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Neuron specific enolase as a possible indicator of neuron damage  
in children with acute meningitis
L. V. Pypa, R. V. Svistilnik, G. S. Moskovko, Yu. M. Lysytsia, M. M. Murhina
National Pirogov Memorial Medical University, Vinnytsia, Ukraine

Acute meningitis in children is a common cause of complications and leads to developmental disabilities. That is the reason why 
it is important to look for possible markers that indicate nerve tissue damage for early diagnosis, their prevention and prognosis 
of CNS complications.
Objective. To examine neuron specific enolase (NSE) and its diagnostic significance as an indicator of neuronal damage in children 
with acute meningitis.
Materials and methods. Blood samples of 40 children with acute meningitis and 30 of healthy children between the ages of 1 month 
to 18 years old were studied. The measurement of NSE was made from a blood serum during the first 24 hours after hospitalization by 
the enzyme-linked immunosorbent assay test performing. The degree of impaired consciousness was determined by the Glasgow Coma 
Scale. The results were processed with the Student’s t-test, correlation and regression analysis methods with constructing confidence intervals.
Results. NSE levels in children with acute meningitis was 7.6 times higher than the results of healthy children, which was 22.56 ± 1.14 
and 2.95 ± 0.16 ng/ml, respectively, (P < 0.0001) (95 % CI; 19.19 to 20.03). CNS complications of the disease in patients were 
detected in 22 (55 %). Patients with complications had significantly higher level of NSE than patients without complications and it 
was 25.35 ± 1.61 and 18.60 ± 1.49 ng/ml, respectively, (P < 0.01) (95 % CI; 5.74 to 7.75). Impaired consciousness was observed in 
21 (52.5 %) patients. The content of NSE in patients with impaired consciousness was within 20.72 ± 7.33 ng/ml and it was higher 
than NSE content in patients with normal consciousness that was within 16.56 ± 4.69 ng/ml (P < 0.05) (95 % CI; 0.17 to 8.14). 
Reliable inverse and strong correlation was detected between the NSE level and the level of consciousness by the Glasgow Coma 
Scale, where the coefficient of determination R2 = 0.624 and coefficient of correlation r -0.785 (P < 0.001) (95 % CI; -1.08 to -0.48).
Conclusions. Thus, the data indicates that acute meningitis occurs with the brain matter damage. The blood NSE content 
in acute meningitis can be used as a biochemical marker for the neuronal damage severity and as a prognostic marker for 
the CNS complications development.

Нейрон-специфічна енолаза як можливий показник нейронального пошкодження  
при гострих менінгітах у дітей

Л. В. Пипа, Р. В. Свістільнік, Г. С. Московко, Ю. М. Лисиця, М. М. Мургіна

Гострий менінгіт у дітей – часта причина виникнення ускладнень і розвитку інвалідизації. Тому важливим є пошук можливих 
маркерів пошкодження нервової тканини для ранньої діагностики та прогнозу ускладнень із боку ЦНС і їх запобігання.
Мета роботи – вивчити вміст нейрон-специфічної енолази у крові та її діагностичне значення як показника нейронального 
пошкодження в дітей із гострими менінгітами.
Матеріали та методи. Виконали дослідження зразків крові 40 дітей із гострими менінгітами, 30 здорових дітей віком від 1 
місяця до 18 років. Нейрон-специфічну енолазу (НСЕ) визначали в сироватці крові в першу добу після госпіталізації методом 
імуноферментного аналізу. Ступінь порушення свідомості визначали за допомогою шкали ком Глазго. Результати опрацю-
вали за допомогою критерію Стьюдента та методами кореляційного, регресійного аналізу з побудовою довірчих інтервалів.
Результати. Рівень НСЕ у хворих дітей був у 7,6 раза вищим, ніж у здорових і становив 22,56 ± 1,14 і 2,95 ± 0,16 нг/мл 
відповідно (р < 0,0001) (95 % ДІ; 19,19 до 20,03). У 22 (55 %) пацієнтів виявили ускладнення перебігу захворювання з боку 
ЦНС. Рівень НСЕ у пацієнтів з ускладненнями був значно вищим, ніж у пацієнтів без ускладнень і становив 25,35 ± 1,61 і 
18,60 ± 1,49 нг/мл відповідно (р < 0,01) (95 % ДІ; 5,74 до 7,75). Порушення свідомості спостерігали у 21 (52,5 %) пацієнта. 
Вміст НСЕ у пацієнтів із порушенням свідомості був у межах 20,72 ± 7,33 нг/мл і перевищував відповідний показник хворих 
без порушення (16,56 ± 4,69 нг/мл) (р < 0,05) (95 % ДІ; 0,17 до 8,14). Виявили вірогідний зворотний і сильний кореляцій-
ний зв’язок між рівнем НСЕ і рівнем свідомості за шкалою ком Глазго, де коефіцієнт детермінації R2 = 0,624, а коефіцієнт 
кореляції r становив -0,785 (р < 0,001) (95 % ДІ; -1,08 до -0,48).
Висновки. Результати свідчать, що гострий менінгіт має перебіг із пошкодженням речовини головного мозку. Вміст НСЕ 
у крові при гострих менінгітах можна використовувати як біохімічний маркер вираженості нейронального пошкодження, 
а також як прогностичний маркер розвитку ускладнень із боку ЦНС.

