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Abstract
Background: Immunoglobulin Intravenous (IVIG) widely used in Mucocutaneous Lymph Node Syndrome
(Kawasaki disease, KD). However,patients’in�ammatory response remains unclear during usage. We
evaluated the relationship between in�ammatory response and lymphocytes count in KD children with
different ages undergoing IVIG to identify the clue signi�cance of lab parameters in therapeutic effect.

Methods: We retrospectively reviewed the medical records of 60 KD children and divided them into �ve
groups depending on ages. We investigated all patients’reduced neutrophil percentage and increased
lymphocyte percentage before and after IVIG. In the group of patients aged 4 years and older, we explored
the absolute counts of CD19 + B cell before therapy and analyzed it together with patient selves’level of
interleukin-10 (IL-10) after IVIG. 

Results: In KD patients after the treatment of IVIG, The means of decreased neutrophil percentages and
increased lymphocyte percentage are respectively 30.92% and 25.25% (group of less than 1 year), 29.52%
and 22.14% (1 year), 28.31% and 21.7% (2 years), 32.42% and 25.98% (3 years), 34.58% and 27.92% (4
years and older). The scatter diagrams of these two indexes in all groups showed linear relationship. The
correlation coe�cients valued respectively 0.91, 0.87, 0.91, 0.97, and 0.99 with p value less than 0.01 in
all of groups. Means of age correlated positively with their correlation coe�cients (r = 0.88, P < 0.05). In
the patients aged 4 years and older,absolute counts of CD19 + B cell before IVIG increased, which
presented a linear correlation with the decreased extent of IL-10 after the IVIG (r = 0.71, P < 0.05).

Conclusions: The older the children’s age, the better the regulatory effect of IVIG on the KD children's
immune response and on the recovery of immune equilibrium. In KD patients aged 4 years and older, the
abnormally proliferating CD19 + B cell may take part in the enhanced secretion of IL-10 to balance the
overactive humoral immune. In patients 4 years and older, combining absolute count of CD19 + B cell
before IVIG with the extent of decreased IL-10 after IVIG may have potential signi�cance to evaluate the
effect of IVIG on in�ammatory immune response.

Background
Mucocutaneous Lymph Node Syndrome (Kawasaki disease, KD) is an acute, self-limiting systemic
in�ammation and commonly occurs as vasculitis especially in young children less than 5 years. The
serious complications of KD are the leading causes of acquired heart diseases among children, which are
coronary arteries lesions (CALs) including dilations and aneurysms [1]. During the acute period of this
disease, Immunoglobulin Intravenous (IVIG) timely is the predominant therapeutic regimen with well-
established e�cacy [2]. However, at present, only the amelioration of clinic symptoms such as fever, rash,
conjunctivitis and so on can evaluate the therapeutic effect of IVIG. During this course, the KD children’s
laboratory parameters in in�ammatory response in�uenced by IVIG are not very clear. It is a therapeutic
challenge to subsequent treatment of IVIG. Identifying sensitive and suggestive in�ammatory parameters
is helpful to individualize KD children’s subsequent therapy.
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Children when growing are facing different antigen stimulations as infections, vaccinations, and so on
from exterior. The composition and the maturity of immune system in children vary by age [3]. Studies
have shown that the lymphocyte percentage gradually declines and neutrophil percent increases year by
year as children grow. During growth and development, medians, upper limit and low limit of different
hematologic cells change [4, 5]. Therefore, it is understandable the in�ammatory response differ in KD
children in diverse age groups.

Report from clinical study has provided some clues that children with maternal Group B streptococcal
colonization or early hospitalization for bacterial infection are at high risk for KD [6]. Another study found
that the superantigens from bacteria harbored in airway or gastrointestinal tract were detected more
frequently in the stools of children with KD than in those without KD. This study provided the evidence of
superantigens from bacteria involved in the development of KD [7].The neutrophils play dominant role in
the early and acute phase of KD manifested as the increased cell count in the peripheral blood, the
in�ltration at the necrotizing arteritis [8, 9]. Further, it has reported the neutrophil-to-lymphocyte ratio is
useful to evaluate the in�ammatory state in KD patients [10, 11]. Thus, it would be meaningful to
investigate the distribution and relationship of these two subgroups of blood cell involved in the immune
response in KD children with different ages when trying to �nd clues into the therapeutic effect of IVIG.

