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Early diagnosis of Kawasaki disease in patients with cervical
lymphadenopathy
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Abstract

Background: Among typical patients with Kawasaki disease (KD), a few KD patients present with only fever and
cervical lymphadenopathy at admission (KDL). These patients have a significant risk for misdiagnosis, delay in treat-
ment for KD, and development of coronary artery abnormalities. Therefore, the development of an easy tool for early
diagnosis in these patients is desirable.

Methods and Results: Patients who presented with only fever and cervical lymphadenopathy at admission were stud-
ied. OF these, 14 patients were eventually diagnosed with KD (KDL) and 24 patients were successfully treated using
antibiotics (control). KDL patients were significantly older than control patients (P = 0.022). Among the laboratory
findings, neutrophil counts (P = 0.003), C-reactive protein (CRP; P <0.001), and aspartate aminotransierase (AST;
P = 0.018) were significantly different between the groups. To discriminate KDL patients from controls, cut-off points
of the aforementioned parameters (KDL indices) were determined using the receiver operating characteristic curves
in order to maximize sensitivity and accuracy (age, 5.0 years; neutrophil counts, 10 000/uL; CRP, 7.0 mg/dL; AST,
30 TU/L). One point was assigned if a subject exceeded the cul-off point in a KDL index. Tf a patient with three or four
KDL indices was considered to have KD, the sensitivity was 78% and the specificity 100%. None of the patients with
one or zero KDL index developed KD,

Conclusions: KDL indices may be helpful in discriminating KDL from lymphadenitis at admission. Tt is important to

monitor the symptoms of KID in a patient with three or four KDL indices at admission,
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Kawasaki disease (KD) is a systemic vasculitis of unknown eti-
ology that occurs commonly in children under 5 years of age and
results in coronary artery abnormalities (CAA) in 15-25% of
untreated children.'* Its symptoms are fever, skin rash, conjunc-
tivitis, mucosal inflammation, changes in extremities, and cervi-
cal lymphadenopathy.'* Cervical lymphadenopathy is the least
common diagnostic criterion and is present in approximately
42-65% of KD patients.*** A few KD patients present with only
fever and cervical lymphadenopathy at their initial presentation,
These patients have a risk for misdiagnosis of bacterial lymphad-
enitis or other lymphadenopathy. This can sometimes lead to
unnecessary treatment with antibiotics and delay in appropriate
treatment including the administration of i.v. gammaglobulin
(IVGG).** Delayed diagnosis and treatment with IVGG can
increase the risk of the cardiac complications of KD. Zhang et al.
examined data from a Japanese nationwide survey and reported

Ci pond Yuichi N 2, MD, Department of Pediatrics,
Graduate School of Medical Science, Kagoshima University, 8-35-1
Sakuragaoka, Kagoshima City 890-0064, Japan. Email: uichi@
m2 . kufm.kagoshima-u.ac jp

Received 19 June 2005; revised 16 February 2007; accepled
13 March 2007,

© 2008 Japan Pediatric Society

that IVGG is more effective for patients treated al the seventh
day of illness or earlier than those treated at the eighth day or
later? Therefore, it is important to discriminate KD patients
whose initial presentation involves only fever and lymphadenop-
athy from those patients with other causes of cervical lymphaden-
opathy. Also, the development of an easy tool for early diagnosis
in these patients is desirable. With this in mind, we retrospec-
tively reviewed the data of patients who were referred and admit-
ted with symptoms of fever and cervical lymphadenopathy on
initial presentation.

Methods
Patients

Of the 154 patients who were referred and admitted to the
Kagoshima City Medical Association Hospital (KCMA Hospi-
tal) between September 1998 and August 2004 and ultimately
fulfilled the diagnostic criteria of the Japanese Kawasaki Dis-
case Research Committee? during the course of the disease,
those patients who had only fever and cervical lymphadenopa-
thy at admission were used as KDL patients. Patients who were
referred and admitted to KCMA Hospital and were diagnosed

—216—



180 S Yanagi er al.

with lymphadenitis during the same period were used as control
patients, Patients with infectious mononucleosis (IM) were
excluded.

Between KDL patients and control patients, their information
(age, sex, and admission day of illness) and laboratory findings at
the time of admission (white blood cell counts, neutrophil counts,
hematoceril, plalelet counts, C-reactive protein [CRP]; aspartate
aminotransferase [AST); alanine aminotransferase; lactate dehy-
drogenase; total protein; and albumin) were compared. Ultrasound
echocardiography was performed in patients with KD and control
at admission and re-performed at least twice a week during admis-
sion, The findings and maximum diameters of lymph nodes in
each patient or control evaluated on ultrasonography were also
compared. Ultrasonographic evaluations of cervical lymph nodes
using a 7.5MHz transducer of a B-mode sector scanner (Logig
500 Pro, GE Medical System, Tokyo, Japan) were performed on
admission. The maximum lymph node diameter was measured
using ultrasonography and defined as the maximum diameter of
the largest cervical mass constituted by multiple lymph nodes.

Tliness day | was determined as the first day of fever in both
groups. Informed consent was obtained from each child’s par-
ents before routine blood sampling and ultrasonography.

Statistical analysis

Differences in mean values of age, admission day, laboratory
findings, and the maximum diameter of lymph node between KD
and control patients were examined using Mann-Whitney U-test.
Differences between KD and IM patients were also examined
using Mann-Whitney U-test. Fisher's exact probability test was
used to assess the frequency of male subjects and the type of
lymphadenopathy between the groups. Cut-off point analysis
using receiver operating characteristic (ROC) curves was applied
to maximize the sensitivity and accuracy for discriminating KDL
patients from controls. The data were processed using Stat View
5.0 (Abacus Concepts, Berkeley, CA, USA) and SPSS 14.0
(SPSS, Chicago, IL, USA). P < 0.05 was considered statistically
significant.

