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Background: Enterovirus causing hand-foot-mouth disease (HFMD) has been
reported to be associated with the development of Kawasaki disease (KD),
whereas the involvement of enterovirus in the clinical course of KD is uncertain.
The aim of this study is to investigate the association between the clinical
course of KD and HFMD epidemics.

Methods: This study included 108 patients who developed KD during HFMD
epidemic seasons (July and August) from 2010 to 2014 and who were
initially treated with high-dose intravenous immunoglobulin (IVIG). A mean of
>5.0 HFMD patients reported weekly from each sentinel medical facility was
considered to represent a large HFMD epidemic. We compared the clinical
characteristics of KD patients in summers of years with and without large
HFMD epidemics.

Results: Large HFMD epidemics occurred in 2011 and 2013. The number of
KD patients in summer was the highest in 2011. The proportion of patients
with resistance to the IVIG therapy in summers of years with the large
epidemics (14%) was significantly lower than that in summers of other years
(31%, P = 0.030), whereas the proportion of patients with coronary artery
abnormalities did not differ to a statistically significant extent. The development
of KD during large HFMD epidemics was significantly associated with a lower
risk of resistance to the IVIG therapy (incidence rate ratio 0.92, P = 0.049).
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Conclusion: Patients developing KD during large HFMD epidemic may have
good responsiveness to IVIG. It is important to identify microbes from KD
patients to predict responsiveness to IVIG therapy.

Kawasaki disease (KD), hand-foot-and-mouth disease (HFMD), enterovirus (EV),
responsiveness to immunoglobulin therapy, negative correlation

Introduction

Kawasaki disease (KD) is a self-limiting systemic vasculitis
of unknown etiology that occurs in infants and children
(1). Currently, KD is considered to be a disease that results
from the exposure of genetically susceptible individuals
to infectious or environmental triggers (2). KD epidemics
have been reported and the disease shows seasonality (3-
6). Thus, it has been hypothesized that various microbes
might be associated with the development of KD. Previous
studies have suggested that genetic factors might also
be associated with susceptibility to the development of
coronary artery abnormalities (CAAs) or resistance to high
dose intravenous immunoglobulin (IVIG) therapy (7, 8).
On the other hand, the association of microbes with the
development of complications or responsiveness to therapy
remains uncertain.

We previously reported, based on a study (all the patients
were Japanese) conducted in a Japanese metropolitan city,
that there was seasonality in the responsiveness to the initial
IVIG therapy in KD patients, and that the proportion of KD
patients with resistance to the treatment peaked in the warm
period, especially summer (9). This result suggested that some
environmental triggers, including microbes, might be associated
with responsiveness to IVIG therapy in KD patients. In that
study, we found that the number of KD patients peaked
in winter in most years, while it only peaked in summer
in 2011. In addition, it seemed that the proportion of KD
patients with resistance to the initial IVIG therapy in the
summer of the year was lower in comparison to all other
years. Meanwhile, we noted that a large epidemic of hand-foot-
mouth disease (HFMD) occurred in 2011 (10). Enterovirus, a
causative pathogen of HFMD, is a prevalent virus in summer
and has been reported to be associated with the development
of KD (11-13). Based on the results of our previous study
and the epidemiological findings, we hypothesized that HFMD
might be related to the responsiveness to IVIG therapy in
KD patients.

To investigate the association between the clinical course
of KD and HFMD epidemics, we compared the clinical
characteristics of KD patients in the summers of the years with
and without large HFMD epidemics.

Frontiers in Pediatrics

02

Materials and methods

The investigation of HFMD epidemics and
the definition of “large HFMD epidemic”

To assess HFMD epidemics during the study period, we
investigated the total number of cases with HFMD reported
from 24 sentinel medical facilities in Kitakyushu City with
reference to the infectious disease surveillance data of the city
(10). HFMD had been prevalent every year from the end of June
to the end of August. Thus, we defined the HFMD epidemic
period as July to August. Furthermore, if the mean number of
HEMD patients reported weekly from each facility was >5.0,
we determined that a large epidemic had occurred in the week.
A year in which the mean weekly number of reported HFMD
cases exceeded 5.0 even once was defined as “year with a
large epidemic.”

