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Article 

The Significance of Elevated sST2 in Children with 
Kawasaki Disease 
Zhaohua Yang, Yunming Xu, Yanqiu Chu, Jinghao Li and Hong Wang * 

Pedietric Department of Shengjing hospital, China Medical University, 110004, China 
* Correspondence: wanghong_64@sj-hospital.org 

Abstract: Objectives: To investigate the level and clinical significance of soluble growth stimulation expressed 
gene 2 protein (sST2) in children with Kawasaki Disease (KD). Methods: A retrospective analysis was performed 
on 287 cases of KD in pediatric cardiology Department of Shengjing Hospital Affiliated to China Medical Uni-
versity from November 2021 to December 2022. They were grouped according to whether there was myocardial 
damage (MD), coronary artery damage (CAL), ≥3organs involved (MOD), and whether there was IVIG-R KD. 
In respective groups, the level of sST2 is correlated with WBC, HB, PLT, CRP, IL-6, ESR, NT-pro BNP, D-dimer, 
and ALB. Results: 1. They were younger and more male in CAL (P<0.05). 2. In MD, CAL, MOD, and IVIG-R KD 
groups, the level of sST2, CRP, NT-pro BNP and D-dimer were higher than those negative group respectively 
(P<0.05). 3. sST2 was weakly positively correlated with WBC, CRP, IL-6, NT-pro BNP and D-dimer, while weakly 
negatively correlated with HB and ALB (P<0.05).4. sST2, HB and IL-6 were independent risk factors for MOD 
(P<0.05). 5. sST2 and HB were independent risk factors for IVIG-R KD(P<0.05). 6. In the acute cases, a totalof 4 
cases had sST2 > 200ng/mL, all of which were IVIG-R KD and MOD, and among of them, 3 cases were combine 
with CAA. Conclusions: The level of sST2 was elevated in the acute phase of KD may indicate IVIG-R KD, CAA, 
MOD, and MD. 

Keywords: Kawasaki disease; children; sST2; coronary artery damage; myocardial damage; multi-organ damage 
 

1. Introduction 
Kawasaki disease (KD) is an autoimmune vasculitis syndrome. The most serious complication 

is coronary artery lesion (CAL). Without effective treatment, the risk of cardiovascular damage can 
be as high as 15-20% [1]. It has become the most common acquired heart disease in pediatrics. With 
the widespread application of IVIG, the incidence of CAL has decreased year by year. However, there 
are still IVIG-R KD, which is also a high-risk factor for coronary artery aneurysms (CAA) [2]. Clini-
cians urgently hope to find an indicator that can predict IVIG-R KD, CAL and MOD in the acute 
phase. Growth stimulation expressed gene 2 protein (ST2) belongs to the interleukin-1 receptor family 
and includes two forms: soluble ST2 (sST2) and transmembrane form sST2 (sST2L). Currently, it is 
believed that sST2 is a myocardial protein produced by myocardial cells under the action of biome-
chanical forces. These two forms of ST2 proteins are directly related to the progression of heart dis-
ease. Previous research on sST2 mainly focused on heart failure. In recent years, it has been found 
that sST2 is associated with the progression of various diseases such as heart disease, tumors, and 
inflammation such as sepsis [3]. 

The acute phase of KD is characterized by necrotizing vasculitis, mainly infiltrated by neutro-
phils and macrophages, with elevated inflammatory markers. Studies had shown that sST2 is ele-
vated in the acute phase of Kawasaki disease [4]. Exploring the relationship between the elevation of 
sST2 in the acute phase of Kawasaki disease and coronary artery damage, IVIG-R KD, and multi-
organ involvement can help in the timely treatment and prevention of serious complications of KD. 
It is an acute febrile exanthematous disease with systemic small and medium-sized arterial inflam-
matory lesions as the main pathological changes. The most serious complication is CAA. IVIG-R KD 
can involve multiple organs throughout the body. Systemic small and medium-sized arteritis is the 
main pathological change of acute febrile exanthematous disease. 
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2. Methods 
Patients: A total of 287 children with KD who were diagnosed and treated in the Department of 

Pediatric Cardiology, Shengjing Hospital Affiliated to China Medical University from November 
2021 to December 2022. And 4 cases with ST2 > 200 ng/mL were followed up until April 2025. 

