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A B S T R A C T

Overproduction of interleukin (IL)-18 is closely related to the pathogenesis of adult-onset Still's disease (AOSD)
and the development of macrophage activation syndrome (MAS), a life-threating complication of AOSD. We
reported three cases of MAS occurring in infants born to mothers with AOSD. The infants developed MAS at age
13 and 8 days and at birth. Serum IL-18 levels were extremely elevated in all infants (147,000 pg/mL;
378,000 pg/mL; 95,000 pg/mL) as well as in their mothers (58,500 pg/mL; 367,000 pg/mL; 84,000 pg/mL).
Physicians should be aware that infants born to mothers with AOSD are at a risk of developing MAS. Serum IL-18
levels in mothers with AOSD and their infants should be monitored.

1. Introduction

Adult-onset Still's disease (AOSD) is a systemic inflammatory dis-
order of unknown etiology characterized by spiking fever, skin rash,
myalgia, sore throat, hepatomegaly, splenomegaly, lymphadenopathy
and arthritis [1]. Bywaters first described AOSD in 1971, noting that
this condition shared clinical similarities with systemic juvenile idio-
pathic arthritis (s-JIA), although the age of onset is> 16 years [1].

Macrophage activation syndrome (MAS) is a severe, potentially life-
threatening complication of both s-JIA and AOSD [2,3]. MAS occurs in
7%–10% of patients with s-JIA and 12–17% of patients with AOSD
[2,3]. The hallmark of MAS is an uncontrolled and dysfunctional im-
mune response involving the continual activation and expansion of T
lymphocytes and macrophages, leading to marked hypercytokinemia
[3]. MAS is clinically characterized by fever, hepatosplenomegaly,
lymphadenopathy, a profound decrease in all three blood cell lineages,
liver function dysregulation, intravascular coagulation, and central
nervous system dysfunction [3]. A characteristic feature is seen on
bone-marrow examination that often reveals numerous morphologi-
cally benign macrophages exhibiting hemophagocytic activity [3].

Recent investigations into the pathophysiology of s-JIA/AOSD have
focused on mediators of the innate immune system [4,5]. In particular,

serum interleukin (IL)-18 levels correlate with disease activity and
secondary complications in both diseases [6–10]. We previously re-
ported that patients with AOSD and s-JIA share a common cytokine
profile pattern involving a significant increase in IL-18 [10]. Further-
more, a recent study showed serum IL-18 levels can distinguish MAS
from hemophagocytic lymphohistiocytosis (HLH) as well as other au-
toinflammatory syndromes [11]. NK cell dysfunction is well-known
consequence of familial HLH, a syndrome caused by genetic defects that
impair granule-mediated cytotoxicity [12–16]. Decreased NK cell
function was also reported in s-JIA and MAS [12–16]. High IL-18 levels
are associated with the transient NK cell dysfunction observed in s-JIA
and MAS [12].

We previously reported that IL-18 can pass from the mother to the
fetus, resulting in significantly increased serum IL-18 levels in the
newborn [17]. Furthermore, serum IL-18 levels are persistently ele-
vated in the infant for nearly one month after birth. At birth, the infant
had a significantly lower number of CD16+ CD56dim NK cells and
impaired cell function. This impaired NK cell function closely corre-
lated with serum IL-18 levels and recovered when these levels nor-
malized. From these observations, we hypothesize that an infant born to
a woman with AOSD may have increased serum IL-18 levels, and
therefore, may be at risk of developing MAS/HLH. Here, we report
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three neonates born to mothers with AOSD who developed MAS and
had extremely high serum levels of IL-18.