Study population

From 2010 to 2014, 744 KD patients were admitted to
the pediatrics departments of 6 hospitals in Kitakyushu City.
The eligible patients were also enrolled in our previous study
to investigate the seasonality of the clinical course of KD
(9). Among these patients, 108 who developed KD in July or
August and who were initially treated with high-dose IVIG
were enrolled in the present retrospective study. We compared
the demographic and clinical characteristics between children
who developed KD during the HFMD epidemic periods in
years with large epidemics and those who developed KD in
other years. The clinical information on each patient was
collected using a standardized case report form. The Diagnostic
Guidelines for Kawasaki Disease (fifth version) were applied
as the diagnostic criteria for KD (14). High-dose IVIG (2
g/kg/dose) and oral aspirin (30 mg/kg/day) were administered
as the initial treatments for KD. IVIG was administered in 12—
24h. None of the patients with response to the initial IVIG
therapy received corticosteroid or other medication such as
infliximab and cyclosporin A. Our study was approved by the
Institutional Review Board of the University of Occupational
and Environmental Health, Japan (ID: H28-063).
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Evaluations

The analyzed data included the age (in months), the day
of illness at the initial treatment, the laboratory data, the
score for predicting resistance to the initial IVIG therapy
(Kobayashi score) (15), and the proportions of patients with
resistance to initial IVIG therapy and those with coronary
artery abnormalities (CAAs) assessed by echocardiography.
The laboratory data included the peripheral white blood
cell, neutrophil, and platelet counts, and the serum aspartate
aminotransferase, sodium and C-reactive protein (CRP) levels
which were measured before the initial treatment. Patients
whose body temperature was >37.5°C for >24 h after the initial
IVIG therapy or who showed recurrent KD symptoms after
initial defervescence were considered to be resistant to the initial
IVIG therapy (14). CAA was defined by an internal lumen
diameter of >4 mm or local dilation (<4 mm internal diameter
in children of <5 years of age and <1.5 fold that of an adjacent
segment in children of >5 years of age) (16).

Statistical analyses

The Mann-Whitney U-test used to

quantitative values and the chi-squared test and Fisher’s

was compare
exact test were used for the qualitative analyses. Incidence rate
ratios (IRR) of the mean number of HFMD patients reported
weekly from each facility for the resistance to the initial IVIG
therapy were estimated by Poisson regression in which the
number of the development of KD was used as off-set. We
also used a scatter plot to investigate the relationship between
the responsiveness to IVIG treatment and the number of
HEMD patients. The Stata software program (version 15,
Stata Corporation, College Station, TX) was used to perform
the statistical analyses. P-values of <0.05 were considered to
indicate statistical significance.

Results

The demographic and clinical characteristics of the enrolled
patients are shown in Table 1. None of the patients had received
IVIG therapy before the diagnosis of KD. The median age, male-
to-female ratio and the median days of illness at the initial
IVIG therapy of the enrolled patients were similar to those a
recent Japanese nationwide survey (17). In the present study,
the proportion of KD patients with resistance to the initial IVIG
therapy (23.1%) was higher and the proportion of those with
CAAs (3.7%) was lower in comparison to the results of the
nationwide survey (19.7 and 9.0%, respectively). In HFMD non-
epidemic periods excluding every July and August during the
investigation period of our previous study (9), of the 607 KD
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TABLE 1 The demographic and clinical characteristics of KD patients
with the initial IVIG therapy.

Characteristics Eligible patients, n = 108
Age, months, median (range) 23.5(2-87)
Gender, n, %male 56 (51.9)
Days of illness at the initial IVIG therapy, 5(2-10)
median (range)
Patients with resistance to the initial [IVIG 25(23.1)
therapy, n (%)

Proportion of the IVIG resistance rate in 24.2 (8/33)
patients with serum C-reactive protein >10
mg/L"?, %

Proportion of the IVIG resistance rate in 22.7 (17/75)
patients with serum C-reactive protein <10
mg/L»"‘, %
Patients with CAAs, n (%) 4(3.7)
Fatal case, n (%) 0(0)

**With reference to Kobayashi score (15).
KD, Kawasaki disease; IVIG,
artery abnormality.

intravenous immunoglobulin; CAA, coronary

patients, 110 (18.1%) were refractory to the initial IVIG therapy
and 22 (3.6%) developed CAAs (data not shown).

