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The aim of the work - to determine the diagnostic
value of the levels of neurospecific markers NSE, GFAP,
S-100, MBP, and BDNF in the CSF of adult patients with
viral meningitis.

Patients and Methods. 50 cases of acute viral men-
ingitis were analyzed. There were 21 patients with HSV 1,2
infection, 19 patients with EBV infection, 10 patients with
enteroviral meningitis. The CSF level of neuro-specific
markers was determined in the first and 10-12 days of
treatment using the ELISA method.

Results. The most significant changes were identified
in patients with severe illness. On the firstday of treatment,
the levels of NSE, S-100, GFAP, MBP, and BDNF in patients
with moderate severity of the disease were lower in patients
with enteroviral meningitis (P<0.001). In severe cases NSE,
GFAP and BDNF were higher (P<0.05) in patients with HSV
neuroinfection. The neuro-specific markers NSE, S-100,
GFAP and MBP on the first day of treatment were in direct
strong correlation with the severity of neurological symp-
toms. The strongest (r=0.712) direct correlation is observed
between the severity of neurological symptoms and the
levelof NSE and GFAP. At the same time, we found a strong
reverse correlation (r=-0.727) between the level of BDNF
and the duration of neurological symptoms.

Conclusions. Increased levels of NSE, S-100, GFAP
and MBP indicate presents damages of neurons astroglia
and myelin nerves in all cases of viral meningitis. Major
changes are observed in patients with severe neuroinfec-
tion. In patients with severe herpes viral meningitis/menin-
goencephalitis, the activity ofregenerative processes in the
tissues of the central nervous system decreases due to a
decrease of CSF BDNF level (P<0.05).

Key words: HIV-infection; p2-microglobulin; hemato-
logical parameters; platelets; ESA.

Neuroinfection is aworldwide problem and an important
cause of morbidity and mortality [1, 2]. Viral infections are
the main cause of infection in the central nervous system
(CNS) worldwide, surpassing the frequency of bacterial,
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fungal and protozoal agents [1]. At present, it is believed
that most of the viral lesion of the CNS is due to
enteroviruses, herpes viruses and some arboviruses. ltis
estimated that 39 % of infections caused by these viruses
lead to serious neurological disorders [1]. Herpesvirus
neuroinfections are some of the most severe among the all
viral lesion of the CNS, most often cause neurological
disorders and have the highest mortality [2].

Analysis of cerebrospinal fluid (CSF) with the
determination of the content of total protein, leukocytes,
chlorides and glucose is the basis of diagnostics of
neuroinfections, which allows determining the presence of
inflammation of the meninx. However, these indicators do
not allow to determine the degree of brain damage and
predict the course of the disease.

At the present stage, much attention is paid to
determination of the neuro-specific markers (NSM) levels
that are specific for the nervous system tissues. In recent
years, more than 60 different NSM of the CNS have been
investigated. Itis proved that the increase of NSM levels in
the CSF corresponds to the degree of defeat of the
corresponding CNS cells. Therefore, the determination of
NSM levels in CSF in patients is an important direction in
the study of pathogenesis and diagnosis of CNS lesions.
Some ofthe most studied NSM are neuron specific enolase
(NSE), glial fibrillary acidic protein (GFAP), S-100 protein,
myelin basic protein (MBP) and brain-derived neurotrophic
factor (BDNF). GFAP is one ofthe main immunocytochemical
markers of astrocytes, the most important representative
of microglia in the CNS of mammals [3, 4]. Protein S-100
is a specific protein for the cells of the astrocytic glory of
the CNS, and the NSE is an intracellular cytoplasmic
enzyme of the neurons that catalyzes the transformation of
2-phosphoglycerate to 2-phosphoenolpyruvate [5]. It is
widely used for diagnostic purposes and in experimental
works in the study of the functions of the nervous system
in norm and in pathology as a marker of astrocytes [5, 6].

BDNF plays a major role in neuronal growth and
survival, serves as a neurotransmitter modulator, and



contributes to neuronal plasticity. BDNF stimulates and
controls the growth of new neurons from neural stem cells
(i.e., neurogenesis), and BDNF protein and matrix
ribonucleic acid (MRNA) have been detected in various
regions of the brain, including the olfactory bulb, cortex,
hippocampus, basal forebrain, mesencephalon,
hypothalamus, brainstem, and spinal cord [7].

