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Abstract

Background
Intravenous immunoglobulin (IVIG) has been widely accepted as a standard treatment against Kawasaki
disease (KD). About 20% of patients are nonresponsive after the �rst IVIG treatment.This study was
performed to reveal the responsiveness, mechanism of action, and incidence rate of coronary artery
lesions in the long-term follow-up visit of action of IVIG combined with glucocorticoids in the treatment of
refractory KD.

Method:
A total of 633 pediatric patients with KD (experimental group) and 200 pediatric patients with upper
respiratory infection hospitalized during the same period (control group) were retrospective selected. KD
was treated with IVIG combined with aspirin.IVIG-nonresponsive group was given the second
treatment.Protocol 1 group was administered 1 g/kg IVIG; Protocol 2 group was administered 2 g/kg IVIG;
and Protocol 3 group was administered 1 g/kg IVIG + glucocorticoid (GC). Following the second
treatment, the responsive group (Group A) and nonresponsive group (Group B) were classi�ed based on
whether the temperature was reduced to normal.

Results
IVIG-nonresponsive group had more coronary artery lesions, longer time of �rst application of IVIG, and
higher WBC count, ESR, CRP, and higher serum levels of Meprin A, IL-1β, IL-6, IL-17A, and IP-10. Protocol 3
group was found with faster abatement of fever, higher response rate, and fewer CALs. The serum levels
of Meprin A, IL-1β, and IL-17A in Group B were higher, and the incidence rate of CAL after treatment was
up to 78.9% .

Conclusions
The levels of Meprin A, IL-17A, and IL-1β may serve as potentially good indexes to predict refractory KD.
IVIG combined with GC to treat refractory KD is more advantageous compared with IVIG alone.

Background
Kawasaki disease (KD) is a kind of pediatric systemic vasculitis of unknown etiology. Intravenous
immunoglobulin (IVIG) has been widely accepted as a standard treatment against KD. About 20% of
patients are nonresponsive after the �rst IVIG treatment, also referred to as “refractory KD.” Pediatric
patients with this condition are more exposed to coronary artery lesions (CALs) [1]. Clinical treatment
protocols available for these pediatric patients with KD include high-dose glucocorticoid (GC) treatment,
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second IVIG treatment, ulinastatin (UTI) treatment, methotrexate (MTX) treatment, cyclosporin treatment,
in�iximab (IFX) treatment, and plasmapheresis [2, 3]. However, no agreement has been reached on the
preferred second-line drugs for such pediatric patients in the community. In US clinical practice, about
7.7–18% of pediatric patients with KD nonresponsive to the �rst IVIG treatment were given GC [4]. In
another Spanish KD cohort study, about 14.5% of pediatric patients with KD were given GC in the �rst or
second treatment [4]. In China, GC was also used in the �rst and second treatment of KD [2, 5]. Hence, the
treatment outcome of GC in KD has aroused immense attention at home and abroad. However, its
responsiveness, mechanism of action, and incidence rate of CAL in the long-term follow-up visit remain
unclear. This study was performed to reveal the application value and mechanism of action of IVIG
combined with glucocorticoids in the treatment of refractory KD.

Participants And Methods

Participants
This retrospective study included 633 pediatric patients with KD who underwent standard IVIG treatment
in the hospital from January 2016 to March 2019. The inclusion criterion was pediatric patients with KD
having a de�nitive diagnosis and complete data, referring to the diagnostic criteria proposed by American
Heart Association 2017 [6]. Patients complicated with other autoimmune diseases, infectious diseases,
and tumors were excluded. Further, 200 pediatric patients with an upper respiratory infection and
hospitalized in the hospital during the same period were considered as the control group. Two groups of
pediatric patients were not given hormones, immunosuppressants, or IVIG within 2 weeks. The
experimental group received standard IVIG treatment combined with aspirin and was subdivided into
IVIG-responsive group and IVIG-nonresponsive group based on the response to IVIG treatment (IVIG
nonresponsive was de�ned as persistent fever of >38℃ for 36 h after the �rst-dose IVIG treatment,
abatement of fever for 2–7 days after drug administration, fever recurring after 2 weeks, with at least one
of KD symptoms). The IVIG-nonresponsive group received the second treatment and then was distributed
into Protocol 1 group (20 participants), Protocol 2 group (36 participants), and Protocol 3 group (30
participants). Following the second treatment, the IVIG-nonresponsive group was further classi�ed into
responsive group (Group A) and nonresponsive group (Group B), depending on whether the fever was
abated. The family members of all pediatric patients included in this study signed the informed consent,
and the approval was obtained from the Medical Ethics Committee of the hospital under the grant
number: [2018] Lun Shen Zi (22).

