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areobisaTvis damaxasiaTebeli klinikuri da 
bioqimiuri sindromebis intensivobis sixSire, 
meoradi arteriuli hipertenziis TandarT-
vis pirobebSi (portaluri hi pertenziis 
sindromi, xolestazi, mezenximuri anTeba). 
Tirkmelebis I-III  stadiis qronikul daa-
vadebasTan erTad mimdinare araalkoholu-

ri steatohepatitisaTvis damaxasiaTebelia 
RviZlis steatozis ufro maRali xarisxi, 
vidre avadmyofebSi mxolod araalkoholuri 
steatohepatitiT (p<0,05), aseve, ufro maRalia 
hepatorenaluri indeqsis maCveneblis diag-
nostikuri zRvari, romelic mWidro kavSirSia 
Steato-test-is maCvenebelTan (p<0,001).

CEREBROSPINAL FLUID LEVELS OF NEUROSPECIFIC MARKERS 
IN ADULT PATIENTS WITH BACTERIAL MENINGITIS
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Bacterial meningitis is a severe infection of the 
meninges (the membranes surrounding the brain and spinal 
cord) that is associated with high mortality and morbidity 
rates despite optimal antibiotic therapy and advances in 
critical care [8].

Bacterial meningitis is fatal in 5% to 40% of 
patients and causes neurologic sequelae such as focal neu-
rologic deficits - hearing impairment, aphasia, quadriplegia, 
spasticity, mental retardation and other [8,12]. Up to 30% 
of survivors have chronic disorders of the central nervous 
system function [3,8]. The mechanism of brain damage 
during bacterial neuroinfections not entirely clear, but we 
know that once bacteria have gained access to the central 
nervous system, their multiplication triggers a complex 
host response consisting of humoral and cellular immune 
mediators, reactive oxygen intermediates, matrix-metallo-
proteinases, and other host-derived factors. Alterations of 
the cerebral vasculature, with disruption of the blood brain 
barrier and global and focal ischemia, ultimately lead to 
functional and structural brain damage. Neuronal damage 
is caused by the dual effects of an overwhelming inflam-
matory reaction and direct effects of bacterial toxins [3]. 

For the diagnosis of brain lesions in clinical prac-
tice we use imaging techniques such as MRI and the de-
termination of focal neurological symptoms, behavioral or 
mental disorders, loss of consciousness. At the same time, 
patients with acute meningitis often come to the hospital 
with convulsions, septic shock, delirium, which exclude the 
possibility of brain MRI or CT scan. Currently, we have an 
opportunity to improve our knowledge of the pathogenesis 
and diagnosis of brain lesions by determining the levels of 
neurospecific markers in patient’s cerebrospinal fluid and 
blood. Thus, proven diagnostic and prognostic value of 
increased levels of neuron specific enolase (NSE), myelin 
basic protein (MBP), glial fibrillary acidic protein (GFAP), 
and S-100 protein in patients with stroke, traumatic brain 
injuries, lesions of the central nervous system in newborns, 
multiple sclerosis [1,2,4,5,7,9,10].

We chose markers which are specific for different 
cells in the brain. NSE – intracellular neuronal cytoplas-
mic enzyme, S-100 – a protein specific for brain glial cell 
[1,4,10]. GFAP levels rise during the destruction of glial 
cells and breach the blood-brain barrier function [2,6,7], 
MBPs the major structural component of myelin that spi-
rally wrap their plasma membrane around axons [7,11]. It 
may help to understand which specific brain cells are dam-
aged in the process of acute bacterial meningitis, identify 
the diagnostic value of determining these neurospecific 
markers in the CSF.

The aim of study was to evaluate the diagnostic 
and prognostic value of cerebrospinal fluid levels of NSE, 
MBP, GFAP and S-100 in patients with acute bacterial 
meningitis.