MBP is a component of central nervous system myelin.
Cerebrospinal fluid MBP levels increase in acute
demyelination [8, 9]. Thus, the diagnostic and prognostic
value of increasing of NSE, the MBP, GFAP, BDNF, S-100
protein levels in stroke, craniocerebral trauma, and CNS
defects in newborns has been proven [4-10]. During viral
neuroinfections, damage to the cells of the brain occurs,
and determining of the levels of neuro-specific markers may
have a diagnostic value. However, both in Ukraine and
abroad, studies on determining of the levels of NSM in the
CSF in patients with acute viral meningitis are practically
absent.

The aim of the work is to determine the diagnostic
value of the levels of neurospecific markers NSE, GFAP,
S-100, MBP, and BDNF in the CSF of adult patients with
viral meningitis.

Materials and methods

Potential study participants were treated at the Kharkiv
Regional Clinical Infectious Diseases Hospital (Kharkiv,
Ukraine). The work was carried out in accordance with the
Helsinki Declaration. The study period (2012-2016) was
approved by the local Ethics Committee of Kharkiv National
Medical University, Kharkiv, Ukraine.

Informed consent was obtained from patients to use their
biological samples and clinical data for research purposes.
Inclusion of patients in the research program was carried out
using selection criteria. Inclusion criteria: clinical symptoms
typical for acute meningitis, etiological confirmation etiology of
disease by PCR, age of patients from 18 to 65 years, voluntary
consent of the patient to participate in the study. Patients were
excluded in the following cases: presence of disease of the
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nervous system inthe anamnesis, HIV, cancer. When entering
the hospital, demographic data were obtained from patients,
clinical indicators were evaluated, and studies were conducted.
An anamnesis of the disease, complaints and neurological
status was recorded. All significant events were recorded until
discharge from the hospital or death.

We decided to include in the study patients with the most
common acute viral neuroinfections caused by enterovirus,
HSV 1.2 and EBV.

Patients were divided into groups depending on the
etiology and severity of the disease. 50 cases of acute viral
meningitis were analyzed.

CSF was aspirated by lumbar puncture. Performing of
lumbar puncture was conducted according to standard
protocols of diagnostics and treatment of patients with signs
of meningitis. Patients involved in the study were not been
exposed to additional invasive procedures. The CSF samples
were immediately refrigerated at -20 °C until analysis
conducting. Levels of GFAP, S-100, NSE, BDNF and MBP in
CSF were identified on admission and after 10-12 days of
treatment. Commercially available enzyme-linked
immunoassays were used to analyze neuromarker S-100
(CanAg, Sweden), NSE (XEMA, Russian Federation), MBP
(AnshLabs, USA), BDNF (Merck Millipore, Germany) and GFAP
(BioVendor, Czech Republic) according to manufacturer
instructions, in Central scientific-research laboratory of Kharkiv
National Medical University. All data were analyzed using
“BioStat Pro” and «Microsoft Excel» programs. Differences in
the values of neurospecific markers in the CSF and clinical
variables were estimated using the Mann Whitney U test. The
value of P<0.05 was used for significance.

Results and discussion
50 cases of acute viral meningitis were analyzed. There
were 21 patients with HSV 1,2 infection, 19 patients with
EBV infection, 10 patients with enteroviral meningitis.
The average age of patients with HSV and EBV neu-
roinfections was significantly higher than in patients with
enteroviral meningitis (P<0.01). (Table 1).

Table 1

Baseline characteristics of groups

Criterion HSV meningitis (n=21)
Age (Mean + SD) 35,47+14,71
Male, n/% 5/23,81
Female, n/% 16/76,19
Moderate meningitis, n/% 15/71,43
Severe meningitis/
meningoencephalitis n/% 6/28,57
Non survivors, n/% 1/4,76

EBV meningitis (n=19) Enterovirus meningitis (n=10)

36,43+16,09 23,31+£5,47
7/36,84 6/60,00
12/63,16 4/40,00
10/52,63 10/100
9/47,37 o/
2/10,53 o/
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The quantity of women and men was the same in pa-
tients with enteroviral meningitis, however, among patients
with HSV 1,2 and EBV neuroinfection, women significantly
predominated - 76.9 % and 63.16 %. The highest number
of severe patients was observed in the group with EBV
meningitis - 47.37 % (Table 1). Severity of the condition
was caused by development of focal lesions of the brain
symptoms and brain edema.

