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To date, Kawasaki disease (KD) has only been able to be diagnosed and evaluated using clinical characteristics. Additionally, the
therapeutic effect and cardiovascular complications could not be verified until its occurrence. The present retrospective study
analyzed the dynamic alterations of inflammatory cytokines, platelet (PLT) count, and subgroups of lymphocytes, such as
cluster of differentiation (CD) 8+ T cells and CD19+ B cells, under different conditions in 64 children with KD. The percentage
distribution of lymphocyte subgroups and the altered neutrophil lymphocyte ratio demonstrated that the inflammatory
response was dominated by the B cell-mediated humoral immune response before intravenous immunoglobulin (IVIG)
treatment, but mainly by T cells via cellular cytotoxic effects after IVIG treatment. Among the different types of inflammatory
cytokines, the results of the present study revealed that the altered levels of interleukin-2 receptor (IL-2R) and interleukin-10
(IL-10) were closely associated with the percentage of CD8+ T cells and CD19+ B cells. Additionally, the two cytokines
exhibited more sensitive fluctuations based on the status of the children with KD in various circumstances compared with
other indexes, such as the percentages of CD8+ T cells and CD19+ B cells or the PLT count. These results suggested that
children with KD who are ≥4 years old may benefit from IVIG but will not benefit from decreased platelet activation or suffer
less cardiovascular complications. Additionally, starting clopidogrel usage earlier as an antiplatelet strategy should be
considered based on the observed continuous rise in the PLT count in children with KD receiving IVIG. In conclusion,
dynamically monitoring the levels of IL-2R and IL-10 has the potential to provide indications of the intensity and development
of the inflammatory response in children with KD and may contribute to the early prediction and adjustment of pathological
and pharmacological effects of therapy.

1. Introduction

Kawasaki disease (KD) was formally reported over 50 years
ago. With the development of a therapeutic regimen, partic-
ularly timely high-dose intravenous immunoglobulin (IVIG)

usage in the acute phase, the mortality of KD has signifi-
cantly declined. However, 7.9% of patients still experience
cardiovascular complications, including coronary dilation,
valve lesions, coronary aneurysms, coronary stenosis, and
acute myocardial infarction [1, 2]. KD predominantly affects
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children, and disease-related cardiovascular complications
are the most common causes of acquired heart disease in
children in developed countries as reported [1, 3]. In recent
years, with the accumulative experience and consciousness
of KD, higher occurrences of coronary artery lesions in KD
were reported than that of before. In China, cardiovascular
complications of KD have gradually become the main cause
of acquired heart disease. Nowadays, in both developed
countries and developing countries including the United
States, Japan, and China, cardiovascular complications from
KD have been considered consistently to be the main cause
of acquired heart disease [1, 3–6].

Clinically, KD is an acute, self-limiting febrile illness.
Essentially, KD is an inflammatory response within the mid-
dle and small blood vessels throughout the entire body. Pre-
vious studies have reported the importance of several genetic
factors, geographic heterogeneity, and immunity-associated
inflammation in the pathogenesis of KD, including the role
of B cells and interleukin (IL)-1β [7, 8]. These findings
attempted to help elucidate the inflammatory mechanism
in children with KD. However, at present, there are no com-
mon laboratory parameters that can clearly delineate the
development of the inflammatory status in patients with
KD, including those who are being treated. This is one of
the main problems in KD, which not only impedes the eval-
uation of the disease but also delays the adjustment of subse-
quent therapies.

An increased number of studies have begun to focus on
the status of inflammatory cytokines in KD, and accumulat-
ing evidence has revealed the critical role of inflammatory
cytokines in different aspects of KD. The dynamic levels of
cytokines during the course of KD disease progression and
the underlying mechanism may provide children with KD
with novel opportunities, especially in terms of the possible
prediction of disease prognosis and novel treatment options.
According to previous reports, IL-6 is a potential biomarker
for predicting the resistance of IVIG [9, 10]. One of the
effects of immunomodulation with IVIG is the inhibition
of IL-10 secretion, which is the result of depressed B cell pro-
liferation and function [11] and consistent with the results of
our previous study [12] and the current study findings. In
addition, the course of KD may benefit from a strategy for
dealing with certain proinflammatory cytokines including
deleting their receptors genetically or usage of their block-
ade, such as tumor necrosis factor (TNF), by aiming at
which the protective effects on KD vasculitis have been ver-
ified in animal models [13]. The promotion of IL-1β-
induced KD vasculitis in mice led to the initiation of clinical
trials assessing the effect of anakinra for blocking IL-1β as a
secondary therapy option to treat children with IVIG-
resistant KD [14–16]. Suppression of IL-2 and thus leading
to the inhibition of T cell activation contribute to a
decreased incidence of coronary artery abnormalities [17].
However, not every novel treatment can be applied to all
patients with KD. Appropriate selection of individual
patients with typical characteristics of altered laboratory
parameters is a more feasible strategy. Therefore, the present
study investigated the inflammatory cytokines, the associ-
ated distribution of lymphocyte subgroups, and platelet

(PLT) count in children with KD under different conditions.
The present study was aimed at describing the characteristic
profile of cytokines in children with KD under different con-
ditions to elucidate the possibility of the predictive and eval-
uative role of certain cytokines in the treatment of KD.