2.1. Inclusion Criteria 
Children with KD who met the diagnostic criteria of KD in the 2017 American Heart Association 

(AHA) [5] and the sixth revised diagnostic criteria of KD in Japan [6], and who received treatment 
and were followed up. Diagnosis of CAL: according to the sixth revised criteria in Japan. The deter-
mination of Z value：Japan Kobayashi（http://raise.umin.jp/zsp/CALculator) 

2.2. Exclusion Criteria 
①The duration of fever exceeded 10 days at the time of admission; ②sST2 was not detected 

(sST2 can only be detected on working days); ③Those who received gamma globulin or corticoster-
oid treatment within 1 month. 

2.3. Groups 

Based laboratery detection results, and changes in electrocardiogram (ECG), ECHO, 287 KD 
patients were divided into ① myocardial damage (MD): yes= Group A (17 cases) vs no = Group B 
(270 cases); ②CAL: yes= Group C (48 cases) vs no = Group D (239 cases); ③≥ 3 organs involved 
(MOD): yes = Group E (58 cases) vs < 3 organs involved = Group F (229 cases); IVIG-R KD: yes = 
Group G (24 cases) vs no = Group H (263 cases). Data collection: sST2: the concentration of sST2 in 
serum was quantitatively detected on a 96-well plate using a double-antibody sandwich ELISA 
method. 2 ml of venous blood was collected from the children. The kit was from Shanghai Ruidi 
Biotechnology Co., Ltd., and the detection was performed using the Freedom Evolyzer-2100 fully 
automatic enzyme immunoassay integrated machine from TECAN, Switzerland. At the same time, 
the biochemical indicators such as complete blood count, C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), interleukin 6 (IL-6), troponin I, high-sensitivity troponin T, N-terminal pro-B-
type natriuretic peptide (NT-pro BNP), serum albumin (ALB), D-dimer, etc., as well as imaging data 
such as ECG, ECHO, electroencephalogram (EEG), and thoracic CT of 287 children were col-
lected. 

2.4. Statistical Analysis 
The data were analyzed using SPSS 27.0 statistical software. Measurement data conforming to 

the normal distribution were expressed as (x ± s). For data with normal distribution and equal vari-
ance, an independent samples t-test was used. For data with normal distribution but unequal vari-
ance, a t，-test was used. Skewed distribution data were expressed as median (interquartile range), 
and the Mann-Whitney U test was used. Enumeration data were expressed as the number of cases 
and percentage, and the chi-square test was used for comparison. Binary logistic regression analysis 
was used for the analysis of influencing factors. The receiver operating characteristic curve (ROC) 
was used to evaluate the predictive value of sST2 for KD patients. p<0.05 indicates statistically sig-
nificant difference. Spearman correlation analysis was used to analyze the correlation between each 
indicator and sST2. 

3. Results 
1.The age and gender distribution of children with KD 
Among the 287 children with KD, 213 (72.20%) were under 3 years old, and the male-to-female 

ratio was 1.58:1. The proportion of males and the age were both lower in the KD with CAL group 
(P<0.05). 

Table 1. General information. 

 groups age (year)  male (%)  P年龄 P性别 

MD A (17)  2.0 (0.6~3.0) 9(52.94) 0.061 0.464 B (270)  2.5 (1.5~4.0)  167(61.85) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 May 2025 doi:10.20944/preprints202505.1396.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

http://raise.umin.jp/zsp/CALculator
https://doi.org/10.20944/preprints202505.1396.v1
http://creativecommons.org/licenses/by/4.0/


3 of 6 

CAL 
C (48)  1.9 (0.8~2.7)  40(83.33) 

0.003 <0.001 D (239)  2.5 (1.5~4.0)  136(56.90) 

MOD E (58)  2.7 (1.0~4.0)  36(62.07) 0.849 0.896 F (229)  2.4 (1.4~4.0)  140(61.14) 

IVIG-R KD G (24)  2.8 (1.8~5.0)  17(70.83) 0.109 0.318 
H (263)  2.4 (1.4~4.0)  159(60.46) 

2.Comparison of sST2 levels among different groups 
The sST2 levels in group A, C, E and G were significantly higher than those in group B, D, F, and 

H (P<0.05). 