Нейрон-специфическая энолаза как возможный показатель нейронального 
повреждения при острых менингитах у детей
Л. В. Пыпа, Р. В. Свистильник, Г. С. Московко, Ю. Н. Лисица, М. Н. Мургина

Острый менингит у детей – частая причина возникновения осложнений и развития инвалидизации. Поэтому важным 
является поиск возможных маркеров повреждения нервной ткани для ранней диагностики и прогноза осложнений со 
стороны ЦНС и их предупреждения.
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Цель работы – изучить содержание нейрон-специфической энолазы в крови и ее диагностическую значимость как пока-
зателя нейронального повреждения у детей с острыми менингитами.
Материалы и методы. Проведено исследование образцов крови 40 детей с острыми менингитами и 30 здоровых детей 
в возрасте от 1 месяца до 18 лет. Нейрон-специфическую энолазу (НСЭ) определяли в сыворотке крови в первые сутки 
после госпитализации методом иммуноферментного анализа. Степень нарушения сознания определяли с помощью 
шкалы ком Глазго. Обработку результатов проводили с помощью критерия Стьюдента и методами корреляционного и 
регрессионного анализа с построением доверительных интервалов.
Результаты. Уровень НСЭ у больных детей в 7,6 раз был выше, чем у здоровых и составил 22,56 ± 1,14 и 2,95 ± 0,16 нг/мл  
соответственно р < 0,0001 (95 % ДИ; 19,19 до 20,03). У 22 (55%) пациентов определено наличие осложнений течения 
заболевания со стороны ЦНС. Уровень НСЭ у пациентов с осложнениями был значительно выше, чем у пациентов без 
осложнений и составлял 25,35 ± 1,61 и 18,60 ± 1,49 нг/мл соответственно (р < 0,01) (95 % ДИ; 5,74 до 7,75). Нарушение 
сознания отмечено у 21 (52,5%) пациента. Содержание НСЭ у пациентов с нарушением сознания было в пределах 
20,72 ± 7,33 нг/мл и превышало такое у пациентов без нарушения (16,56 ± 4,69 нг/мл) (р < 0,05) (95 % ДИ; 0,17 до 8,14). 
Установлена достоверная обратная и сильная корреляционная связь между уровнем НСЭ и уровнем сознания по шкале 
ком Глазго, где коэффициент детерминации R2 = 0,624, а коэффициент корреляции r составляет -0,785 (р < 0,001) (95 % 
ДИ; -1,08 до -0,48).
Выводы. Полученные данные свидетельствуют, что острый менингит протекает с повреждением вещества головного 
мозга. Содержание НСЕ в крови при острых менингитах можно использовать как биохимический маркер выраженности 
нейронального повреждения, а также в качестве прогностического маркера развития осложнений со стороны ЦНС.

Bacterial meningitis remains the leading cause of disability 
worldwide and has a high mortality rate despite the use of 
antibacterial therapy [1].

Delayed neurological complications may occur in 20–
40 % cases. Cognitive dysfunction, behavioral disorders, 
seizures and motor disorders are common complications 
of meningitis in children and adults [2].

Therefore, it is essential to find the possible markers 
of the nervous tissue damage in early diagnostics and 
prognosis of CNS complications and their prevention. 
Recently, the study of neuron specific enolase (NSE) as 
a marker of neuronal damage in various pathologies has 
been started.

Enolase is the key enzyme involved in glycolysis which 
has five isoenzymes αα, ββ, γγ, αβ, αγ, where γγ is specifi-
cally located in neurons as well as in neuroendocrine cells, 
called NSE. Most of it is distributed in the CNS and makes up 
1.5 % of soluble protein in the brain [3]. NSE concentrates 
exclusively in the cytoplasm of neurons and may serve as 
a marker of neuronal damage [4]. In a traumatic brain injury 
study, NSE has proved to be a specific marker of neural 
tissue damage [5] and outcome prediction [6].

