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Abstract Clinical features and laboratory parameters in
patients with incomplete Kawasaki disease (KD) and sys-
temic juvenile idiopathic arthritis (s-JIA) tend to overlap.
Furthermore, there have been no definite biomarkers for
these diseases. This situation makes the clinical diagnosis
of these patients difficult. In this study, we aimed to meas-
ure serum interleukin (IL)-18 and IL-6 levels in patients
with s-JIA who were initially diagnosed with incomplete
KD and compare these data with those in patients with
complete KD and arthritis. Serum IL-18 levels in patients
with s-JTA were significantly elevated compared with those
in patients with KD and arthritis. Pediatricians should be
aware that the presentation of s-JIA can mimic incomplete
KD. Because the clinical features overlap, a high index of
suspicion is warranted. The measurement of serum IL-18
may be useful for differentiating s-JIA from KD.
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Introduction

Kawasaki disease (KD) is one of the most common child-
hood vasculitis disorders. However, there are some patients
who do not fulfill the classic diagnostic criteria for KD and
are termed as incomplete KD. It is important to recognize
and treat this entity because it is not a milder form of KD,
and it carries a risk of coronary artery aberrations similar
to that of complete KD [1]. For this reason, physicians pos-
sibly diagnose patients with KD prematurely, even though
they do not meet the complete diagnostic criteria, in the fear
of losing the opportunity to administer high-dose intrave-
nous immunoglobulin (IVIG) and for preventing the poten-
tially life-threatening complication of coronary aneurysm.

Furthermore, it has been reported that some patients
with KD have arthritis [2]. Systemic juvenile idiopathic
arthritis (s-JIA) is characterized by remitting fever, a typi-
cal skin rash, and arthritis. Diagnosis of s-JIA is often chal-
lenging, particularly before children have had symptoms
for 6 weeks as required by the International League of
Associations for Rheumatology and American College of
Rheumatology criteria [3]. Pericardial effusion is a well-
recognized feature of s-JIA along with myocarditis, which
is a rare feature [4]. Coronary artery dilation has been
recently identified as one of the cardiac manifestations in
patients with s-JIA [5].

Differentiation of KD and s-JIA is important to avoid
multiple courses of IVIG because of suspected refractory
KD; however, clinical features and laboratory parameters
in patients with s-JIA and incomplete KD tend to overlap.
Furthermore, there are no definite biomarkers for these dis-
eases, which makes the clinical diagnosis of these patients
difficult [6-9].

We recently reported that serum levels of IL-18 are
highly elevated in patients with s-JIA, and the abnormal

@ Springer



82

Rheumatol Int (2015) 35:81-84

Table 1 Clinical characteristics of the patients in this study

Case 1 2 3
Age 3 4 3
Sex Male Male Male
Final diagn osis s-JIA s-JIA s-JIA
The day of drawing blood after 22 9 33
disease omnset
Clinical manifestations
Fever persisting at least + + +
5 days
Changes in extremities + — +
Exanthema + e =
Bulbar conjunctival injection  — - -
Changes in lips and oral + = <=
cavity
Cervical 1ymphadenopathy — ~
Dilatation of coronary artery — + = —
Hepatosplenomegaly - — —
Serositis - — -
Redness at the BCG inocula- — - —
tion site
Macrophage activation syn-  — — —
drome
Laboratory findings
WBC 24,250 23,880 29,920
CRP 6.9 20.7 9.5
AST 84 47 71
LDH 955 597 414
Ferritin 15,000 3,686 nd
1L-6 580 64 58
IL-18 181,000 123,000 10,800
Treatments
IVIG
Steroid + + +
Tocilizumab — - +

4 5 7 8 9

2 1 4 2 5
Male Male Female Male Female
s-JIA s-JIA KD KD KD
10 20 10 8 5

+ + +- + +
= + + + +
+ - - + -
- + + + +
- + -+ - +
- + + + -
— + S e B
P A S + -
— + — ey —
18,000 7,700 28,380 17,700 9,400
14.2 1165 14.8 22 10
25 1,096 23 23 642
286 4,830 212 285 634
1,129 68,310 nd nd nd
7 22, 250 1,200 106
36,500 330,000 298 660 260

No response No response No response No response No response No response No response Responded

+ + - - +

WBC white blood cells, CRP C-reactive protein, AST aspartate aminotransferase, LDH lactate dehydrogenase

production of IL-18 appears to be specific to s-JIA [10].
In this study, we aimed to demonstrate that the serum level
of IL-18 may be useful for differentiating incomplete KD
from s-JIA, for which we measured serum interleukin (IL)-
18 and IL-6 levels in patients with s-JIA who were initially
diagnosed with incomplete KD and compared that data
with those in patients with KD and arthritis.

