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Abstract. Matrix metalloproteinase 2 (MMP-2) and tissue 
inhibitor of metalloproteinase-1 (TIMP-1) levels in cere-
brospinal fluid of pediatric patients with neonatal purulent 
meningitis were observed to analyze changes in serum procal-
citonin (PCT) and the correlation among the three factors 
(MMP-2, TIMP-1 and PCT). Sixty pediatric patients with 
neonatal purulent meningitis from April 2015 to December 2016 
were enrolled as the purulent meningitis group and 60 pediatric 
patients with viral encephalitis treated during the same period 
were enrolled as the viral encephalitis group. Additionally, 
60 healthy newborns who underwent physical examinations 
in our hospital during the same period were enrolled as the 
control group. The levels of MMP-2 were 136.73±25.42 ng/ml 
in the purulent meningitis group, 45.32±6.57 ng/ml in the viral 
encephalitis group and 1.32±0.51 ng/ml in the control group 
and the differences between the three groups were statisti-
cally significant (F=15.052, p<0.05). The levels of TIMP-1 in 
cerebrospinal fluid were 374.55±36.04 ng/ml in the purulent 
meningitis group, 176.61±21.06 ng/ml in the viral encephalitis 
group and 7.72±2.44 ng/ml in the control group. The serum 
levels of PCT were 14.56±2.21 ng/ml in the purulent menin-
gitis group, 9.04±1.17 ng/ml in the viral encephalitis group 
and 0.38±0.14 ng/ml in the control group. The level of MMP-2 
in cerebrospinal fluid of pediatric patients in the purulent 
meningitis group was positively correlated with the level of 
serum PCT (r=0.582, p<0.05); the level of TIMP-1 in cerebro-
spinal fluid of pediatric patients in the viral encephalitis group 
was positively correlated with the level of serum PCT (r=0.635, 
p<0.05). In conclusion, MMP-2 and TIMP-1 were positively 

correlated with the levels of serum PCT, suggesting that 
MMP-2, TIMP-1 and PCT were involved in the occurrence 
and development of neonatal purulent meningitis.

Introduction

Neonatal purulent meningitis is a common infection of the 
central nervous system in pediatric patients. Early diagnosis 
is difficult and disease is associated with a high disability 
rate and severely affects the lives and heath of children. Both 
purulent meningitis and viral encephalitis are major pediatric 
central nervous system infections (1-3). At present, the gold 
standard for clinical diagnosis of purulent meningitis and 
viral encephalitis is etiological examination of cerebrospinal 
fluid, although this form of examination is not optimal. It has 
limitations such as low positive rate of bacterial culture, and 
time-consuming procedure, which have restricted its clinical 
application (4,5). Therefore, it is necessary to study new 
methods for the diagnosis of purulent meningitis and viral 
encephalitis. Matrix metalloproteinase 2 (MMP-2), tissue 
inhibitor of metalloproteinase-1 (TIMP-1) and procalcitonin 
(PCT) are important factors that have been the focus of 
many studies in recent years. It has been shown that MMP-2, 
TIMP-1 and PCT may be involved in the development of 
central nervous system infections (6). At present, there are few 
studies on MMP-2, TIMP-1 and PCT in the clinical diagnosis 
and treatment of neonatal purulent meningitis. The aim of the 
present study was to determine the significance of MMP-2 and 
TIMP-1 expression in cerebrospinal fluid and their correlation 
with dynamic changes of serum PCT in patients with neonatal 
purulent meningitis, to provide a theoretical basis for the clin-
ical diagnosis and treatment of neonatal purulent meningitis.

Patients and methods

Patients. Sixty pediatric patients with neonatal purulent 
meningitis who underwent treatment in Qingdao Women and 
Children Hospital from April 2015 to December 2016 were 
enrolled as the purulent meningitis group. There were 40 males 
and 20 females. Gestational age was 38-42 weeks, admission 
age was 2 h to 25 days and admission weight was 2.6-4.2 kg. 
All patients in this group conformed to the diagnostic standards 
of purulent meningitis, and other diseases were excluded. 
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Simultaneously, 60 pediatric patients with viral encephalitis 
treated in our hospital during the same period were enrolled 
as the viral encephalitis group. There were 39 males and 
21 females. Gestational age was 38-42 weeks, admission age 
was 1 h to 24 days and admission weight was 2.5-4.3 kg. All 
patients in this group conformed to the diagnostic standards 
of viral encephalitis, and other diseases were excluded. Sixty 
healthy newborns who underwent physical examinations in our 
hospital during the same period were enrolled as the control 
group. There were 39 males and 21 females. Gestational 
age was 38-42 weeks, admission age was 1 h to 26 days and 
admission weight was 2.5-4.1 kg. There were no significant 
differences in general parameters such as sex, gestational age 
or admission weight of patients between the three groups. 
The study was approved by the Ethics Committee of Qingdao 
Women and Children Hospital and informed consents were 
signed by the patients' parents.