Table 2. Comparison of sST2 levels among different groups. 

 groups sST2 (ng/mL)  Z P 

MD A (17)  55.53(41.97~120.58) -3.150 0.002 B (270)  38.28(27.25~57.60) 

CAL C (48)  42.82(32.24~71.78) -2.086 0.037 D (239)  38.35(27.14~57.46) 

MOD E (58)  59.58(37.47~96.14) -5.380 <0.001 F (229)  37.49(26.33~51.83) 

IVIG-R KD G (24)  65.67(43.96~183.66) -4.214 <0.001 H (263)  37.73(27.29~55.62) 

3.Comparison of other indicators among different groups 
The level of CRP、NT-pro BNP and D-dimer in group A、C、E, and G were respectively higher 

than those in groups B, D, F, and H (P<0.05). 

Table 3. Comparison of other indicators among different groups. 

 PWBC PHB PPLT PCRP PIL-6 PESR PBNP PD-dimer PALB 

A vs B 0.001 0.134 0.046 0.018 0.002 0.348 <0.001 0.003 0.072 
C vs D 0.37 0.001 0.011 0.039 0.076 0.933 0.037 0.005 0.032 
E vs F 0.002 <0.001 0.002 <0.001 <0.001 0.772 <0.001 <0.001 <0.001 
G vs H 0.032 <0.001 0.05 <0.001 0.001 0.288 0.009 0.002 <0.001 

4.Correlation analysis between sST2 and other indicators 
The correlation coefficient r was calculated using Spearman correlation analysis. A correlation 

was considered weak when 0.3 ≤ |r| < 0.5. sST2 had a weak positive correlation with WBC, CRP, IL-
6, NT-pro BNP, and D-dimer, and a weak negative correlation with HB and ALB. There was no cor-
relation between sST2 and ESR or PLT. 

Table 4. Correlation analysis between sST2 and other indexs. 

 Indexs  r Sig. 
95% confidence interval (CI) 

lower limit upper limit 

sST2 

WBC 0.301 <0.001 0.188 0.405 
HB -0.333 <0.001 -0.434 -0.222 
PLT 0.196 <0.001 0.079 0.308 
CRP 0.412 <0.001 0.308 0.506 
IL-6 0.456 <0.001 0.352 0.548 
ESR 0.105 0.08 -0.016 0.223 

NT-pro BNP 0.419 <0.001 0.315 0.514 
D-dimer 0.367 <0.001 0.258 0.467 

ALB -0.403 <0.001 -0.499 -0.299 
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3.1. KD combined with MD 
According to the differences between Group A and Group B in Table 3, sST2, WBC, PLT, CRP, 

IL-6, D-dimer, and NT-proBNP were included as independent variables in the univariate binary Lo-
gistic regression analysis. The increases in sST2, WBC, and CRP were promoting factors for KD com-
plicated with MD(P<0.05). 

Table 5. Univariate logistic regression analysis of KD combined with MD. 

Influence factor B SE Wald P OR 95%CI 
lower limit upper limit 

sST2 0.011 0.004 7.043 0.008 1.011 1.003 1.020 
WBC 0.099 0.035 7.788 0.005 1.104 1.030 1.183 
CRP 0.012 0.004 10.034 0.002 1.012 1.004 1.019 

Further perform the receiver operating characteristic (ROC) curve analysis. The areas under the 
curve (AUC) of sST2, WBC, CRP are 0.728, 0.738, and 0.686 respectively; The optimal cut-off value of 
sST2 for predicting MD is 44.247 ng/ml. 

 
Figure 1. ROC curves of sST2, WBC, and CRP predicting KD combined with MD. 