Table 1 Clinical findings

Results
Characteristics of subjects

During the study period, 14 patients (9.1% of total patients with
KD) had only fever and cervical lymphadenopathy at admission.
All of them eventually fulfilled the diagnostic criteria between
the fourth day and eighth day of illness (5.0 £ 1.1 days of illness).
Thirteen patients received IVGG (2.0£0.6 g/kg) and four
patients needed additional IVGG. One patient had desquamation
on his hands on the eighth day of illness and was then diagnosed
with KD, Because he had already become afebrile, he was not
given IVGG, and fortunately CAA was not observed. Two
patients developed CAA as estimated on ultrasound echocardi-
ography at 1 month of illness. Both patients were admitted at
2 days of illness and were started IVGG on 6 days of illness.
Twenty-four patients (16 boys, eight girls; average age,
4.8 £ 4.5 years, range 0.1-15.4 years) were referred and admit-
ted with only fever and lymphadenopathy (control). They became
afebrile following antibiotic therapy (2.8 + 1.8 days from the ini-
tiation of i.v. antibiotics). There were no patients who required
aspiration of an abscess. All of them were diagnosed with lym-
phadenitis or suspected lymphadenitis related to drainage area.
None of them had coronary artery changes in ultrasound echocar-
diography performed during admission. Desquamation of the
fingers or toes after discharge was not observed in the controls.
Comparisons of the findings between KDL and control
patients are shown in Table 1. There were no differences in the
incidence of male gender between patients with KDL and con-
trol patients. The mean age was significantly higher in KDL
patients than in control patients. The mean admission day of ill-
ness was significantly earlier in KDL than in conirols. Among 11
patients admitted at § days of illness or later, no patients devel-

oped KD.

Laboratory and lymph node findings

For the laboratory findings at the time of admission, KDL patients
had significantly higher white blood cell counts, neutrophil

KDL Control ™ P
n (M/F) 14 (10/4) 24 (16/8) 36 (20/16) n.s.
Age (years) 6.6+23 48245 55x35 0.022
Admission day 2909 5.1%£32 6.0+3.0 0.003
WRC (mm') 18 043 = 6380 12729 £ 7,209 14 267 £ 4560 0.043
Neutrophil counts (/uL) 14 433 £ 5594 8128 £ 5170 37991715 0.003
Hematocrit (%) 369+28 35535 36755 n.s.
Platelet counts( x 10%/L) 02113 3T7+131 199262 n.s.
CRP (mg/dL) 10649 52234 1.3z1.0 <0.001
AST (JU/L) 143 £ 207 313 117129 0.018
ALT (IUL) 106 £ 150 2317 144 =209 n.s.
LD (UML) 685 = 332 637 £ 360 1049 £ 317 ns.
Albumin (g/dL) 4004 40203 39203 ns.
Lymph node maximum diameter (mm) 194+ 6.7 (n = 5) 21.5£6.1 (n = 15) n.s.

P were measured bcawoca KDL and control. ALT, alanm: aminotransferase; AST, asparialc |mmntrms[um CRP, C-reactive protein; M,

I s KDL, with Ka

infectious
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i disease who had only fever and lymp pathy at admi 1, LD, lactate dehydroge-
nase; admission day; admission day of illness; WBC, white blood cells.
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counts, CRP, and AST than those of control patients (Table 1)
Lymphadenopathy was noted at 1.52 0.6 days of illness in
KDL patients versus at 2.3 £ 1.6 days in control patients. These
tliness days were not statistically different between the groups
(P=0.227)

Four KDL patients (29%) and 10 control patients (42%) dem-
onstrated bilateral cervical lymphadenopathies. This difference
was not statistically significant. Ultrasonography was performed
in five patients with KDL and in 15 control patients. Multiple en-
larged lymph nodes were observed in five KDL patients (Fig. 1a)
and 14 control patients (Fig. 1b). Only one control patient had
a large central hypoechoic component with small nodes, Maxi-
mum lymph node diameter was not different between the groups
(Tuble 1).

Discriminating KDL patients from control patients

In order to discriminate KDL paticnts from control patients, the
four KDL indices (age, neutrophil counts, CRP, and AST) were
selected according to the level of their significance (area under
the ROC curves of these indices were 73%, 80%, 83%, and
73%. respectively). White blood cell counts had a strong rela-
tionship with neutrophil counts (r = 0.934, P <0.001), therefore
we represented this by neutrophil counts. Admission illness
day was also significantly different between the groups but we
did not use it because the indication for referral of admission
may be different for each physician. The following optimal
cut-off points were used to discriminate KDL patients from
controls: age 5.0 years (sensitivity 71%, specificity 67%); neu-
trophil count 10000/pL. (sensitivity 86%, specificity 67%),
CRP 7.0mg/dL (sensitivity 93%, specificity 67%), and AST
JOTU/L (sensitivity T1%.,
assigned il a subject’s value exceeded the cut-off in & KDL
index. The mean number of abnormal KDL indices was 3.2+ 08
(range, 2-4) in KDL patients and 1.3£0.7 (range, 0-2) in
control patients (Fig. 2). These were significantly different
(P<0.0001). If a patient with three or four abnormal KDL
indices is considered to have KD, the sensitivity was 78% (11
of 14) and specificity was 100% (24 of 24). Of 11 patients with
three or four abnormal KDL indices, seven patients had five or
six principal symptoms of KD on the fifth day of illness. Two
patients had four symptoms and each one patient had three or
two symptoms. Therefore, KDL indices were helpful in dis-
criminating patients with KD from patients with lymphadenitis,
even in four patients who were diagnosed as having KD after
the fifth day of illness. If a patient with two or more abnormal
KDL indices is considered to have KD, the sensitivity was
100% (14 of 14) and specificity was 50% (12 of 24). None of
the patients with one or zero KDL indices developed KD. The
number of KDL indices in the control patients decreased gradu-
ally after the initition of antibiotics. There were no control
patients who had increases in number of KDL indices during
the clinical course.