2. Materials and Methods

2.1. Aim, Design, and Setting of the Study. The present study
was retrospective, and the medical record data of all 64 chil-
dren with KD were collected with the permission of the
Ethics Committee of Xinhua Hospital Affiliated to Shanghai
Jiao Tong University School of Medicine (Shanghai, China).
The included medical data of children with KD were
obtained from the past medical history and the laboratory
database. The present study was approved by the Ethics
Committee of the Xinhua Hospital (approval no. XHEC-
D-2021-007). The data included in this research are available
from Xinhua Hospital but are not publicly available because
of the restrictions in acquiring the data. If there is a reason-
able request, information could be obtained from the
authors with the permission of Xinhua Hospital.

The normal ranges of healthy children were provided by
the Department of Laboratory Medicine at Xinhua Hospital.

2.2. Patients. A total of 64 children diagnosed with KD
between January 2019 and March 2021 at Xinhua Hospital
Affiliated to Shanghai Jiao Tong University School of Medi-
cine (Shanghai, China) were enrolled in this retrospective
study. The diagnosis, laboratory detections, and therapeutic
treatment were performed according to the Guidelines from
the Scientific Statement for Health Professionals from the
American Heart Association [3]. The clinical criteria of diag-
nosis were as follows: the presence of ≥5 days of fever and
the presence of ≥4 of 5 principal clinical features of KD.
Considering the typical clinical features or clinicians’ abun-
dant experience in treating KD, sometimes the children
could be diagnosed earlier, even if the presence of fever
was only 3-4 days. Patients were excluded from the study
based on the following criteria: (1) incomplete clinical med-
ical data; (2) presence of serious cardiovascular, hepatic, or
renal diseases and primary disease associated with tumors,
hematological diseases, congenital malformations, genetic
metabolic diseases, primary myocarditis, or other primary
diseases of major organs; and (3) relapse that required
retreatment.

According to the different requirements of the study, the
children with KD were grouped as follows: (1) younger chil-
dren with KD who were <4 years old and older children with
KD aged ≥4 years; (2) children with KD treated with and
without clopidogrel; (3) before IVIG (laboratory parameters
of the blood samples obtained and detected at 24 h before
the performance of IVIG) and after IVIG (laboratory param-
eters of the blood samples obtained and detected at 72 h after
IVIG); and (4) complete KD and incomplete KD (the
patients’ medical records were reviewed and evaluated
according to the statement for health professionals from
the American Heart Association about the diagnosis, treat-
ment, and long-term management of KD [3]).
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2.3. Procedures and Samples. On the basis of the guideline
“Diagnosis, Treatment, and Long-Term Management of
Kawasaki Disease: A Scientific Statement for Health Profes-
sionals from the American Heart Association” [3], when
children were diagnosed with KD, IVIG was applied within
24 h (single dose of 2 g/kg). The blood samples of children
with KD were collected 24h before IVIG treatment for the
detection of lymphocyte subgroup counts using a flow cyt-
ometer according to the requirement of clinical perfor-
mance (BD CANTO Plus; BD Biosciences). Cytokines
were tested before and after IVIG using a solid-phase
enzyme-labeled chemiluminescent immunometric assay
(Siemens AG).

About the usage of corticosteroids, in line with the state-
ment recommended [3], children coming to Xinhua Hospi-
tal once diagnosed with KD would be evaluated with
echocardiography before and after IVIG; when the patients
were identified as coronary artery abnormalities, the adjunc-
tive therapy of corticosteroids will be administrated to
patients.

About the application of IVIG retreatment, in accor-
dance with the statement from AHA [3], the child with
KD who had persistent fever or recrudescent fever for at
least 36 hours would receive IVIG retreatment after being
infused with the first dose of IVIG.

For the usage of clopidogrel, based on the patients’ clin-
ical features and with the permission of both Ethics Com-
mittee of Xinhua Hospital and Pharmaceutical Affairs
Committee of Xinhua Hospital according to the guide pub-
lished during 2017 to 2021 [1, 3, 4], children with KD in
two cases could be treated with combinative regimen of clo-
pidogrel, IVIG, and aspirin. One is that after IVIG, the
patient’s PLT count rises persistently to a higher level than
that of 600 × 109/L, the other is the dilation of coronary
artery luminal is found in the patient by echocardiography
after IVIG.

After IVIG, there were several times of tests to moni-
tor the dynamic change of PLT count with consideration
of the patients’ clinical features. When the count of PLT
rose higher than 600 × 109/l, clopidogrel would be admin-
istered to the patients. The data of the PLT count just
prior to the usage of clopidogrel was chosen in the present
study.

2.4. Statistical Analysis. All statistical analyses were per-
formed using SPSS 22.0 (IBM Corp.), GraphPad Prism 6.0
(GraphPad Software, Inc.), and Excel 2010 (Microsoft Cor-
poration) softwares. Continuous variables are presented as
the mean ± standard deviation, percentiles as median and
range (P25-P75), and other data as percentage (%) and abso-
lute number (n). For some variables, a logarithmic transfor-
mation was performed to make the data conform to a
normal distribution. Groups were compared using the Stu-
dent t-test, nonparametric Mann-Whitney test, Wilcoxon
test, Fisher’s exact test, or Welch’s t-test. The correlation
between two indexes, such as cytokines and/or subgroups
of lymphocytes, was analyzed using Spearman’s coefficient.
The threshold for statistical significance was set to P < 0:05
(∗P < 0:05; ∗∗P < 0:01; ∗∗∗P < 0:001; ∗∗∗∗P < 0:0001).