In HFMD epidemic periods, the highest number of KD
patients was in 2011, when the number of HFMD patients
was the highest, and the lowest number of KD patients was
in 2012, when the number of HFMD patients was the lowest
(Figure 1). During the study period, large HFMD epidemics
occurred in 2011 and 2013 (Figure 1). The main serotypes of
enterovirus isolated from HFMD patients were enterovirus 71
in 2010, coxsackievirus A16 in 2011, coxsackievirus A2, A5 and
B4 in 2012, coxsackievirus A6 and enterovirus 71 in 2013, and
coxsackievirus A6 and enterovirus 71 in 2014 (18). No endemic
of infectious diseases other than HFMD was observed in the
summer from 2010 to 2014 (10). We compared the demographic
and clinical characteristics between patients who developed KD
in July and August of 2011 or 2013 (summers of years with
large epidemic, n = 50) and those who developed KD in July
and August of 2010, 2012 or 2014 (summers of other years, n
= 58). The serum CRP levels were higher in summers of years
with large epidemic than of other years (P = 0.015). With the
exception of the CRP level, there were no significant differences
in the demographic and laboratory data or in the median days
of illness at the initial IVIG therapy between the two groups
(Table 2). The proportion of patients with resistance to the initial
IVIG therapy in summers of years with large epidemic (14%)
was significantly lower than that in summers of other years
(31%, P = 0.030). The IVIG resistance rate in the summer of
HEMD epidemic years was also lower than that for the entire
investigation period (19%, data not shown). The proportion of
patients with CAAs did not differ between the two groups to a
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FIGURE 1

The monthly number of KD patients and the weekly number of HFMD patients during the study period. The weekly number of HFMD patients
was reported from 24 sentinel medical facilities in Kitakyushu City. The left and right Y-axes indicate the monthly number of KD patients and the
weekly number of HFMD patients, respectively. The gray zones indicate July and August. KD, Kawasaki disease; HFMD, hand-foot-mouth disease.

statistically significant extent. No patients died during the study
period. The association between the number of patients with
resistance to the initial IVIG therapy in each July or August and
the mean number of HFMD patients reported weekly from each
sentinel medical facility in each previous month was examined
using a Poisson regression analysis. There was a negative
association between the two variables (IRR 0.92, 95% confidence
interval 0.86-0.99, P = 0.049, Table 3). As it is possible that there
was a time lag between the onset of the diseases directly induced
by pathogens, such as HFMD, and diseases indirectly induced
by pathogens, such as KD, we also compared the correlation
between the proportion of patients who were resistant to the
initial IVIG therapy those who developed KD in August and
the total weekly number of HEMD patients reported from the
sentinel medical facilities in Kitakyushu City in July. A marked
negative correlation was indicated in the relationship between
the two variables (R* = 0.9362, Figure 2).

We additionally investigated the demographic and clinical
characteristics between patients who developed KD during
epidemic and non-epidemic periods in the years with large
HEMD epidemics (2011 and 2013) by extracting data from
our previous study (9). In contrast to the results of our
previous study indicating that the proportion of KD patients
with resistance to the initial IVIG therapy was peaked
in the warm period, especially summer (9), the IVIG
resistance rate was lower in KD patients developing during
HEMD epidemic period (July and August) rather than
during non-epidemic period, although not to a significant
extent (Table 4).
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Discussion

Enterovirus, a causative pathogen of HFMD, has been
reported to be associated with the development of KD. Three
previous studies from Taiwan indicated that the number of
KD patients markedly increased in the summers of years in
which enterovirus 71 epidemics occurred (11), that a history of
previous enterovirus infection in children of 3-5 years of age
was associated with a higher risk developing KD (13), and that
the detection rate of enterovirus in the upper respiratory tract
of KD patients was significantly higher in comparison to age-
matched healthy children (12). On the other hand, to the best
of our knowledge, no reports have investigated the association
between the clinical course of KD and HFMD epidemics. In
the present study, a negative association was shown between
the development of KD during HFMD epidemics and the
risk of resistance to IVIG therapy, suggesting that patients
developing KD during large HFMD epidemic might show good
responsiveness to IVIG.

The administration of IVIG has been considered to be
effective for the prevention of enterovirus infection and the
treatment of severe enterovirus infection (19-21). In patients
with agammaglobulinemia who show increased susceptibility
to severe enterovirus infection, maintaining high titers of
serum antibodies to enteroviruses by IVIG replacement was
important for preventing infection (22). IVIG therapy was
also effective for enterovirus-associated regional enteritis in a
patient with X-linked agammaglobulinemia (23), suggesting that
the neutralization of the virus by the administration of IVIG
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TABLE 2 The comparison of the demographic and clinical
characteristics between patients who developed KD during summers
in large HFMD epidemic years and those in other years.