specificity 67%). Onepoint was

Patients with IM

Thirty-six patients were also referred and admitted with only
fever und lymphadenopathy during the study period bul they
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were excluded from designation as control patients because they
had atypical lymphocytes (36 £ 13% of total white blood cells,
range 11-65%) in the peripheral blood at admission. Of these, 27
were ultimately diagnosed on later serum antibody studies with
IM caused by the Epstein-Barr virus. The remaining nine patienis
were diagnosed with IM according 1o clinical course, None of
them developed CAA

Patients with IM had significantly lower white blood cell
counts (P <0.0001), neutrophil counts (P<0.0001), pluelet
counts (# = 0.0006), and CRP (P < 0,0001) than those of patients
with KD (Table 1). Lactate dehydrogenase in IM patients was
significantly higher than that of KDL patients (P = 0.0003)
The mean number of ahnormal KDL indices in IM patients was
1.5 £ 0.7 (range, 0-2), and it was significantly lower than that in
KDL patients (P < 0.0001). There were no IM patients who had
three or four abnormal KDL indices

Discussion

There are many conditions that can cause lymphadenopathy,
such as KD, malignancies, mononucleosis, streptococcal/staphy-
lococcal adenitis or tonsillitis, and toxoplasmosis. ' Patients with
IM also have fever und lymphadenopathy, but in the present

Fig. 1 Ultrasonography of cervical lymph nodes. (a) Patients with
Kawasaki disease had multiple enlarged lymph nodes (arrow).
(b) Fourteen patients with lymphadenitis also had multiple enlarged
lymph nodes (arrow)
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Fig.2 Distribution of the number of KDL indices in patients with
Kawasaki disease (KD) and lymphadenitis. (0) Patients with KD
had 2-4 abnormal KDL indices, and (A) patients with lymphadeni-
tis had 0-2 abnormal KDL indices. The admission days of illness
were earlier in paticats with KD than in patients with lymphadenitis.
KDL, patients with Kawasaki disease who had only fever and lymph-
adenopathy at admission; abnormal KDL indices: age = 5.0 years;
neutrophil counts = 10 000/pl.; C-reactive protein =7.0 mg/dL:
alanine aminotransferase =30 1U/L.

study it was not difficult 1o exclude these patients from the
control or KDL paticnts using peripheral blood  differcntial
findings.

Commonly, KD patients had several clinical features of KD at
admission. Among typical KD patients, a few patients present
with only fever and cervical lymphadenopathy on admission
(9.1% st KCMA Hospital). These patients have a significant risk
for misdiagnosis, unnecessary treatment with antibiotics, delay
in treatment for KD, and development of CAA** Kao et al.
reported on 14 patients with KD who presented with cervical
lymphadenitis or deep neck infection.® All of them were treated
with antibiotics and eventually fulfilled the diagnostic criteria for
KD at an average of 8.2days of illness (6-20days). CAA were
observed in three patients (21 %). They concluded that KD should
be considered in a child who has a fever and an enlarged cervical
lymph node and who is unresponsive to empiric antibiotics. After
confirming unresponsiveness to antibiotics, it may take several
days before diagnostic criteria for KD are met, as seen in the Kao
et al. report. This delay subsequently results in a delay in treat-
ment for KD, Based on clinical experience with many KD
patients, any symptoms of KD are monitored at KCMA Hospi-
tal, such that the diagnosis of KDL was established at 2.1 days
after admission, and IVGG therapy was initiated (average on the
fifth illness day). This situation might not be possible in all
hospitals. Therefore, an easy tool for early diagnosis for KDL
patients is desirable.

Tashiro er al. reported that ultrasonographic evaluation was
useful in the diagnostic process among KD patients with a cervi-
cal mass and presumed bacterial lymphadenitis at an early stage
of the disease."" They reported that multiple hypoechoic-enlarged
nodes forming is a feature of KD, whereas a large central hypo-
cchoic component with small nodes is a feature of the presumed
lymphadenitis. In the present study, however, ultrasonography of
lymphadenitis patients (control patients) showed multiple
hypoechoic-enlarged nodes forming (Fig. Ib). In Tashiro
et al’s report the cervical masses of lymphadenitis were
larger(46+ 18 mm in diameter) than those in the present study.
Therefore, the severities in lymphadenitis of the control patients

© 2008 Japan Pediatric Society

of the present study were different from those in presumed bacte-
rial lymphadenitis patients in Tashiro's report. This difference
may cause the difference in ultrasonographic findings in the
lymph nodes,

To discriminate KDL from controls, we chose four KD
indices: age, neutrophil count, CRP, and AST. Lymphadenopa-
thy is observed more frequently in older patients with KD than
in infants with KD.*" The average age of 6.6 years was mark-
edly higher than that of usual patients with KD (mean KD
patient age at KCMA Hospital during the study period was
2.5+2.2 years). Because of this, KD patients were significantly
older than control patients. With regard to neutrophil counts
and CRP, their significance may be caused by the difference in
inflammation. Because KD is a disease of systemic vasculitis,™
it is not surprising that inflammation in KDL patients was
greater than in control patients who had more localized inflam-
mation. Liver dysfunction is well known in KD and is the
reason for the significant difference in AST between KDL and
control patients. These four indices were considered as part of
the characteristics of patients with KD, and we were thus able
to identify 78% of KDL patients at admission using these indi-
ces, Among the patients who had only fever and lymphadenop-
athy on admission, it was important to monitor other symptoms
of KD when three or four KDL indices were abnormal. In
contrast, none of the patients with zero or one abnormal KDL
indices developed KD,