3. Results

3.1. Characteristics of Children with KD. Table 1 shows the
characteristics of the 64 children with KD included in the
present study. There were 41 male patients (64.1%) and 23
female patients (35.9%) included in the study, and no differ-
ence in the sex distribution was found between these patients
and those that were newly reported [1], in which study, there
was a total of 31595 patients with KD consisting of 18060
male and 13535 female. The neutrophil lymphocyte ratio
(NLR) of all patients after IVIG treatment fell within the
normal range of values, which was <5.0 under physiological
conditions in the study [18]. Notably, prior to IVIG treat-
ment, the percentage of cluster of differentiation (CD)19+

B cells in children with KD was markedly higher than the
normal value, while that of CD8+ T cells was lower com-
pared with the physiological value established by our hospi-
tal based on the data of healthy children (n ≥ 200). The levels
of IL-10 before IVIG and IL-2 receptor (IL-2R) both before
and after IVIG were higher than the normal values.

According to our previous study, an improved effect of
IVIG on the immune response and immune equilibrium of
children with KD was observed in those who were ≥4 years
[12]. Therefore, in the present study, children with KD were
first divided into two groups: children who were <4 years old
and children aged ≥4 years (Table 2). In addition to the
obvious differences in age and body weight between the
two groups, the percentage of CD19+ B cells in children with
KD who were <4 years old was markedly higher than that in
children with KD aged ≥4 years. Furthermore, the percent-
age of CD8+ T cells of older children with KD was higher
than that of the younger patients. When comparing the
two groups, the extent of the decrease of both IL-2R and
IL-10 in the younger children with KD was markedly higher
than that in the older children with KD.

The clinical features of both complete KD cases and
incomplete ones are listed in Supplementary Table S1. In
the 64 cases involved in the present study, between
complete KD and incomplete KD, there were no obvious
differences in the items including gender, age, duration of
persistent fever till the diagnosis of KD, duration of fever
till receiving the first dose of IVIG, and the ratio of
coronary artery abnormalities.

The numbers of patients are listed in Supplementary
Table S2, who occurred the main symptoms at diagnosis
among the children with complete and incomplete KD.
By comparison, in children with complete KD, the
symptoms of erythematous rash in the trunk and cervical
lymphadenopathy were more predominant, while extremity
changes appeared less frequently than those in children
with incomplete KD.

For patients who received IVIG retreatment or adjunc-
tive therapy of corticosteroids, detailed information about
the therapeutic regimen and the relevant timing is listed in
Supplementary Table S3-5.

In both children with complete KD and incomplete KD,
IVIG was administered to patients on the 6th day (4.63-7)
averagely after the fever onset. Supplementary Table S3
showed the mean time of persistent fever before the patients
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receiving the second or third dose of IVIG. Supplementary
Table S4 showed the individual characteristics of patients
who received IVIG retreatment, such as the duration of
fever till diagnosis or the lasting time of persistent fever
before the retreatment of IVIG.

Supplementary Table S5 lists the individual
characteristics of patients receiving adjunctive therapy of
corticosteroids. According to the guideline published by
AHA in 2017 [3], the addition of corticosteroid therapy
with the standard dose of IVIG and low dose of aspirin in
the primary therapy of KD lowers the prevalence of
coronary artery abnormalities. In the present study, the
adjunctive therapy of corticosteroids was given to four
patients when they were identified as coronary artery
abnormalities by echocardiography.

3.2. Effect of IVIG on the Inflammatory Response of Children
with KD in Different Age Groups. When comparing the two
different age groups, higher levels of NLR were found in
children aged ≥4 years old compared with children with
KD who were <4 years old. Before IVIG, the median NLR

in older children with KD (3.65; n = 24) was higher than that
in younger children with KD (2.59; n = 40), although no sig-
nificant differences were observed. After IVIG, both NLR of
the two groups decreased. The NLR of the older children
with KD decreased to 1.06 and that of the other group was
0.49. There was a significant difference in the levels of NLR
between the two groups (P < 0:01; Figures 1(a) and 1(b)).

One of the major characteristics of KD during the acute
phase is hypercytokinemia. However, to the best of our
knowledge, the underlying etiology and pathophysiology of
KD remain unclear [13, 19]. Cytokine data were collected.
To precisely determine the inflammatory state, the ratio of
IL-2R/IL-10 in children with KD was used. Subsequently,
the present study examined the ratio in the two groups of
patients with different ages before or after IVIG. As shown
in Figure 1(c), prior to IVIG, the median of the ratio was
131.7 in the younger children with KD and 80.49 in the
group of children with KD who were ≥4 years old (not sig-
nificant; Mann-Whitney test). After IVIG, the median of
the ratio of IL-2R/IL-10 was 284.2 in younger children with
KD and 180.8 in older children with KD. A markedly lower

Table 1: Clinical and biochemical characteristics of the Kawasaki disease children.