Methods
General data: The clinical and experimental data of all the pediatric patients with KD during
hospitalization and follow-up visit were recorded. The blood drawn from the experimental and control
groups when admitted to the hospital was retained for testing the serum levels of Meprin A, interleukin-1β
(IL-1β), and interferon-induced protein-10 (IP-10). White blood cell (WBC) count, erythrocyte sedimentation
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rate (ESR), and levels of C-reactive protein (CRP), interleukin-6 (IL-6), and interleukin-17A (IL-17A) were
tested during hospitalization. The time of fever abatement (the time from the day of second treatment to
the resumption of normal body temperature without a recurrent fever) and the experimental data before
and after the second treatment (pretreatment: prior to the second IVIG treatment, i.e., within 3–5 days
after the �rst IVIG treatment; post-treatment: within 3–5 days after the second IVIG treatment), including
WBC count, ESR, and levels of CRP,Meprin A, IL-1β, IL-6, IL-17A, and IP-10, were recorded for pediatric
patients with KD in the IVIG-nonresponsive group. All the pediatric patients with KD in these groups were
subjected to an ultrasonic cardiogram test from the onset to the 1-year follow-up visit (1, 2, 4, 8, and 12
weeks, and 6 and 12 months after the onset). The �ndings suggested coronary artery dilation or coronary
aneurysm, de�ned as CAL. The diagnostic criterion for coronary artery dilation was as follows: coronary
artery diameter >3 mm if participants aged <5 years; and coronary artery diameter >4 mm if participants
aged >5 years. The diagnostic criterion for coronary artery aneurysm was as follows: coronary artery
localized or diffused dilation, and its diameter 1.5 times higher compared with the adjacent normal
coronary artery. Small coronary aneurysm was identi�ed if the inner diameter was 4.1–4.9 mm; medium
coronary aneurysm was identi�ed if the inner diameter was 5.0–7.9 mm; and huge coronary aneurysm
was identi�ed if the inner diameter was ≥8 mm. Post-treatment CALs included CALs appearing during the
follow-up visit after the second treatment, excluding those found before the second treatment.

For serum meprin A, IL-1β, and IP-10 test, 4 mL of fasting venous blood was drawn from all pediatric
patients with KD during the acute phase (course of disease: 3–7 days), 4 mL from the IVIG-nonresponsive
group within 3–5 days after the �rst IVIG treatment, and 4 mL from the IVIG-nonresponsive group within
3–5 days after the second IVIG treatment. The blood was then centrifuged at 3000 rpm for 10 min. The
serum was separated from the residue and stored in a refrigerator at -80℃ for testing. Then, 4 mL of
fasting venous blood was drawn from all pediatric patients in the control group and processed in the
same manner as for the KD group. The serum was collected, and the levels of Meprin A, IL-1β, and IP-10 s
were detected using Meprin A ELISA kit, IL-1β ELISA kit, and IP-10 kit, respectively (all supplied by BD
Biosciences .

Treatment protocols
Standard protocol: All pediatric patients with KD were given IVIG 2 g/kg once, combined with 30–50
mg/(kg × day) aspirin. The dosage of aspirin was reduced to 3–5 mg/kg 3 days after the abatement of
fever.

Second treatment protocol: IVIG-nonresponsive group: Protocol 1 group was given IVIG 1 g/kg once
again; Protocol 2 group was given IVIG 2 g/kg once again; Protocol 3 group was given IVIG 1 g/kg + Solu-
Medrol injection 2 mg/kg (intravenous ×3 days, changed to oral administration of prednisone tablets, and
dosage gradually reduced until withdrawn, with a cycle of 1–2 weeks).