Conclusions

There were many patients who presented with only fever and
lymphadenopathy on admission. The KDL indices, which arc
constructed from the data of age and routine blood examination,
are helpful in discriminating patients with KD [rom patients with
Iymphadenitis at admission.
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At ITP &6 76K OEMHE i
HAaBrE@EATIRAF (B/) Fol, v
FThb19B80EROHETH L 120 EF I 5
IVIG OFEAITH D, 258 aspirin DA TH
MahTws, &L ITP L TRED
prednisolone )l |E#REMREIC IVIG H#0TH
f, 1fEERO TRIVMEEDBEIEL Twvws, &
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Marked thrombocytopenia after high dosage of intravenous immunoglobulin in a patient with
Kawasaki Syndrome

Takuro Nishikawa", Takashi Kumamoto", Atsushi Shimago", Yuichi Nomura?®,
Yoshifumi Kawano® and Kiyoshi Kawakami"

" Department of Pediatrics Kagoshima City Hospital
# Department of Pediatrics Graduate School of Medical and Dental Sciences, Kagoshima University

We reported a case of 3-year-old boy with Kawasaki syndrome (KS) who developed marked throm-
bocytopenia after high dosage of intravenous immunoglobulin (IVIG). He had an unremarkable medical
past history and was referred to our hospital because of lymphadenitis with the 3days of fever. The platelet
count was 23.2x10*/ € on admission. When he was diagnosed with KS at the 6th day of illness, his platelet
count had decreased to 13.7 X 10*/ pf . Treatments with oral administration of aspirin (30mg/kg/day) and
IVIG (1g/kg % 2days) were initiated. Despite the treatment, his fever continued and his platelet count
decreased to 0.6 <10/ ¢ . Bone marrow findings revealed increase of immature meagakaryocytes without
releasing of platelet and PAIgG was high titer of 467 ng/107 cells, suggesting idiopathic thrombocytopenic
purpura (ITP). After an additional IVIG (lg/kg*2days) treatment using another pharmaceutical, platelet
count increased to 7.0 X10*/u€ at the 12th day of illness and then elevated to normal range. However, his
fever continued, then, intravenous steroid pulse therapy was initiated at the 12th day of illness, and his fever
quickly disappeared. Thrombocytopenia after IVIG has been reported in patients with ITP. IVIG is
commonly used for KS or ITP. It is necessary to know the fact marked thrombocytopenia could occur after
IVIG.
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Patient Reports

Selective IgA deficiency complicated by Kawasaki syndrome

Takuro Nishikawa,' Yuichi Nomura,’ Yukiharu Kono' and Yoshifumi Kawano?
'Department of Pediarrics, Izumi City Hospital and *Department of Pediarrics Kagoshima University Graduate School of

Medical and Dental Sciences, Kagoshima, Japan

Key words

Selective sbsence of serum IgA is the most common defect
among primary immunodeficiency diseases, with rates ranging
from 1/333 to 1/16 000 persons among different races.' Serum
antibodies to IgA are reported in as many as 44% of patients with
selective IgA deficiency.! In these patients, administration of
blood products containing IgA may cause severe or fatal anaphy-
lactic reactions. Therefore, administration of blood products is
usually considered a contraindication for patients with selective
IgA deficiency.

A 2-year-old boy with selective IgA deficiency complicated
by Kawasaki syndrome (KS) was admitted to Izumi City Hospi-
tal. For patients with KS, administration of a high dosage of i.v.
immunoglobulin (TVIG) and the oral administration of aspirin
are recommended.*’ The present patient, however, needed treat-
ing without the use of IVIG. We successfully treated him using
i.v. administration of methylprednisolone instead of IVIG. This
is the first report of selective TgA deficiency complicated by KS.

Case report

The patient was born to healthy parents after an uncomplicated
pregnancy by spontaneous vaginal delivery after 38 weeks and
weighed 2865 g. There was no family history of a tendency for any
infections, His development was normal, as had been that of his
elder sister. No specific episodes were observed during the course
of chickenpox or after vaccinations (bacille Calmette—Guérin,
diphtheria-pertussis—tetanus, polio, measles, and rubella).

When the boy was 2 years old he was referred and admitted to
Tzumi City Hospital because of a § day persistent high fever, can-
Jjunctival injection, red cracked lips and tongue, diffuse erythema-
tous macular rash, swelling of bilateral hands, and anorexia.

On physical examination his height was 90cm (+0.2 SD),
weight 13.0kg (+0.2 SD), and body temperature was 39.4°C. He
appeared remarkably ill. Tachycardia was observed but heart mur-
mur, gallop rhythm, and hepatosplenomegaly were not observed.

Initial laboratory findings (Table 1) indicated severe inflam-
mation (white blood cell [WBC] count, 11 800/uL; C-reactive
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immunoglobulin therapy, Kawasaki syndrome, selective IgA deficiency, steroid.

protein [CRP], 8.6 mg/dL; erylhrocyte sedimentation rate
100 mmv/h), hyponatremia and hyperbilirubinemia. A normal
level of IgG and extremely low level of IgA (2 mg/dL) were
observed. Echocardiography indicated normal left ventricular
wall motion and normal coronary arteries.

