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The clinical implications of serum ferritin in Kawasaki 
disease: a helpful biomarker for evaluating therapeutic 
responsiveness, coronary artery involvement and the 
tendency of macrophage activation syndrome

Zhen Qiu, Hui Hui Liu, Guo Zhen Fan, Wei Xia Chen, Peng Hu

A b s t r a c t

Introduction: Serum ferritin (SF) is an acute-phase reactant in inflammatory 
diseases. Our aim was to analyze the clinical implications of SF in Kawasaki 
disease (KD).
Methods: 244 KD children were divided into 6 subgroups. SF, inflammatory 
mediators and blood cell counts were detected.
Results: (1) SF dramatically increased in the acute phase of KD and main-
tained after IVIG therapy; (2) SF increased in IVIG-nonresponsive KD pa-
tients (AUC = 0.705; sensitivity: 57.10%; specificity: 82.90%); SF positively 
correlated with the internal diameter of the coronary artery (AUC = 0.603; 
sensitivity: 92.30%; specificity: 37.70%); (3) SF increased in 4 patients 
with the macrophage activation syndrome (MAS)/MAS tendency (979.03 
±474.19 μg/l).
Conclusions: SF is implied to be a helpful biomarker for forecasting IVIG-non-
responsive KD, coronary artery abnormalities (CAAs) and MAS tendency. 

Key words: coronary arteritis, intravenous immunoglobulin, Kawasaki 
disease, macrophage activation syndrome, serum ferritin.

Kawasaki disease (KD) is identified as a prevalent systemic inflam-
matory disease in childhood [1, 2]. According to a latest epidemiological 
survey in Shanghai, China, the average annual incidence rate of KD has 
risen by 0.38% for the past 5 years [3, 4]. The possible etiology of KD 
is associated with the inappropriate immunological response to one or 
more infectious triggers in genetically-susceptible individuals, and have 
emphasized the importance of activated T cells in its pathogenesis [5]. 
Coronary artery abnormalities (CAAs) are an important prognostic fac-
tor in KD and act as the leading cause of acquired heart disease. Al-
though the standard therapy (high-dose intravenous immune globulin 
(IVIG) plus aspirin) is undertaken within the first 10 days of illness, there 
are also 10–20% of KD patients with persistent or recurrent fever, and 
5% developing CAAs [6, 7]. Moreover, there has always been a  lack of 
any definitive test for the diagnosis of KD except for the increases in 
several inflammatory mediators, such as C-reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR) in clinical trials. However, these 
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inflammatory mediators have certain limited di-
agnostic efficacies. Serum ferritin (SF) has been 
widely recognized as an acute phase reactant in 
systemic inflammatory disease, such as system-
ic lupus erythematosus (SLE), systemic juvenile 
idiopathic arthritis (sJIA), and even macrophage 
activation syndrome (MAS). Much evidence has 
suggested SF had the higher sensitivity, specificity 
for ascertaining clinical SLE/sJIA activity and the 
early recognition of MAS secondary to active sJIA, 
as compared with ESR and CRP [8, 9]. Multisys-
tem inflammatory syndrome in children (MIS-C) is 
a life-threatening complication triggered by Coro-
navirus disease 2019 (COVID-19), characterized 
by prominent cardiovascular involvement and ex-
cessive systemic inflammation with increased SF 
levels [10, 11]. Therefore, our aim was to clarify 
whether SF can serve as a helpful biomarker for 
KD diagnosis and even its risk associated with 
MAS.

Methods. Two hundred and forty-four KD chil-
dren were recruited from July 2015 to December 
2019 in our center. According to the 2017 Amer-
ican Heart Association (AHA) guidelines [6], all 
the KD patients were divided simultaneously into 
6 subgroups according to three criteria: clinical 
course (typical KD, atypical KD), IVIG responsive-
ness (IVIG-responsive KD, IVIG-nonresponsive KD) 
and CAAs presence (non-coronary artery abnor-
malities KD, CAAs KD). MAS could be identified 
if any patient fulfilled the 2004 Swedish guide-
lines [12]. In addition, 243 sex- and age-matched 
healthy children in the same period were enrolled 
as the controls. Approval for this research was ac-
quired from the Medical Ethic Committee of our 
hospital (Code number; LLSC/20150009) and ob-
tained consent from parents. Blood samples were 
collected from all subjects within 24h pre-IVIG 
therapy and 48h post-IVIG therapy, respectively, 
including CRP, ESR, white blood cells counts (WBC), 
absolute neutrophil counts (ANC), red blood cells 
counts (RBC), hemoglobin (Hb), mean corpuscu-
lar volume (MCV), mean corpuscular hemoglobin 
(MCH), mean corpuscular hemoglobin concentra-
tion (MCHC), platelet count (PLT), SF, fibrinogen 
and fasting triglycerides.