Third treatment protocol: If Protocol 1 group and Protocol 2 group were nonresponsive after the second
treatment: Solu-Medrol injection 2 mg/kg was given (intravenous ×3 days, changed to oral administration
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of prednisone tablets, and dosage gradually reduced until withdrawn, with a cycle of 1–2 weeks; if
Protocol 3 was nonresponsive, IVIG 1g/kg was administered.

The body temperatures of all the pediatric patients with KD were under control after the third treatment.

All patients were given immunoglobulins produced by the same company (Chengdu Rongsheng
Pharmaceuticals Co., Ltd., under State Food and Drug Administration (SFDA) Approval No.: S19993042,
50 mL: 2.5 g/vial), aspirin enteric-coated tablets (Cisen Pharmaceutical Co., Ltd., under SFDA Approval
No.: H37023270, 25 mg/tablet), Solu-Medrol injection (P�zer Manufacturing Belgium NV, under imported
drug reg. standard: JX20160069, 40 mg/vial), and prednisone acetate tablets (Zhejiang Xianju
Pharmaceutical Co., Ltd., under SFDA Approval No.: H33021207, 5 mg/tablet).

Statistical analysis
SPSS19.0 was used for statistical analysis. The normal distribution data were expressed as mean ±
standard deviation and checked using the independent-samples t test. The data with non-normal
distribution were expressed as median (interquartile range) and compared using the Wilcoxon rank-sum
test. The counting data were expressed as a percentage (%) and processed using the chi-square test. P
value less than 0.05 was considered to be statistically signi�cant.

Results

Comparison of pretreatment clinical and lab indexes
between the IVIG-responsive group, IVIG-nonresponsive
group, and control group
Comparison between the three groups: The IVIG-responsive group comprised 574 out of 633 patients with
KD (86.4%). The IVIG-nonresponsive group comprised 86 patients (13.6%). The control group comprised
200 participants. No statistically signi�cant difference in age and sex was found between the three
groups (P>0.05). The WBC count, ESR, platelet (PLT) count, and serum levels of CRP, Meprin A, IL-1β, IL-6,
IL-17A, and IP-10 were higher in the IVIG-responsive and nonresponsive groups than in the control group,
and the difference was statistically signi�cant (P < 0.001). More details are shown in Table 1.

Comparison between the IVIG-nonresponsive and IVIG-responsive groups: The CAL incidence rate was
higher in the IVIG-nonresponsive group (58.1%) than in the IVIG-responsive group (12.2%; P<0.05). The
IVIG-nonresponsive group was found with longer time of �rst application of IVIG (P<0.001) and higher
WBC count, ESR, and levels of CRP, Meprin A, IL-1β, IL-6, IL-17A, and IP-10 in the serum, with statistically
signi�cant differences (P<0.001). More details are shown in Table 1.



Page 6/16

Comparison of clinical and lab indexes before and after
treatment between three protocols
Comparison of Protocol 3 group with Protocol 1 and 2 groups: The differences in time of �rst application
of IVIG and lab indexes in every acute phase were not statistically signi�cantly different between the three
groups (P>0.05). In Protocol 3 group, the average time of fever abatement after the second treatment was
1 day, 96.7% of patients had fever abatement (responsive rate), and the CAL incidence rate after
treatment was 10%; these differences were statistically signi�cant compared with Protocol 1 and 2
groups (P<0.05). The differences in WBC count, ESR, and serum levels of CRP, Meprin A, IL-1β, IL-6, IL-17A,
and IP-10 were statistically signi�cant between Protocol 3 and 1 groups (P<0.05). The differences in WBC
count, ESR, and levels of CRP and Meprin A were statistically signi�cant between Protocol 3 and 2
groups. More details are given in Table 2.

Comparison between Protocol 1 and 2 groups: The responsive rate (77.8%) was signi�cantly higher in
Protocol 2 group than in Protocol 1 group (50.0%). The CAL incidence rate (22.2%) after treatment was
signi�cantly lower in Protocol 2 group than that in Protocol 1 group (55.0%). The extent of decrease in
serum levels of Meprin A, IL-1β, and IL-6 after treatment in Protocol 2 group was more obvious, and the
differences were statistically signi�cant (P < 0.05). More details are shown in Table 2.