The disease of moderate severity was observed in 15
(71.43 %) patients with HSV 1,2 infection, 10 (52.63 %) with
EBV meningitis. All patients with enteroviral meningitis had
a moderate disease. Itshould be noted that during 5 years
of observation we have not registered any severe menin-
gitis or encephalitis of enteroviral etiology. The largest

gquantity of patients with severe course was observed with
EBV meningitis - 47.37 %, the disease ended lethally in 2
(10.53 %) patients with EBV infection. The lethal outcome
occurred within 5-14 days of treatment.

The levels of NSE, S-100, GFAP, BDNF and MBP in
the CSF in patients with HSV, EBV and enteroviral
meningitis on the first day of treatment are summarized in
Table 2. The levels of defined indicators for 10-12 days of
treatment are summarized in Table 3. The data show the
dependence of the determined neurospecific markers levels
both of the etiology and of the disease severity. The most
significant changes were determined in patients with severe
course. The least changes were detected in patients with
enteroviral meningitis (P<0.001) (Table 2).

Table 2

CSF level of NSE, S-100, GFAP, MBP and BDNF in patients with viral meningitis on the first day of treatment,
Me (Q25: Q75)

HSV meningitis

EBV meningitis Enterovirus

Indicator meningitis
moderate (n=15) severe (n=6) moderate (n=10) severe (n=9) moderate (n=10)
NSE mg/l 21,67 (19,05:24,42) 47,98 (42,98:52,98) 22,05 (18,50:34,31) 39,54 (23,08:47,18) 15,64 (14,93:16,95)
1,3 2,3 13 2,3
S-100 ng/l 453,97 754,91 365,87 743,54 331,78
(435,97:501,57) 1 2.5 (746,97:762,13) s (313,28:455,30) 1 2.z (533,80:902,87) s (321,23:394,38)
GFAP ng/ml 3,07 13,35 (12,80:14,03) 3,43 9,62 (8,24:10,92) 2,01
(2,42:4,63) 23 (2,97:3,59) 23 (1,81:2,29)
1,3 1,3
MBP ng/ml 3,72 9,54 4,03 10,35 (8,39:13,50) 1,87
(3,44:4,78) (8,04:9,65) (3,16:4,90) 3 (1,77:2,02)
1,3 3 13

BDNF pg/ml 72,89 (69,54:74,80) 68,35 (66,97:69,54) 70,04 (68,98:74,23)
i 2 i

65,08 (64,13:67,22) 69,45 (66,19:73,66)

2,3

1 statistically significant difference between patients with moderate severity and severe course accordingly of the etiology of

the disease (P<0.05);

2 statistically significant difference between patients with moderate severity and between patients with severe HSV and EBV

meningitis (P<0.05);

3 statistically significant difference between patients with enteroviral meningitis and patients with HSV and EBV of neuroinfection

of moderate and severe course (P<0.05).

On the first day of treatment, NSE, S-100, GFAP, MBP,
and BDNF levels in patients with moderate severity were
significantly lower in patients with enteroviral meningitis
(P<0.001). At comparing the parameters of the moderate
severity of HSV and EBV neuroinfection, a significant
difference was found only at the S-100 level (P<0.05).
However, in severe cases, NSE, GFAP and BDNF were
significantly higher (P<0.05) in patients with HSV meningitis
compared with EBV meningitis (Table 2). Moreover, the
level of BDNF in severe EBV meningitis was significantly
lower in comparison with all other groups of patients
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(P<0.05). NSE, S-100, GFAP and MBP levels on the first
day of treatment were in direct strong correlation with the
development and severity of focal neurological symptoms.
The strongest (r=0.712) direct correlation is observed
between the severity of neurological symptoms and the
level of NSE and GFAP. At the same time, we revealed a
strong inverse correlation (r=-0.727) between the level of
BDNF and the duration of neurological symptoms.