It has also been shown that NSE levels in the blood 
serum during the first days of ischemic stroke can be a 
useful marker for severity and early functional outcome 
prediction [7].

In a study of children with meningitis and encephalitis, 
NSE has been proven to be a specific biochemical marker 
of the nervous tissue pathological damage where its levels 
were significantly higher in more severe diseases and 
symptoms of CNS damage [8] as well as its levels correlated 
with a coma prognosis [9].

Objective
To examine the neuron specific enolase contents in blood 
and its diagnostic value as an indicator of neuronal damage 
in children with acute meningitis.

Materials and methods
The study was conducted with blood samples of 40 children 
with acute purulent meningitis (APM) who were treated in 

Khmelnytskyi City Infectious Diseases Hospital and 30 
blood samples of healthy children between the ages of 1 
month to 18 years. Detection of NSE in the blood serum 
within the first twenty four hours after hospitalization was 
performed by an enzyme immunoassay using the «NSE 
ELISA» test systems of the DAI brand (USA). The degree 
of impaired consciousness was assessed by the Glasgow 
Coma Scale (GCS). The results were processed with 
the Student’s t-test and constructing 95 % of the confidence 
interval for the mean of difference, as well as the methods 
of correlation and regression analysis with constructing 
confidence intervals for correlation coefficient.

Results and discussion
NSE levels in children with the disease was 7.6 times higher 
than the results of healthy children, which was 22.56 ± 1.14 
and 2.95 ± 0.16 ng/ml, respectively, (P < 0.001) (95 % CI; 
19.19 to 20.03). Some children had NSE concentration 12.5 
times higher (Fig. 1).

Such significant increases of NSE concentrations 
can be indicative of considerable neuronal damage under 
various mechanisms influence, ranging from vasculitis to 
the cerebral edema development or other intracranial com-
plications that can lead to nervous tissue hypoxic damage.

Significant role in neuronal damage in bacterial menin-
gitis can play metabolic disorders of the brain. It was shown 
that patients with high pyruvate levels in liquor had higher 
levels of NSE, indicating the effect of cerebral metabolism 
on neuronal damage in meningitis [8].

The pathogenetic significance of neuronal damage 
in bacterial meningitis in adults, which correlated with a 
significant increase in the NSE liquor level, was also shown 
in the A. V. Sokhan study (2016).

While monitoring and examining of children during 
treatment, complications were found in 22 patients (55 %). 
The main CNS complications were the followings: subdural 
hygroma in 3 patients (13.6 %), subdural empyema in 1 
patient (4.5 %), subcortical leukomalacia in 1 patient (4.5 %), 
hydrocephalus in 2 patients (9.1 %), cerebral edema in 3 
patients (13.6 %), mental disorders (emotional disorders, 
asthenia, etc.) in 6 patients (27.3 %), hemiparesis in 1 
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patient (4.5 %), deafness in 1 patient (4.5 %) and epileptic 
seizures in 5 patients (22.7 %).

We compared NSE levels in patients who had CNS 
complications whether during hospitalization or in the pro-
cess of treatment with children who had no complications.

Table 1 shows NSE content among the children 
with meningitis who had complications comparing to 
the children who did not have complications. The blood 
serum NSE levels were significantly higher at the onset of 
the disease than in those children who had uncomplicated  
meningitis.

Higher concentrations of NSE in patients with CNS 
complications can also be indicative of neuronal damage 
important role in bacterial meningitis. In such situations, 
certain values of NSE can play the role of a specific 
marker for timely diagnosis of these complications and 
their targeted correction, which can reduce the effects of 
neuro infection.

Other studies also determined that levels of NSE in 
liver and blood were in direct dependence on the meningitis 
course severity, and their concentrations were the greatest 
in patients with severe course of the disease and brain 
damage, which confirms the diagnostic and prognostic value 
of the NSE determination in bacterial meningitis [10,11].

Also, in the patients’ observation and examination, a 
focal neurological symptomatology was revealed in 13 pa-
tients, which complicated the course of the disease. Focal 
neurological signs manifested by the following symptoms: 
cranial nerves disorders in 5 patients (38.5 %), reflex chang-
es and muscle tone disruption in 13 patients (100 %), limb 
paresis in 2 patients (15.4 %) and decorticate rigidity was 
observed in 1 patient (7.7 %).

