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Objective: To study the correlation of serum NSE and S100β levels with inflammatory
response and immune response in children with hand-foot-mouth disease (HFMD) complicated
by encephalitis. Methods: Children who were diagnosed with hand-foot-mouth disease in
Yulin Third Hospital between May 2015 and February 2017 were selected, children who
were combined with central nervous system were selected as severe group, and children who
were not combined with central nervous system were selected as mild group; children who
received physical examination during the same period were selected as the control group.
Serum was collected to determine the contents of NSE, S100β and inflammatory response
mediators, and peripheral blood was collected to determine the contents of T cell subsets
and NK cells. Results: Serum NSE and S100β levels of severe group and mild group were
significantly higher than those of control group, and serum NSE and S100β levels of severe
group were significantly higher than those of mild group; serum TNF-α, IL-6, IL-10, IL17 and PCT levels as well as peripheral blood HLA-DR+CD4+, HLA-DR+CD8+, CD38+CD4+
and CD38+CD8+ levels of severe group and mild group were significantly higher than those
of control group while peripheral blood CD3+T cell, CD4+T cell, CD8+T cell and NK cell
levels were significantly lower than those of control group; serum TNF-α, IL-6, IL-10, IL17 and PCT levels as well as peripheral blood HLA-DR+CD4+, HLA-DR+CD8+, CD38+CD4+
and CD38+CD8+ levels of severe group were significantly higher than those of mild group and
positively correlated with NSE and S100β levels while peripheral blood CD3+T cell, CD4+T
cell, CD8+T cell and NK cell levels were significantly lower than those of mild group and
negatively correlated with NSE and S100β levels. Conclusion: The increase of serum NSE
and S100β levels in children with HFMD complicated by encephalitis is closely related to
inflammatory response activation and immune response disorder.
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mild disease is self-limited and with good prognosis; but there are

1. Introduction

also some children who have severe complications of myocarditis

Hand-foot-mouth disease (HFMD) is a common acute infectious
disease in childhood that is caused by a variety of enterovirus

of inflammatory response and immune response disorder are

infections, and the enterovirus 71 and coxsackie A16 are the most

in inflammatory response and immune response are particularly

common[1,2]. Common symptoms of HFMD include fever and

significant in children with severe HFMD. Nervous system is the

herpes at hand, foot and mouth, and the illness of most children with

and encephalitis, and the prognosis is worse[3]. Excessive activation

important characteristics in the development of HFMD. The changes

most common involved area of severe HFMD children, and early
assessment of the nerve damage degree in patients with HFMD is
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of positive value to improve prognosis of disease. NSE is a type of
catalytic enzyme specifically expressed in the neurons, S100β is
a calcium-binding protein specifically expressed in glial cells, and
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both NSE and S100β are used to assess the nerve injury in cerebral
trauma, cerebral infarction, cerebral hemorrhage and other central
nervous system diseases[4,5]. In the following study, the correlation

2.4 Statistical methods

of serum NSE and S100β levels with inflammatory response
and immune response in children with HFMD complicated by
encephalitis was analyzed.

SPSS 19.0 software was used to input data, variance analysis
was conducted and P＜0.05 indicated statistical significance in
differences in analysis results.

2. Research subjects and research methods

3. Results

2.1 General information of research subjects

3.1 Serum NSE and S100β levels

Children diagnosed with hand-foot-mouth disease in Yulin Third
Hospital between May 2015 and February 2017 were selected and
divided into mild group and severe group based on the combination
of central nervous system complications or not. Mild group (n=48)
included 29 male cases and 19 female cases that were 3-10 years
old; severe group (n=26) included 16 male cases and 10 female cases
that were 3-9 years old. A total of 40 children who received physical

Analysis of serum NSE and S100β levels among three groups of
subjects was as follows: serum NSE and S100β levels of severe
group and mild group were significantly higher than those of control
group, and serum NSE and S100β levels of severe group were
significantly higher than those of mild group. Differences in pair-

examination in our hospital during the same period were selected

wise comparison of serum NSE and S100β levels were statistically

as the control group, including 25 male cases and 15 female cases

significant among three groups of subjects (P<0.05).

that were 4-11 years old. There was no significant difference in the

Table 1.

general data of the three groups (P>0.05).