Material and methods. Potential study partici-
pants were admitted in Kharkiv Regional Clinical Infec-
tious Diseases Hospital (Kharkiv, Ukraine). The inclusion 
of patients in the research program conducted with the 
selection criteria. Inclusion criteria: clinical symptoms 
typical for acute meningitis, etiological confirmation of 
pneumococcal or meningococcal etiology of disease by 
bacteriological methods or CSF PCR, age of patients- 18 to 
65 years, voluntary consent of the patient to participate in 
the study. Patients were excluded in the following cases: the 
presence of comorbidities, which can influence the level of 
neurospecific proteins - HIV, Alzheimer’s disease, multiple 
sclerosis, hematological diseases, malignant neoplasms.

At hospital admission, demographic data were 
obtained from patients, investigation along with a number 
of clinical indices. Briefly, anamnesis of the disease, com-
plains and neurological status were recorded. Past medical 
history was obtained along with routine laboratory exams. 
All significant events up to hospital discharge or death 
were recorded.

Patients were divided into groups depending on 
the etiology and severity of the disease. Were analyzed 60 
cases of acute bacterial meningitis. As a comparison group 
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CSF of 12 patients with acute respiratory infection (ARI) 
and meningism was analyzed.

CSF was aspirated by lumbar puncture. Per-
forming of lumbar puncture was in a line with the usual 
protocols of diagnostics and treatment of patients with 
signs of meningitis. Patients involved in the study were 
not subjected to additional invasive procedures. Collecting 
CSF in patients with ARI and meningism performed only 
at the beginning of treatment to exclude neuroinfection. 
The CSF samples were immediately frozen at −70°C until 
subsequent analysis. CSF NSE, MBP, GFAP and S-100 
protein level were identified on admission and after 10-
12 days of treatment. Analysis of NSE, MBP, GFAP and 
S-100 protein CSF concentrations was performed using an 
enzyme immunoassay based on the sandwich technique in 
Central scientific research laboratory of Kharkiv National 
Medical University. Work conducted in accordance with 
the Declaration of Helsinki. The study was approved by the 
ethics committee of Kharkiv National Medical University, 
Kharkiv, Ukraine. All data were analyzed using «BioStat» 
and «Microsoft Excel» programs. P value of<0.05 was used 
for significance.

Results and their discussion. Of the 67 patients 
36 with pneumococcal and 31 – meningococcal etiology 
of the disease (n=27 males; mean age 46,83 years), 12 with 

meningism as comparison group. All patients in comparison 
group were of moderate severity. In the group of patients 
with pneumococcal meningitis in 10 (27,78%) were moder-
ate, 26 (72,22%) – severe, among them 7 (19,44%) patients 
died. In the group of patients with meningococcal menin-
gitis – 9 (29,03%) were moderate, 22 (71,97%) – severe, 3 
(9,68%) patients died. All severe patients were admitted to 
hospital with symptoms of cerebral edema and neurologi-
cal symptoms. The mortality rate was 14,93%. The lethal 
outcome occurred within 1 to 8 days of hospital treatment.

The obtained data show a significant increase of 
the CSF level of all neurospecific markers on the first day 
of admission to the hospital. CSF levels of neurospecific 
markers dependent on severity of the disease – the highest 
levels were observed in non-survivors (table 1). Reliable 
difference in levels of all neurospecific markers in the 
CSF of patients according to the etiology of meningitis 
was not found.

In severe cases the level of neurospecific markers 
was significantly higher than that in moderate patients. Thus, 
in patients with moderate severity of meningococcal menin-
gitis level of protein S-100 in admission was 496,14±38,53 
ng/l, with pneumococcal meningitis – 550,80±19,51 ng/l 
(Table). In patients with severe course level of protein 
S-100 was significantly higher – 1389,41±105,73 ng/l in 

Table. CSF concentrations of neuroinjury biomarkers (S-100 protein, NSE, GFAP, MBP) in patients 
with acute bacterial meningitis within the first 24 h of hospital admission and on 10-12 day of treatment