Characteristics Value P value

Patients, n 64 —

Sex (male), n (%) 41 (64) 0.31a

Age, years 3.21 (1.25-4.75) —

Body weight, kg 15.75 (11.00-18.11) —

NLR before IVIG (<5.0)b 2.97 (1.74-5.65) —

NLR after IVIG (<5.0)b 0.64 (0.36-1.19) —

Percentage of CD19+ B cells before IVIG (NR, 6.8-15.8%) 25.46 (20.91-37.40) <0.05
Percentage of CD8+ T cells before IVIG (NR, 18.2-32.8%) 15:43 ± 4:68 <0.01
Levels of IL-10 before IVIG, pg/ml (<9.1) 13.30 (6.02-38.88) —

Levels of IL-10 after IVIG, pg/ml (<9.1) 4.9 (4.9-5.21) —

Extent of decreased IL-10, pg/ml 6.80 (1.01-33.98) —

Levels of IL-2R before IVIG, U/ml (223-710) 1705.50 (1109.00-2923.75) <0.001
Levels of IL-2R after IVIG, U/ml (223-710) 1337.00 (881.25-1870.0) <0.001
Extent of decreased IL-2R, U/ml 455.0 (130.75-1053.25) —
aCompared with the data reported in the 2020JCS guide [1]. best according to the study published [14]. Data are presented as the mean ± standard deviation,
number, or median (QL-QU). CD: cluster of differentiation; IL: interleukin; IVIG: intravenous immunoglobulin; NR: normal range; NLR: neutrophil
lymphocyte ratio.

Table 2: Clinical and biochemical characteristics of children with Kawasaki disease in different age groups.

Characteristics <4 years ≥4 years P value

Patients, n 40 24 —

Sex (male), n (%) 27 (67.5) 14 (58.3) 0.46

Age, years 1.50 (0.85-2.81) 5.0 (4.25-6.00) <0.01
Body weight, kg 11.65 (9.85-14.58) 18.45 (17.28-20.88) <0.01
CD19+ B cells, % 28.86 (21.67-40.00) 22.30 (18.48-28.77) <0.05
CD8+ T cells, % 16:82 ± 0:91 23:85 ± 1:57 <0.01
Extent of decreased IL-10, pg/ml 8.14 (1.47-39.93) 1.78 (0-15.80) 0.104

Extent of decreased IL-2R, U/ml 666.00 (229.25-1255.25) 243.5 (-35.5-757.75) <0.05
CD: cluster of differentiation; IL: interleukin. Data are presented as the mean ± standard deviation, number, or median (QL-QU).
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Figure 1: Effect of IVIG on the inflammatory response in children with KD under different conditions. (a) There was no significant
difference in the NLR before IVIG between the group of patients with KD who were <4 years old and the group of patients who were ≥4
years old. (b) The NLR after IVIG in children with KD who were ≥4 years old was markedly higher than that in children with KD who
were <4 years old. ∗∗P < 0:01. (c) No significant difference in the ratio of IL-2R/IL-10 before IVIG was observed between children with
KD who were ≥4 years old and children with KD who were <4 years old. (d) The ratio of IL-2R/IL-10 after IVIG was lower in children
with KD who were ≥4 years old than in children with KD who were <4 years old. ∗∗∗P < 0:001. (e) In children with KD who were <4
years old, the ratio of IL-2R/IL-10 increased significantly after IVIG (317 ± 26:58) and was higher than that before IVIG (185:5 ± 32:45).
∗∗P < 0:01. (f) In children with KD who were ≥4 years old, the ratio of IL-2R/IL-10 increased after IVIG (193 ± 17:26) and was higher
than that before IVIG (124:5 ± 22:6). ∗∗P < 0:01. CD: cluster of differentiation; IL: interleukin; IVIG: intravenous immunoglobulin; KD:
Kawasaki disease; NLR: neutrophil and lymphocyte ratio; ns: not significant; y: years.
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value was observed in children with KD aged ≥4 years com-
pared with that in the group of younger children with KD
(Mann-Whitney test; P < 0:001; Figure 1(d)).

After IVIG, the ratios of IL-2R/IL-10 in the two groups
of children with KD were markedly increased compared
with those before treatment (Figures 1(e) and 1(f)). Among
the children with KD who were <4 years old, the mean ±
standard deviation of the ratio of IL-2R/IL-10 was 185:5 ±
32:45 before IVIG and 317:7 ± 26:58 after IVIG. There was
an obvious increase in the ratio after the therapy (P < 0:01
). Children with KD aged ≥4 years had a similar response.
Before IVIG, the ratio of IL-2R/IL-10 was 124:5 ± 22:6, and
the ratio increased significantly to 193 ± 17:26 after IVIG
(P < 0:01; paired t-test).

In children with KD who were ≥4 years old, the levels of
IL-2R before IVIG and the percentage of CD8+ T cells were
analyzed, and a close negative correlation was identified
(r = −0:53; P < 0:01; Figure 2(a)). As expected, in the group
of children with KD, who were ≥4 years old, there was a
close positive relationship between the extent of the decrease
of IL-2R and IL-10 (r = 0:89; P < 0:05; Figure 2(b)).