With a diagnosis of KS (Harada's score 4/7) and selective IgA
deficiency, treatments with oral administration of aspirin (30 mg/
kg per day) and urinastatin (15000 U/kg per day) instead of
IVIG were initiated (Fig. 1). Despite treatment with an increased
dosage of aspirin of up to 50 mg/kg per day and urinastatin up to
25 000 U/kg per day, his symptoms did not improve and labora-
tory findings worsened (WBC 14 800/pL: CRP 18.1 mg/dL). Lv.
steroid pulse therapy (methylprednisolone 30 mg/kg per day for
3 days) was initiated on the eighth day of illness. His fever disap-
peared after the first administration of methylprednisolone, while
other symptoms and laboratory findings improved gradually.
Oral administration of prednisolone (1 mg/kg per day) was
started after the i.v. therapy, and the dosage of prednisolone was
gradually reduced. After stopping the administration of pred-
nisolone on the 20th illness day, he complained of mild pain and
swelling of both hands; a slight increase in CRP was also
observed. Because he had no fever, no additional therapy was
attempied and his symptoms and laboratory findings eventually
improved. He was discharged without coronary artery abnormal-
ities on the 26th illness day.

Later examinations indicated that his parents had normal lev-
els of IgA, but that his sister had a low level. The patient was also
confirmed to have a high level of an anti-IgA antibody (Fig. 2).

Discussion

Roweley ef al. investigated the role of IgA immune response in
patients with KS and proposed a respiratory pontal of eniry for the
agent, which then elicits an oligoclonal IgA response.? The present
patient, who had IgA deficiency, developed KS; this cannot be
explained using the Rowley er al. hypothesis, hence this is an inter-
esting fact considering the mechanism of development of KS.

In some families, selective 1gA deficiency exhibits auto-
somal recessive inheritance.' Clinical symptoms of the disease
vary from oppartunistic infection to asymplomatic varieties.'
Among some apparently healthy blood donors, 0.33% are
reported Lo have selective IgA deficiency.' To diagnose patients
with selective 1gA deficiency, it is necessary to confirm the



Table 1 Laboratory findings at admission

Peripheral blood analysis
WHC 11 800 uL (neutrophil 82%, lymphocyte 14%, monocyte 3%)
RBC 375x 10" pL
Hemoglobin 10.5 g/dL
Hematocrit 29.7%
Platelets 29.1 x 10" pL
Chemical analysis
ASTA481UL
ALT 91 UL
Lactate dehydrogenase 293 1U/L
Total protein 6.1 g/dL.
Albumin 3.9 g/dL
Total bilirubin 2.8 mg/dL
Direct bilirubin 2.1 mg/dL.
Glucose 91 mg/dL.
Blood urea nitrogen 10 mg/dL
Creatine 0.35 mg/dL
Na 129 mEg/L
K 4.5 mEg/L
C191 mEg/L

Immunological analysis
C-reactive protein 8.6 mg/dL
Erythrocyte sedimentation rate 100 mm/h
1gG 584 mg/dL.
IgA 2 mg/dL
TgM 104 mg/dL

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
RBC, red blood cells; WBC, white blood cells.

serum level of IgA (<10mg/dL).' In infants or young children,
diagnosing them with selective IgA deficiency is not easy
because transient low levels of IgA are somelimes observed;
therefore, re-examination afler an adequate interval is neces-
sary in such situations.! The present patient had persistent low
levels of 1gA; additionally, his elder sister also had a low level
of IgA, whereas that of the parents was normal. These data sug-
gest autosomal recessive inheritance in this family. IgA defi-
ciency shares some clinical, laboratory, and genetic features
with common variable immunodeficiency. Rachid et al. reported
that patients with common variable immunodeficiency and IgA

Duyof  Admission Discharge
1 s L 1w L) m N
TR

TRk
of
1.
il o Bott hangs
WBC (/ L) 11,800 14,800 27,200 19,600 15,700 12,500 10,900
CRP (mgidL) B&& 181 190 (1] 04 12

sicrold IMPD Ol
{mg/kgldny) 30 e’
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(Mgkg/day) 30 ] 30 10
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Fig. 1 Clinical course. CRP, C-reactive protein; iMPD, i.v. methyl-
prednisolone; WBC, white blood cells,

IgA deficiency and Kawasaki syndrome 817

IgA 95mg/dL IgA 243mg/dL
D O normal range:
61-545 mp/dL,
7 years old 2 years old
IgA 5 mg/dL TgA 2 mg/dL
m“"ﬂ" Anti-IgA sntibody 328
> >200 high-titer limited-
specificity antibody

Fig.2 Immunological findings of the patient’s family. Additional
immunological study of the patient: 1gG, 553 mg/dL; 1gG,, 513 mg/dL;
1gG,, 32.3 mg/dL; IgG,, 74 mg/dL; IgG,, <3.0 mg/dL; IgM,
104 mg/dL; C3, 96 mg/dL; C4, 18 mg/dL; anti-nuclear antibody ().

deficiency have mutations of tumor necrosis factor receptor
superfamily , member 3B (TNFRSF13B), which encodes for
the transmembrane activator and the calcium-modulator and
cyclophilin-ligand interactor, a member of the tumor necrosis
factor-receptor superfamily. Unfortunately, gene analysis was
not carried out in the present patient because parental informed
consent was not obtained.

Recurrent sinopulmonary infections are the most frequent
illness associated with selective IgA deficiency, and 7-36% of
patients have complications due to autoimmune diseases such as
systemic lupus erythematosus, Sjogren’s syndrome or juvenile
idiopathic arthritis.** Some patients with epilepsy or mental
retardation may have complications due to selective IgA defi-
ciency, and some have a secondary IgA deficiency due to the
administration of anti-epileptic drugs.”® To screen for IgA defi-
ciency, interviewing patients on medical history or family his-
tory may be informative, but in patients such as the present one
it is not possible to diagnose IgA deficiency without measuring
the level of IgA in serum. An important problem thus arises in
the treatment of patients with KS because IVIG is the most
important treatment for KS.