Group
of patients

CSF protein S-100 
level, ng/l,
mean ± SE

CSF NSE level, mсg/l,
mean ± SE

CSF GFAP level, ng/ml,
mean ± SE

CSF MBP level, ng/ml,
mean ± SE

first 24 h 
of hospital 
admission

10-12 day 
of treat-

ment

first 24 h 
of hospital 
admission

10-12 day 
of treat-

ment

first 24 h 
of hospital 
admission

10-12 day 
of treat-

ment

first 24 h 
of hospital 
admission

10-12 day 
of treat-

ment
moderate 
meningococ-
cal meningitis 
(n=9)

496,14±
38,53¹*

431,35±
54,21

18,20±
1,97¹*

17,15±
1,68

4,02±
0,28¹*

2,58±
0,32

6,12±
0,31

6,95±
0,54

severe me-
ningococcal 
meningitis 
(n=19)

1389,41±
105,73¹*

1094,65±
95,21¹*

25,57±
2,55¹*

18,38±
3,37¹*

8,21±
1,12¹*

4,89±
0,65¹*

11,56±
0,64¹*

10,48±
0,92¹*

moderate 
pneumococ-
cal meningitis 
(n=10)

550,80±
19,51¹*

480,21±
61,73¹*

20,28±
1,91¹*

16,89±
1,34

3,51±
0,33¹*

2,81±
0,23

6,70±
0,41¹*

5,33±
0,61

severe pneu-
mococcal 
meningitis 
(n=19)

1431,53±
112,56¹*

922,31±
197,82 ¹*

24,52±
3,11¹*

18,41±
3,12¹*

8,94±
1,35¹*

4,60±
0,78¹*

12,32±
0,57¹*

11,63±
0,74¹*

non-survivors 
(n=10)

1817±
162,56¹*²*

28,31±
4,56¹*²*

14,88±
1,29¹*²*

13,89±
1,02

Control group 
(n=12)

355,63±
29,17

15,71±
0,47

2,27±
0,12

5,43±
0,45

¹* - differences between results with regard to the control group P≤0,05;  
²* - differences between results of survivors and non-survivors P≤0,05
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meningococcal and 1431,53±112,56 ng/l in pneumococcal 
meningitis (P<0,001). In patients with ARI and meningism 
level S-100 was significantly lower than in all patients with 
bacterial meningitis – 355,63±29,17 ng/l (P <0,05). After 
10-12 days of treatment levels of protein S-100 decreased, 
but was still significantly elevated than in the control group 
(P<0,05 and P<0,001). In severe course levels of protein 
S-100 significantly elevated than in moderate severity 
(P<0,001) (Table).

Significant increase CSF NSE level was noted in 
patients within the first 24 h of hospital admission (Table). 
In all patients with bacterial meningitis CSF NSE level 
was significantly higher compared with the control group 
(P <0,05). Thus, in patients with moderate severity me-
ningococcal and pneumococcal meningitis level of NSE 
in CSF was 18,20±1,97 and 20,28±1,91 mсg/l. The level 
of NSE also depends on the severity and period of illness. 
Within the first 24 h of hospital admission CSF NSE level 
in severe meningococcal meningitis was 25,57±2,55 mсg/l, 
severe pneumococcal meningitis – 24,52±3,11 mсg/l, which 
significantly higher than in patients with moderate sever-
ity and in the control group (P <0,01). After 10-12 days of 
treatment, NSE level decreased, but in patients with severe 
disease, anyway, was higher than in the control group (P 
<0,05) (Table).

The highest CSF level of GFAP was observed at 
admission in CSF of non-survivors – 14,88±1,29 ng/ml 
(P<0,001). In CSF of patients with moderate pneumococ-
cal meningitis CSF level of GFAP was 3,51±0,33 ng/ml, 
meningococcal – 4,02±0,28 ng/ml, and in severe pneu-
mococcal meningitis – 8,94±1,35 ng/ml, in severe menin-
gococcal meningitis – 8,21±1,12 ng/ml (P<0,01) (Table). 
After 10-12 days of treatment, patients CSF GFAP level 
was significantly reduced almost to control group levels, in 
severe patient it was significantly higher (P<0,05) (Table).