Comparison of serum NSE and S100β levels among three groups of subjects
(ng/mL).

2.2 Serum index detection methods
5 mL of venous blood was collected from severe group and mild
group on admission and before treatment, 5 mL of venous blood
was collected from control group during physical examination,
the blood was centrifuged to separate serum, and enzyme-linked
immunosorbent assay kit was used to detect neuron-specific
enolase (NSE), S100β protein (S100β), tumor necrosis factor-α
(TNF-α), interleukin-6 (IL-6), IL-10, IL-17 and procalcitonin
(PCT) levels.

Groups
Severe group
Mild group
Control group

n
26
48
40

NSE
15.52±2.03*&
9.45±1.15*
5.63±0.78

S100β
5.86±0.77*&
3.72±0.52*
2.15±0.29

: compared with control group, P＜0.05; &: compared with mild group, P＜

*

0.05.

3.2 Serum inflammatory mediator levels
Analysis of serum inflammatory mediators TNF-α (ng/mL), IL-6
(ng/mL), IL-10 (ng/mL), IL-17 (pg/mL) and PCT (ng/mL) levels

2.3 Peripheral blood immune cell detection

among three groups of subjects was as follows: serum TNF-α,

5 mL of venous blood was collected from severe group and mild
group on admission and before treatment, 5 mL of venous blood
was collected from control group during physical examination,
fluorescent antibody of CD3, CD4, CD8, CD16, CD56, CD38
and HLA-DR were incubated, then Permeabilisation was added,
the incubation continued, and finally flow cytometer was used to
determine the contents of CD3+T cells, CD4+T cells, CD8+T cells,
NK cells, human leucocyte antigen -DR+CD4+ (HLA-DR+CD4+),
HLA-DR+CD8+, CD38+CD4+ and CD38+CD8+.

were significantly higher than those of control group, and serum

IL-6, IL-10, IL-17 and PCT levels of severe group and mild group
TNF-α, IL-6, IL-10, IL-17 and PCT levels of severe group were
significantly higher than those of mild group. Differences in pairwise comparison of serum TNF-α, IL-6, IL-10, IL-17 and PCT
levels were statistically significant among three groups of subjects
(P<0.05). Pearson correlation analysis showed that serum TNF-α,
IL-6, IL-10, IL-17 and PCT levels in children with hand-foot-mouth
disease were positively correlated with NSE and S100β levels.

Table 2.
Serum inflammatory mediator levels among in three groups of subjects.
Groups
Severe group
Mild group
Control group

n
26
48
40

TNF-α
218.65±37.28*&
134.25±18.94*
56.75±7.873

IL-6
97.28±10.25*&
65.41±8.24*
22.51±3.85

: compared with control group, P＜0.05; &: compared with mild group, P＜0.05.

*

IL-10
164.56±20.34*&
93.41±10.48*
36.58±5.63

IL-17
48.65±6.82*&
32.15±4.57*
16.28±2.03

PCT
9.52±1.15*&
4.39±0.67*
0.89±0.11
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3.3 Peripheral blood T cell subset and NK cell levels
Analysis of peripheral blood CD3+T cell, CD4+T cell, CD8+T cell
and NK cell levels among three groups of subjects was as follows:
peripheral blood CD3+T cell, CD4+T cell, CD8+T cell and NK cell
levels of severe group and mild group were significantly lower than
those of control group, and peripheral blood CD3+T cell, CD4+T cell,
CD8+T cell and NK cell levels of severe group were significantly
lower than those of mild group. Differences in pair-wise comparison
of peripheral blood CD3+T cell, CD4+T cell, CD8+T cell and NK cell
levels were statistically significant among three groups of subjects
(P<0.05).
Table 3.
Peripheral blood T cell subset and NK cell levels in three groups of subjects.
Groups
Severe group
Mild group
Control group

n
26
48
40

CD3+T cell
36.41±5.22*&
48.51±6.35*
64.91±8.58

CD4+T cell
29.38±3.47*&
40.25±4.96*
48.59±6.22

CD8+T cell
19.38±2.05*&
24.51±3.48*
32.15±4.85

NK cell
8.29±1.05*&
12.15±1.57*
16.28±2.16

: compared with control group, P＜0.05; &: compared with mild group, P＜

*

0.05.