Shock is a well-known adverse effect in treatments involving
immunoglobulin preparations; 17 of 4719 patients (0.36%) had
shock linked to IVIG.® Some with selective IgA deficiency may
be included among these patients. To avoid shock from IVIG
treatment, it is necessary to determine the IgA level at admission
for patients with KS. At Izumi City Hospital as well as hospitals
related to Kagoshima University, the measurement of immuno-
globulins (IgG, M, and A) is one of the recommended routine
examinations for patients with KS at admission. It is not always
possible, however, to estimate the IgA level in KS patients prior
to administration of IVIG. Routinely measurement of immuno-
globulin prior to IVGG is preferable, but when this is not pos-
sible, providing sufficient screening for selective IgA deficiency
by interviewing would be important. When selective IgA deficiency

© 2008 Japan Pediatric Society
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is suspected, IVIG treatment should be postponed until the
immunoglobulin level is confirmed.

Most KS patients are treated using IVIG, although known
altermative treatments include orul or i.v. steroids, neutrophil
elastase inhibitors, or plasmapheresis **'® Commonly, such treat-
ments are used as additional therapies with IVIG or in refractory
cases.*"" Although steroid treatment in patients with IVIG-resistant
KS is one of the recommended treatments, ™ '® initial treatment
of KS using steroids has not been established. There are reports,
however, showing the usefulness of such treatments (combined
with or without IVIG) for an initial treatment of KS.* Although
further study is necessary to clarify the effect of steroids as an ini-
tial treatment of KS, the present case illustrates the usefulness of
i.v. methylprednisolone in the initial treatment of KS, and that it
might also be an alternative treatment in the acute phase of KS.

Conclusions

Because IVIG is contraindicated in patients with selective IgA
deficiency, in a patient suspected (o have selective IgA deficiency,
IVIG should be postponed until the immunoglobulin level is
confirmed. In a patient with selective IgA deficiency, treatment
with i.v. methylprednisolone may be a useful therapeutic alterna-
tive to IVIG.

© 2008 Japan Pediatric Society
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Abstract This study aimed to determine the effects of
intravenous methylprednisolone pulse (IVMP) therapy on
cytokine levels in patients with acute Kawasaki disease
(KD) unresponsive to initial intravenous immunoglobulin
(IVIG) therapy. Fifteen KD patients unresponsive to initial
IVIG, 2 g/kg/day, were randomized to receive IVMP (n=7),
30 mg/kg/day for 3 days or additional IVIG (n=8), 2 g/kg/
day, and plasma cytokine levels were compared. The
fraction of febrile patients was significantly lower in the
IVMP group than in the additional IVIG group on day 2 (0/
7 vs. 3/8, p=0.03), but not on day 4 and later (3/7 vs. 4/8,
p=1.00) because of recurrent fever. The prevalence of
coronary lesions was similar between the two groups (2/7
vs. 2/8, p=1.00). The ratios of plasma levels of tumor
necrosis factor-a and monocyte chemoattractant protein-1
to those at enrollment (defined as day 1) were significantly
lower in the IVMP group on day 4 (0.50+0.27 vs. 1.01+
0.46, 0.53+0.39 vs. 0.93+0.44, p=0.02 and 0.045, respec-
tively), but not on day 7 (0.54=0.34 vs. 0.88+0.39, 0.76=%
0.39 vs. 0.61£0.17, p=0.07 and 0.83, respectively). The
ratios of interleukin-2 receptor, interleukin-6, and vascular
endothelial cell growth factor to those at enrollment did not
differ significantly between the two groups. In conclusion,
for KD patients unresponsive to initial IVIG, IVMP
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suppresses cytokine levels faster, but subsequently similar-
ly, compared with additional IVIG.

Keywords Cytokine - Kawasaki disease - Steroid pulse

Abbreviations

IVIG Intravenous immunoglobulin

IVMP  Intravenous methylprednisolone pulse
IL-6 Interleukin-6

KD Kawasaki discase

MCP-1 Monocyte chemoattractant protein-1
sIL-2R  Soluble interleukin-2 receptor

TNF-a¢  Tumor necrosis factor-ox

VEGF  Vascular endothelial cell growth factor

Introduction

An optimal management of patients who fail to become
afebrile after intravenous immunoglobulin (IVIG) therapy
has not been defined. Intravenous methylprednisolone pulse
(IVMP) therapy has been reported to be useful for patients
who do not respond to IVIG [3, |5]; although, a recent
randomized double-blind placebo-controlled trial showed
that IVMP is not indicated in initial treatment of KD [8].
Anti-cytokine therapy, especially tumor necrosis factor-a
(TNF-a) blockade, is also in the spotlight for a new therapy
of refractory KD [1]. In rheumatoid arthritis patients, IVMP
was reported to suppress levels of monocyte chemoattrac-
tant protein-1 (MCP-1) and TNF-a in serum and synovial
fluid [16] and levels in the synovial lining layer [14], but
effects of IVMP on cytokine levels in KD are unknown. In
this study we sought to determine whether IVMP, compared
with additional IVIG, reduces cytokine levels putatively
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involved in coronary artery lesions as well as inflammatory
markers in KD patients unresponsive to initial IVIG,

Patients and methods

We performed a prospective, randomized control study to
evaluate the efficacy and safety of IVMP, compared with
additional IVIG, in KD patients unresponsive to initial IVIG—
a single infusion of 2 g/kg of polyethylene glycol-treated
human immunoglobulin (Venoglobulin 1H; Mitsubishi
Pharma Corp., Osaka, Japan) over 24 hours—between
January 2001 and May 2003, and the primary results have
been reported [7]. At enrollment, the subjects were randomly
assigned to either the IVMP group, 30 mg/kg of methyl-
prednisolone per day for 3 consecutive days, or the additional
IVIG group, 2 g/kg over 24 hours, The institutional review
board approved this study, and informed consent was
obtained from the parents of all subjects.