2. Case presentation

2.1. Patient 1

A male infant was delivered by Cesarean section at 34 weeks of
gestation because his mother was experiencing HELLP syndrome. His
mother had an 18-year-history of AOSD and was treated with pre-
dnisolone (PSL) (15mg/day). At birth, the infant displayed mild ta-
chypnea; however, his condition improved rapidly. At 7 days after
birth, he presented with apnea and poor feeding. The next day, he
presented with fever and a skin rash. Laboratory examinations at 8 days
after birth showed elevated levels of C-reactive protein (CRP) (11.9 mg/
L), aspartate aminotransferase (AST) (66 IU/L), lactate dehydrogenase
(LDH) (708 IU/L), and D-dimer (13.9 μg/mL); and hypofibrinogenemia
(173mg/dL). Intravenous immunoglobulin and antibiotics were
started, but the fever continued and he presented with hepatospleno-
megaly. Laboratory examination at 13 days after birth revealed
thrombocytopenia and elevated levels of AST, LDH, and hyperferriti-
nemia (Table 1). Bone-marrow aspiration was not performed. The
work-up for infectious pathogens were negative. The diagnosis of MAS
was made, and the infant received dexamethasone palmitate. The pa-
tient's status and laboratory parameters gradually improved, and his
clinical course was uneventful thereafter. He was discharged without
sequelae. The serum IL-18 level at the time of MAS diagnosis (13 days
after birth) was extremely elevated, as was that of the mother at 27 days
after birth (Table 1). The high serum IL-18 levels of the infant persisted
for approximately 2months (Fig. 1A).

2.2. Patient 2

A female infant was delivered by Cesarean section at 34 weeks of
gestation because the mother was suspected of having AOSD. The
mother's laboratory data at birth showed elevations in white blood cell
count (16.0× 109/L) and anemia (9.7 g/dL) and thrombocytopenia

(81×109/L); elevated levels of CRP (12.25mg/L), AST (285 IU/L) and
hyperferritinemia (12,236 ng/mL). At birth, the infant was well.
However, at 8 days after birth, he presented with fever and hepato-
megaly. Laboratory examinations showed elevations in white blood cell
count, thrombocytopenia and hypofibrinogenemia; elevated levels of
CRP, AST, LDH, D-dimer and hyperferritinemia (Table 1). Bone-marrow
aspiration revealed hemophagocytosis. The work-up for infectious pa-
thogens were negative. The diagnosis of MAS was made. The infant
received two courses of replacement transfusion followed by pre-
dnisolone. The patient's status and laboratory parameters gradually
improved, and his clinical course was uneventful thereafter. He was
discharged without sequelae. His serum IL-18 level at the time of MAS
diagnosis (8 days after birth) was extremely elevated, as was that of the
mother (Table 1).

2.3. Patient 3

A pregnant woman presented with fever, skin rash, arthralgia of
bilateral knee joints, and liver injury at 34 weeks of gestation. A female
infant was delivered by Cesarean section at 37 weeks of gestation be-
cause the mother was suspected of having AOSD and polyhydramnios
was observed. At birth, the infant presented with fever, petechiae, and
hepatosplenomegaly. Laboratory data at birth showed elevations in
white blood cell count (16.87× 109/L), thrombocytopenia (40×109/
L); and elevated levels of C-reactive protein (1.79 mg/L), AST (132 IU/
L), and hyperferritinemia (5337 ng/mL). Platelet transfusion was per-
formed. Antibiotic treatment was started; however, the fever continued.
Laboratory examinations at 4 days after birth showed elevations in
white blood cell count, anemia and thrombocytopenia; elevated levels
of CRP, AST, LDH, fibrin degradation products and hyperferritinemia
and hypofibrinogenemia (Table 1). Bone-marrow aspiration revealed
hemophagocytosis. The work-up for infectious pathogens were nega-
tive. The diagnosis of MAS was made. The baby received dex-
amethasone palmitate. The patient's status and laboratory parameters
gradually improved, and his clinical course was uneventful thereafter.
He was discharged without sequelae. Serum IL-18 level at the diagnosis
of MAS (4 days after birth) was extremely elevated as was that of the
mother at 1 day after birth (Table 1). High serum IL-18 levels persisted
in the infant for approximately 2months (Fig. 1B).

