were significantly suppressed by treatment with MZR, but the MCP-1 level increased. In
addition, IL-1a, TNF-at, IL-10, IL-13, and MIP-Ta, were suppressed by treatment in the IgG group.

Results: The incidence of panvasculitis in the coronary arteries and aortic root was 100% in the control group. The
incidence of panvasculitis in the MZR group decreased to 50%. Moreover, the scope and severity of the
inflammation of those sites were significantly reduced in the MZR group as well as the 1gG group. On the other
hand, increased cytokines and chemokines, such as IL-To. TNF-a, KC, MIP-1a,, GM-CSF, and IL-13, in the
nontreatment group were significantly suppressed by treatment with MZR, but the MCP-1 level increased. In
addition, IL-1a,, TNF-r, IL-10, IL-13, and MIP-1a. were suppressed by treatment in the IgG group.

Conclusion: MZR treatment suppressed not only the incidence, range, and degree of vasculitis, but also
inflammatory cytokines and chemokines in the plasma of the KD vasculitis model mice, suggesting that MZR may
be useful for treatment of KD.

Keywords: Kawasaki disease, an animal model, Vg, coronary arteritis, inflammatory cytokines and chemokines,
mizoribine
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