From October 2001 to May 2003, we evaluated
laboratory data and cytokine levels in 15 patients, consist-
ing of seven in the [IVMP group and eight in the additional
IVIG group. Data was cvaluated at enrollment (defined as
day 1) and on days 4 and 7 after enrollment for interleukin-
6 (IL-6), MCP-1, soluble interleukin-2 receptor (sIL-2R),
TNF-a, and vascular endothelial cell growth factor
(VEGF). By using the quantitative sandwich cnzyme
immunoassay, we measured the plasma levels of IL-6,
MCP-1, TNF-a, and VEGF (QunatiGio for IL-6 and TNF-
o, Quantikne for MCP-1 and VEGF; R&D Systems, Inc.,
Minneapolis, MN, USA) and the serum level of sIL-2R
(Cellfree IL-2R Test Kit; Endogen, Inc., Cambridge, MA,
USA). A monoclonal antibody specific to each cytokine
had been precoated onto a microplate. Standards and
samples were pipetted into the wells and the cytokine
present was bound by the immobilized antibodies. Afier
washing away any unbound substances, an enzyme-linked
polyclonal antibody specific to each cytokine was added to
the wells. Following a wash to remove any unbound
antibody-enzyme reagent, a substrate solution was added
to develop light for IL-6, sIL-2R, and TNF-a or color for
MCP-1 and VEGF in proportion to the amount of each
cytokine bound in the initial step. The development was
stopped and the intensity of light or color was measured.

For baseline charactenistics and cytokine levels, we
analyzed continuous variables with the normal distribution,
expressed as mean=SD, by the unpaired 1 test and those
with any nonnormal distribution, expressed as median
(interquartile range), by the Wilcoxon rank-sum test. The
Fisher exact test was applied for nominal variables. To
evaluate changes of laboratory data and cytokine levels, the
vialues at enrollment and at days 4 and 7 were log-
transformed and analyzed using repeated measures analy-
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ses; the ratios of values at days 4 and 7 to those at
enrolment were analyzed similarly. All statistical tests were
two-tailed, and p<0.05 was considered significant.

Results

At enrollment, there were no significant differences between
the IVMP group and the additional IVIG group in baseline
characteristics: age was 32+ 19 months vs. 3126 (the IVMP
group vs. the additional IVIG group); male:female ratio was
5:2 vs. 5:3; number of clinical signs in the diagnostic criteria
for KD in terms of patients with 5 signs compared to those
with 6 signs was 5:2 vs. 6:2; number of febrile days at the stant
of initial IVIG was 5 (4-7) vs. 4 (4-4); number of febrile days
at enrollment was 9 (8-10) vs. 8 (6-9). Laboratory data and
cytokine levels were also similar between the two groups;
although, some patients among the IVMP group showed high
cytokine levels (Fig. 1 ): leukocyte count was 12,6 (9.4-15.9)
vs. 15.1 (10.7-17.3) = 10° /ul; neutrophil count was 9.0
(5.2-12.8) vs. 11.7 (6.0-14.1) x 10? /ul; C-reactive protein
was 8.0+7.0 vs. 5.6+4.8 mg/dl; IL-6 was 210 (15-670) vs.
102 (59-223) pg/ml ml; MCP-1 was 232 (98-1005) vs. 250
(146-355) pg/ml; sIL-2R was 1860 (686-8310) vs. 1820
(1200-2315) U/ml; TNF-ac was 6.6 (2.3-11.9) vs. 5.0 (3.3~
6.8) pg/ml; and VEGF was 85 (46-401) vs. 170 (81-210)
pg/ml.

Results other than laboratory data and cytokine levels were
similar to those in the previous report [7]. The body
temperature dropped more rapidly in the IVMP group than
in the additional IVIG group (p=0.01); the antipyretic effect
of IVMP was superior to that of additional IVIG on day 2
(p=0.04), but not on day 3 and later. The fraction of febrile
patients was significantly lower in the IVMP group than in
the additional IVIG group on day 2 (0/7 vs. 3/8, p=0.03), but
it was similar on day 4 and later (3/7 vs. 4/8) because
recurrent fever was found in three patients assigned to the
IVMP group and in two patients assigned to the additional
IVIG group. There were no significant differences between
the two groups in absolute internal diameters of any coronary
anteries, their Z scores, or the prevalence of coronary lesions
(2/7 vs. 2/8). No patients had coronary aneurysms of 5 mm
in diameter in either group. Regarding adverse effects,
bradycardia (6/7 vs. 2/8, p=0.04) and hyperglycemia (5/7
vs. 0/8, p=0.01) were more often in the IVMP group than in
the additional IVIG group. There were no significant
differences in the fraction of patients with hypothermia (1/7
vs. 0/8), hypertension (6/7 vs. 5/8), embolism (/7 vs. 0/8),
or gastrointestinal bleeding (0/7 vs. 0/8).

The leukocyte and neutrophil counts were significantly
increased in the IVMP group than in the additional IVIG
group (p=0.045 and 0.04, respectively), and both of them
were significantly higher in the IVMP group on day 4 (p=
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Fig. 1| Changes in cywkine levels in Kawasaki disease patients
unresponsive to initial intravenous immunoglobulin (TVIG) therapy
who were treated with intravenous methylprednisolone pulse (circles)
or additional IVIG (triangles). Any cytokine levels did not change
significantly between the two groups using repeated measures

analyses for log-transformed values. [L-6 imterleukin-6, MCP-/

chem protein-1, s/L-2R soluble interleukin-2

lunepu;; TNF-a wmor necrosis factor-ae; VEGF vascular endothelial
cell growth factor

Table 1 Ratios of laboratory data and cytokine levels afier additional trearment 10 those ar enrollment