3.3. Decreased Levels of IL-2R and IL-10 in Children with KD
Are Associated with the Percentage of CD8+ T Cells and
CD4+ T Cells during the Acute Phase When Treated with
IVIG. Based on the aforementioned results, the investigation
was further expanded to a total of 64 children with KD. It
was revealed that the extent of the decrease of IL-2R was
negatively correlated with the percentage of CD8+ T cells
in children with KD before IVIG (Figure 3(a)). The correla-
tion coefficient was -0.40 and the P value was <0.01. Addi-
tionally, a positive correlation was identified between the
extent of the decrease of IL-2R and the percentage of
CD19+ B cells or the degree of IL-10 reduction, and both
coefficients were 0.29 with P value <0.05 (Figures 3(b) and
3(c)). In addition, the extent of the decrease of IL-10 was
positively correlated with the percentage of CD19+ B cells
among all children with KD in the present study

(Figure 3(d)). The mean value of the ratio of IL-2R/IL-10
of all patients prior to IVIG treatment was 162:6 ± 22:16,
while the value after IVIG was 271 ± 19:29, which was mark-
edly higher than that before IVIG (Figure 3(e)).

Clopidogrel has been recommended as a therapeutic
regimen in combination with standard dose of IVIG and a
low dose of aspirin for children with KD with obvious cor-
onary artery abnormalities [1, 4, 5]. Then, the present study
investigated whether there was a difference in the number of
children with KD treated with clopidogrel between the
groups of younger and older patients with KD. As shown
in Figure 3(f), there was no significant difference in the
number of children with KD treated with clopidogrel
between the two age groups, although there were fewer chil-
dren in the older group.

3.4. Dynamic PLT Count in Children with KD Treated with
or without Clopidogrel. PLT is a strong risk factor of coro-
nary artery abnormalities [20]. Those children with KD
who received treatment with clopidogrel orally exhibited
coronary artery luminal dilation of >3mm, as determined
by echocardiography, or the PLT count reached levels >
600 × 109/l, which according to the guidelines indicated an
increased tendency of platelet activation [3, 21, 22]. Since
the children with KD were investigated based on treatment
with or without the use of clopidogrel, the present study
was aimed at examining the dynamic changes of the PLT
count during the acute stage of KD with the development
of inflammation.

There was no significant difference in the PLT count
before IVIG between children with KD treated with and
without clopidogrel (Figure 4(a)). Although all children with
KD accepted the infusion of immunoglobulin in the acute
stage of KD, there were still obvious increases in the PLT
count after IVIG among most of the patients. In both chil-
dren with KD treated with and without clopidogrel, signifi-
cant increases in the PLT count were observed (P < 0:0001;
Figures 4(b) and 4(c)). Figure 4(c) unfolded the obvious rise
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Figure 2: In children with KD who were ≥4 years old, there was a close correlation between the levels of IL-2R and the percentage of CD8+

T cells and the level of IL-10. (a) The levels of IL-2R before IVIG in children with KD who were ≥4 years old were negatively correlated with
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in the PLT count during the period that followed the treat-
ment of IVIG and just before the usage of clopidogrel. In
Supplementary Table S6, patients’ several times of the
results of the PLT count after IVIG were listed to show the
alteration of PLT. The count of PLT of all patients who

received clopidogrel reached a level higher than 600 × 109/l
except just one child. The reason was that the exceptional
child had occurred coronary artery abnormalities verified
by echocardiography at the time the child was diagnosed
as KD.
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Figure 3: Association between altered levels of IL-2R and IL-10 and the percentages of CD8+ T and CD19+ B cells in all children with KD
during KD and the distribution of KD children treated with clopidogrel between children with KD who were <4 years and children with KD
who were ≥4 years. (a) Decreased levels of IL-2R were negatively correlated with the percentage of CD8+ T cells in children with KD. (b)
Decreased levels of IL-2R were positively correlated with the percentage of CD19+ B cells in children with KD. (c) The extent of the
decrease of IL-2R was positively correlated with that of IL-10. (d) The extent of the decrease of IL-10 was positively correlated with the
percentage of CD19+ B cells in children with KD. (e) The mean value of the ratio of IL-2R/IL-10 before IVIG treatment was lower than
that after IVIG (∗∗∗P < 0:001), which were, respectively, 162:6 ± 22:16 and 271 ± 19:29. (f) There was no difference in the number of
children with KD treated with clopidogrel between patients who were <4 years old and patients who were ≥4 years old.
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The patients treated with clopidogrel still had a markedly
increased extent of PLT count after IVIG, which was 248:7
± 31:38 (×109/l; n = 16), while it was 106:1 ± 15:37 (×109/l;
n = 48) in patients who were not treated with clopidogrel
(Figure 4(d)). When compared with each other, there was
a significant difference between the two groups (P < 0:0001).