3.2. KD combined with MOD 
According to the differences between Group E and Group F in Table 3, sST2, WBC, HB, PLT, 

CRP, IL-6, NT-pro BNP, D-dimer, and ALB were included as independent variables in the univariate 
binary Logistic regression analysis. The results showed that the models constructed with sST2, WBC, 
HB, PLT, IL-6, and D-dimer were successful and had a good goodness of fit. These above independent 
variables were further included in the multivariate binary Logistic regression analysis, which showed 
that the increases in sST2 and IL-6 and the decrease in HB were independent risk factors for multiple 
organ involvement (P<0.05). 
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Table 6. Logistic regression analysis of KD combined with MOD. 

factor influence 
factor B SE Wald P OR 95%CI 

lower limit upper limit 

single 

sST2 0.025 0.005 24.92 <0.001 1.025 1.015 1.035 
WBC 0.078 0.026 8.91 0.003 1.081 1.027 1.137 
HB -0.085 0.016 28.99 <0.001 0.918 0.890 0.947 
PLT 0.002 0.001 7.97 0.005 1.002 1.001 1.004 
IL-6 0.005 0.001 22.39 <0.001 1.005 1.003 1.008 

D-dimer 0.001 0.000 16.44 <0.001 1.001 1.001 1.002 

multi 

sST2 0.013 0.005 6.01 0.014 1.013 1.003 1.024 
HB -0.067 0.021 10.65 0.001 0.935 0.898 0.974 
IL-6 0.003 0.001 5.79 0.016 1.003 1.001 1.006 

WBC -0.021 0.040 0.28 0.600 0.979 0.905 1.059 
PLT 0.001 0.001 0.51 0.477 1.001 0.998 1.003 

Further perform the receiver operating characteristic (ROC) curve analysis. The AUC of sST2, 
IL-6,HB are 0.735、0.728、0.756 respectively; The combined AUC of the three is 0.823. The optimal 
cut-off value of sST2 for predicting MOD is 51.264ng/ml. 

 
Figure 2. ROC curves of sST2, IL-6, HB, and the combined diagnosis for KD with MOD. 

3.3. IVIG-R KD 
Binary logistic regression analysis showed that sST2, HB, CRP, IL-6, ALB and IVIG-R KD models 

were successfully constructed with good fit; sST2 and HB were independent risk factors for IVIG-R 
KD (P<0.05). 

Table 7. Logistic regression analysis of IVIG-R KD. 

factor influence factor B SE Wald P OR 
95%CI 

lower limit upper limit 

single 
sST2 0.026 0.005 24.142 <0.001 1.025 1.016 1.037 
HB -0.107 0.022 23.786 <0.001 0.899 0.861 0.938 
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CRP 0.017 0.003 24.584 <0.001 1.017 1.010 1.024 
IL-6 0.003 0.001 6.239 0.013 1.003 1.001 1.005 
ALB -0.243 0.069 12.369 <0.001 0.785 0.685 0.898 

multi 

sST2 0.017 0.006 7.987 0.005 1.017 1.005 1.029 
HB -0.062 0.027 5.354 0.021 0.940 0.892 0.991 

CRP 0.006 0.005 1.143 0.285 1.006 0.995 1.016 
IL-6 0.000 0.001 0.416 0.519 1.000 0.999 1.002 
ALB 0.059 0.086 0.477 0.490 1.061 0.897 1.256 

Further perform the receiver operating characteristic (ROC) curve analysis. The AUC of sST2, 
HB are 0.760、0.783 respectively; The combined AUC of them is 0.835. sST2 increases earlier than HB 
decreases. The optimal cut-off value of sST2 for predicting IVIG-R KD is 43.412ng/ml. 

 
Figure 3. ROC curves of sST2, HB, and the combined prediction of IVIG-R KD. 

3.4. Clinical data of four cases with ST2>200ng/ml 

Table 8. Clinical data of four cases with ST2>200. 

Case Gender Age 
ST2 

(ng/ml) Fever  Treatment MOD 

1# 
19kg 

F 3.5y >200 Admission 7d 
Regressive10d 

IVIG 4g/kg 
Dex5mg* 2d  

Methyl methicone： 
2mg/kg*7d 

1.5mg/kg*7d 
1mg/kg*1d 

Prednisone Po 14d 
ALB IV 40g 

Cardiogenic shock,  
Acute heart failure,  

Hypoproteinemia(27.1g/L), 
Hypokalemia, hyponatremia,  

Pneumonia,  
Aseptic encephalitis (EEG 2-3Hz),  

Localized peritonitis,  
Thrombocytopenia 

2# 
13.5 kg 
102 cm 

 M 3y >200 
Admission 9d 
Regressive20d 

IVIG 2g/kg 
Methyl methicone： 

20mg/kg*3d 
2mg/kg*3d 
1mg/kg*1d 

Prednisone Po 7d 
ALB IV 10g 

CAA: LM4.7mm,Z=6.07, 3m recvered 
Liver damage (ALT95U/L) 
Hypoproteinemia(24g/L) 