IVMP (n=T) Additional IVIG (n=8) p-value
Day 4 Day 7 Day 4 Day 7
Labortory data
Leucocyte count 1.48+0.72" 1.14£0.43 0.84£0.35 1.05£0.40 0.045*
Neutrophil count 1.58£0.93" 1.2320.62 0.65£037 0.84:0.45 0.03*
Hemoglobin 097003 0.9820.11 0.96£0,03 0.97£0.06 0.90
Platelet count 1.48+0.30 1.6320.46 1.57£0.35 2.02:0.82 0.38
C-reactive protein 0.2240.10° 0374031 0382017 0.160.16 0.02*
Alanine aminotransferase 1.24£0.56 1.76=1.82 0.79£0.35 0.73=0.41 0.21
Albumin 1.0220.12 1.10£0.21 0,97+0.06 1.06=0.17 0.72
Cytokine levels
Interleukin-6 (1L-6) 0.0820.06 0.21£0.21 0.2720.38 0.1120.15 0.11
Monocyte chemoattractant protein-1 (MCP-1) 0.532039° 0762039 0932044 0612017 0.02*
Soluble interleukin-2 receptor (sIL-2R) 0.7220.19 0.72£0.39 0.84:0.26 0.6220.12 0.42
Tumeor necrosis factor-a (TNF-a) 0.50£0.27" 0.54£0.34 1.01£0.46 0.8820.39 0.02*
Vascular endothelial cell growth factor (VEGF) 0.73£0.55 236+3.28 247:2.61 1.90£1.09 027
Values are expressed as mean=SD
IVIG intravenous i globulin, /FMP intrave methylprednisolone pulse

* Increases or decreases were significantly greater in the IVMP group than in the additional [VIG group using the repeated measures analysis (p<0.05)
* p<0.05 compared with the additional group using the unpaired  test at day 4 or 7
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0.04 and 0.01), but not on day 7. The ratios of leukocyte
and neutrophil counts to those at enrollment were signifi-
cantly increased in the IVMP group (p=0.045 and 0.03,
respectively), and both of them were significantly higher in
the IVMP group on day 4 (p=0.04 and 0.01), but not on
day 7 (Table 1). The C-reactive protein level was
significantly decreased in the IVMP group (p=0.01), and
it was lower in the IVMP group on day 4 (p=0.03), but not
on day 7. The ratio of C-reactive protein level to that at
enrollment was significantly decreased in the [VMP group
(p=0.02), and it was lower in the IVMP group on day 4
(#=0.03), but not on day 7.

Cytokine levels did not change significantly between the
two groups (Fig. 1), However, the ratios of MCP-1 and
TNF-x levels to those at enrollment were significantly
decreased in the IVMP group compared to the additional
IVIG group (p=0.02 and 0.02, respectively), and both of
them were significantly lower in the IVMP group on day 4
(p=0.02 and 0.045), but not on day 7 (p=0.07 and 0.83)
(Table 1). Although the ratios of sIL-2R, IL-6, or VEGF to
those at enrollment tended to be lower in the IVMP group
than in the additional IVIG group on day 4, none of them
differed significantly between the two groups.

Discussion

In the present study, levels of C-reactive protein, MCP-1,
and TNF-a were suppressed more rapidly by IVMP than
additional IVIG in KD patients unresponsive to initial
IVIG, but this was followed by rebounds after completion
of IVMP. In inflammatory sites, MCP-1 facilitates recruit-
ment of monocytes/macrophages, which de novo synthesize
and release TNF-a, a pyrogenic cytokine [6]. The changes
of these cytokine levels in the IVMP group may thereby
explain our previous observation [7] that [VMP, compared
with additional IVIG, induced faster but temporary resolu-
tion of fever. A rise in the counts of leukocyte and
neutrophil by IVMP in our study is to be expected, because
the increasing effect of steroids on neutrophil of peripheral
blood is well known and dose dependent [I1]. In KD
patients receiving IVMP therapy, C-reactive protein levels
instead of leukocyte and neutrophil counts should be used
as inflammatory markers.

The stronger suppression of MCP-1 and TNF-a levels
by IVMP is noteworthy for prevention of coronary artery
lesions. Tt was shown that MCP-1 was expressed at the sites
of coronary arteritis of fatal KD patients [12], and that the
expression of MCP-1 genes persisted or was increased into
the convalescent phase in KD patients with coronary artery
lesions [I 7]. It was also reported that the serum level of
TNF-a in KD patients was higher in patients with coronary
artery lesions than in those without coronary antery lesions

_ﬁ_ Springer

[5], and that TNF-& was necessary for the development of
coronary artery lesions in an animal model of KD [4]. Thus,
IVMP may reduce the prevalence of coronary artery
lesions, especially if the rebounds are prevented by any
subsequent therapies such as oral administration of predni-
sone [2]. Because initial IVIG plus prednisolone therapy
was reporied to reduce rapidly cytokine levels without
rebounds [10], a normal dose of steroids may be enough for
down-regulation of cytokine secretion in KD patients. On
the other hand, longer administration of steroids may
induce adverse effects including poor coronary artery
outcomes, and the efficacy and safety need to be examined.

Our study has some limitations. The small sample size
was not adequatc for relisble assessment. We did not
stratify the subjects by age and sex at enrollment of the
randomized control study. Treating physicians, echocar-
diographers, or patients' families were not blinded, raising
the possibility of a bias in interpreting the results.

In conclusion, IVMP may induce rapid reduction of
MCP-1 and TNF-« levels and fast defervescence in KD
patients unresponsive to initial IVIG; however, some
patients had adverse effects such as bradycardia [7] and
rebounds of the cytokine levels with recurrent fever afiter
completion of the administration. We therefore agree with
the policy of the American Heart Association [9] that
steroid treatment should be restricted to children in whom
two or more infusions of IVIG have been ineffective,
Further investigations are required to determine the appro-
priate steroid therapy in the future.
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