Comparison of clinical and lab indexes after the second
treatment between responsive (Group A) and
nonresponsive groups (Group B)
The 86 IVIG-nonresponsive patients with KD included 67 (77.9%) in the second treatment responsive
group(Group A) and 19 (22.1%) in the second treatment nonresponsive group(Group B) . In Group B, 18
(94.7%) were given IVIG-alone treatment, and 1 (5.3%) was given IVIG combined with glucocorticoids. The
difference in age and sex was not statistically signi�cant between the two groups (P >0.05). In Group B
after the second treatment, the CAL incidence rate was up to 78.9%, which was signi�cantly higher than
that in Group A (P<0.001). The differences in serum levels of Meprin A, IL-1β, and IL-17A were statistically
signi�cant between the two groups (P<0.05), but the differences in WBC count, Hb, PLT count, ESR, and
levels of CRP, IL-6, and IP-10 were not statistically different (P>0.05). All lab indexes were tested 3–5 days
after the second treatment. More details are shown in Table 3.

Discussion
KD is acute, systemic, nonspeci�c, self-limiting vasculitis. Its adverse effects depend mainly on the
incidence of CALs, including coronary artery dilation, coronary aneurysm, thrombosis, myocardial
ischemia, and even sudden death [7,8]. Intravenous immunoglobulin (IVIG) is one of the �rst-line drugs
used to treat KD. However, the nonresponsive rate for KD treatment with IVIG continued to increase every
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year, and the exposure rate to CALs was high [9,10]. In this study, the nonresponsive rate for the �rst IVIG
treatment was 13.6% and the CAL rate was up to 58.1%, which were signi�cantly higher than those in the
�rst IVIG-responsive group. In the second treatment, the nonresponsive rate for the treatment with IVIG 1
g/kg alone was up to 50.0%, and the CAL rate during the follow-up visit after the second treatment was
55.0%. The nonresponsive rate for the treatment with IVIG 2 g/kg alone was still up to 22.2%, and the CAL
rate during the follow-up visit after the second treatment remained 22.2%. In summary, the response of
IVIG 2 g/kg to refractory KD was con�rmed compared with IVIG 1 g/kg, but with a certain limitation.
However, the disease mechanism of refractory KD remains unclear to date. Compared with the IVIG-
responsive and control groups, the serum levels of Meprin A, IL-1β, IL-6, IL-17A, and IP-10 signi�cantly
increased in the IVIG-nonresponsive group (P<0.05). After the second treatment, the serum levels of
Meprin A, IL-1β, and IL-17A were still signi�cantly higher in the second nonresponsive group than in the
second responsive group (P<0.05). These �ndings suggested that the serum levels of Meprin A, IL-1β, IL-
17A, and other factors might in�uence the response to IVIG, and hence serve as a predictive index for
refractory KD.