3.5. Levels of IL-2R and IL-10 and the Count of CD8+ T and
CD19+ B Cells in Children with KD Treated with or without
Clopidogrel. An increase in PLT count in children with KD
is usually associated with exacerbation of inflammation
[23]. Therefore, the present study examined the altered
levels of cytokines in patients treated with or without clopid-
ogrel during IVIG therapy. The data demonstrated that chil-
dren with KD treated with clopidogrel exhibited markedly
higher levels of IL-2R before IVIG (3735 ± 595:4U/ml) com-
pared with patients treated without clopidogrel (2032 ±
254:3U/ml; P < 0:01; Figure 5(a)). After IVIG, the extent of
the decrease of IL-2R was still higher in children with KD
treated with clopidogrel compared with that in children with
KD treated without clopidogrel (Figure 5(b)). Similar results

were also observed for the levels of IL-10. In children with
KD treated with clopidogrel, higher levels of IL-10 before
IVIG and a greater extent of the decrease of IL-10 after IVIG
were observed compared with those in patients treated with-
out clopidogrel (Figures 5(c) and 5(d)).

In children with KD, CD8+ T cells contribute to the
inflammatory response through a cytotoxic mechanism,
while B cells mainly function as antigen presenting cells
[24–26]. The present study revealed a linear relationship
between the percentage of CD8+ T cells and IL-2R and
CD19+ B cells and IL-10. However, no differences were iden-
tified in the percentages of CD8+ T cells or CD19+ B cells
between patients treated with and without clopidogrel
(Figures 5(e) and 5(f)).

4. Discussion

KD is an acute febrile illness that involves systemic vasculitis
of unknown cause, which is currently considered associated
with an undetermined immune response to a common stim-
ulus in genetically susceptible children. To the best of our
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Figure 4: Altered PLT count in children with KD treated with or without clopidogrel. (a) Before IVIG, there was no obvious difference
between the children with KD treated with and without clopidogrel. (b) In children with KD treated without clopidogrel, the PLT count
markedly increased after IVIG. ∗∗∗∗P < 0:0001. (c) In children with KD treated with clopidogrel, the PLT count markedly increased after
IVIG. ∗∗∗∗P < 0:0001. (d) After IVIG, the extent of the increase of the PLT count in children with KD treated with clopidogrel was
markedly higher than that in children with KD treated without clopidogrel. ∗∗∗∗P < 0:0001.
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knowledge, the underlying inflammatory mechanism has
not been clearly elucidated [3, 13, 19]. The results of our
study demonstrated that before and after IVIG, the extent
of the decrease of the cytokine IL-2R was negatively corre-
lated with the percentage of CD8+ T cells in children with
KD and was positively correlated with the percentage of

CD19+ B cells or the extent of the decrease of IL-10. No
similar correlations were observed between lymphocyte sub-
groups and other cytokines, including IL-1, IL-6, TNF-α, or
IL-1β. Therefore, the present following study focused on the
relationship between IL-2R or IL-10 and lymphocyte
subgroups.
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Figure 5: Levels of IL-2R and IL-10 in children with KD treated with or without clopidogrel. (a) The levels of IL-2R before IVIG in patients
treated with clopidogrel were higher than those in patients who were treated without clopidogrel. ∗∗P < 0:01. (b) The extent of the decrease
of IL-2R was significantly higher in children with KD treated with clopidogrel than that in those treated without clopidogrel. ∗P < 0:05. (c)
The levels of IL-10 before IVIG in patients treated with clopidogrel were higher than those in patients who were treated without clopidogrel.
∗P < 0:05. (d) The extent of the decrease of IL-10 was significantly higher in children with KD treated with clopidogrel than that in those
treated without clopidogrel. ∗P < 0:05. (e) There was no difference in the percentage of CD8+ T cells between the children with KD
treated with and without clopidogrel, and the means and standard deviations were, respectively, 15:43 ± 0:68 and 15:43 ± 1:20. (f) There
was no difference in the percentage of CD19+ B cells between the children with KD treated with and without clopidogrel, and the means
and standard deviations were, respectively, 28:98 ± 1:92 and 32:96 ± 4:44.
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Although the levels of IL-2R are not necessary for the
activation of CD4+ T cells, their increase or decrease is indis-
pensable for the mobilization of CD8+ T cells [27]. Exoge-
nous IL-2 could lead to transient high levels of IL-2R,
whose complex could form quickly and then drive naïve
CD8+ T cells into active states [28]. In addition to IL-2 itself,
IL-2R could be induced by various stimulators involved in
the inflammatory response, including IL-1, IL-7, IL-12,
TNF-α, and TNF-β, and could thus be stimulated to be rap-
idly and continuously expressed on the cell surface [29, 30].
Resting CD8+ T cells only express IL-2Rβ and γ-chains;
however, when T cells are activated, the α-chain can be
quickly induced to form a high affinity IL-2R [31]. Once this
type of complete IL-2R is expressed on resting CD8+ T cells,
proliferation and differentiation can be induced, leading the
CD8+ T cells to develop into cytotoxic T cells. Additionally,
IL-2R can be expressed on other types of T cell subgroups,
such as T-helper 1 and CD4+ Treg cells [28, 32]. In patients
under inflammatory conditions, markedly increased IL-2R
levels lead to the release of IL-2Rα in a soluble form from
the cell surface to the peripheral blood [30, 33, 34], and the
level of soluble IL-2Rα was detected in our hospital. There-
fore, the continually increasing levels of IL-2R in the periph-
eral blood of patients with KD suggest the presence of a
progressive, enhanced T cell response, which sensitively
reflects active cellular immunological inflammation.