Methods. Cerebrospinal fluid and venous blood samples 
were collected from the purulent meningitis group and viral 
encephalitis group within several hours following admission 
in the acute stage. Cerebrospinal fluid and venous blood 
samples were collected from the control group at the time of 
physical examination. All samples were maintained at -70˚C 
until use.

The levels of MMP-2 and TIMP-1 in cerebrospinal fluid 
were measured by enzyme-linked immunosorbent assay 
(ELISA). ELISA kits for human MMP-2 and TIMP-1 were 
from Nanjing Letter Sail Biotechnology Co., Ltd. (Nanjing, 
China) and used according to the manufacturer's instructions. 
A chemiluminescent analyzer (DiaSorin Deutschland GmbH, 
Dietzenbach, Germany) and matching R&D kits (R&D 
Systems, Minneapolis, MN, USA) were used to measure the 
levels of PCT.

Observational indexes. The levels of MMP-2 and TIMP-1 in 
cerebrospinal fluid and serum PCT levels were compared and 
the correlation among the above indexes for pediatric patients 
with neonatal purulent meningitis was analyzed.

Statistical analysis. SPSS 20.0 software (IBM, Armonk, NY, 
USA) was used for statistical analyses. The F-test was used 
for comparisons among the three groups; correlation analyses 
adopted the relevant Spearman's test with the test level α=0.05.

Results

Comparison of MMP-2 levels in cerebrospinal fluid. The 
levels of MMP-2 in cerebrospinal fluid of pediatric patients in 
the purulent meningitis group were 136.73±25.42 ng/ml, those 
in the viral encephalitis group were 45.32±6.57 ng/ml and 
those in the control group were 1.32±0.51 ng/ml. The differ-
ences between the three groups were statistically significant 
(F=15.052, p<0.05) (Fig. 1).

Comparison of TIMP-1 levels in cerebrospinal fluid. The 
levels of TIMP-1 in cerebrospinal fluid of pediatric patients 
in the purulent meningitis group were 374.55±36.04 ng/ml, 
those in the viral encephalitis group were 176.61±21.06 ng/
ml and those in the control group were 7.72±2.44 ng/ml. 

The differences between the three groups were statistically 
significant (F=16.738, p<0.05) (Fig. 2).

Comparison of PCT levels in the serum of pediatric patients. 
The serum levels of PCT in pediatric patients in the purulent 
meningitis group were 14.56±2.21 ng/ml, those in the viral 
encephalitis group were 9.04±1.17 ng/ml and those in the 
control group were 0.38±0.14 ng/ml. The differences between 
the three groups were statistically significant (F=13.664, 
p<0.05) (Fig. 3).

Figure 2. Comparisons of TIMP-1 levels in cerebrospinal fluid of pediatric 
patients. TIMP-1, tissue inhibitor of metalloproteinase-1.

Figure 1. Comparison of MMP-2 levels in cerebrospinal fluid of pediatric 
patients. MMP-2, matrix metalloproteinase 2.

Figure 3. Comparison of serum PCT levels in pediatric patients. PCT, pro-
calcitonin.
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Correlation analysis in the purulent meningitis group. The 
level of MMP-2 in cerebrospinal fluid of pediatric patients 
in the purulent meningitis group was positively correlated 
with the level of serum PCT (r=0.582, p<0.05) (Fig. 4). 
Furthermore, the level of TIMP-1 in cerebrospinal fluid 
of pediatric patients in the purulent meningitis group was 
positively correlated with the level of serum PCT (r=0.564, 
p<0.05) (Fig. 5).

Correlation analysis in the viral encephalitis group. The level 
of MMP-2 in cerebrospinal fluid of pediatric patients in the 

viral encephalitis group was positively correlated with the 
level of serum PCT (r=0.616, p<0.05) (Fig. 6). Furthermore, 
the level of TIMP-1 in cerebrospinal fluid of pediatric patients 
in the viral encephalitis group was positively correlated with 
the level of serum PCT (r=0.635, p<0.05) (Fig. 7).

Discussion

When newborns suffer from purulent meningitis, severe disease 
conditions can lead to death. However, even cases who survive 
may experience sequelae (7-10) such as slow development of 
the nervous system, visual impairment and hydrocephalus. A 
previous study showed that (11) neonatal purulent meningitis 
is an inflammatory reaction caused by the combined action of 
pathogenic bacteria and inflammatory factors. In recent years, 
clinical application of antibiotics has become more extensive, 
which leads to atypia in examinations of cerebrospinal fluid 
in patients with purulent meningitis. In particular, the clinical 
manifestations of neonatal purulent meningitis are more 
atypical (4,12,13). This also adds difficulty to the clinical 
identification of purulent meningitis and viral encephalitis.

