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INTRODUCTION

 Kawasaki disease (KD), an acute febrile disease 
with unknown etiology that occurs mostly in 
children, may give rise to systemic vasculitis. 
Some children with KD may even develop 
coronary artery lesion (CAL) or even coronary 
aneurysm.1 Currently, IVIG and aspirin are the 
preferred for the treatment of KD. However, some 
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ABSTRACT
Objectives: To investigate whether the levels of interleukin 1β (IL-1β), interferon γ (IFN-γ), tumor necrosis 
factor α (TNF-α) in children with Kawasaki disease (KD) are correlated with coronary artery lesion (CAL) 
and resistance to intravenous immunoglobulin (IVIG) treatment. 
Methods: A total of 216 children in line with KD diagnostic criteria were continuously included as subjects, 
and 50 healthy children at the same period were selected as the control group, and their levels of IL-1β, 
IFN-γ, and TNF-α were detected. 
Results: Subjects were subdivided according to the presence or absence of CAL: 42 cases (19.4%) of 
216 children with KD developed CAL and were subdivided into the CAL group, while 174 (80.6%) of those 
who did not develop CAL were subdivided into the NCAL group. The levels of IL-1β, IFN-γ, and TNF-α in 
the CAL group and the NCAL group were higher than those in the control group (P<0.05), and the levels 
of those in the CAL group were higher than those in the NCAL group (P<0.05). Subjects were subdivided 
according to the effect of IVIG treatment: 194 cases (89.8%) of 216 children with KD had a good control of 
inflammation after the initial IVIG treatment, and were considered to have IVIG-sensitive KD and divided 
into the IVIG-sensitive group; 22 cases (10.2%) could not get good control of inflammation after the initial 
IVIG treatment, and were considered to have IVIG-resistant KD and divided into the IVIG-resistant group. 
The levels of IL-1β, IFN-γ, and TNF-α in the IVIG-sensitive group and the IVIG-resistant group were higher 
than those in the control group; The levels of IL-1β, IFN-γ, and TNF-α in the IVIG-resistant group were 
higher than those in the IVIG-sensitive group (P<0.05), while the fever time of the IVIG-sensitive group was 
lower than that of the IVIG-resistant group (P<0.05). 
Conclusion: Children with KD may experience changes in IL-1β, IFN-γ, and TNF-α levels in the acute phase. 
Such a significant increase in levels may be a risk factor for CAL and resistance to IVIG treatment in children 
with KD, while the prolonged fever time is a risk factor for resistance to IVIG treatment in children with KD.
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children with KD have poor outcomes after initial 
IVIG treatment. Part of children with KD will still 
develop CAL after timely treatment. Moreover, 
approximately 10% to 20% of patients with KD 
are considered to be suffering from IVIG-resistant 
KD when their body temperature fails to drop to 
normal or fever occurs again in a short time after 
IVIG treatment.2 Such children with poor curative 
effect are the focus of diagnosis and treatment for 
KD at present. It is considered in current studies 
that inflammatory cytokines exert an important 
part in the course of KD, which has a close 
bearing on the appearance of CAL as well as IVIG 
resistance in children with KD.2,3 In this study, 
the levels of interleukin 1β (IL-1β), interferon γ 
(IFN-γ) and tumor necrosis factor α (TNF-α) in 
children diagnosed with KD in our hospital were 
detected, so as to find out whether the levels of 
inflammatory cytokines are correlated with the 
sensitivity of children with KD to IVIG treatment 
and CAL.

METHODS

 In this study, 216 children diagnosed with KD 
in our hospital from June 2017 to June 2020 were 
selected as subjects, including 121 males and 95 
females, aged from 1 to 8 years, with an average 
age of 3.8±1.7 age. Fifty healthy children who 
underwent physical examination in our hospital 
at the same time were selected as the control 
group, including 28 males and 22 females, aged 
from 1 to 8 years, with an average age of 3.8±1.8 
years. No statistical significance can be seen in the 
comparison of gender and age between the two 
groups (P>0.05). 
Ethical Approval: The study was approved by 
the Institutional Ethics Committee of Laboratory 
of Baoding Children’s Hospital.( September 17, 
2021)
 KD diagnostic criteria issued by the American 
Heart Association in 2017[4]: Fever ≥ 5d, with 
at least 4 of 5 clinical manifestations, and other 
diseases need to be excluded: 1. Erythema and 
edema of the hands and feet in the acute and/or 
subacute phases, and desquamation of the ends 
of fingers and toes within 2-3 weeks of fever; 2. 
Erythema rash; 3. Bilateral bulbar conjunctival non-
exudative conjunctivitis; 4. Changes in the lips and 
mouth include: (1) Erythema, dryness, peeling, 
cracking and bleeding on the lips; (2) “Strawberry 
Tongue”; (3) Diffuse erythema; 5. Swollen lymph 
nodes in the neck are usually unilateral and ≥1.5 
cm in diameter.