IL-1β plays a crucial role in the disease mechanism of KD by inhibiting the IL-1β pathway and blocking IL-
1β signaling transduction, thus inhibiting the onset and progress of KD. IL-1β is also closely associated
with the resistance to IVIG [11,12]. Recent studies also suggested that IFN-γ and IL-6 were independent
risk factors for pediatric refractory KD [13]. Meprins are zinciferous metallopeptidases with α and β
subunits [14]. Meprin A is a homodimer of α subunit (α-α) or a heterodimer of α and β subunits (α-β),
which can transform the precursor form of IL-1β (pro-IL-1β) into the biologically active IL-1β. It not only
hydrolyzes and inactivates IL-6 but also produces sIL-6R through the lysis of IL-6R on the cell membrane
to mediate IL-6 countersignaling [15,16]. In addition, an experiment on mice showed that the effect of
overexpressed Meprin-α on the formation of atherosclerosis might be closely associated with the
in�ammatory response mediated by active type 1 helper T cells, which facilitated the secretion of IFN-g
[17]. Consequently, it was presumed that Meprin A might be involved in the onset and progress of
refractory KD by regulating the imbalance of in�ammatory mediators (e.g., IL-6 pathway) and the further
release of IL-1β and IFN-g. The present study found that the serum level of IFN-g of patients with KD in
the �rst IVIG-nonresponsive group induced a signi�cant increase in the expression of IP-10. IP-10 was
secreted from a variety of IFN-g-induced tissue cells and immune cells [18]. It exerted a recruiting and
chemotactic effect on T cells in autoimmune diseases and aggregated the corresponding T cells to target
organs, causing tissue and organ damage [19]. IP-10/IL-17 secreted from the plasma of pediatric patients
with KD acted on the calci�cation of human coronary artery smooth muscle cells (HCASMCs); IL-17
might also interact with IFN-g to enhance the production of IP-10 [8]. Thus, it was inferred that IP-10 and
IL-17A cooperatively in�uenced the CALs in KD. IL-17A is a member of the IL-17 family. The pro-
in�ammatory cytokines with one or more biological functions are produced from immune cells, such as
Th17 cells, natural killer cells, and mast cells. They upregulate the expression of pro-in�ammatory genes
and induce the production of IL-6, IL-8, and INF-α in some cells (e.g., endothelial cells and macrophages)
[20]. Japanese researchers also found that IL-1beta and IL-17A are involved in IVIG resistance through
activation of C/EBPβandδ in a coronary artery model of Kawasaki disease [1].
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Glucocorticoids (GCs), as an alternative to in�ammation suppression, have gained increasing attention in
the treatment of refractory KD. However, their mechanism of action remains unclear. GCs can upregulate
or downregulate up to 20% of gene expression [21]. They bind to cytoplasmic receptors to inhibit the
transcription of in�ammatory proteins but promote the transcription of anti-in�ammatory proteins, thus
ful�lling the anti-in�ammatory role at the genome level. These proteins include cytokines such as TNF-α,
IL-6, IFN-g, chemokines, and cell adhesion molecules [22]. They can also reduce the secretion of
in�ammatory cytokines by in�uencing the activity of NF-kB [5]. In this study, the extent of decrease in the
serum levels of Meprin A, IL-1β, and IL-6 after the second treatment was higher in the IVIG 2 g /kg group
compared with the IVIG 1 g/kg group. In the IVIG 1 g/kg + GC group, the serum levels of Meprin A, IL-1β,
and IL-6 decreased signi�cantly, and the extent of decrease in the IL-17A and IP-10 levels was also
extremely obvious (P < 0.05). The extent of decrease in serum levels of Meprin A after the second
treatment was even higher in the IVIG 1 g/kg +GC group compared with the IVIG 2 g/kg group (P<0.05).
Moreover, 94.7% of the patients in the second treatment nonresponsive group were given IVIG alone;
serum levels of Meprin A, IL-1β, and IL-17A were signi�cantly higher than that in the second treatment
responsive group. The responsive rate in the IVIG-1 g/kg + GC group was up to 96.7%, and the CAL
incidence during the follow-up visit after the second treatment was 10%, which was 2.2 times lower than
that in the IVIG-2 g/kg group and 5.5 times lower than that in the IVIG-1 g/kg group. This suggested that
GCs showed a better anti-in�ammatory effect and a long-term prognosis. This might be associated with a
more rapid function of GCs. Previous studies showed that IVIG combined with a GC protocol rapidly
decreased the levels of in�ammatory cytokines such as IL-2, IL-6, and IL-8 in the peripheral circulation
within 24 h [23], when used to treat KD cases not responsive to IVIG. Reduced duration of systemic
in�ammation would signi�cantly reduce the time of fever abatement and decrease the exposure rate of
CAL.

Conclusion
A systematic analysis found that IL-1β, Meprin A, IL-17A, and other cytokines might be the factors
in�uencing refractory KD and CAL, which are potentially good predictors. IVIG combined with GCs
responsively controlled the levels of IL-1β, Meprin A, IL-17, and other in�ammatory factors in patients with
refractory KD, reduced the incidence rate of CAL, and improved the responsive rate. This suggested that
IVIG combined with GCs would have more advantages and prospects in KD treatment compared with IVIG
alone. IVIG combined with a GC protocol should be given in the event of a signi�cant increase in the
levels of certain in�ammatory factors such as IL-1β, Meprin A, and IL-17. However, this study still had
limitations. The GC treatment group should be added in subsequent studies on refractory KD for the
comparison of response and safety.

