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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 R? = 0.624 and coefficient of correlation r -0.785 (P < 0.001) (95 % Cl; -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.

HelpoH-cneundiuHa eHoAa3a AK MOXXAMBUN NOKa3HUK HEUPOHAABHOTO NMOLIKOAXKEHHS
NpY rOCTPUX MEHiHriTax y Aiten

A. B. NMuna, P. B. CBicTinbHiK, . C. MockoBko, 0. M. Aucuusa, M. M. MypriHa

[OCTPUMIN MEHIHTIT y fiTe —YacTa NpUYMHA BUHWKHEHHS YCKMaAHEHDb | po3BUTKY iHBaniausaLlii. ToMy BaXKIMBIM € NOLLYK MOXITMBUX
MapKepiB MOLLKOKEHHS! HEPBOBOI TKaHUHW AN PaHHBLOI 4iarHOCTUKK Ta NPOrHO3y ycknaaHeHs i3 6oky LIHC i ix 3anobiraHHs.

MeTa po60TH — BUBUUTY BMICT HEPOH-CreLdhivHOI eHonasm y KpoBi Ta ii AiarHOCTUYHE 3HAYEHHS! ik NOKa3HKKa HeMPOHamNbHOMO
MOLUKOZPKEHHS! B ZiTeN i3 FOCTPUMI MEHIHTTaMM.

Martepianu Ta meTogu. BukoHanu gocnigpxeHHs 3paskiB kpoBi 40 aiteit i3 rocTpumMm MeHiHritamu, 30 300poBuX AiTer BikoM Big 1
micsus ao 18 pokis. Helipor-cneumdivny eHonasy (HCE) Bu3Havanm B cvpoBaTtLi kpoBi B nepLuy foby nicns rocnitanisavii MeTogom
iMyHohepmeHTHOro aHanisy. CTyniHb NOpyLLIEHHS CBIROMOCTI BU3Ha4anu 3a 4ONOMOrOK0 LKanu koM [masro. Pesynksratv onpadio-
Banu 3a 4ONOMoroto kputepito CTbiofeHTa Ta MeToaamu KOpensLiiHOro, perpecinHoro aHanisy 3 nobyaoBow AOBIPUKX iHTEpBaniB.

Pesyneraru. PiseHb HCE y xBopux giteii 6yB y 7,6 pasa BULLMM, HiX y 300pOBKX i cTaHoBMB 22,56 + 1,14 12,95 £ 0,16 Hr/mn
BiAnoBigHo (p < 0,0001) (95 % Al; 19,19 po 20,03). Y 22 (55 %) naLieHTiB BUSBMIN ycknaaHeHHs nepebiry 3axBoptoBaHHs 3 Boky
LIHC. PieHb HCE y naujieHTiB 3 ycknagHeHHsiMu OyB 3Ha4YHO BULLMM, HiX Y navieHTiB 6e3 ycknaaHeHs i ctaHoBuB 25,35 + 1,61 i
18,60 * 1,49 nr/mn BignosigHo (p < 0,01) (95 % [I; 5,74 #o 7,75). MopyLueHHs caigomocTi cnoctepirany y 21 (52,5 %) naujexta.
Bwict HCE y navjeHTiB i3 nopyLueHHsM cBigoMocTi 6yB y mexax 20,72 + 7,33 Hr/Mn i nepeByLLyBaB BigMOBIAHMIA NOKa3HWK XBOPUX
6e3 nopyLueHHs (16,56 + 4,69 Hr/mn) (p < 0,05) (95 % [I; 0,17 po 8,14). Bussunu BiporigHWin 3BOPOTHUIA i CUAbHWIA KOpensLin-
HWIA 3B's30K Mix piBHeM HCE i piBHeM CBiZOMOCTI 3a Lukasnoto koM [nasro, e koedilieHT fetepminauii R?= 0,624, a koedilieHT
kopenswii r craHosus -0,785 (p < 0,001) (95 % Al; -1,08 po -0,48).

BucHoBKuM. PesynbraTty ceigyaTh, LLO FoCTPUiA MEHIHTT Mae Nepedir i3 MOLUKOMKEHHSIM PEYOBMHM rONIOBHOMO MO3Ky. Bmict HCE
Y KPOBI MPY FOCTPUX MEHIHTITaX MOXHa BUKOPUCTOBYBATU 5K HIOXIMIYHII MapKep BUPKEHOCTi HEMPOHANBHOIO NOLLKOMKEHHS,
a TaKoX SIK MPOrHOCTUYHWIA MapKep PO3BUTKY ycknaaHeHb i3 6oky LIHC.

HeﬁPOH-CI'IeI.lM(bW-IECKaﬂ 3HOAA3a KaK BO3MOXXHbIW NOKa3aTeAb HEﬁDOHaI\bHOFO
noepexaeHud nNpu oCTpbiX MEHUHIUTAX Y AeTel

M. B. Mbina, P. B. CBUCTUABHUK, I. C. MockoBKo, 0. H. Aucuua, M. H. MypruHa

OCTpbIi MEHWHIWT Yy AeTell — YacTas npuyuHa BO3HWKHOBEHWS! OCMIOXHEHUIA W Pa3BUTUS MHBaNWAM3aumun. o3ToMy BaxHbIM
ABMSIETCA NOMUCK BO3MOXHBIX MapKepoB MOBPEXAEHWUS HEPBHOW TKaHU AN paHHe! AMarHOCTUKM U NPOrHO3a OCMOXHEHUA CO
cTopoHbl LIHC v ux npegynpexaexus.
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Lienb pa6otbi — M3y4unTb COAEpXaHne HeVIpOH-CI’IeLlM(*WI‘-IeCKOVI 9QHOA3bl B KPOBU N €€ ANAarHOCTUYECKYH0 3Ha4YMMOCTb KaK Nnoka-
3aTens HelpoHanbLHOro NOBpPeXAEHUs y [eTel C OCTPbIMU MEHUHTUTAMU.