Statistical analysis. Normally distributed con-
tinuous data were expressed as mean ± SD. Com-
parisons of the frequencies between groups were 
analyzed using c2 tests and comparisons among 
groups were made using ANOVA. A standard two-
tailed t test was used for analyzing serum data, 
and paired t test was used in comparison of pre-
IVIG to post-IVIG data. Pearson correlation coeffi-
cients were reported for SF and other variables of 
interest. Cutoff value, sensitivity and specificity of 
SF were identified by receiver operating character-
istic (ROC) curve. Outliers were eliminated in the 

process of statistical analysis. A value of p < 0.05 
was considered significant. Statistical analysis 
was performed using SPSS version 16.0.

Results. Comparison of laboratory characteris-
tic of KD patients and the healthy controls was 
shown in Table I. SF in KD patients after IVIG ther-
apy still maintained an elevated level (p > 0.05), 
and significantly higher than that in the healthy 
controls (p < 0.05). Meanwhile, it was positively 
correlated with CRP, ESR, WBC and ANC. The asso-
ciations of SF with conventional inflammatory me-
diators and blood cell counts before IVIG therapy 
are shown in Figure 1. SF was positively correlated 
with CRP (Figure 1 A; r = 0.31, p < 0.05) and ESR 
(Figure 1 B; r = 0.30, p < 0.05), WBC (Figure 1 C;  
r = 0.39, p < 0.05) and ANC (Figure 1 D; r = 0.53,  
p < 0.05), but no correlation existed between SF 
and RBC (Figure 1 E; r = –0.26, p > 0.05), Hb (Fig- 
ure 1 F; r = –0.03, p > 0.05), and PLT (Figure 1 G;  
r = –0.01, p > 0.05), respectively.

Comparison of laboratory characteristics in pa-
tients with different types of KD was presented in 
Table  II. SF was significantly elevated in patients 
with IVIG-nonresponsive KD when compared 
with their IVIG-responsive counterparts (t = 1.60, 
p < 0.05). The AUC value for SF in prediction of 
IVIG-nonresponsive KD was 0.705, and the esti-
mated sensitivity and specificity were 57.10% and 
82.90% with a cutoff of SF ≥ 270.25 μg/l, respec-
tively (Figure 2 A). However, no significant differ-
ences in SF were found between the typical KD 
patients and the atypical KD patients (p > 0.05), 
and between KD patients with and without CAAs 
(p > 0.05). The associations of coronary artery in-
volvement with SF, inflammatory mediators and 
blood cell counts are shown in Figure 3. The inter-
nal diameter of the coronary artery was positively 
correlated with SF (Figure 3 A; r = 0.19, p < 0.05), 
but no correlation of the internal diameter of the 
coronary artery with CRP (Figure  3 B; r = –0.07,  
p > 0.05), ESR (Figure 3 C; r = –0.12, p > 0.05), WBC 
(Figure 3 D; r = –0.08, p > 0.05), ANC (Figure 3 E; r = 
–0.01, p > 0.05), RBC (Figure 3 F; r = 0.07, p > 0.05), 
Hb (Figure 3 G; r = 0.12, p > 0.05), and PLT (Figure 3 H;  
r = –0.07, p > 0.05) was determined, respectively. 
The AUC value for SF in prediction of KD patients 
with CAAs was 0.603, and the estimated sensitivity 
and specificity were 92.30% and 37.70% with a cut-
off of SF ≥ 143.05 μg/l, respectively (Figure 2 B).

Based on the diagnostic criteria of MAS, there 
were 1 patient (0.41%) diagnosed as MAS and  
3 (1.23%) patients with the tendency of MAS. 
The clinical characteristics of these 4 patients are 
shown in Table III. SF served as the most prevalent 
characteristic of MAS tendency except for fever. In 
the 4 KD patients with MAS tendency, the levels 
of SF ranged from 572.6 to 1500 μg/l in the acute 
stage with a mean value of 979.03 ±474.19 μg/l, 
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and was significantly increased when compared to 
their counterparts without MAS tendency (185.27 
±86.19 μg/l, p < 0.05). 