Previous reports revealed that during the acute phase, the plasma level of interleukin-10 (IL-10) in KD
patients was obviously higher than the levels of the patients in the convalescent phase and that of the
control children [12]. Another study has found that elevated level of IL-10 during the acute phase of KD
decreased immediately after IVIG administration, coincidentally with rapid improvement of in�ammatory
symptoms. It was detected the IL-10 expressions from mRNA in both human T- and B- cells [9, 13]. Further
study revealed that the IL-10 genetic polymorphisms have important effects on the CALs in acute KD
patients and the ATA genotyping is associated signi�cantly with increased risk of CALs [14]. It has found
recently that IL-10 as an immune-regulatory cytokine has function of switch for lymph-proliferation in
human T cell leukemia associating disease in addition to the suppressive effect on the Th1 response and
in�ammation [15]. Our presented study is also an inquiry into the role of IL-10 and its possible
association to certain subgroup of lymphocyte during the therapy in acute phase of KD.

Focusing on the in�ammatory response in KD children with different ages before and after IVIG, the aim
of the presented investigation is to explore some suggestive laboratory parameters and delineate the role
of subgroups of neutrophils and lymphocytes together with cytokines in in�ammatory change help
individualizing the treatment including IVIG.

Methods
The aim, design and setting of the study

This study is retrospective and all the research approved from the ethics committee of Xinhua Hospital
a�liated to Shanghai Jiao Tong University School of medicine. The study conforms to the exempt from
informed consent standards due to the use of patients’ general information, medical history and data of



Page 4/16

laboratory examination was obtained from the past medical records and database. We have made an
application for exemption from informed consents and obtained the approval (Approval No. XHEC-D-
2019-088). This retrospective study conducted in Xinhua Hospital. The data that support the �ndings of
this study are available from Xinhua Hospital but restrictions apply to the availability of these data, which
used under license for the current study, and so are not publicly available. Data are however available
from the authors upon reasonable request and with permission of Xinhua Hospital.

We reviewed patients’ charts and electronic medical records retrospectively. Laboratory parameters were
collected from a customized database and included age, sex and neutrophils, lymphocytes, monocyte,
platelet count tested 1 day before and 2 days after the treatment of IVIG. Expression level of
in�ammatory factors were also recorded including tumor necrosis factor (TNF), interleukin 1 (IL-1), IL-2
receptor and IL-6 at 1 day before and 3 days after IVIG.

Patients

60 children diagnosed with KD [9] during April to December in 2018 in Xinhua Hospital a�liated to
Shanghai Jiao Tong University School of Medicine were enrolled in this retrospective study. All patients
performed with consistent diagnostic criteria and same protocol according to the published statement of
“Diagnosis, treatment and long-term management of Kawasaki disease” by the American Heart
Association [9]. Classic KD is diagnosed in the present of fever for at least 5 d with at least 4 of the 5
principal clinical features as the following: bilateral bulbar conjunctival injection without exudate,
erythema and cracking of lips, oral cavity or/and pharyngeal mucosa, erythema and edema in the
peripheral extremities, polymorphous skin rash, and non-purulent cervical lymphadenopathy. Patients
with the following �ndings excluded from the study: (1) Incomplete collection of clinical and laboratory
data. (2) Patients with 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. (3) Relapsed KD children requiring re-treatment.

As investigations revealed that in physiological conditions, with growth, children showed different WBC
differential count in different age intervals. As reported WBC of children aged 1-7 years was usually
higher than that of adults. Studies showed the percentage of lymphocyte gradually declined and the
percentage of neutrophil increased year by year among children aged 1-7 years old. With increasing age,
the percentage of neutrophils gradually increased to about 43% in 2-4 years old while the percentage of
lymphocytes gradually decreased to about 42%. During this period medians and ranges of the percentage
of lymphocyte and neutrophil change with growth in children with different ages [4, 5]. In our study,
children with KD were at this age interval a phase full of development and maturity. In order to analyze
accurately, we divided all 60 cases children into 5 groups according to their age from young children to
older children.