Methods
Patients and samples

Serum samples were obtained from five patients with
s-JIA who were initially diagnosed with incomplete KD

@ Springer

(cases 1-5) and three patients diagnosed with complete
KD and arthritis (cases 6-8). Serum samples were drawn
at 5-33 days after disease onset (Table 1). Serum samples
were also obtained from 15 patients with s-JIA, 10 patients
with typical KD without arthritis, and 20 patients with age-
and sex-matched healthy controls. Serum was extracted
from the blood samples, divided into aliquots, frozen, and
stored at —80 °C until analysis. The protocol of this study
was approved by the Institutional Review Board of Kanaz-
awa University, and all the patients provided informed
consent.

The patients were diagnosed with KD on the basis of a
classic clinical criteria [11]. Complete KD was diagnosed
if all diagnostic criteria were fulfilled [11]. Incomplete KD
was diagnosed if fewer than three diagnostic criteria were
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diagnosis of s-JIA was made in accordance with the crite-
ria of the International League of Associations for Rheu-
matology [12]. Macrophage activation syndrome (MAS)
was diagnosed on the basis of the combination of cytopenia
affecting at least two-cell lineages, coagulopathy, and liver
dysfunction, according to the guidelines proposed by Rav-
elli et al. [13].

The clinical characteristics of the patients in this study
are shown in Table 1. All s-JIA patients (case 1-5) were
diagnosed with incomplete KD on day 4-8 after onset
of disease. Four patients had joint disease at the onset of
s-JIA, but one patient had minimal joint disease, and the
presence of arthritis was confirmed later. The patients
received 2-5 courses of IVIG, but had no responses. All
patients received plasma exchange and steroid therapy.
Three patients (cases 1, 3, and 5) were treated with Tocili-
zumab. One patient (case 1) showed transient dilatation of
coronary artery. One patient (case 5) was complicated with
MAS.

Serum cytokine level measurements

Serum IL-18 and IL-6 levels were determined using com-
mercial enzyme-linked immunosorbent assays according
to the manufacturers’ instructions (IL-18: MBL, Nagoya,
Japan; IL-6: R&D Systems, Inc., Minneapolis, MN,
USA).

Statistical analysis

The results are presented as mean + SD. Comparison
between the groups was made using the Mann—Whitney U
test. Differences with P < 0.05 were considered statistically
significant.

As shown in Table 1, most of the symptoms overlapped
between the s-JIA and KD groups; however, patients with
s-JIA did not show redness or crust formation at the BCG
inoculation site. Serum IL-18 levels in patients with s-JIA
who were initially diagnosed with incomplete KD (median
123,000; range 10,860-330,000 pg/mL) were significantly
elevated compared with those in patients with KD with
arthritis [median, 298; range 260-660 pg/mL, P < 0.05;
(Table 1 and Fig. la)]. Serum IL-6 levels in patients with
KD with arthritis (median 250; range 106—1,200 pg/mL)
were elevated compared with those in patients with s-JIA
who were initially diagnosed with incomplete KD (median
58; range 7-580 pg/mL), although the difference was not
statistically significant. As shown in Fig. 1b, the patients
with s-JIA and KD were clearly divided into different sub-
sets on the basis of their serum IL-6 and IL-18 levels.