3.4 Peripheral blood activated T lymphocyte subset levels
Analysis of peripheral blood activated T lymphocyte subsets
HLA-DR+CD4+, HLA-DR+CD8+, CD38+CD4+ and CD38+CD8+
levels among three groups of subjects was as follows: peripheral
blood HLA-DR + CD4 + , HLA-DR + CD8 + , CD38 + CD4 + and
CD38+CD8+levels of severe group and mild group were significantly
higher than those of control group, and peripheral blood HLADR+CD4+, HLA-DR+CD8+, CD38+CD4+ and CD38+CD8+ levels
of severe group were significantly higher than those of mild group.
Differences in pair-wise comparison of peripheral blood HLADR+CD4+, HLA-DR+CD8+, CD38+CD4+ and CD38+CD8+ levels
were statistically significant among three groups of subjects
(P<0.05).

4. Discussion
NSE is a kind of catalytic enzyme specifically expressed in
neurons, which is involved in the catalysis of glycolysis process,
and has important value for the maintenance of the function of
neurons [6] ; S100β is a calcium-binding protein specifically
expressed and secreted in glial cells, which regulates the integrity of
the cytoskeleton structure, intracellular calcium homeostasis and the
transduction of related signal pathway[7]. When trauma, infarction,

bleeding and other factors cause the central nervous system damage,
NSE and S100β in neurons and glial cells are released into the
cerebrospinal fluid, and then enter into the blood circulation through
the damaged blood brain barrier. Children with severe HFMD
are mostly complicated by encephalitis, central nervous system
is damaged[8,9], and the analysis of serum nerve injury marker
molecules NSE and S100β levels in subjects in the study showed
that serum levels of NSE and S100β in patients with HFMD were
significantly higher than those in healthy volunteers and serum levels
of NSE and S100β in severe group were significantly higher than
those in mild group. This means that the course of hand-foot-mouth
disease can cause neurologic injury, the risk of nerve function injury
in children with severe hand-foot-mouth disease is larger than that in
children with mild disease, and the degree of nerve function damage
is also more significant than that in children with mild mild disease.
The activation of inflammatory response is an important pathological
change in the course of HFMD, and the synthesis and secretion of
TNF-α, IL-6, IL-10, IL-17, PCT and other inflammatory mediators
increased significantly[10]. TNF-α is an inflammatory mediator
that changes in the early stage of inflammatory reaction, and it
is secreted by activated mononuclear macrophages and has the
biological function of promoting inflammatory reaction cascade
amplification; IL-6 is a cytokine with inflammatory regulatory and
immunoregulatory activity, which can promote the chemotaxis and
infiltration of inflammatory cells in the process of inflammatory
reaction; IL-10 is an inhibitory mediator, which can inhibit the
over-activation of inflammatory response and be activated for
compensation in the course of HFMD; IL-17 is a pro-inflammatory
factor synthesized and secreted by Th17 cells, and it plays an
important role in inflammatory injury of the central nervous system;
PCT is the precursor substance of calcitonin, and in the pathologic
state of inflammatory response activation, pro-inflammatory factors
can induce the synthesis and secretion of PCT[11,12]. In the study,
analysis of serum levels of inflammatory mediators in the subjects
showed that the serum TNF-α, IL-6, IL-10, IL-17 and PCT levels
in HFMD patients were significantly higher than those in healthy
volunteers and serum TNF-α, IL-6, IL-10, IL-17 and PCT levels
in severe group were significantly higher than those in mild group.
This means that inflammatory response is significantly activated
in the process of hand-foot-mouth disease, and the activation of
inflammatory response in children with severe HFMD is more
significant than that in children with mild HFMD. Further analysis
of the correlation between inflammatory mediators and nerve
injury markers showed that serum TNF-α, IL-6, IL-10, IL-17 and
PCT levels in children with HFMD were positively correlated with
NSE and S100β levels. This confirms that inflammatory response
activation and inflammatory mediator release are the important