However, the present results revealed that the percent-
age of CD8+ T cells before IVIG was clearly lower than
the normal range. This may be attributed to the blood sam-
ples detecting T cell subgroups and the levels of cytokines
being obtained at the same time in clinical practice, and
thus, the difference was not detected in the T cell subgroups.
When the levels of IL-2R increased in the acute phase in
children with KD, the CD8+ T cells did not have enough
time to be fully activated, and thus, the cells did not appear
to proliferate. On the contrary, the evidence that the CD8+

T cell percentage was lower than the normal value exactly
suggests the inhibition of the cellular response in acute
inflammation in children with KD. Furthermore, the
CD19+ B cell percentage was abnormally higher than the
normal range, suggesting that B cell-mediated humoral
immunity dominated the acute phase of KD. Based on these
results, it could be concluded that the fluctuation of IL-2R
was altered earlier than the activation of CD8+ T cells and
is sensitive enough to indicate inflammation in children
with KD.

IL-10 belongs to the family of anti-inflammatory cyto-
kines and is mainly secreted by B cells [35]. IL-2R serves a
critical role in promoting T cell proliferation and differenti-
ation [36]. The present study revealed that after IVIG, the
levels of both IL-2R and IL-10 were decreased compared
with those before IVIG, suggesting that both cellular and
humoral immunity were inhibited by IVIG. Considering
the decreased degree of the above two cytokines was posi-
tively associated, the ratio of IL-2R and IL-10 was used to
further evaluate the inflammatory status in children with
KD to clarify the altered levels of IL-2R and IL-10. The data
revealed that although there was an obvious decrease in the
levels of IL-2R and IL-10, the ratio was increased after IVIG,

indicating the more potent inhibitory effect mediated by
IVIG on IL-10 and humoral immunity than IL-2R and cellu-
lar immunity.

Among these relationships, the positive correlation
between IL-10 and the percentage of CD19+ B cells further
verified our conclusion based on a previous study [12].
However, the previous data were limited to a group of chil-
dren with KD who were ≥4 years old, which included fewer
cases. The present study included all 64 children with KD,
and the percentage of the lymphocyte subgroup, which was
a relative number, was selected for analysis to exclude the
difference among children with different ages. The results
highlighted the role of IL-10 and IL-2R by demonstrating
the number alteration and activity of CD19+ B cells and
CD8+ T cells in the acute phase of KD, which reflected the
degree of humoral or cellular immunity.

Furthermore, the levels of IL-2R and IL-10 fluctuate
more flexibly and revealed more differences based on the
variation of the microenvironment in children with KD
compared with the PLT count or the percentages of CD8+

T cells and CD19+ T cells. Figure 5 indicates the levels of
both IL-2R and IL-10, revealing a marked difference between
children with KD treated with clopidogrel and children not
treated with clopidogrel under different types of conditions,
including the phase when patients received IVIG before and
the status after IVIG. While the PLT count of children with
KD did not exhibit differences before IVIG. The continuous
increase in the count after IVIG could not reflect the altered
inflammatory response in children with KD, as did the per-
centages of CD8+ T and CD19+ B cells. In the acute phase of
KD, the two subgroups of lymphocytes did not exhibit dif-
ferences before IVIG between children treated with and
without clopidogrel. Therefore, the PLT count and the per-
centages of CD8+ T and CD19+ B cells, unlike the levels of
IL-2R or IL-10, are not sensitive enough to dynamically
delineate the characteristics of the inflammatory response
occurring in children with KD, nor able to predict the
patients’ response to IVIG. It was suggested that the detec-
tion and monitoring of IL-2R and IL-10 is more sensitive
and convenient than that of the lymphocyte subgroups.

Regardless of the usage of clopidogrel, the PLT count of
all children with KD increased continuously after IVIG,
indicating the sustained activation of the platelets, which
was consistent with previous reports [22, 23]. Some studies
have reported that the number of platelets in the acute phase
of KD tends to decrease [1, 37], which was not observed in
the present 64 cases. Perhaps, there were no extremely
critical cases in the present study. There is a phase during
which platelets will start to increase in patients, and this lasts
several weeks [21, 38]. This phenomenon may be attributed
to the time of detection of PLT, which was after IVIG (72 h
later), which is still in the active phase of platelets. IVIG neu-
tralizes types of cytokines or other superantigens, but not
platelets. The continuous rise of the PLT count is a proof
of the active inflammatory cascading storm induced by
altered levels of cytokines. Therefore, a delayed response in
the dynamic PLT count may be a result of this phenomenon.

It suggested in one hand the necessity of clopidogrel.
Clopidogrel exhibits its pharmacodynamics effect by
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specifically and irreversibly binding to P2Y12 and thus leads
to the repression of platelet aggregation and the whole life-
span of the platelets [39]. Although additional therapy such
as clopidogrel had been applied, the patients’ activation of
platelets enhanced continuously during the disease. If with-
out clopidogrel, the degree of platelet’s activation, the risk
of coronary artery thrombosis, and thus induced inflamma-
tion would have risen more greatly.