CAL judgment criteria5: The occurrence of CAL is 
defined according to Z score: 1. No CAL: < 2; 2. 
Coronary artery dilation: 2 - < 2.5; 3. Aneurysm: 
≥ 2.5.
Judgment criteria for IVIG treatment of resistant 
KD6: Persistent fever within 36h after initial 
IVIG treatment, or recurrent fever after the body 
temperature became normal (body temperature ≥ 
38°C), without secondary infection.
Exclusion criteria:
• Patients with severe organic diseases such as 

heart, liver and kidney diseases or diseases such 
as genetic metabolic diseases, immune diseases, 
allergic diseases and tumors;

• Patients who have taken drugs such as 
immunomodulators and hormones within six 
months;

• Patients with infectious diseases;
• Patients who cannot cooperate to complete the 

study.
Specimen Collection: 2 mL of venous blood was 
collected on an empty stomach from children with 
KD within 5-7 days of onset and before treatment 
with IVIG and aspirin.
Detection method of IL-1β, IFN-γ, TNF-α: In this 
study, the detection was carried out by double-
sandwich microsphere capture method, and the 
reagents used were all purchased from Beijing 
QuantoBio Biotechnology Co., Ltd. The instrument 
used in the experiment was MindyayBriCyte E6 
flow detector. The detection of this study was 
carried out by Baoding Key Laboratory of Clinical 
Research on Children’s Respiratory and Digestive 
Diseases and Baoding Precision Diagnosis and 
Treatment Laboratory of Infectious Diseases of 
Children.
Statistical Analysis: All the data in this study 
were processed by SPSS 22.0 statistical software. 
Measurement data were expressed as , and 
ANOVA was used to compare the selection 
between groups. P<0.05 indicates a statistically 
significant difference.

RESULTS

 Grouping according to the presence or absence 
of CAL: 42 cases (19.4%) of 216 children with 
KD developed CAL and were subdivided into 
the CAL group, including 24 males and 18 
females with an average age of 3.9±1.9 years; 174 
(80.6%) of those who did not develop CAL were 
subdivided into the NCAL group, including 97 
males and 77 females, with an average age of 
3.8±1.7 years.
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 Grouping according to the effect of IVIG 
treatment: 194 cases (89.8%) of 216 children with 
KD had a good control of inflammation after 
the initial IVIG treatment, and were considered 
to have IVIG-sensitive KD and divided into the 
IVIG-sensitive group, including 108 males and 
86 females, with an average age of 3.8±1.7 years; 
22 cases (10.2%) could not get good control of 
inflammation after the initial IVIG treatment, and 
were considered to have IVIG-resistant KD and 
divided into the IVIG-resistant group, including 
13 males and 9 females, with an average age of 
3.8±1.9 years.
 The levels of IL-1β, IFN-γ and TNF-α in the 
CAL group and the NCAL group were higher 
than those in the control group, with a statistically 
significant difference (P<0.05). The levels of IL-
1β, IFN-γ and TNF-α in the CAL group were 
higher than those in the NCAL group, with a 
statistically significant difference (T=5.42, T=4.74, 
T=7.87; P<0.05), Table-I.
 The levels of IL-1β, IFN-γ and TNF-α in the 
IVIG-sensitive group and the IVIG-resistant 
group were higher than those in the control 
group, with a statistically significant difference 
(P<0.05). The levels of IL-1β, IFN-γ and TNF-α in 
the IVIG-resistant group were higher than those 

in the IVIG-sensitive group, with a statistically 
significant difference (T=2.58, T=2.15, T=2.36; 
P<0.05),  Table-II.
 The fever time of the IVIG-sensitive group 
was lower than that of the IVIG-resistant group, 
with a statistically significant difference (P<0.05), 
Table-III.

DISCUSSION

 In the acute stage of KD, vascular endothelial 
injury will occur, and the combination of anti-
endothelial autoantibodies and endothelial cells 
will lead to the activation or injury of endothelial 
cells and the release of pro-inflammatory cytokines, 
resulting in coronary artery lesions.7 A single 

Study on Children with IVIG-sensitive Kawasaki Disease

Table-I: Comparison of IL-1β, IFN-γ and TNF-α levels between 
the CAL group, the NCAL group and the control group.