All patients were grouped as following: less than 1 year( 12 months), 1 year old (≥12 months, 24
months), 2 years old (≥24 months, 36 months), 3 years old (≥36 months, 48 months) and 4 years old
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and above (≥48 months). The relevant laboratory indicators for all of these children were collected and
analyzed statistically.

Procedures and samples

According to the published statement and protocol [9], once diagnosed with KD, the child would receive
IVIG therapy within 24 h with the single dose of 2 g/kg.

On the day before IVIG treatment and on the third day after treatment, all children underwent a peripheral
blood leukocyte differential count test using full automatic hematology analyzer, and in�ammatory
cytokines detected using solid-phase enzyme labeled chemiluminescent immunometric assay (Siemens
Healthcare Ltd. US). One day before IVIG treatment, lymphocyte subsets counts were detected using �ow
cytometry (BD canto plus, US).

Statistical analysis

Statistical analysis performed by using the Graphpad Prism6.0 software and Excel 2010. Clinical data
were presented as median (range), mean ± standard deviation (SD), number or percentage (n, %). The
distribution of males and females in each group  compared with each other by the paired t test. The
paired t test also used to compare the corresponding normal values published in the literature with the
mean, upper and lower limits of the neutrophil percentage before the IVIG treatment in children of
different ages [4]. The same method was used to study lymphocyte percentage in every group. We
calculated the percentage of decreased neutrophils and the percentage of increased lymphocytes based
on the white blood cell differential count before and after IVIG, and analyzed the correlation between
these two using GraphPad Prism 6.0 software. Then we obtained correlation coe�cients. In the group of
4 years old and above, the concentration of in�ammatory factors before and after IVIG treatment were
collected, and the change magnitude of each in�ammatory factor after IVIG treatment was calculated.
The correlation between the change magnitude of in�ammatory factor and different lymphocyte absolute
counting including CD19+ B cell counts before IVIG treatment was analyzed.

A two-tailed P 0.05 was considered to be statistically signi�cant.

Results
All KD children included 26 boys and 34 girls. They were divided into 5 groups by age from small to large.
The numbers of children in each group are 6, 14, 16, 5 and 9. There is no difference in the gender
distribution in each group (Table.1.).

After IVIG treatment, the neutrophil percentage decreased and the lymphocyte percentage increased in KD
children of all age groups.

In all groups, during the acute phase of KD all patients’ neutrophil percentage increased higher than the
normal value and range newly published, which have established in healthy children with the
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corresponding age. The lymphocyte percentage decreased signi�cantly, lower than the normal value [4],
as shown in Table 2. After the treatment of IVIG, all patients’ neutrophil percentages decreased
signi�cantly and the lymphocyte percentages increased obviously, which compared with those before
IVIG [4]. Table 3 showed that the means of neutrophil percentage and of lymphocyte percentage after
IVIG were no signi�cant difference when compared with normal values. Since we did not �nd the relevant
normal values for infants younger than 1 year old, only the data from children aged 1 year old and older
analyzed.

The extents of reduced neutrophil percentages positively correlated with those of   increased lymphocyte
percentages in groups of all ages

As shown in Fig. 1a-e, the extents of reduced neutrophil percentages correlated positively well with those
of increased lymphocyte percentages in all �ve age groups. Grouped by age from small to large, the
correlation coe�cients respectively were 0.91 (n=6, P = 0.0116), 0.87 (n=14, P < 0.01), 0.91 (n=16, P <
0.01), 0.93 (n=5, P = 0.0065), 0.98 (n=9, P < 0.01). All of the p values were less than 0.01. Our study did
not �nd this correlation between two other cell subgroups or ingredients in the peripheral blood.

As the age and maturity of each group of children increased, the correlation coe�cient between the
change extent of neutrophil and lymphocyte increased continuously in the all groups, and there was a
positive correlation with the median age of children (Fig.1f, r = 0.93, P = 0.03).

In the group of KD children older than 4 years, the absolute count of CD19 positive (CD19+) B cell before
IVIG treatment correlated with the decrease of IL-10 after IVIG.

We selected the oldest group of children to explore the relationship between lymphocyte subset and the
in�ammatory response to assess the e�cacy of IVIG and the in�ammatory status in patients. After
analysis, the relationship between absolute count of CD19+ B cell and the expression level of IL-10
attracted our attention. In children 4 years old and over ( n = 9 ), the mean value of CD19+ cell absolute
count was 495.11 cells /μL and the standard deviation was 250.5 cells /μL which were signi�cantly
higher than the normal standardized threshold established in our hospital. The two normal thresholds are
224.5 cells /μL and 152.03 cells /μL respectively ( n ≥ 200 ).