Table 4.
Peripheral blood activated T lymphocyte subset levels in three groups of subjects.
Groups
Severe group
Mild group
Control group

n
26
48
40

HLA-DR+CD4+
30.25±4.85*&
17.42±2.26*
7.59±0.93

: compared with control group, P＜0.05; &: compared with mild group, P＜0.05.

*

HLA-DR+CD8+
24.26±3.75*&
18.97±2.32*
12.03±1.68

CD38+CD4+
9.67±1.16*&
7.15±0.95*
5.28±0.78

CD38+CD8+
59.63±7.25*&
44.29±6.72*
22.15±3.86
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pathological links that cause the injury of nervous system in HFMD.
Enterovirus infection is the main cause of HFMD, and
hypoimmunity and poor antiviral capacity are the important
reasons that make children become high risk group of HFMD. T
lymphocytes and NK cells are important cell groups in the antiviral
immune response process[13]. T cells become mature CD3+CD4+T
cells and CD3+CD8+T cells after negative and positive selection,
the former can be combined with histocompatibility complex II and
activate B cells to kill virus through the humoral immune response,
and the latter can be combined with the histocompatibility complex
I to directly exert cytotoxic effect, and thereby neutralize the virus
[14]. NK cells mainly mediate non-specific immune response and can
kill virus through ADCC effect. In the study, analysis of the contents
of peripheral blood immune cells in subjects showed that peripheral
blood CD3+T cell, CD4+T cell, CD8+T cell and NK cell levels of
patients with HFMD were significantly lower than those of healthy
volunteers and peripheral blood CD3+T cell, CD4+T cell, CD8+T
cell and NK cell levels of severe group were significantly lower than
those of mild group and negatively correlated with serum NSE and
S100β levels. This indicates that immune cell over-consumption
and immune response inhibition can lead to the progression of
HFMD and aggravate the nervous system injury.
HLA-DR and CD38 have important value for the activation of
T lymphocytes in the process of antiviral immune response in T
lymphocytes. HLA-DR can assist T lymphocytes to recognize the
effective antigen composition of pathogens and make it activated;
CD38 is a kind of single-stranded transmembrane glycoprotein
on the cell surface, and is massively expressed in the activation
and maturation of T lymphocytes[15]. In the study, analysis of the
peripheral blood activated T lymphocyte levels in subjects showed
that peripheral blood HLA-DR+CD4+, HLA-DR+CD8+, CD38+CD4+
and CD38+CD8+ levels of patients with HFMD were significantly
higher than those of healthy subjects, and peripheral blood HLADR+CD4+, HLA-DR+CD8+, CD38+CD4+ and CD38+CD8+ levels
of severe group were significantly higher than those of mild group.
This means that T lymphocyte subsets are significantly activated in
the progression of hand-foot-mouth disease, and the activated T cells
will go through programmed death after completing the immune
response, so the total number of T cells is decreasing in children with
hand-foot-mouth disease. Further analysis of the correlation between
activated T lymphocytes and nerve damage marker molecules
showed that peripheral blood HLA-DR +CD4+, HLA-DR+CD8+,
CD38+CD4+ and CD38+CD8+ levels in children with hand-footmouth disease were positively correlated with serum NSE and
S100β levels. This confirms that the abnormal immune response is
closely related to the injury of the nervous system in HFMD.
In the progress of HFMD, the risk of nerve injury increases
significantly in children with severe disease, and the increase of
serum NSE and S100β could early predict the occurrence of nerve
injury; the excessive activation of inflammatory response, and the
immune response disorder mediated by T cells and NK cells in the
course of disease are the important pathological links of nerve injury
in children with HFMD.
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