Discussion. To the best of our knowledge, lit-
tle information has been available regarding the 
association of SF with KD to date. In this circum-
stance, we conducted a  clinical observational 
study encompassing 244 KD patients and found 
that SF of KD patients was significantly higher 
than that of the healthy controls; and moreover, SF 
still maintained an elevated level during the acute 
episode of KD, even after IVIG therapy. The possi-
ble mechanisms of SF up-regulation may involve 
anemia and systemic inflammation. In childhood, 
nutritional anemia occurs mainly in individuals  
< 3 years old. Based on the data from 11 prov-
ince-level regions, China, Xin et al. [13] indicated 
that the estimated prevalence of nutritional ane-
mia in 24235 children aged 0-3 years was 24.4%. 
Similarly, KD predominantly affects children  
≤ 5 years old, thus the influences of nutritional 
anemia on SF should be investigated. In the pres-
ent study, no significant differences were found in 
MCV, MCH, and MCHC between KD patients and 
the healthy controls. Therefore, systemic inflam-
mation is the major contributor of SF up-regula-
tion during the acute episode of KD, rather than 
nutritional anemia. Zhou et al. [14] have conduct-
ed a systematic review and meta-analysis to char-
acterize the laboratory parameters of MIS-C com-
pared with those of KD, and found that patients 
with MIS-C usually have higher SF levels than KD 
patients. Further investigations will be required 

to compare and contrast features between MIS-C 
and KD basing on increased SF levels.

In the present study, SF remained statistically 
higher after IVIG therapy. Nasir et al. [15] deter-
mined SF of 3 newborns with Kawasaki-like illness 
before and after IVIG therapy respectively, and 
noted that SF had a 7–100-fold increase than the 
normal values before IVIG therapy, and even still 
had a 4–80-fold increase after IVIG therapy. Our 
panel performed the retrospective studies using 
inpatient database of KD, the observational time 
only covered the acute episode (within 14 days) 
and was too short to reveal the variation of SF be-
fore and after IVIG therapy. We hypothesize that 
SF may be superior to conventional inflammatory 
mediators in evaluating the long-term outcomes 
of KD. In addition, the present study found that 
SF was positively correlated with CRP, ESR, WBC 
and ANC during the acute episode of KD. Although 
scant literature exists about the relationships be-
tween SF and conventional inflammatory media-
tors in KD, their relationships have been probed 
in other systemic inflammatory diseases [16, 17]. 
Ciprandi et al. [18] compared serum vascular en-
dothelial growth factor (VEGF) levels in 40 normal 
subjects, 40 allergic patients and 40 SLE patients, 
and found that VEGF levels were significantly in-
creased in SLE patients in comparison with nor-
mal subjects as well as allergic patients. Elevated 
SF levels have been implicated in the development 
of diabetic microvascular disease through inter-
action with VEGF [19]. On this background, ele-
vated SF levels may be implicated in endothelial 

Table I. Comparison of laboratory characteristics in KD patients and the healthy control groups

Parameter KD patients (n = 244) Healthy controls (n = 243)