At the same time, in this group the mean expression level of IL-10 was as high as 21.34 pg/ml before the
implement of IVIG, which was obviously higher than the normal value, which is less than 5 pg/ml. After
receiving the IVIG, the mean expression level of IL-10 in patients reduced signi�cantly to the level 5.3
pg/ml. As shown in Fig.2, patients’ absolute counts of the CD19+ cell before the IVIG treatment presented
correlation with the decreased extent of IL-10 after IVIG treatment. The correlation coe�cient was 0.71
and the p value is less than 0.05. No correlation was found between other in�ammatory cytokines
including IL-1, TNF-α, IL-2 receptor, IL-6 and other subset groups of lymphocyte as CD4+ cell, CD8+ cell or
CD16+56+ cell.
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Discussion
In the presented paper, 60 KD children were included in this retrospective study and divided into 5 groups
according to different age interval. There are no obvious differences in the sex distribution in terms of the
incidence of KD in all groups. Other studies reported the disease more frequently occured in boys [16, 17].
However, our result has a discrepancy with those results, but is consistent with the data recently reported
from Australia [18]. On this issue, a study including a larger number of patients will lead to more
convincing conclusion.

  Neutrophil recruitment is an early event induced by the bacteria infection except for severe trauma,
massive haemorrhage, malignancy and chemical poisoning [19, 20] and lymphocyte loss is usually
looked as early biomarkers for systemic spread of severe infection [21]. Our results revealed that in the
acute phase of KD, the abnormal elevated neutrophil percentages and the decreased lymphocyte
percentages before IVIG are the main characteristics of laboratory parameters for KD children. The
simultaneous occurrence and correlation of these two changes suggests that bacterial infection is most
likely an inducer of KD. The treatment of IVIG can effectively control the infection-induced in�ammatory
response and regulate the body's immune function to normal levels. It also suggests the use of
antibiotics during the acute phase of KD may contribute to the improvement in KD and have a synergistic
effect with IVIG.

As it known, a child’s maturity of immune system will not reach until adolescence. Not until 2 years old,
adaptive immunity could not largely approach those of healthy adult levels and full immune competence
will not truly reach until the teenage years [22]. Therefore, it is understandable that in our study, the
correlation coe�cients (r) between the changes from both the neutrophil and the lymphocyte are higher
with the rise of age. These results also indicate IVIG has a better immune-modulatory effect on KD
patients 4 years old and more, manifesting as a better balance between cellular subgroups such as
neutrophil and lymphocyte.

CD19+ B cell is immunoglobulin production cells and plays major role in the humoral immune response.
In our study, in KD children’s acute phase, before IVIG, the obviously increased count of CD19+ B cells
shows its activation and proliferation under the stimulation of antigen indicating its predominant role in
patients’ activated humoral immunity. It has been reported that in mice CD19 enhances the B cell receptor
(BCR) induced signaling which is crucial for the activation and proliferation of B cells and the following
enhanced response of humoral immune [23, 24]. As to our knowledge, our presenting �nding is evidence
from patients that proliferating CD19+ B cell plays dominant role in the active humoral immune among
KD children 4 years old or older.

What’s more, in our study, the presented linear correlation between the decreased extent of IL-10 and the
absolute counts of CD19+ cell suggests that CD19+ B cells may have a function of IL-10 secretion. In the
classic immunology theory, IL-10 known �rstly as an anti-in�ammatory cytokine when study found Th2
cells could secrete it together with other Th2-type cytokines such as IL-4, IL-5. Later, investigators found
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that other types of cells including macrophages, DCs, mast cells even neutrophils have the secretion
function of IL-10 [25]. A study con�rmed that B cell when in de�ciency of CD19 could not produce higher
IL-10 compared with the wild type B cells. In their CD19 -/- mice model, the animal displayed a reduced
production of IL-10 by B cells and developed a more serious disease [26]. Another study demonstrated
that in mice reactive oxygen species could suppress humoral immune response through the reduction of
CD19 expression and resultant BCR signaling [23]. In some patients treated with rituximab, the depletion
of B cell leaded to immune disorder [27]. It is also reported that B cells from multiple sclerosis patients
secreted markedly less IL-10 than that from healthy donors [28] suggesting the possible IL-10 secretion
function of B cells in human. Combined with our results, it is reasonable to speculate that the abnormally
high counts of CD19+ B cell may be a result from the overactive humoral immune of KD patients. These
proliferating CD19+ B cells have the function of the IL-10 secretion acting as a compensatory response
trying to keep balance of immune response to normal level.