Group Number of cases IL-1β (pg/mL) IFN-γ (pg/mL) TNF-α (pg/mL)

CAL group 42 23.6±11.6 25.4±14.7 20.0±7.9

NCAL group 174 13.6±5.8 14.5±5.9 10.2±3.7

Control group 50 2.4±1.2 2.9±1.4 2.9±1.6

F 120.31 101.98 174.65

P 0.00 0.00 0.00

Table-II: Comparison of IL-1β, IFN-γ and TNF-α levels between the
IVIG-sensitive group, the IVIG-resistant group and the control group.

Group Number of cases IL-1β (pg/mL) IFN-γ (pg/mL) TNF-α (pg/mL)

IVIG-sensitive group 194 15.0±7.4 15.9±8.3 11.8±5.9

IVIG-resistant group 22 21.4±11.5 22.9±15.1 15.0±7.7

Control group 50 2.4±1.2 2.9±1.4 2.9±1.6

F 76.63 62.71 58.68

P 0.00 0.00 0.00

Table-III: Comparison of fever time between 
the IVIG-sensitive group and the 

IVIG-resistant group.

Group Fever time

IVIG-sensitive group 7.4±1.1

IVIG-resistant group 10.3±1.9

t 7.11

p 0.00
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intravenous injection of 2 g/kg of immunoglobulin 
and aspirin can reduce the incidence of coronary 
aneurysms from 25% to 5%. However, 10-20% 
of patients do not respond to this treatment and 
suffer an increased risk of cardiac complications 
and death.8

 Inflammatory cytokines such as IL-1β, IFN-γ, and 
TNF-α are involved in the pathogenesis of KD, and 
may affect the prognosis of KD in various aspects. 
For patients with acute KD, their T, B lymphocytes 
and monocyte/macrophage system will be 
activated, which will lead to the large production 
of immunoglobulins and inflammatory cytokines 
in the body. Inflammatory cytokines such as IL-1 
and TNF-α can also promote the aggregation and 
activation of inflammatory cells, and promote the 
release of inflammatory mediators, resulting in 
inflammatory symptoms such as fever. Such an 
increase in these cytokines may be closely related 
to IVIG resistance.9-11 Matrix metalloproteinase 
(MMP) is involved in the extracellular remodeling 
of KD and is associated with coronary artery 
lesion in patients with KD. IL-1β, IL-6 and 
TNF-α stimulate the expression of MMP-9, while 
IFN-γ inhibits the expression of MMP-9.12 IL-1β 
is of vital inportance in the pathophysiological 
mechanism of cardiovascular disease and KD.13,14 
IL-1β may trigger vasodilation induced by local 
pro-inflammatory environment and attract 
monocytes and neutrophils to the site causing 
tissue damage and stress, which is closely related 
to KD inflammation and aneurysm formation.15 It 
is considered in current studies that the levels of 
IL-1β, IFN-γ, and TNF-α in KD children with CAL 
will be significantly higher than those of children 
with KD without CAL.16-18 As shown in this study, 
the levels of IL-1β, IFN-γ, and TNF-α in children 
with KD (with or without CAL) were significantly 
higher than those in healthy children, and the 
levels of IL-1β, IFN-γ and TNF-α in KD children 
with CAL were significantly higher than those in 
KD children without CAL, which was consistent 
with previous reports. It is suggested that IL-1β, 
IFN-γ and TNF-α were not only involved in the 
pathological process of KD, but also the increase of 
their levels was closely related to CAL in children 
with KD.
 It has been reported that the levels of interferon 
γ (IFN-γ) and tumor necrosis factor α (TNF-α) in 
children with IVIG-resistant KD are significantly 
higher than those in children with IVIG-sensitive 
KD.2,18 The genetic polymorphism of IL-1β is 
associated with resistance to IVIG in children with 

KD.19 Changes in IL-1β level exerts a crucial role in 
the resistance to IVIG treatment in children with 
KD.20 In this study, the fever time, IL-1β, IFN-γ 
and TNF-α levels in the IVIG-resistant group were 
higher than those in the IVIG-sensitive group, 
which was consistent with previous reports. It is 
suggested that children with KD have higher levels 
of inflammatory cytokines early in the course of the 
disease, so it is necessary to be alert to the possibility 
of resistance to IVIG treatment, closely monitor 
the temperature and inflammation indicators of 
the children, and timely communicate with their 
families to avoid delay of the disease.

Limitation of the study: Few cases were included 
and no multi-center study was conducted.

CONCLUSION

 Children with KD may experience changes in 
IL-1β, IFN-γ, and TNF-α levels in the acute phase. 
Such a significant increase in levels may be a risk 
factor for CAL and resistance to IVIG treatment in 
children with KD, while the prolonged fever time 
is a risk factor for resistance to IVIG treatment in 
children with KD.
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