List Of Abbreviations
KD      Kawasaki disease

IVIG    Intravenous immunoglobulin
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WBC    White blood cell

CRP    C-reactive protein

ESR    Erythrocyte sedimentation rate

CALs   Coronary artery lesions

GC     Glucocorticoid

UTI    Ulinastatin

MTX   Methotrexate

IFX    In�iximab

IL-1β    Interleukin-1β

IP-10    Interferon-induced protein-10

IL-6     Interleukin-6

SFDA   Tate Food and Drug Administration

PLT    Platelet

Hb     Hemoglobin

HCASMCs  Human coronary artery smooth muscle cells
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  IVIG-responsive group IVIG-nonresponsive group Control group Χ2/Zvalue Pvalue

n % 547.0 86.4 86 13.6 200    

Men, n (%) 298 54.5 48 54.7 108 54.0 0.08 0.961

Age (year) 2.0 1,3 2.0 1,3 1.5 1,3 4.377 0.112

Time of first application of IVIG(day) 5 5,7 6 5,8   -4.631 0.000

CAL % 67 12.2 50 58.1   103.847 0.000

WBC (109/L) 14.2 12.6–17.5 18.0 14.1–21.6)* 6.8 4.7–10.0 389.367 0.000

Hb (g/L) 10.8 10.2–11.4 10.6 10.2–11.2 10.8 10.1–11.5 0.871 0.647

PLT (109/L) 350 303–426 383 329–433 237 184–298 188.15 0.000

CRP (mg/L)  51.2 32.1–84.1 70.1 60.5–121.4)* 11.0 6.5–24.0 377.598 0.000

ESR (mm/H) 58 45–74 69 56–91)* 12 8–19 456.263 0.000

Meprin A (ng/L) 5.2 2.5–11.1 25.0 15.0–33.9)* 1.4 0.9–2.3 400.862 0.000

IL-1β(pg/mL) 2.5 1.8–3.5 5.1 3.2–6.1)* 1.8 1.5–2.1 200.97 0.000

IL6 (pg/mL) 8.6 5.3–11.0 13.5 11.0–17.7)* 4.1 2.0–7.0 265.099 0.000

IL17A (pg/mL) 23 14–28 29 24–35)* 8 5–11 368.47 0.000

IP-10 (pg/mL) 271 179–339 298 238–371)* 138 96–201 192.499 0.000

Time of first application of IVIG: Time from fever to the first application of IVIG.
* P < 0.05, IVIG-responsive group vs IVIG-nonresponsive group. 

 

Table 2. Comparison of clinical and lab indexes before and after treatment between the three protocols
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  Protocol 1 Protocol 2 Protocol 3 Χ2/Z/F