Pre-IVIG Post-IVIG

Age [months] 32.81 ±27.58 36.48 ±12.77

Sex (male/female) 133/111 127/116

SF [μg/l]*†D 188.16 ±92.15 222.20 ±140.36 89.49 ±61.89

CRP [mg/l]*†D# 61.32 ±45.63 6.04 ±5.84 0.99 ±0.94

ESR [mm/h]*†D 61.83 ±23.69 61.21 ±20.87 17.20 ±15.67

WBC [× 109/l]*†D# 13.65 ±5.01 9.83 ±3.97 7.87 ±2.69

ANC [× 109/l]*†# 9.14 ±4.64 4.14 ±2.40 3.65 ±3.27

RBC [× 1012/l]*†D 4.22 ±0.42 4.19 ±0.39 4.58 ±0.40

Hb [g/l]*†D 110.91 ±14.37 110.99 ±10.73 127.40 ±10.95

MCV [fl] 79.77 ±4.24 79.87 ±4.43 80.87 ±4.47

MCH [pg] 26.35 ±2.08 26.49 ±1.67 27.84 ±1.67

MCHC [g/l] 330.19 ±18.15 331.58 ±10.44 332.04 ±9.55

PLT [× 109/l]*†D# 356.16 ±121.24 507.55 ±159.11 300.38 ±76.71

Data are presented as the mean ± SD. *P < 0.05, significantly different among three groups; †p < 0.05, significantly different between 
KD patients before IVIG therapy and the healthy controls; Dp < 0.05, significantly different between KD patients after IVIG therapy 
and the healthy controls; #p < 0.05, significantly different between pre-IVIG therapy and post-IVIG therapy. KD – Kawasaki disease,  
IVIG – intravenous immunoglobulin, SF – Serum ferritin, CRP – C-reactive protein, ESR – erythrocyte sedimentation rate, WBC – white blood 
cell counts, ANC – absolute neutrophil counts, RBC – red blood cell counts, Hb – hemoglobin, MVC – mean corpuscular volume, MCH – mean 
corpuscular hemoglobin, MCHC – mean corpuscular hemoglobin concentration, PLT – platelet count.
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Figure 1. The associations of SF with convention-
al inflammatory mediators and blood cell counts 
before IVIG therapy. Outliers are not depicted (SF: 
864.50 μg/l and 1500 μg/l). SF was positively cor-
related with CRP (A; r = 0.31, p < 0.05) and ESR 
(B; r = 0.30, p < 0.05), WBC (C; r = 0.39, p < 0.05) 
and ANC (D; r = 0.53, p < 0.05), but no correlation 
existed between SF and RBC (E; r = –0.26, p > 0.05), 
Hb (F; r = –0.03, p > 0.05), and PLT (G; r = –0.01,  
p > 0.05), respectively
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dysfunction in patients with chronic immune-me-
diated diseases through interaction with VEGF. 
However, no association has been established be-
tween VEGF and SF in KD.

In the present study, SF was significantly in-
creased in patients with IVIG-nonresponsive KD 
when compared with their IVIG-responsive coun-
terparts; furthermore, SF was positively correlated 
with the internal diameter of the coronary artery. 
Based on our findings, SF is prone to serve as 
a helpful biomarker for predicting both IVIG-non-
responsive KD and CAAs.

The last but the most important objective of 
our study was to determine whether the increased 
SF was associated with MAS in KD patients. MAS 

is a severe, potentially life-threatening complica-
tion of multiple systemic inflammatory diseas-
es in childhood, which is seen commonly in sJIA 
(7–13%) and SLE (0.9–4.6%) [20–22]. However, 
few studies have been conducted to observe the 
occurrence of MAS in KD patients. In the present 
study, the prevalence of MAS tendency was esti-
mated to be 1.23% in KD and significantly lower 
than the other systemic inflammatory diseases, 
which may be ascribed to a weaker inflammatory 
reaction in KD as compared with sJIA and SLE. Our 
study also revealed that increased SF occurred in 
3 patients with MAS tendency (75%) and thus SF 
may be regarded as the most prevalent character-
istic laboratory changes of MAS tendency. A mul-
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Table II. Comparison of laboratory characteristics in patients with different types of KD

Parameter Clinical classification IVIG therapy Coronary artery

Typical KD Atypical KD Response Nonresponse Normal CAAs

Age [months] 33.52 ±27.77 31.16 ±27.25 32.91 ±27.80 31.20 ±24.62 32.46 ±27.20 36.70 ±32.00

Sex  
(male/female)

99/71 34/40 127/102 6/9 120/104 13/7

SF [μg/l] 187.19 ±87.34 190.82 
±102.67

185.40 ±90.13 247.07 
±123.23*

184.8 ±91.17 219.12 ±99.27

CPR [mg/l] 59.46 ±44.15 65.55 ±48.88 61.38 ±46.42 60.36 ±31.38 63.06 ±46.37 42.28 ±31.57

ESR [mm/h] 60.89 ±23.89 64.15 ±23.22 61.07 ±23.52 75.25 ±23.68 62.57 ±23.55 53.68 ±24.36

WBC [× 109/l] 13.40 ±4.53 14.22 ±5.98 13.52 ±4.83 15.87 ±7.37 13.70 ±5.08 13.15 ±4.38

ANC [× 109/l] 9.05 ±4.16 9.35 ±5.58 8.96 ±4.42 12.67 ±7.06* 9.21 ±4.69 8.44 ±4.11