Discussion

KD and s-JIA can be considered as potential differential
diagnosis for prolonged fever, rash, and lymphadenopathy
in children. In addition, clinical features of KD and s-JIA
tend to overlap. Both diseases show similar laboratory find-
ings such as elevated C-reactive protein level, leukocytosis,
thrombocytosis, hypoalbuminemia, and anemia. Arthritis
may occur in KD during the subacute and convalescent
phase and is characteristically self-limited [2]. Even the
dilation of coronary artery cannot be considered as defini-
tive evidence to differentiate between these conditions
because patients with s-JIA may also have coronary artery
dilation similar to that observed in children with Kawasaki
disease [5]. A poor response to IVIG and efficacy of steroid
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therapy has been noted in KD patients [14]. These difficul-
ties make the clinical diagnosis of these patients difficult,
and at present, it is challenging for a pediatrician to diag-
nose the patients accurately.

IL-18 was originally described as an interferon-y-
inducing factor mainly produced by activated macrophagic
cells [15]. TL-18 stimulates a variety of inflammatory
responses. IL-18 enhances proliferation and activity of T
cells and matural killer cells, shifts a T-cell balance toward
T-helper 1 response [15]. We recently reported that serum
levels of IL-18 are highly elevated in patients with s-JIA,
and the abnormal production of IL-18 appears to be spe-
cific to s-JIA [10]. In this study, serum IL-18 levels were
markedly elevated during the acute phase in patients with
s-JIA who were initially diagnosed with incomplete KD,
whereas IL-18 levels in patients diagnosed with complete
KD and arthritis were within the reference range. These
findings suggest that IL-18 may be an important mediator
in s-JTA disease process, and serum IL-18 level may be a
promising marker to differentiate s-JIA from KD.

It is still unclear whether KD acts as a trigger for s-JIA
or the initial episode of KD is actually s-JIA in our case 1
because similar cases have been reported [6-9]. Both s-JIA
and KD could share common triggering agents, suscepti-
bility factors, or immunopathogenic pathways. In patients
such as case 1, careful monitoring is necessary to prevent
coronary aberrations and the development of macrophage
activation syndrome.

In conclusion, pediatricians need to be aware that the
presentation of s-JIA can mimic incomplete KD. Because
the clinical features overlap, a high index of suspicion is
warranted. The measurement of serum IL-18 can be useful
for differentiating s-JIA from KD.
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Acute Pericarditis as the First Manifestation of Familial
Mediterranean Fever: A Possible Relationship
with Idiopathic Recurrent Pericarditis
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Abstract

A 56-year-old man was admitted to our hospital due to periodic episodes of acute pericarditis. These epi-
sodes occurred monthly along with a high fever and elevation of the C-reactive protein (CRP) level. The pa-

tient became afebrile and his CRP level decreased

following the administration of a non-steroidal anti-

inflammatory drug. A mutation analysis revealed the heterozygote of the familial Mediterranean fever (FMF)
gene (E84K, G304R). This finding confirmed our diagnosis, and we treated the patient with colchicine. He
responded to treatment and has been visiting our hospital without disease recurrence. FMF should be in-
cluded in the differential diagnosis of repeated episodes of pericarditis.

Key words: familial Mediterranean fever, recurrent pericarditis

(Intern Med 53: 1659-1663, 2014)
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Introduction

Familial Mediterranean fever (FMF) is an autosomal re-
cessive disorder caused by a mutation of the Mediterranean
fever gene (MEFV) (1). MEFV codes pyrin, a protein con-
tained in neutrophils that inhibits the inflammatory response.
Dysfunction of pyrin due to the mutation of MEFV results
in the activation of neutrophils and acute onset of FMEF.
FMF is clinically characterized by recurrent episodes of fe-
ver associated with serositis. Although peritonitis is typically
the first manifestation of FMF and is experienced by most
patients during the course of the disease, the incidence of
pericarditis is reported to be low (0.7-1.4%) in patients with
FMF (2, 3). Furthermore, it is rare for recurrent pericarditis
to be the first manifestation of FMF, with only two case re-
ports of this symptomatology having been reported (4, 5).

Idiopathic recurrent pericarditis (IRP) is defined as re-
peated episodes of acute pericarditis of unknown etiology.
The pathogenesis of IRP is controversial, and both autoim-
mune and autoinflammatory mechanisms have been pro-

posed (6). Recently, it was demonstrated in a randomized
trial that the administration of colchicine, which is effective
for the treatment of FMF, reduces the recurrence rate after
the initial attack of acute pericarditis (7). Therefore, contro-
versy exists as to whether some patients with IRP may actu-
ally have FMF.