3. Discussion

Recent studies investigating the pathophysiology of AOSD and s-JIA
focus on mediators of the innate immune system [4,5]. Specifically,
interleukin IL-1β, IL-6, and IL-18 were found to correlate with disease
activity and secondary complications [4,5]. We previously reported
increased serum IL-18 levels in patients with AOSD and s-JIA [9,10].
Furthermore, two subsets of patients with AOSD and s-JIA exhibit
certain distinct clinical features that correlate with IL-6 and IL-18 levels
[10,18]. Patients in the IL-18–dominant subset were more likely to
develop MAS [10,18]. These findings indicate that overproduction of
IL-18 in AOSD and s-JIA might be closely associated with the devel-
opment of MAS. Recently, direct evidence of a close association be-
tween IL-18 and the development of MAS in humans was provided by
the observation of a patient with gain-of-function mutations in NLRC4,
an inflammasome sensor, which caused a disease characterized by re-
current MAS episodes [19]. The most striking immunological abnorm-
ality in this patient was surprisingly high IL-18 levels, providing evi-
dence that the NLRC4 is particularly important in regulating IL-18
production and further supporting the role of IL-18 as a predisposing
factor for MAS [19]. These findings indicate that IL-18 overproduction
may be closely related to the development of MAS.

NK cell dysfunction is a characteristic feature of primary HLH, and
decreased NK cell function was also reported in s-JIA and MAS [12–16].
Excess IL-18 exposure may impair normal NK cell functions. de Jager
et al. reported that IL-18-induced IFN-γ production by NK cells was

Table 1
Clinical characteristics of three infants with MAS born to the mothers with
AOSD.

Patient1 Patient2 Patient3

Days after birth 13 8 4
Sex Male Female Female

Clinical symptoms
Fever + + +
Hepatomegaly + + +
Splenomegaly + − +
Petechiae − − +
Hemophagocytosis in BM ND + +

Laboratory findings
Normal
range

Ferritin (ng/ml) 25–200 7263 20,031 3904
White blood cells

(×109/mm3)
50–200 34.7 13.2 15

Platelets (×109/mm3) 27–88 4.6 4.8 7.7
AST (IU/l) 21–64 63 96 110
ALT (IU/l) 12–50 32 17 45
LDH (IU/l) 201–405 604 959 871
Fibrinogen (mg/dl) 200–320 ND 193 172
Triglyceride (mg/dl) 30–149 106 ND 118
Serum IL-18 level at the

time of MAS
diagnosis (pg/ml)

< 500 147,000 378,000 95,000

Serum IL-18 level in the
mother (pg/ml)

< 500 58,800
(27 days
after birth)

367,000
(8 days after
birth)

84,000
(1 day after
birth)
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defective in patients with s-JIA due to a defect in β phosphorylation of
the IL-18 receptor [16]. Furthermore, we recently demonstrated that
NK cell activation by IL-18 was impaired in patients with active s-JIA.
Additionally, NK cell activation was recovered by exogenous IL-18
stimulation in patients with s-JIA in whom serum IL-18 levels were
decreased after starting treatment [12]. These results indicate that NK
cell dysfunction in patients with s-JIA is a transient defect caused by
exposure to high IL-18 levels secondary to its overproduction. These
findings indicate that high IL-18 concentrations resulting from over-
production might induce NK cell exhaustion and secondary transient
NK cell dysfunction and is closely related to the development of MAS.

We previously reported the case of an infant born to a mother with
AOSD presenting with transient impairment of NK cell function asso-
ciated with increased serum IL-18 levels due to in utero transmission
from the mother to the fetus [17]. Furthermore, Hashimoto et al. re-
ported the case of MAS occurring in an infant born to a mother with
AOSD [20]. In this study, we also report three neonates born to mothers
with AOSD who then developed MAS with extremely high serum levels
of IL-18. Serum IL-18 levels were persistently elevated in each infant for
one to two months. These findings indicate that infants born to women
with AOSD have increased serum IL-18 levels and therefore may be at
risk of developing MAS. MAS can develop even if the mother's disease is

Fig. 1. Changes in serum IL-18 levels of the mothers and those in serum IL-18 levels in their newborns.
A. Patient 1, B. Patient 2, C. Patient 3.
Black circle: Serum IL-18 levels in the mother of each patient, Gray box: normal range of serum IL-18 levels.
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well controlled at the time of delivery. Therefore, careful monitoring of
serum IL-18 levels is recommended in pregnant women with AOSD and
their newborns.

In conclusion, we present three patients of MAS occurring in infants
born to mothers with AOSD. Physicians should be aware that an infant
born to a mother with AOSD is at a risk of developing MAS. Careful
monitoring of serum IL-18 levels is recommended in pregnant women
with AOSD and their newborns.
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