Marepuansi n metoabl. [MpoBeaeHo nccnenosaxve 0bpaswos kposu 40 aeTeli ¢ ocTpbiMi MeHnHMMTamMu 1 30 300pOoBLIX AeTei
B Bo3pacTe o1 1 mecsua o 18 net. HelpoH-cneumdudeckyto aHonasdy (HC3) onpenensnu B CbIBOPOTKE KPOBY B NEPBbLIE CyTKN
rocre rocnuTanu3aumm MeTogoM UMMYHOEPMEHTHOTO aHanuaa. CTeneHb HapyLIEHWst CO3HaHUS! ONPeaensiiiv ¢ NOMOLLbH
wkansl koM Mmasro. O6paboTKy pesynbTaToB NMPOBOAMIM C MOMOLLBK kKpuTepust CTIOOEeHTa 1 METoLaMN KOPPENSILMOHHOTO U
PErpecCYOHHOr0 aHanm3sa ¢ NoCcTPOeHWeM JOBEPUTENbHbIX MHTEPBAIIOB.

Pesynktatbl. YpoeHb HCO y 6onbHbIx feTer B 7,6 pa3 6bin BbiLLe, YEM Y 300POBbIX M cocTaBun 22,56 + 1,14 12,95 + 0,16 Hr/mn
cooTBeTCTBEHHO p < 0,0001 (95 % OW; 19,19 go 20,03). Y 22 (55%) naumeHTOB onpeaeneHo Hanmume OCROXKHEHUIA TeYEHUS
3abonesaHusi co cTopoHbl LIHC. YpoeHb HC3 y naLneHToB ¢ 0CNOXHEHWSIMI BbiNl 3HAYUTENBHO BhILLE, YeM Y NauueHToB 6e3
OCnoXHeHuI n coctasnan 25,35 + 1,61 1 18,60 £ 1,49 Hr/mn cootaetcTBeHHO (p < 0,01) (95 % [W; 5,74 fo 7,75). HapyweHue
CO3HaHWs oTMeveHo y 21 (52,5%) naumenta. Copepxanme HCO y mauMeHToB C HapyLUeHeM CO3HaHWs Obino B npedenax
20,72 £ 7,33 Hr/mn v npeBbILLAN0 Takoe y nauneHToB 6e3 HapyLeHus (16,56 £ 4,69 vr/mn) (p < 0,05) (95 % OW; 0,17 go 8,14).
YcraHoBneHa [ocToBepHast 06paTHas v CuibHas KoppensLMoHHas cesi3b Mexay ypoBHeM HCO 1 ypoBHeM Co3HaHMs No Lukane
koM Inaaro, rae koadurumeHT getepmmnHaummn R? = 0,624, a koaduumeHT koppensumm r coctasnseT -0,785 (p < 0,001) (95 %
an; -1,08 po -0,48).

BbiBogbl. [onyyeHHble laHHble CBUAETENLCTBYIOT, YTO OCTPbIii MEHUHTUT NPOTEKAET C NOBPEXAEHUEM BELLECTBA FOMOBHOIO
mo3ra. Coaepxarue HCE B KpoBU NpU OCTPbIX MEHWUHIUTAX MOXHO UCMOMNb30BaTh kak GYOXMMUYECKUIA MapKep BbIpaKEHHOCTM
HeypoHarbHOro NOBPEXAEHNS, a TaKkkKe B Ka4ECTBE NPOTHOCTUYECKOro MapKepa pa3BuTUsi OCTIOXHEHWIA co cTopoHbI LIHC.

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 aa, BB, vy, aB, ay, where yy 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
amarker 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
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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;
19.19t020.03). 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
significantincrease 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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Table 1. NSE indicators in patients with and without CNS complications of meningitis
(Mzto)

Observing groups Number of patients, n | NSE (ng/ml) |P 95 % CI
With complications 22 2535+1.61 <0.01 5.74t07.75
Without complications 18 18.60 £ 1.49

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

95 % CI
0.17t08.14

Observing groups Number of patients, n
With impaired consciousness 21
With normal consciousness 19

NSE (ng/ml) | P
20.72+7.33 <0.05
16.56 + 4.69

22.56
25
20
B Patients with
15 meningitis
@ Health
10 Y
2.
5 95
0
NSE (ng/ml)

Fig. 1. The average NSE level in healthy children and children with APM.

GCS

=-0.2713x + 16.479
R%?=0.6243

O=2NWHPAIO NO®

0 5 10 15 20 25 30 35 40
NSE (ng/ml)

Fig. 2. Correlation between the NSE blood serum concentration and a degree of impaired
consciousness by the Glasgow Coma Scale (GCS).

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.
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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
neuroinfection.

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 % Cl, 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 R? = 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 ris -0.785 (P < 0.001) (95 % Cl forr,
-1.08 t0-0.48). 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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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.

Asignificant 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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