RBC [× 1012/l] 4.23 ±0.40 4.19 ±0.43 4.23 ±0.42 4.06 ±0.45 4.20 ±0.42 4.35 ±0.41

Hb [g/l] 111.84 ±12.66 110.40 ±12.09 111.58 ±12.48 107.92 ±12.52 111.04 ±12.52 115.11 ±11.64

PLT [× 109/l] 354.57 
±124.46

359.81 
±114.24

353.82 
±118.91

394.00 
±154.67

356.10 
±120.37

356.80 
±133.78

*p < 0.05. SF – Serum ferritin, KD – Kawasaki disease, CRP – C-reactive protein, ESR – erythrocyte sedimentation rate, WBC – white blood 
cell counts, ANC – absolute neutrophil counts, RBC – red blood cell counts, Hb – hemoglobin, PLT – platelet count, IVIG – intravenous 
immunoglobulin, CAAs – coronary artery abnormalities.

Figure 2. A – Receiver operating characteristic curve of SF for the diagnosis of IVIG-nonresponsive KD. B – Receiver 
operating characteristic curve of SF for the diagnosis of KD patients with CAAs

AUC = 0.705

Cut-off value ≥ 270.25

Sensitivity: 57.10%

Specificity: 82.90%

AUC = 0.603

Cut-off value ≥ 143.05

Sensitivity: 92.30%

Specificity: 37.70%
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Figure 3. The associations of coronary artery involvement with SF, inflammatory mediators and blood cell counts. 
Outliers are not depicted (SF = 864.50 μg/l and 1500 μg/l). The internal diameter of the coronary artery was 
positively correlated with SF (A; r = 0.19, p < 0.05), but no correlation of the internal diameter of the coronary 
artery with CRP (B; r = –0.07, p > 0.05), ESR (C; r = –0.12, p > 0.05), WBC (D; r = –0.08, p > 0.05), ANC (E; r = –0.01,  
p > 0.05), RBC (F; r = 0.07, p > 0.05)
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Figure 3. Cont. Hb (G; r = 0.12, p > 0.05), and PLT (H; r = –0.07, p > 0.05) was determined, respectively

Table III. The clinical characteristics of MAS tendency in 4 KD patients

Patient number 1 2 3 4

Gender Female Female Female Male

Age [months] 72 18 5 84

Fever √ √ √ √

Splenomegaly √ √

Cytopenias √

Hypertriglyceridemia and/or hypofibrinogenemia √

Increased SF level √ √ √

Hemophagocytosis in bone marrow √
MAS – macrophage activation syndrome, KD – Kawasaki disease, SF – serum ferritin.
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tinational, multicenter collaborative study found 
that SF had a sensitivity of 96.4% and a specificity 
of 100% for discriminating MAS from SLE without 
MAS at a cutoff point of > 249 μg/l [22]. Honestly, 
since the sample size is relatively small, the results 
obtained from our study were the preliminary clin-
ical outcomes.

In conclusion, SF is prone to serve as a helpful 
biomarker for predicting IVIG-nonresponsive KD, 
CAAs and MAS tendency. A panel containing the 
available risk factors and SF should be established 
to enhance the predictive efficacy of KD-associat-
ed risks.

Acknowledgments

Zhen Qiu and Hui Hui Liu contributed equal-
ly to this work and should be considered co-first 
authors.

Conflict of interest 

The authors declare no conflict of interest.

R e f e r e n c e s
1. Kawasaki T. Acute febrile mucocutaneous syndrome 

with lymphoid involvement with specific desquama-
tion of the fingers and toes in children. Arerugi 1967; 
16:178-222. 

2. Leung AKC, Sergi CM, Leong KF et al. Visual diagnosis: 
high fever, maculopapular rash, perianal desquamation, 
and conjunctivitis in a 3-year-old boy. Pediatr Rev 2021; 
42: e17-22.

3. Xie LP, Yan WL, Huang M, et al. Epidemiologic features of 
Kawasaki disease in Shanghai from 2013 through 2017. 
J Epidemiol 2020; 30: 429-35.

4. Huang GY, Chen JJ, Ma XJ, et al. Epidemiologic features 
of Kawasaki disease in Shanghai from 2008 through 
2012. Pediatr Infect Dis J 2016; 35: 7-12.