On the other hand, Figure 4(d) showed that, even after
IVIG, the extent of PLT in children with KD still increased.
This phenomenon suggested the necessary treatment of
starting the antiplatelet regimen including clopidogrel as
early as possible. Among adults with coronary artery or cere-
brovascular disease, the superior efficacy of the regimen
combining aspirin with clopidogrel has been supported by
several investigations compared with aspirin alone [3].
Despite the deficiency of the randomized clinical trials in
children with KD, a lower incurrence of contiguous coro-
nary artery lesions was observed after the combinative regi-
men performed than that of before using aspirin along.
What is more, recommendations for clinical management
of KD with coronary artery lesions published in 2020 in
China advise that even the dilation of the arterial lumen
recovers to normal or the coronary artery patency is reestab-
lished, thrombosis, occlusion, and stenosis that occur in the
coronary artery should be on the alert [5].

What is more, researches revealed that the anatomic var-
iations are frequent in coronary artery branches and some
luminal irregularities including abnormal decrease or dila-
tion in luminal diameter could not become evident over sev-
eral months. Therefore, the reported criteria of coronary
artery abnormalities have been recognized to be arbitrary
in some degree without considering the age or the size of
patients [40]. And the study indicated that coronary dilation
in KD children was more prevalent than previously reported
[17, 41]. Therefore, patients who were found with coronary
artery lesion by echocardiography should receive the therapy
of clopidogrel as early as possible although in some cases the
lesion was temporary. In addition, the patients with dilation
of the coronary artery some time were not in a high level of
PLT as shown in the Supplementary Table S6 even
immediately after IVIG. However, as the natural dynamic
course of PLT activation, the count of PLT would rise
continuously in the following 3-4 weeks after IVIG. It
suggested that a combinative consideration of the rising
extent in the count of PLT with echocardiography should
have a more powerful effect on the decision of clopidogrel
usage than the way of judging by ultrasound.

The results demonstrated that there was no difference in
the distribution of children with KD between the <4 and ≥4
years old age groups. Similarly, there was no difference
found in the number of patients with KD between the clo-
pidogrel and untreated groups. Therefore, it was suggested
that there were no differences in platelet activation or occur-
rence of coronary artery abnormalities between children
with KD who were <4 years old and who were ≥4 years
old. Thus, an age of ≥4 years may not be a favorable factor
for determining platelet activation and the occurrence of
coronary artery abnormalities.

As for the NLR, which has been reported to have the
ability to predict inflammatory conditions, such as IVIG
resistance or development of coronary artery abnormalities
in children with KD [21, 42], it reflected the intensity of
stimulation and inflammation in children with KD, as well
as the IL-2R/IL-10 ratio, particularly in patients aged ≥4
years. However, the ratio of IL-2R/IL-10 exhibited clear dif-
ferences in patients before and after IVIG in both children
with KD <4 and ≥4 years old, which verified its role as an
index of the inflammatory response. When experiencing
IVIG, the IL-2R/IL-10 ratio of all patients was higher than
that before IVIG, revealing that T cell-mediated immunolog-
ical inflammation became more dominant when considered
in combination with the decreased NLR.

The results of the positive correlation between the
decreased extent of IL-10 and IL-2R were obtained repeatedly.
And the P values of the correlations in children with KD aged
4 years and older were higher than those in all 64 children with
KD. The present investigation demonstrated that an age of ≥4
years was a beneficial factor for IVIG treatment of KD; how-
ever, children with KD who were 4 years and older did not
benefit in terms of the occurrence of complications of coro-
nary artery abnormalities or platelet activation, which was
reported for the first time in the present study.

Despite the results were promising, there were still limi-
tations within the present study. First, the data came from a
retrospective study in a single center rather than a prospec-
tive one in multicenters, and the number of study popula-
tion was not abundant enough to exclude biases. Second,
there should have been more laboratory parameters to be
evaluated before and after IVIG, such as the details of the
coronary artery and monitoring of pharmacodynamics of
clopidogrel. However, in some cases, frequent detections
were not easy to be performed and obtained, including echo-
cardiography and blood samples with consideration of the
family’s economic state and parents’ degree of acceptance
about the invaded detections. Therefore, the large size of
the sample and the complete prospective design should con-
tribute to estimate the precise inflammation state in children
with KD. Based on patients’ alterations in cytokines or cor-
onary artery abnormalities, a predictive model should be
an optimistic choice and worth exploring in our next project
particularly designed for this issue.

5. Conclusions

The present retrospective study delineated the representative
role of IL-2R combined with IL-10 in the development of
KD course in different groups of children including age <4
years or ≥4 years and children treated with or without clopid-
ogrel. At the same time, the PLT count, percentage of lympho-
cyte subgroups such as CD8+ T and CD19+ B cells, and NLR
were also investigated. The results demonstrated the superior-
ity of both the sensitivity and accuracy of IL-2R and IL-10 in
indicating the degree of inflammation during KD. It further
suggested a potentially necessary early usage of a therapeutic
regimen involving antiplatelet agents, such as clopidogrel, as
a protective treatment for coronary artery abnormalities,
which are inclined to be damaged in KD.
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