Characteristics Large other years*b, P-value
epidemic n=>58

years @, n =50
Age, months, median 23.5(3-87) 23 (2-70) 0.258
(range)
Gender, n, %male 29 (58.0) 27 (46.6) 0.235
Days of illness at the 5(3-10) 5(2-8) 0.437
initial IVIG therapy,
median (range)
White blood cell counts, 13.3(6.3-23.2) 12.3 (7.7-33.8) 0.687
10%/L, median (range)
Neutrophil, %, median 67.4(20.5-94.2) 68.6 (23.7-88.0) 0.526
(range)
Platelet counts, x 10°/L, 329 (129-824) 298 (154-660) 0.091
median (range)
Serum aspartate 35.5(21.0-4489) 43.0 (16.0-750) 0.968
aminotransferase level,
IU/L, median (range)
Serum sodium level, 135 (128-144) 135 (124-143) 0.342
mEq/L, median (range)
Serum C-reactive protein 58 (17-279) 89 (8-269) 0.015
level, mg/L, median
(range)
Kobayashi score, median 3(0-10) 3(0-10) 0.188
(range)
Patients with resistance 7 (14.0) 18 (31.0) 0.030
to the initial IVIG
therapy, 1 (%)
Patients with CAAs, n 2 (4.0) 2(3.4) 0.880
(%)
Fatal case, n (%) 0(0) 0(0) N.D.

We investigated data on KD patients that developed in July and August from 2010
to 2014.

A year in which the mean weekly number of HFMD cases reported from each sentinel
medical facility (n = 24) exceeded 5.0 even once was defined as “large epidemic year.”
The large HFMD epidemic years were 2011 and 2013.

*Patients who developed KD in 2011 or 2013 were classified into this category.
*bPatients who developed KD in 2010, 2012 or 2014 were classified into this category.
IVIG, intravenous immunoglobulin; CAA, coronary artery abnormality; N.D., no data.

led to the improvement of the symptoms. Furthermore, IVIG
therapy without concomitant corticosteroid therapy, was useful
for the treatment of severe enterovirus 71 infection, including
encephalitis and pneumonia (21). This finding indicated that
immunoglobulin might suppress the hypercytokinemia caused
by enterovirus infection. Given these previous reports, the
results of the present study showing a higher proportion of KD
patients with susceptibility to IVIG therapy in the summers
of years with large HFMD epidemics indirectly indicate that
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TABLE 3 Association of HFMD epidemic for the number of KD patients
with resistance to the initial IVIG therapy.
IRR

95% CI P-value

The mean weekly 0.92 0.86-0.99 0.049
number of HFMD cases
from each sentinel

medical facility

Incidence rate ratios (IRR) of the mean weekly number of HFMD cases from each sentinel
medical facility (n = 24) for the resistance to the initial IVIG therapy were estimated by
Poisson regression in which the number of the development of KD was used as off-set.
IRR, incident rate ratio; CI, confidence interval; IVIG, intravenous immunoglobulin;
HFMD, hand-foot-mouth disease.

immunoglobulin may be more effective for patients developing
KD during large HFMD epidemic. The outbreak of a specific
infectious disease could change the pattern of the seasonal
variation of KD (12, 24, 25). In addition, the difference in
responsiveness to the IVIG therapy among microbes may
change the seasonal pattern of the clinical course of KD. In
order to predict responsiveness to IVIG therapy, it will be
important to try to identify various microbes from KD patients.
Although the difference of the lot number of immunoglobulin
might affect the efficacy of IVIG therapy for KD, in patients
diagnosed with KD from April to June and from September
to November 2011, the IVIG resistance rates were 22.2 and
17.9%, respectively, and higher than in those from July to
August, indicating that the lot number of immunoglobulin is
not considered to affect its efficacy. In addition, the difference
of the brand of immunoglobulin may also affect the efficacy
of IVIG therapy for KD. Although not all 6 hospitals use the
same brand of immunoglobulin, the IVIG resistance rate was not
significantly different among them.

In the present study, the serum CRP levels in patients who
developed KD during the summers of years with large HFMD
epidemic was significantly lower in comparison to the summers
of other years. In addition, peripheral platelet counts in the
former KD patients were higher than those in the latter patients
although not to a statistically significant extent. Higher levels
of serum CRP and lower platelet counts were risk factors for
predicting resistance to IVIG therapy in KD patients (15, 26, 27).
From the aspect of laboratory findings, it was also indicated that
patients who developed KD during the summers of years with
large HEMD epidemics showed good responsiveness to IVIG.