Previously, it was shown that MMPs are closely related to 
central nervous system infections, possibly because MMPs 
can degrade type IV collagen of the basement membrane of 
blood vessels, destroying the blood-brain barrier, which allows 
T cells to smoothly pass through the blood-brain barrier to 
reach the central nervous system and actively participate in 
inflammation (14). MMP-2 plays a highly important role 
in central nervous system infections and participates in 
blood-brain barrier damage and immunological pathogenesis. 
The results of this study showed that the differences in the levels 
of MMP-2 in cerebrospinal fluid in patients in the purulent 
meningitis group, viral encephalitis group and control group 
were statistically significant (p<0.05) and the levels of MMP-2 
in the purulent meningitis group were higher than those in the 
viral encephalitis group and control group. These data indicate 
that MMP-2 is highly expressed in neonatal cerebrospinal 
fluid and T lymphocytes and many other inflammatory cells 
are induced to smoothly pass through the blood-brain barrier 
and enter the central nervous system, which contributes to the 
pathogenesis of neonatal purulent meningitis.

The expression of TIMP-1 is low in humans. However, 
once inflammation occurs, the level of TIMP-1 is highly 
increased (15,16). The results of this study were consistent 

Figure 6. The level of MMP-2 in cerebrospinal fluid of pediatric patients in 
the viral encephalitis group was positively correlated with the level of serum 
PCT. MMP-2, matrix metalloproteinase 2; PCT, procalcitonin.

Figure 4. The MMP-2 level in cerebrospinal fluid of pediatric patients in the 
purulent meningitis group was positively correlated with the level of serum 
PCT. MMP-2, matrix metalloproteinase 2; PCT, procalcitonin.

Figure 5. The level of TIMP-1 in cerebrospinal fluid of pediatric patients 
in the purulent meningitis group was positively correlated with the level of 
serum PCT. TIMP-1, tissue inhibitor of metalloproteinase-1; PCT, procalci-
tonin.

Figure 7. The level of TIMP-1 in cerebrospinal fluid of pediatric patients in 
the viral encephalitis group was positively correlated with the level of serum 
PCT. TIMP-1, tissue inhibitor of metalloproteinase-1; PCT, procalcitonin.
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with these observations. The levels of TIMP-1 in cerebrospinal 
fluid of pediatric patients in the purulent meningitis group 
were higher than those in the viral encephalitis group and 
control group and the differences between the three groups 
were statistically significant (p<0.05). These results were 
consistent with previous research (16).

PCT is a newly identified inflammatory factor and is often 
used in the clinical diagnosis of infectious diseases. Under 
normal conditions, the serum levels of PCT are low in humans, 
and PCT is mainly generated by thyroid C cells  (17-19). Under 
the conditions of bacterial infection, liver macrophages and 
pulmonary lymphocytes synthesize and secrete PCT, which 
increase serum levels of PCT. Relevant studies showed that 
PCT has a certain application value in the clinical diagnosis 
of neonatal septicemia (20). The results of this study showed 
that the levels of PCT in the serum of pediatric patients in 
the purulent meningitis group were higher than those in the 
viral encephalitis group and control group and the differences 
between the three groups were statistically significant (p<0.05). 
These data suggest that inflammation can stimulate the secre-
tion of PCT. Therefore, the levels of PCT in serum of pediatric 
patients with neonatal purulent meningitis were significantly 
higher than those with viral encephalitis or healthy newborns. 
Additionally, the changes in serum PCT levels can reflect the 
conditions of neonatal infection and meningitis.

Further analysis showed that the levels of MMP-2 in 
cerebrospinal fluid of pediatric patients in the purulent 
meningitis group were positively correlated with the levels 
of serum PCT (r=0.582, p<0.05) and the levels of TIMP-1 
in cerebrospinal fluid of pediatric patients in the purulent 
meningitis group were positively correlated with the levels of 
serum PCT (r=0.564, p<0.05); the levels of MMP-2 in cere-
brospinal fluid of pediatric patients in the viral encephalitis 
group were positively correlated with the levels of serum PCT 
(r=0.616, p<0.05) and the levels of TIMP-1 in cerebrospinal 
fluid of pediatric patients in the viral encephalitis group were 
positively correlated with the levels of serum PCT (r=0.635, 
p<0.05). These data suggest that MMP-2 and TIMP-1 in 
cerebrospinal fluid, as well as serum PCT, participate in the 
occurrence and development of neonatal purulent meningitis 
and viral encephalitis and are positively correlated with each 
other. Therefore, the joint detection and synthetic judgment for 
MMP-2 and TIMP-1 in cerebrospinal fluid and serum PCT 
have important application value in the differential diagnosis 
of neonatal purulent meningitis and viral encephalitis and are 
worth recommending widely.
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