We herein report a case of genetically proven FMF in
which the initial manifestation was recurrent pericarditis and
discuss the relationship between FMF and IRP.

Case Report

A 56-year-old man was admitted to our hospital due to a
high fever, chest pain and atopic dermatitis-like skin lesions.
He had been in good health until three months before ad-
mission to our hospital, when he noticed a high fever (38-
39°C) and chest pain that worsened in association with
changes in position over seven days. He visited his family
doctor. Laboratory results revealed marked elevation of the
C-reactive protein (CRP) levels (26.56 mg/dL). Electrocar-
diogram (ECG) findings showed apparent ST-segment eleva-
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A (First admission)
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Figure 1.

B (Second admission)
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C (After treatment)

Electrocardiogram (ECG) showing apparent ST-segment elevation in the IT, III, and aVF

leads (A, B). The ECG findings normalized after therapy (C).

tion in the II, III and aVF leads (Fig. 1A). Meanwhile,
echocardiography disclosed mild pericardial effusion, al-
though the wall contraction was normal. Computed to-
mography (CT) of the chest showed mild pericardial effu-
sion; however, no pleural effusion was detected. The patient
was diagnosed with acute pericarditis and treated with a
non-steroidal anti-inflammatory drug (NSAID). Glucocorti-
coid therapy was not administered during his hospital
course. On the fifth hospital day, the patient became afeb-
rile, and his chest pain was relieved. In addition, the CRP
level decreased to 2.6 mg/dL. He was discharged on 28th
hospital day without medications.

Three days after discharge, the patient’s fever and chest
pain recurred, and he again visited his family doctor. The
laboratory results revealed re-elevation of the CRP level
(26.56 mg/dL). At this time, an antinuclear antibody (ANA)
test was positive, with a titer of 1:80 (speckled pattern). He
was treated as an outpatient with an NSAID. His fever and
chest pain were subsequently relieved with a few days, and
the CRP level decreased to 3.30 mg/dL. Treatment with as-
pirin (3.0 g daily) and colchicine (0.1 mg daily) was pre-
scribed starting on 40 days after admission in order to pre-
vent relapse. Because the patient’s remission continued for
one month and his CRP level decreased to 0.8 mg/dL, both
aspirin and colchicine were discontinued on 10 days before
admission. However, six days later, the fever and chest pain
recurred, and the CRP level increased to 24.35 mg/dL. with
moderate eosinophilia (14.5%). Treatment with aspirin and
colchicine was again prescribed. The patient was referred to
our hospital under suspicion of a diagnosis of collagen dis-
ease and admitted.

At the time of admission, the patient’s temperature was
38.2°C, his pulse rate was 125 beats/min and his blood pres-
sure was 96/60 mmHg. His heart sounds were clear without
audible murmurs or pericardial friction rub. His breath

sounds were normal, and no crackles were detected. How-
ever, atopic dermatitis-like skin lesions were noted over the
patient’s entire body. The remainder of the physical exami-
nation was unremarkable, and patient did not exhibit,
erysipelas-like erythema, headaches, myalgia or abdominal
pain due to peritonitis.

The laboratory results showed an elevated white blood
cell count of 12,900/uL (71.5% neutrophils, 14.5% lympho-
cytes, 6.5% monocytes, 7.3% eosinophils, and 0.2% baso-
phils), moderately elevated transaminase levels (aspartate
aminotransferase 99 IU/L, alanine aminotransferase 65 IU/
L): an elevated lactate dehydrogenase level 321 IU/L and a
markedly elevated CRP level (26.56 mg/dL). In addition, se-
rum protein electrophoresis revealed an increased 7y globulin
fraction (27.5%). ANA (1:1,280), rheumatoid factor (73 U/
mlL) and anti-SSA antibodies (240 U/mL) were positive.
Complement, anti-double strand (ds) DNA antibodies, anti-
SSB antibodies, anti-cyclic citrullinated peptide antibodies,
proteinase 3-antineutrophil cytoplasmic antibodies, (ANCA),
myeloperoxidase ANCA and antistreptolysin O (ASO) were
all negative. An ECG revealed mild ST-segment elevation in
the II, III and aVF leads (Fig. 1B), while CT of the chest
showed mild pericardial effusion and mild left pleural effu-
sion (Fig. 2A). Echocardiography revealed only mild peri-
cardial effusion.