After the treatment of IVIG, patients’ IL-10 reduced signi�cantly suggesting the CD19+ cell absolute count
may have a tendency of decrease. Considering another phenomenon that the patients’ mean percentage
of lymphocyte increased while that of the neutrophil decreased after IVIG, we put forward that there are
possible other subtypes of lymphocytes activated to proliferate. As known the functions of immune
globin are complex involving modulation of the expression and function of Fc receptors, interference with
the activation of complement and the cytokine network, provision of anti-idiotypic antibodies, effector
functions of T cells and B cells and so on [29]. Specially, IVIG could bind to the siglecs expressed on the
surface of neutrophils and result in the cell death [30]. In addition, IVIG containing Fc has the ability to
stimulate the expression of a population of natural regulatory T cells (nTreg) [31]. In our patients, after
experiencing IVIG treatment, although the cell count of CD19+ B cell decreased, lymphocyte percentages
increased suggesting other major ingredients of lymphocytes, T cells, which also acts as an antigen
presentation cell may be actively stimulated to proliferate. Therefore, after therapy of IVIG, the balance of
the disordered immune responses tends to recover including the inhibition of excessive active humoral
immune and the boost of cellular immune in KD children older than 4 years old, whose immune system
are approaching to maturation. In KD children at 4 years and older, the combination of CD19+ B cells
absolute count before IVIG treatment with the decrease extent of IL-10 expression after IVIG treatment
can be used as potential sensitive indicators for assessing the body's in�ammatory response status and
evaluating effects of IVIG treatment.

   In this study, as to our knowledge, we put forward data of KD children aged 4 years and older for the
�rst time that CD19+ B cell is stimulated to be active and proliferate directing to the enhanced function of
humoral immune response, which have veri�ed in mice but have not clearly con�rmed in KD patients in
previous study. From our point of view, in children with KD, activated proliferating CD19+ B has IL-10
secretion function, and IVIG can inhibit this effect, thereby inhibiting cellular immunity, activating humoral
immunity, and regulating immune response. However, more laboratory data need to be collected to
con�rm further the conclusion.
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  However, there are still some limitations in this retrospective analysis including the number of cases
involved in are not fully enough and the data collected from a single center so that it could not completely
reveal the overall perspective epidemiology of KD accurately. Although Xinhua Hospital is not only a
comprehensive hospital a�liated to Shanghai Jiao Tong University School of medicine but also contains
pediatric medical centre, which is one of four major pediatric hospitals in Shanghai, a city more than 20
million people living in. Children patients affected by KD from Shanghai even part of north China will
receive medical treatment here.

Secondly, in the presented study, before and after the treatment of IVIG the absolute cell count of subsets
in lymphocyte especially the number of CD19+ cell should be monitored dynamically in order to observe
the trend of lymphocyte subsets more clearly.

Another limitation is that it is impossible to verify the effects of CD19+ B cell function elimination in
patients. However, it could tried in mice. At the other hand, it is possible to collect subset of cells to culture
in vitro so to study the IL-10 secretion function of CD19+ B cell.

In the following study, we will enroll more KD children aged 4 years and older.  During the therapy course
of KD children, more detail examinations will perform to study in-depth the mechanism under the
relationship between CD19+ B cell count and the expression level of IL-10.