The level of NSE in patients with neurological symptoms 
was observed in the range of 27.20 ± 8.42 ng/ml and it was 
significantly higher than in patients without neurological 
symptoms that correlated to 19.72 ± 6.85 ng/ml (P < 0.01) 
(95 % CI, 2.43 to 12.52 ng/ml).

Focal neurological symptomatology can indicate 
the degree of nervous tissue damage in bacterial meningitis. 
Therefore, one can observe an appropriate correlation be-
tween its presence in children with bacterial meningitis and 
higher NSE blood concentrations compared with patients 
without focal neurological symptoms.

Impairment of consciousness was observed in 21 
(52.5 %) patients, among them 7 (33.3 %) were stunned, 
10 (47.6 %) were in soporous state and 4 (19.1 %) were in 
comatose condition. By GCS patients with impaired con-
sciousness were as follows: 14 points – in 6 patients, 13 
points – in 1 patient, 12 points – in 2 patients, 11 points – in 
1 patient, 10 points – in 3 patients, 9 points – in 3 patients, 
8 points – in 3 patients and 7 points – in 1 patient.

NSE levels in patients with impaired consciousness 
were higher compared to conscious patients and are given 
in Table 2.

We used correlation and regression analysis to de-
termine the correlation between the NSE concentration 
and the degree of impaired consciousness which was 
determined by the GCS.

In Figure 2 you can see a linear regression diagram that 
shows a direct correlation between the NSE blood serum 
concentration and a degree of impaired consciousness 
by the GCS.

Diagram analysis has shown certain features of 
the correlation between NSE and impaired consciousness. 
Coefficient of determination R2 = 0.624 shows that changes 
in NSE concentration in 62.4 % cases lead to changes 
of impaired consciousness by the GCS. The calculated 
correlation coefficient r is -0.785 (P < 0.001) (95 % CI for r, 
-1.08 to -0.48). Thus, reliable inverse and strong correlation 
was detected between NSE levels and the level of impaired 
consciousness by the GCS. It means that by increasing 
NSE concentration the level of consciousness decreases, 
which may indicate a significant role of neuronal damage 
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Fig. 1. The average NSE level in healthy children and children with APM.

Table 1. NSE indicators in patients with and without CNS complications of meningitis 
(M ± σ)

Observing groups Number of patients, n NSE (ng/ml) P 95 % CI
With complications 22 25.35 ± 1.61 <0.01 5.74 to 7.75
Without complications 18 18.60 ± 1.49

Table 2. NSE indicators in children with purulent meningitis with impaired 
consciousness and with normal consciousness (M ± σ)

Observing groups Number of patients, n NSE (ng/ml) P 95 % CI
With impaired consciousness 21 20.72 ± 7.33 <0.05 0.17 to 8.14
With normal consciousness 19 16.56 ± 4.69

y = -0.2713x + 16.479
R2 = 0.6243
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Fig. 2. Correlation between the NSE blood serum concentration and a degree of impaired 
consciousness by the Glasgow Coma Scale (GCS).
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in the consciousness impairment development in children 
with APM. Also, this may indicate a possible correlation 
between the degree of consciousness impairment and 
severity of nervous tissue damage and NSE may serve 
as a marker of it.

In this study it has been shown that in children with bac-
terial meningitis who had a disturbance of consciousness 
with a subsequent death, the serum and liquor NSE levels 
were significantly higher than in children with a favorable 
prognosis (P < 0.05) [9].

Therefore, the determination of blood serum or liquor 
NSE in bacterial meningitis can play a significant role in 
assessing the prognosis of consciousness disturbance 
development and even the lethal outcome of the disease.

Conclusions
Thus, the obtained data of NSE study as a possible 

indicator of neuronal damage shows that the majority of 
APM occurs with the brain matter damage.

A significant increase in blood serum NSE at the onset 
of the disease indicates the need for neuroprotective drugs 
search and use starting from the first days of the disease.

Degree of consciousness decreases by increasing NSE 
concentration, which indicates a significant role of neuronal 
damage in the consciousness impairment development in 
children with APM.

Taking into account the significant differences of NSE 
concentrations in patients with meningitis complicated by 
CNS disorders and patients without complications, NSE can 
be used not only as a marker of neuronal damage, but also 
as a prognostic marker of CNS complications.

Prospects for further research. Study of neuronal 
damage markers for disease complications and conse-
quences prediction, as well as the search for neuroprotec-
tive drugs, that can potentially reduce the central nervous 
system destructive changes in children with APM, is prom-
ising and requires further research.
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