Compared with the nationwide survey (17), the proportion
of KD patients with resistance to the initial IVIG therapy
was higher in the summers of years without large HFMD
epidemics. In our previous report (9), the proportion of KD
patients with resistance to the initial IVIG therapy was peaked
in the warm period, especially summer. The course of KD
that is refractory to IVIG therapy is often severe. Based on
the results of this study, as one hypothesis, we considered that
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the severity of KD might be affected by the variation in the
ambient temperature. Increased temperatures provide optimal
conditions for pathogen survival, virulence and replication as
well as increased opportunities for human-pathogen interaction
(28, 29). In addition, the elevation of ambient temperature
favors transition of pathogens within the nasopharynx from
the carrier state to invasive state (30). The increased loads of
specific pathogens and the promotion of the invasion due to
an increased ambient temperature may be also associated with
the severity of KD. Given that the baseline IVIG resistance
rate in the summer was high in the investigation period, even
HFMD epidemic was associated with low resistant rate, it would
be expected that the resistance rate in the summer was not
substantially lower than that in non-summer months in HFMD
endemic years.

The incidence of CAAs in this study (3.7%) was lower
than that in the nationwide survey (9.0%) (17). As one of
this reason, early additional therapies might be appropriately
performed for the eligible KD patients with resistance to
the initial IVIG therapy. Alternatively, it was speculated
that there may be the regional difference in the incidence
of CAAs, because environmental factors and epidemics of
infectious diseases that are considered to be associated with
the formation of CAAs may be different by regions. The
similar study is needed to be performed in other regions
in Japan.
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The present study was associated with some limitations.
First, the sample size was relatively small because the
investigation period was not sufficient. This could have
affected the accuracy of the statistical analysis. However, as
our study was a post-enumeration survey in a region, we
could not increase the subjects premeditatedly. Second,
the
carried enterovirus at the onset of KD because this is

we could not confirm whether eligible patients
an epidemiological study. Accordingly, the serotypes of
enteroviruses were not investigated in these patients, and
the specific serotypes associated with the development of
KD remain uncertain. In addition, we could not collect
data on history of recent enterovirus infection in the
eligible KD patients of this retrospective study. A long-
term prospective study is needed to clarify the association
between enterovirus infection and responsiveness to IVIG
therapy in KD patients.

In conclusion, the present study indicated that the
proportion of KD patients with resistance to the initial IVIG
therapy was significantly lower in the summers of years with
large HFMD epidemic than in the summers of other years.
Furthermore, a negative association was identified between
the development of KD during HFMD epidemics and the
risk of resistance to IVIG therapy. This result suggested
that patients developing KD during large HFMD epidemic

might show good responsiveness to IVIG. Epidemiological
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TABLE 4 The comparisons of the demographic and clinical
characteristics between patients who developed KD during epidemic

and non-epidemic periods in the years of large HFMD epidemics™.

Characteristics Epidemic = Non-epidemic P-value

period™® period’®

n =50 n =229

Age, months, median 23.5(3-87) 24.0 (1-143) 0.80
(range)
Gender, n, %male 29 (58.0) 140 (61.1) 0.68
Days of illness at the 5(3-10) 5(1-10) 0.37
initial IVIG therapy,
median (range)
White blood cell counts, 13.3(6.3-23.2) 13.5(1.1-33.0) 0.59
10°/L, median (range)
Neutrophil, %, median 67.4(20.5-94.2) 65.3 (5-92) 0.71
(range)
Platelet counts, x 10°/L, 329 (129-824) 299 (74-1,299) 0.20
median (range)
Serum aspartate 35.5(21-4,489) 37.0 (4.1-874) 0.63
aminotransferase level,
IU/L, median (range)
Serum sodium level, 135 (128-144) 135 (125-143) 0.51
mEq/L, median (range)
Serum C-reactive protein 58 (17-279) 68 (0.7-207) 0.27
level, mg/L, median
(range)
Kobayashi score, median 3(0-10) 3(0-10) 0.15
(range)
Patients with resistance 7 (14) 43 (18.7) 0.42
to the initial IVIG
therapy, 1 (%)
Patients with CAAs, n 2 (4.0) 10 (3.6) 0.79
(%)
Fatal case, n (%) 0(0) 0(0) N.D.

*2The years with large HFMD epidemics indicate 2011 and 2013.
*YEpidemic period indicates July and August.

*“Non-epidemic period indicated from January to June and from September

to December.

HFEMD, hand-foot-mouth disease;

KD, Kawasaki disease;

immunoglobulin; CAA, coronary artery abnormality; N.D., no data.

IVIG,

intravenous

studies may be useful not only for linking two unrelated
diseases but also for predicting responsiveness to treatment.
A further prospective study is desired to investigate the
relationship between KD and environmental triggers such
as HFMD.
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