Conclusions
IVIG shows ideal immune-modulatory effect on KD children in different age intervals manifesting as the
decrease scope of neutrophil percentage correlated positively with increased scope of lymphocyte
percentage suggesting the rapid recovery of balance in the immune response. With children getting older,
better effect of IVIG on older KD children achieved. During the therapeutic period of IVIG, CD19+ B cells
were stimulated to proliferate abnormally and played dominant role in the activated humoral immune in
KD child aged 4 years and older. The linear correlation between the absolute cell count of CD19+ prior to
IVIG and the decreased extent of IL-10 post IVIG suggests the possible ability of IL-10 secretion function
of CD19+ B cells in KD children aged 4 and over. Combination of these two indexes could considered as a
marker to evaluate the sensitivity of in�ammatory response and therapeutic effect of IVIG on children
with KD 4 years or older.
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BCR: B cell receptor; CD19: cluster of differentiation 19; CALs: coronary arteries lesions; IL-10: interleukin-
10; IVIG: intravenous immunoglobulin; KD: Kawasaki disease.
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Tables
Table 1. KD Children’s basic characteristics

  < 1 y

(< 12m)

N = 6

1 y

(≥12m,
<24m)

N = 14

2y

(≥24m,
<36m)

N = 16

3y

(≥36m,
<48m)

N = 5

≥4 y

(≥48m)

N = 9

Number of male in the
group (%)a

3 (50.0) 9 (64.3) 8 (50.0) 2 (40.0) 4 (44.4)

Age (months)b 8.5

(4.00 –
10.75)

16.5

(15.25 –
18.75)

30

(27.50 –
31.00)

43

(42.00 –
43.00)

64

(59.00 –
74.00)

a Absolute number (%: percentage of males in the group)

b Median (IQR)

Table 2.    Patients’ characteristics and the means of neutrophil percentage and lymphocyte
percentage before the treatment of IVIG in different age groups
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  < 1 y

n = 6

1 y

n = 14

2y

n = 16

3y

n = 5

≥4 y

n = 9
Mean of neutrophil

(%)

(Upper limit,

lower limit)

58.45

(70.26,
46.64)

57.92**

(64.91,
31.86)

68.26**

(73.50,
64.05)

62.36**

(77.24,
47.48)

80.22**

(84.41,
78.55)

Mean of lymphocyte
(%)

(Upper limit,

lower limit)

28.17

(36.99,
19.35)

31.34**

(37.29,
25.38)

22.79**

(25.93,
18.73)

26.58**

(38.15,
15.01)

13.02**

(13.25,
7.91)

**, compared with the normal value established in newly published literature, p 0.01.

 

Table 3.    Patients’ characteristics and the means of neutrophil percentage and of
lymphocyte percentage after the treatment of IVIG in different age groups

  < 1 y

n = 6

1 y

n = 14

2 y

n = 16

3 y

n = 5

≥4 y

n = 9
Mean of neutrophil

(%)

(Upper limit,

lower limit)

27.53

(33.50,
21.56)

28.4

(31.86,
24.94)

39.61

(46.17,
33.04)

29.94

(43.56,
16.32 )

55.22

(63.40,
47.04)

Mean of lymphocyte
(%)

(Upper limit,

lower limit)

53.42

(61.60,
45.23)

53.47

(56.97,
49.97)

44.41

(51.14,
37.68)

52.56

(64.02,
41.10)

30.38

(39.99,
20.77)

 

Figures
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Figure 1

The reduced extents of neutrophil percentages positively correlated with the increased extents of
lymphocyte percentages after treatment of IVIG in groups of all ages Grouped by age from small to large,
the Spearman correlation coe�cients (r) between the reduced neutrophil percentages and the increased
lymphocytes percentages after IVIG respectively were 0.91 (n=6), 0.87 (n=14), 0.91 (n=16), 0.97 (n=5),
0.99 (n=9). a. Group of children aged less than 1 year; b. Group of children aged between 1 year old and 2;
c. Group of children aged between 2 years old and 3. d. Group of children aged between 3 years old and
4. e. Group of children aged 4 years and older. f. Positive correlation between the coe�cients from the
changes of neutrophils and lymphocyte and the median ages of children in the all groups. The r is 0.88
and the p value is 0.0488.

Figure 2



Page 16/16

Correlation between the absolute counts of CD19 positive (CD19+) B cell before IVIG treatment and the
decreased level of IL-10 after IVIG. In the group of KD children aged 4 years and older, the absolute counts
of CD19 positive (CD19+) B cell before IVIG treatment correlated positively with the decreased expression
level of IL-10 after IVIG. The r is 0.93 and the p value is 0.03.