Leukemoid reaction 
Aseptic encephalitis (EEG 5-7Hz) 

Pneumonia,  

3# M 23m 285.4 Admission 5d IVIG 4g/kg CAA: LM5.6mm(Z=11.1) 
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9.3kg 
82cm 

Regressive27d Methyl methicone 
20mg/kg*3d 
10mg/kg*3d 
2mg/kg*4d 

1mg/kg*10d 
Prednisone Po 10d 

TNF inhibitor 5mg/kg 
ALBI V 70g  

RCA6.5mm(Z=12) 
Liver damage (ALT 434U/L) 
Hypoproteinemia (24.2g/L) 

Aseptic encephalitis 
(CSF:WBC66, Pro 0.56) 

Pleural effusion 
Moderate anemia(HGB=76g/L) 

4# 
29kg 

130cm 
F 9y 287.2 

Admission 6d 
Regressive22d 

IVIG 3g/kg 
Methyl methicone： 

2mg/kg*6d 
1mg/kg*7d 

0.7md/kg*3d 
Prednison Po 10d 

ALBIV 60g 
CTX 2mg/kg IV 

CAA: LAD 6.9mm(Z= 7.63) persist 
RCA7.7mm(Z=10.63) persist 
Hypoproteinemia(20.6g/L) 

Aseptic encephalitis (EEG 4-7Hz) 
Knee joint effusion 
Granulocytopenia 

Hyponatremia, 
Moderate anemia(HGB=86g/L) 

4. Discussion 
ST2 is a member of the interleukin-1 receptor family. IL-33 is a specific ligand for ST2，as a 

member of the interleukin-1 family. Research on the correlation between the IL-33/ST2 pathway and 
diseases is currently one of the hotspots in basic and clinical medicine. The relationship between ST2 
and the heart was first reported by Japanese scholar Shin ichi Tominaga in 1989. In 2002, Richard 
Lee’s team at Brigham Women’s Hospital first elucidated the relationship between ST2 and the heart. 
The specific ligand IL-33 for ST2 was discovered in 2005[7,8]. There are two forms of human ST2: 
soluble ST2 (sST2) and transmembrane form ST2 (ST2L). IL-33 binds to the receptor sST2L to form 
the ST2/IL-33 signaling pathway. Literature has shown that when the physiological state of sST2 con-
centration is low, it can inhibit myocardial cell hypertrophy and cardiac fibrosis, thereby exerting a 
cardio protective effect [8]. The protective effect of sST2 binding to IL-33 disappears. sST2 is a novel 
biomarker for myocardial injury, myocardial fibrosis, and cardiac remodeling. In this study, the con-
centration of sST2 in patients with concomitant CAA was significantly higher than that in patients 
with normal coronary arteries, consistent with literature reports [4]. Compared with NT-Pro BNP, 
the concentration of sST2 is not affected by renal function [9]. Continued fever or remittent fever in 
Acute phase of KD patients may cause dehydration, leading to pre renal insufficiency. Therefore, in 
predicting CAL in KD patients during the acute phase, sST2 has an advantage over NT-Pro BNP. In 
this study, all patients with CAL had elevated levels of sST2, but this was also confirmed by 3 cases 
without concomitant NT Pro BNP elevation. Some scholars believe that sST2 in KD patients is trig-
gered by mid coronary artery necrosis, which in turn explains the significant increase in sST2 in chil-
dren with CAA. Patients without CAA but with MOD or IVIG-R KD have mild elevation of sST2, 
while KD patients without complications have normal sST2 levels. A total of 4 patients had 
sST2>200ng/mL, all of which developed IVIG-R KD and MOD: case 1# with 8 organs damag, cardio-
genic shock was corrected within 8 days and heart failure recovered within 10 days, and aseptic men-
ingitis recovered within 3 months. Case 2# with 6 organs damage, leukemia reaction recovered within 
3 weeks, midle CAA recovered within 2 yesrs. Case 3# ferver continued over 3 weeks and with 6 
organs, the giant CAA rcovered within 2 years. Case 4# ferver continued for 22 days and with 7 or-
gans damage, the huge CAA will last until April 2025. The mechanism may be that the IL-33/sST2 
signaling pathway is involved in the pathophysiological processes of various inflammatory diseases 
and is related to inflammation and immune tolerance [11]. 