At the first visit, we considered the possibility of serositis
due to a collagen disease such as SLE or Sjogren’s syn-
drome. Although ANA were positive, anti-ds DNA antibod-
ies were negative and cytopenia was absent. In addition,
while arthralgia was detected, the eruption was not specific
for SLE, and no photosensitivity, oral ulcers, renal dysfunc-
tion or psychological disorders were detected. Therefore, the
patient met only three criteria for the diagnosis of SLE. Fur-
thermore, although anti-SSA antibodies were positive, symp-
toms of generalized dryness were lacking. In addition, a re-
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A (before treatment)

B (after treatment)

Figure 2.

Computed tomography of the chest showing mild pericardial effusion and mild left pleu-

ral effusion (A). The Pericardial and pleural effusion disappeared after therapy (B).
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Figure 3. The MEFYV gene mutation analysis revealed the heterozygote of MVEFV (E84K, G304R).

markably elevated serum CRP level was noted, a finding not
usually observed in these diseases. Most importantly, gluco-
corticoids are essential for the treatment of serositis due to
SLE or Sjogren’s syndrome. Because the patient’s condition
improved without glucocorticoid therapy, a diagnosis of SLE
or Sjogren’s syndrome was unlikely as the cause of his peri-
carditis. In addition, a form of vasculitis, such as micro-
scopic polyangiitis, was unlikely because, in the past, the
patient’s condition improved without glucocorticoid treat-
ment. A diagnosis of rheumatic fever was also unlikely be-
cause ASO was negative. The repeated episodes of peri-
carditis together with marked elevation of the CRP level led
us to suspect the presence of FMF. We therefore continued
treatment with colchicine without glucocorticoids. The next
day, the patient became afebrile and his chest pain was
gradually relieved.

The MEFV gene was assessed in order to confirm the di-
agnosis. A gene mutation analysis revealed the heterozygote

of MEFV (E84K, G304R) (Fig. 3). Although these muta-
tions are uncommon in FMF patients and their penetrance is
low, they are considered to be disease-causing mutations.
We thus confirmed the diagnosis of FMF (incomplete type)
based on the Tel-Hashomer criteria. A differential diagnosis
was performed in order to rule out the possibility of other
autoinflammatory diseases. Hyper-IgD syndrome (HIDS) is
characterized by periodic fevers, cervical lymphadenopathy,
erythematous macules, abdominal pain, vomiting and ar-
thralgia with persistent inflammation. TRAPS is character-
ized by periodic fevers, conjunctivitis, erythematous skin le-
sions, myalgia, arthralgia and abdominal pain, with the fever
lasting over the long term. Based on patient’s features, the
diagnosis of HIDS and TRAPS were ruled out clinically.
Behcet’s disease was also ruled out based on the absence of
oral ulcers, genital ulcers, erythema nodosum and uveitis.
The colchicine treatment was continued, and the patient’s
CRP level continued to decrease (Fig. 4). In addition, peri-
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Figure 4. Clinical course.

cardial and pleural effusion disappeared (Fig. 2B). The
eosinophil count increased temporarily (19.4%), although it
normalized (6.4%) after two weeks, and the atopic
dermatitis-like skin lesions improved. Furthermore, the pa-
tient’s liver function subsequently normalized. He was dis-
charged on 17th hospital day and has continued to visit our
hospital as an outpatient while receiving colchicine treat-
ment. During this time, his ECG findings normalized
(Fig. 1C) and no disease recurrence has been detected.

Discussion

IRP is a challenging complication of acute pericarditis.
The etiology of the first episode of acute pericarditis in most
cases of IRP remains unknown, as microbiological examina-
tions such as viral cultures of pericardial fluid, are usually
not performed. Therefore, in most cases, the patient is diag-
nosed with idiopathic disease, although a viral infection is
likely. It is speculated that the initial injury caused by the
viral infection stimulates an immune reaction, causing IRP.
Controversy exists as to whether the immune reaction is
autoimmune or autoinflammatory in nature (6).