In the first 24 h of hospital admission CSF level of 
MBP in moderate patients with pneumococcal meningitis 
was 6,70±0,41 ng/ml, meningococcal – 6,12±0,31 ng/ml, in 
control group – 5,43±0,45 ng/ml. In severe cases of pneu-
mococcal meningitis MBP concentration was – 12,32±0,57 
ng/ml, meningococcal meningitis – 11,56±0,64 ng/ml 
(P<0,05). Although the level of MBP was significantly 
higher in patients with severe bacterial meningitis (P<0,05), 
it did not differ in patients with moderate and control group. 
We found no significant differences between CSF levels of 
MBP in severe survivors and non-survivors.

The present findings indicate that severe survivors 
and non-survivors had higher CSF neurospecific markers 
S-100, NSE, GFAP and MBP levels than patients from the 
other groups. The severe survivors and non-survivors with 
acute bacterial meningitis were characterized by heteroge-
neous neurological disorders and symptoms of brain edema. 
The lack of an increase of CSF NSE, S-100 protein and 
GFAP in moderate patients with meningitis, was particu-
larly surprising, since in those patients the inflammatory 
involvement of brain parenchyma is probably negligible. 
This indicates the presence of damages of neurons, glial 

cells, even in patients who have no clinical symptoms of 
brain damage. Differences in the CSF levels of GFAP, NSE, 
S-100 protein and MBP in groups of patients with varying 
degrees of severity can assume that in the development of 
brain damage tissue during acute bacterial neuroinfections 
the first stage there is damage of glial cells responsible for 
the blood-brain barrier function, then start neuron damages 
and then myelin fiber.

These results indicate that CSF levels of NSE, 
S-100 protein, GFAP and MBP provides a good indica-
tor for evaluation of brain cell damage and prognosis for 
patients with acute bacterial meningitis. Thus, the deter-
mination of neurospecific markers’ levels in cerebrospinal 
fluid is informative for evaluating the brain cells damages 
not only in patients with stroke, brain injury, subarachnoid 
hemorrhage, as shown by other studies [1,2,4,5,7,9,10], but 
also in patients with acute bacterial meningitis.
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SUMMARY

CEREBROSPINAL FLUID LEVELS OF NEURO-
SPECIFIC MARKERS IN ADULT PATIENTS WITH 
BACTERIAL MENINGITIS

Sokhan A., Zots Y., Gavrylov A., Iurko K., 
Solomennik A., Kuznietsova A.

Kharkiv National Medical University, Department of Infec-
tious Diseases, Ukraine

	 At present, the great attention is given to the neuro-
specific markers as their elevated level in the cerebrospinal 
fluid corresponds to the degree of destruction of relevant 
CNS cells. Therefore, actual direction of the studies of the 
pathogenesis and diagnosis of CNS diseases is to determine 
levels of neurospecific markers in the cerebrospinal fluid 
(CSF). The purpose of the study was to evaluate the diag-
nostic and prognostic role of NSE, S-100 protein, GFAP 
and MBP levels in CSF of patients with acute bacterial 
meningitis. S-100 protein, NSE, GFAP and MBP levels in 
CSF of patients with acute pneumococcal and meningococ-
cal meningitis were determined during admission and after 
10-12 days of treatment. Patients were divided into groups 
depending on the etiology and severity of the disease. 60 
cases of acute bacterial meningitis, as a study group, and 12 
cases with acute respiratory infection and meningism, as a 
control group, were analyzed. It is shown that CSF levels 
of NSE, S-100 protein, GFAP and MBP on the first day of 
admission were significantly increased (P<0,05), depend-
ing on the severity of the disease. The highest levels of 
neurospecific markers have been identified in non-survivors 
(P<0,001). The concentration changes of CSF neurospe-
cific markers are found to be helpful as a diagnostic and 
prognostic marker in acute bacterial meningitis.

Keywords: meningitis, neurospecific markers, CSF, di-
agnostic marker.