5. Burgner D, Harnden A. Kawasaki disease: what is the 
epidemiology telling us about the etiology? Int J Infect 
Dis 2005; 9: 185-94.

6. McCrindle BW, Rowley AH, Newburger JW, et al. Diagno-
sis, treatment, and long-term management of Kawasaki 
disease: a scientific statement for health professionals 
from the American Heart Association. Circulation 2017; 
135: e927-99.

7. Hu P, Jiang GM, Wu Y, et al. TNF-α is superior to conven-
tional inflammatory mediators in predicting IVIG nonre-
sponse and coronary arteritis in Chinese children with 
Kawasaki disease. Clin Chim Acta 2017; 471: 76-80.



Zhen Qiu, Hui Hui Liu, Guo Zhen Fan, Wei Xia Chen, Peng Hu

274 Arch Med Sci 1, 1st January / 2022

8. Mok CC, Ding HH, Kharboutli M, et al. Axl, ferritin, in-
sulin-like growth factor binding protein 2, and tumor 
necrosis factor receptor type II as biomarkers in sys-
temic lupus erythematosus. Arthritis Care Res 2016; 68: 
1303-9.

9. Kostik MM, Dubko MF, Masalova VV, et al. Identification 
of the best cutoff points and clinical signs specific for 
early recognition of macrophage activation syndrome in 
active systemic juvenile idiopathic arthritis. Semin Ar-
thritis Rheum 2015; 44: 417-22.

10. Henderson LA, Canna SW, Friedman KG, et al. American 
college of rheumatology clinical guidance for multisystem 
inflammatory syndrome in children associated with SARS-
CoV-2 and hyperinflammation in pediatric COVID-19: ver-
sion 2. Arthritis Rheumatol 2021; 73: e13-29. 

11. Ferri C, Giuggioli D, Raimondo V, et al. COVID-19 and 
rheumatic autoimmune systemic diseases: report of 
a large Italian patients series. Clin Rheumatol 2020; 39: 
3195-204.

12. Henter JI, Horne A, Aricó M, et al. HLH-2004: Diagnostic 
and therapeutic guidelines for hemophagocytic lympho-
histiocytosis. Pediatr Blood Cancer 2007; 48: 124-31.

13. Xin QQ, Chen BW, Yin DL, et al. Prevalence of anemia 
and its risk factors among children under 36 months old 
in China. J Trop Pediatr 2017; 63: 36-42.

14. Zhou CL, Zhao Y, Wang X, et al. Laboratory parameters 
between multisystem inflammatory syndrome in chil-
dren and Kawasaki disease. Pediatr Pulmonol 2021; 56: 
3688-98.

15. Nasir A, Tatari HA, Hamdan MA. Very high serum ferri-
tin levels in three newborns with Kawasaki-like illness.  
Paediatr Child Health 2012; 17: 201-4.

16. Pradhan V, Pandit P, Rajadhyaksha A, et al. Association 
of serum ferritin levels with hematological manifesta-
tions in systemic lupus erythematosus patients from 
western India. J Assoc Physicians India 2016; 64: 14-8.

17. Seyhan S, Pamuk ÖN, Pamuk GE, et al. The correlation 
between ferritin level and acute phase parameters in 
rheumatoid arthritis and systemic lupus erythemato-
sus. Eur J Rheumatol 2014; 1: 92-5.

18. Ciprandi G, Murdaca G, Colombo BM, et al. Serum vas-
cular endothelial growth factor in allergic rhinitis and 
systemic lupus erythematosus. Hum Immunol 2008; 69: 
510-2.

19. Kim SH, Song SE, Yoon S, et al. Serum ferritin as a diag-
nostic biomarker for Kawasaki disease. Ann Lab Med 
2021; 41: 318-22.

20. Sawhney S, Woo P, Murray KJ. Macrophage activation 
syndrome: a potentially fatal complication of rheumatic 
disorders. Arch Dis Child 2001; 85: 421-6.

21. Behrens EM, Beukelman T, Paessler M, et al. Occult mac-
rophage activation syndrome in patients with system-
ic juvenile idiopathic arthritis. J Rheumatol 2007; 34: 
1133-8.

22. Parodi A, Davì S, Pringe AB, et al. Macrophage activation 
syndrome in juvenile systemic lupus erythematosus: 
a  multinational multicenter study of thirty-eight pa-
tients. Arthritis Rheum 2009; 60: 3388-99.