An autoimmune pathogenesis of IRP is suggested as
autoantibodies including ANA (8) and anti-heart antibod-
ies (9), are detected in 43.3% and 67.5% of subjects, respec-
tively. However, the existence of an autoantibody does not
necessarily mean that the autoantibody is pathogenic. In the
present case, although the titer of ANA was initially low-
positive (1:80), it increased to a high-titer (1:1,280) during
the course of the disease. It is possible that activation of in-
nate immune system may have induced these autoantibodies;
that is, the autoantibodies may have simply been by-
products of the disease. Furthermore, the patient exhibited
moderate eosinophilia with atopic dermatitis-like skin le-
sions, which are not common features of FMF. However,
these manifestations were ameliorated following the
administration of colchicine, which inhibits the neutrophil
function.
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On the other hand, an autoinflammatory pathogenesis of
IRP is also suggested as there are several similarities be-
tween IRP and FMF. First, colchicine is effective in treating
both IRP and FMF. Second, although the incidence of peri-
carditis is thought to be low in patients with FMF, echocar-
diography has been reported to show pericardial involve-
ment in up to 27% of subjects with FMF (10). Furthermore,
pericarditis is the first and only manifestation of FMF in
some patients. Therefore, it is natural to consider that at
least some of the reported cases of IRP may have, in fact,
been FMF. In the present case, pericarditis was the primary
complication in our patient, and other frequently accompa-
nied symptoms recognized in FMF were not observed. Pre-
sumably, the patient had a type of FMF in which pericarditis
emerges at early stage. Recently, mutation analyses of
MEFYV have been proven useful in identifying patients with
FMF (11). Although many mutations have been reported,
the most frequent mutations are located in exon 10 (M694V,
M680I, V726A and M694I) and exon 2 (E148Q) (12).
Migita et al. reported that among 142 Japanese FMF pa-
tients, they found 12 carrying a heterozygous E84K muta-
tion and four carrying a heterozygous G304 mutation who
presented with a heterogeneous clinical phenotype (13).
Meanwhile, Brucato et al. searched for MEFV mutations
confined to exon 10 (using direct sequencing) and exon 2
E148Q (by restriction site analysis) in 23 Italian IRP pa-
tients; however, they found no mutations (14). In contrast,
some FMF patients, as in the present case (E84K, G304R),
have neither E148Q mutations nor mutations in exon 10.
Therefore, these patients may have in fact FMF, not IRP.

It has been reported that the difference in the prevalence
of peritonitis and pleuritis is significant between FMF pa-
tients with exon 10 mutations and those without (13). There-
fore, it is possible that there is a correlation between the
phenotype and genotype. However, mutation analyses of two
patients with FMF whose initial manifestation was recurrent
pericarditis revealed heterozygote mutations of M694V/
M680I (4) and E148Q/L695A (5), respectively. In addition,
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the present patient had mutations of E84K and G304R.
Meanwhile, 12 FMF patients with the E84K heterozygous
mutation and four with G304 heterozygous mutation in Ja-
pan have been reported, without accompanying symptoms of
pericarditis (15). To date, no specific mutations related to
the onset of recurrent pericarditis in FMF patients have been
found. However, further analyses of more cases are needed
to clarify this issue.

Cantarini et al. reported that 6% of IRP patients have
TNFRSFIA mutations (16). TNFRSFIA codes tumor necro-
sis factor (TNF) ¢, and the mutation of TNFRSF1A causes
TRAPS, a common autoinflammatory disease. These obser-
vations suggest that the pathogenesis of IRP is autoinflam-
matory in nature, in at least a subset of patients. In the pres-
ent case, if the mutation analysis had not been performed,
the patient may have been diagnosed with IRP. Therefore, it
is important to perform mutation analyses of MEFYV in pa-
tients with IRP. Such analyses can be used to determine the
proportion of patients with IRP who actually have FMF and
identify differences in the prevalence of pericarditis accord-
ing to differences in MEFV mutations.

In summary, we herein reported a case of FMF in which
the initial manifestation was recurrent pericarditis. Mutation
analyses of MEFV should be performed in patients with IRP
in order to provide a proper diagnosis and treatment.
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