РЕЗЮМЕ

УРОВНИ НЕЙРОСПЕФИЧЕСКИХ МАРКЕРОВ В 
ЦЕРЕБРОСПИНАЛЬНОЙ ЖИДКОСТИ ВЗРОСЛЫХ 
БОЛЬНЫХ БАКТЕРИАЛЬНЫМ МЕНИНГИТОМ

Сохань А.В., Зоц Я.В., Гаврилов А.В., Юрко К.В., 
Соломенник А.О., Кузнецова А.А.

Харьковский национальный медицинский университет, 
кафедра инфекционных болезней, Украина

	 На сегодняшний день большое внимание уделя-
ется изучению нейроспецифических маркеров, специфич-
ных для тканей нервной системы. Повышенный уровень 
нейроспецифических маркеров в цереброспинальной 
жидкости (ЦСЖ) соответствует степени разрушения 
клеток центральной нервной системы (ЦНС). Поэтому 
актуальным направлением исследований патогенеза и 
диагностики заболеваний ЦНС является определение 
уровней нейроспецифических маркеров в ЦСЖ. Целью 
исследования явилась оценка диагностической и про-
гностической роли уровней нейронной специфической 
энолазы, основного белка миелина, глиального фибрил-
лярного кислого белка в цереброспинальной жидкости у 
пациентов с острым бактериальным менингитом в дина-
мике заболевания. В ЦСЖ пациентов с острым пневмокок-
ковым и менингококковым менингитом определен уровень 
белка S-100, нейронной специфической энолазы (NSE), 
основного белка миелина (MBP), глиального фибрилляр-
ного кислого белка (GFAP) при поступлении в стационар 
и спустя 10-12 дней после лечения. Проанализировано 60 
случаев острого бактериального менингита и 12 случаев 
острой респираторной инфекции и менингизма в качестве 
сравнительной группы. Пациенты, в зависимости от этиоло-
гии и тяжести заболевания, разделены на группы. Показано, 
что уровни NSE, белка S-100, GFAP и МВР в ЦСЖ больных 
при поступлении были достоверно повышены (p<0,05) и 
находились в прямой зависимости от тяжести заболевания. 
Наивысшие уровни нейроспецифических маркеров иден-
тифицированы у умерших (p<0,001). Эти показатели могут 
быть использованы как диагностический и прогностический 
маркер при остром бактериальном менингите.

reziume

cerebrospinalur siTxeSi neirospecifiuri 
markerebis done baqteriuli meningitiT zrda-
srul avadmyofebSi

a. soxani, i. zoci, a. gavrilovi, k. iurko, 
a. solomeniki, a. kuznecova

xarkovis erovnuli samedicino universiteti, 
infeqciur daavadebaTa kaTedra, ukraina

	 sadReisod didi yuradReba eTmoba im 
neirospecifiur markerebs, romlebic specifi-
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uria nervuli sistemis qsovilebisaTvis. 
cerebrospinalur siTxeSi (css) neirospecifi-
uri markerebis done pirdapir proporciulia 
centraluri nervuli sistemis Sesabamis 
ujredbis rRvevis xarisxis; aqedan gamomdinre, 
paTogenezis gamokvlevaTa da nervuli sistemis 
daavadebaTa aqtualur mimarTulebas warmoad-
gens cerebrospinalur siTxeSi neirospecifi-
uri markerebis donis gansazRvra.
	 kvlevis mizani iyo cerebrospinalur 
siTxeSi NSE-is, S-100 cilis, GFAP da MBP 
doneebis diagnostikuri da prognostikuri 
rolis Sefaseba avadmyofebSi mwvave baqteri-
uli meningitiT daavadebis dinamikaSi. mwvave 
pnevmokokuri da menongokokuri meningitiT 
pacientebis css-Si ginisazRvra S-100 cilis, 
NSE, GFAP da MBP done stacionarSi miRebi-