There is a study comparing the serum sST2 levels of sepsis patients with or without shock, and 
it was found that the serum sST2 levels of sepsis shock patients were higher than those of the normal 
sepsis group. This suggests that the more severe the condition, the higher the serum sST2 levels of 
patients [12]. In patients with ordinary sepsis and severe sepsis, those who ultimately end up dead 
have higher levels of sST2 compared to survivors, indicating that serum sST2 levels can reflect the 
patient’s outcome. The higher the level of sST2 in patients, the worse the prognosis may be. In this 
study, elevated sST2 may indicate IVIG-R KD, CAL, MOD, and MD. Through multiple factor binary 
logistic regression analysis, it was found that elevated sST2, IL-6, and decreased HB were independ-
ent risk factors for multi organ involvement. Through ROC curve analysis, it was found that HB 
reduction had better predictive value for MOD among the three, followed by sST2. Further 
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comparison showed that sST2 elevation appeared earlier than HB reduction during the course of the 
disease, which could early indicate MOD. The combination of the three was the best. 

In the multivariate binary logistic regression analysis of IVIG-R KD, it was found that sST2 and 
HB were independent risk factors for IVIG-R KD, and sST2 had better predictive value. In addition, 
this study noted that compared to the group without CAL, patients in the CAL group are younger 
and predominantly male. The difference was statistical significance, which consistent with literature 
reports [13]. Patients with MD have higher sST2 levels than those without MD, and the difference 
was statistical significance. Univariate binary logistic regression analysis showed that elevated sST2 
was a promoting factor for myocardial and CAL, but further multivariate logistic regression analysis 
showed no significant effect. This result may be related to the short research time and small sample 
size. Further research is needed to expand the sample size. 

It is reported that more children have developed MIS-C after being infected with COVID-19 [14]. 
The main manifestations of this disease are similar to KD, including fever, rash, conjunctivitis, limb 
edema, and mucosal changes. In addition, this disease often presents with severe respiratory symp-
toms, low blood pressure, and involvement of multiple organs (such as the heart, gastrointestinal 
tract, kidneys, blood, skin, and nervous system) [15], and can be fatal in severe cases. Elevated sST2 
may indicate severe cases of inflammatory response and cause severe myocardial damage and other 
multi-organ involvement. The systemic inflammatory syndrome caused by COVID-19 infection in-
volves multiple organs, causing megaphagocytic system activation such as acute myocarditis, cardi-
ogenic shock, aseptic encephalitis, progressive anemia and thrombocytopenia. How much impact 
will KD combined with persistent CAA have on the future of the patient? This is the most concerning 
issue for pediatricians and parents. Study showed that ST2 levels in such patients often increase. 
Their autopsy showed significant myocardial fibrosis, which may be related to chronic inflammation 
of the coronary arteries and myocardial ischemia. Long term monitoring of ST2 has predictive signif-
icance for such patients. 

In summary, a significant increase in sST2 during the acute phase of KD may indicate severe 
inflammatory reactions, such as causing IVIG-R KD, CAL, MOD, and MD. We believe that detecting 
sST2 during the acute phase of KD can serve as a means of detecting severe cases, especially early 
atypical cases. Early intervention with immune agents and active management of systemic compli-
cations can reduce the occurrence of CAA and severe complications. 

What is particularly exciting is that studies have shown that the IL-33/sST2 axis may be involved 
in the occurrence and development of KD vasculitis; The IL-33/sST2 axis may be a target for KD 
therapy [17]. For patients with KD combined with persistent CAA, the significance of long-term fol-
low-up of their sST2 needs to be further expanded in sample size and further studied. 
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