Value

P Value

n 20 36 30    

Men, n (%) 11 55 20 55.6 16 53.3 0.034 0.983

Age  year 2.4 ± 1.5 2.5 ± 1.5 2.4 ± 1.4 0.04 0.961

Time of first application of IVIG day 6.6 ± 1.8 6.4 ± 1.5 6.7 ± 1.6 0.259 0.772

Post-treatment CAL % 11 55.0 8 22.2 3 10.0 13.131 0.001

Thermal abatementcases % 10 50.0 28 77.8 29 96.7 15.184 0.001

Thermal abatementtime day 2.5 2–3 2 1.5–2 1 1–1 32.449 0.000

Pretreatment WBC (109/L) 12.2 ± 2.4 12.0 ± 3.6 11.9 ± 4.3 0.041 0.96

Post-treatment WBC (109/L) 9.7 ± 2.0# 9.8 ± 2.6 ∆ 12.1 ± 2.4 9.437 0.000

Pretreatment Hb (g/L) 10.0 ± 0.9 9.9 ± 1.0 10.0 ± 0.9 0.235 0.791

Post-treatment Hb (g/L) 9.5 ± 0.7 9.4 ± 0.7 9.7 ± 1.7 0.606 0.548

Pretreatment PLT (109/L) 499.7 ± 53.2 491.2 ± 70.6 498.4 ± 74.0 0.135 0.874

Post-treatment PLT (109/L) 595.1 ± 74.7 612.0±81.0 639.2±133.2 1.236 0.296

Pretreatment CRP (mg/L)   38.4±15.4 43.0 ± 20.0 40.3 ± 20.2 0.409 0.666

Post-treatment CRP (mg/L) 21.0 ± 11.6# 23.1 ± 9.8 ∆ 14.0 ± 6.0 8.306 0.001

Pretreatment ESR (mm/H) 82.1 ± 10.9 83.7 ± 20.7 77.8 ± 22.4 0.766 0.468

Post-treatment ESR (mm/H) 98.1 ± 10.0# 104.9 ± 17.1 ∆ 84.0 ± 12.4 18.225 0.000

Pretreatment Meprin A (ng/L) 13.9 ± 6.6 13.7 ± 6.2 12.0 ± 4.9 0.859 0.427

Post-treatmentMeprin A (ng/L) 11.7 ± 4.5φ# 9.3 ± 2.8 ∆ 6.1 ± 2.0 21.18 0.000
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Pretreatment IL-1β (pg/mL) 3.0 ± 0.8 2.8 ± 0.8 2.9 ± 0.9 0.442 0.644

Post-treatment IL-1β (pg/mL) 2.6 ± 0.6φ# 1.8 ± 0.5 1.6 ± 0.5 20.758 0.000

Pretreatment IL6 (pg/mL) 9.0 ± 2.6 8.8 ± 2.8 8.9 ± 3.1 0.024 0.976

Post-treatment IL6 (pg/mL) 7.4 ± 2.5φ# 5.2 ± 1.6 5.3 ± 2.2 8.623 0.000

Pretreatment IL-17A (pg/mL) 26.3 ± 5.8 25.1 ± 7.3 23.0 ± 9.4 1.112 0.334

Post-treatment IL-17A (pg/mL) 17.6 ± 6.0# 14.6 ± 4.8 12.2 ± 2.8 8.494 0.000

Pretreatment IP-10 (pg/mL) 236.3 ± 55.5 233.2 ± 85.6 210.5 ± 83.2 0.897 0.412

Post-treatment IP-10 (pg/mL) 185.7 ± 45.0# 168.1 ± 66.8 138.9 ± 37.1 5.049 0.009

Thermal abatement cases: The number of cases in which the body temperature was stable and no longer repeated after the second treatment. 
The time of fever abatement: The time from the day of second treatment to resumption of normal body temperature without a recurrent fever.
Post-treatment CAL: The CAL appearing during the follow-up visit after the second treatment, excluding that found before the second treatment.
Pretreatment: Prior to the second IVIG treatment, within 3–5 days after the first IVIG treatment.
Post-treatment: Within 3–5 days after the second IVIG treatment.
φP < 0.05, Protocol 1 vs Protocol 2; # P < 0.05, Protocol 1 vs Protocol 3; ∆P < 0.05, Protocol 2 vs Protocol 3.  

 

Table 3. Comparison of clinical and lab indexes after the second treatment between the responsive (Group A) and nonresponsive groups (Group B)
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  Group A Group B Χ2/Z/F

Value

P Value

N (%) 67 (77.9) 19 (22.1)    

Men, n (%) 36 53.7 11 57.9 0.104 0.748

Age  year 2 1–3 2 2–3 -0.249 0.804

Post-treatment CAL %  7 10.4 15 78.9 32.974 0.000

WBC (109/L) 11.7 ± 3.6 12.9 ± 3.5 -1.307 0.195

Hb (g/L) 9.9 ± 0.9 10.2 ± 1.1 -1.355 0.188

PLT (109/L) 495.1 ± 71.6 497.6 ± 52.8 -0.143 0.887

CRP (mg/L)  40.3 ± 19.2 43.6 ± 18.3 -0.685 0.495

ESR (mm/H) 80.3 ± 20.3 84.5 ± 16.6 -0.823 0.413

Meprin A (ng/L) 11 8–12 19 15–23 -5.293 0.000

IL-1β (pg/mL) 2.8 ± 0.8 3.3 ± 0.8 -2.802 0.006

IL6 (pg/mL) 8 7–9 8 6–12 -0.38 0.704

IL-17A (pg/mL) 22.4 ± 7.0 32.6 ± 5.3 -5.917 0.000

IP-10 (pg/mL) 225.2 ± 82.3 228.7 ± 66.6 -0.167 0.867