sas da mkurnalobis 10-12 dRis Semdeg. gaana-
lizebulia mwvave baqteriuli meningitis 60 
SemTxveva da SedarebiTi jgufis saxiT 12 
pacienti mwvave respiratoruli infeqciiT da 
meningizmiT. pacientebi eTiologiisa da daa-
vadebis simZimis gaTvaliswinebiT gayofili 
iyo jgufebad.
	 gamovlinda, rom avadmyofebis klinika-
So miRebis momentSi NSE-is, S-100 cilis, GFAP 
da MBP done css-Si iyo sarwmunod maRali 
(p<0,05) da pirdapir damokidebulebaSi iyo 
daavadebis simZimesTan. neirospecifiuri 
markerebis umaRlesi doneebi identificire-
buli iyo gardacvlilebSi (p<0,001). aRniS-
nuli monacemebi SeiZleba gamoyenebuli 
iqnas prognostikur markerebad baqteriuli 
meningitis dros.

EFFECT OF THE CARDIOMETABOLIC RISK FACTORS ON VASCULAR AGING 
IN PATIENTS WITH NON-ALCOHOLIC FATTY LIVER DISEASE CONCOMITANT 

WITH SUBCLINICAL HYPOTHYROIDISM

Kolesnikova E., Potapenko A. 

SI «National Institute of Therapy named after L.T. Mala of NAMS of Ukraine», Kharkiv, Ukraine

Despite the progress in medicine over the past 
decades, cardiovascular diseases (CVD) remain the most 
pressing issues of healthcare in many countries and represent 
a serious socioeconomic problem, being the leading cause of 
death throughout the world at 31% (in 2014) [12]. Mortality 
from CVD in Ukraine is 222 patients per 100 000 population. 
The prevalence of CVD is associated with traditional risk 
factors: smoking, nutrition, obesity, hypodynamia, increased 
blood pressure (BP), dyslipidemia, dysglycemia, as well as 
aging of vessels [6,18]. The main signs of vascular aging are 
the gain in the diameter of the aorta and in the intima-media 
complex thickness (IMT), and the increase of the rigidity of the 
vascular wall. Published results of the recent research indicate 
that additional risk factors such as endothelial dysfunction 
(ED), IMT, increased level of C-reactive protein (CRP), and 
risk factors combined with the Framingham Scale (sex, age, 
AH, dyslipidemia, smoking) are met among patients with non-
alcoholic fatty liver disease (NAFLD) [15,19]. Patients with 
NAFLD have a high incidence of endocrinopathy. Dysfunction 
of the thyroid gland, in particular subclinical hypothyroidism 
(SH) presents special interest in recent years in this category of 
patients due to an increase in the frequency of its occurrence in 
the population - 73% in women and 30% in men [10,16]. The 
search for early predictors is continuing: the level of adipocyto-
kines in the blood serum, the vascular endothelial factors, incl. 
vascular endothelial growth factor (VEGF-A), inflammation 

markers (CRP), vascular aging markers (length of telomere). 
The most significant causes of cell aging are the shortening of 
telomeres and decrease of telomerase activity. Telomeres are 
the terminal regions of chromosomes that were proposed as 
markers of the biological aging process. The relative length of 
telomeres is reduced with each division of cells, and the rate of 
shortening of telomere length is associated with the effect of 
oxidative stress and inflammation [4,13]. The factors associ-
ated with the risk of CVD, that can impact the shortening of 
length of telomeres are being actively studied in recent years 
[13]. The connection between leucocyte telomeres shortening 
and the development and progression of atherosclerosis has 
been shown. It is well known that the process of increasing 
arterial stiffness (atherosclerosis) due to a decrease in the 
amount of elastin and an increase in the amount of collagen, 
as well as qualitative changes in the structure of the arterial 
wall, which is associated with a disruption of vasodilation due 
to endothelial properties is observed with normal vascular ag-
ing. When comparing telomeres of endothelial cells obtained 
from atherosclerotic plaques with those from sites without 
atherosclerotic changes of the same human body, it was found 
that the former were shorter [14]. 

The work has been carried out within the frame-
work of the research «To develop comprehensive programs 
for the prevention of cardiovascular diseases in patients 
with non-infectious diseases» 0116U003039; «The effect 