The revealed changes confirm that in the pathogenesis
of herpes virus viral neuroinfections the damage of neurons,
glial cells and myelin nerves, the demyelinating process
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Table 3

CSF level of NSE, S-100, GFAP, MBP and BDNF in patients with viral meningitis for 10-12 days of treatment,
Me (Q25: Q75)

HSV meningitis

Indicator
moderate (n=14) severe (n=5)
NSE mgl/l 18,12 (17,46:19,68) 31,88 (30,46:35,96)
1,234 2,34
S-100 ng/l 598,12 985,96
(510,57:682,80) (901,57:1159,46)
1,34 3,4
GFAP ng/ml 2,67 (2,43:3,41) 7,96
L34 (7,32:8,93)
3,4
MBP ng/ml 6,35 (5,92:6,90) 8,44
1234 (7,89:8,68)
3
BDNF pg/ml 73,79 (70,35:74,92) 66,96 (65,79:67,57)

13

EBV meningitis Enter.ow.rgs
meningitis

moderate (n=10) severe (n=7) moderate (n=10)
15,16 (13,01:17,84) 29,65 (24,71:36,11) 13,05 (12,64:14,95)

1,34 3,4 2,4
602,33
(519,36:609,06)

1,34

2,64 (2,63:3,02)

1,34

956,23
(756,02:1248,02)
3,4

201,23
(176,05:228,11)

2,4

7,02 1,83 (1,62:2,01)
2

(6,21:8,34)

3,4

8,45 (5,66:10,02)

3,4

4,73 (4,14:6,02) 1 5 1,65 (1,32:1,84)
2

73,05 (69,87:73,42) 64,84 (63,33:67,01) 66,21 (64,02:68,25)
2

1,3

1 statistically significant difference between patients with moderate severity and severe course accordingly of the etiology of

the disease (P<0.05);

2 statistically significant difference between patients with moderate and severe course of disease (P<0.05);
3 statistically significant difference between patients with enteroviral meningitis and patients with HSV and EBV neuroinfection

of moderate and severe course (P<0.05);
4: statistically significant difference between the indicators for

occur. Interestingly, even in patients with moderate
meningitis who did not show symptoms of CNS tissue
damage, levels of NSE, GFAP, MBP, and S-100 increased.
This indicates about the presence of encephalitis in patients
without neurological symptomatology. Enteroviral meningitis,
characterized by favorable course and extremely low risk
of developing CNS affection symptoms, demonstrates
significantly lower levels of neurospecific markers. This does
not exclude the presence of CNS cells lesions, but it can
be said with certainty that these phenomena are significantly
less pronounced compared with herpesvirus neuroinfections
(P<0.05).

On the 10th to 12th days of treatment, the levels of
NSE, GFAP and MBP have been significantly lowered,
however, in patients with severe course of disease, they
remained higher compared with moderate cases (P<0.05)
(Table 3). Such changes indicate about preservation of the
pathological process after the disappearance of the main
clinical symptoms of neuroinfection, especially in severe
cases.

However, the level of S-100 on the contrary has
increased significantly in the dynamics of meningitis in all
groups (P<0.05) (Table 3). This dynamic is not entirely clear,
and given that the S-100 protein has neurotrophic properties
and stimulates of proliferation and differentiation of nerve

1 and 10-12 days of treatment (P<0.05).

cells [10], it is possible that its increase is the activation of
regeneration in response on damage in the reconvalescence
of neuroinfection. On the other hand, the neurotoxic effects
of high levels of the S-100 protein [8] have been proved,
and possibly an increase of the level of this marker is a
reflection of continued myelin nerves damage.

BDNF level tended to increase in patients with moderate
course, and declined in severe cases. BDNF stimulates and
controls the growth of new neurons from neural stem cells
[7], and decrease of its level in the dynamics of the disease
in severe patients suggests about disturbance of the
compensatory and adaptive mechanisms of the brain tissue.
Possibly it reduces the recovery of the function and increase
the risk of chronic residual events after a severe viral
neuroinfection.

Evidently, usage of these neuro-specific markers will
allow the practitioner to expand the diagnostic capabilities
of acute neuroinfections and to individualize the treatment
until the development of neurological phenomena. At the
same time, comparison of levels of neuro-specific markers
in the dynamics of treatment may be an objective criterion
for assessing the effectiveness of treatment.

Conclusions

1

shows the presence of damage of neurons, astroglia and
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Increase of NSE, S-100, GFAP and MBP levels
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myelin nerves in patients with severe viral meningitis both
severe and moderate courses.

2) The level of neuro-specific markers NSE, S-100,
GFAP and MBP is directly related to the severity of the
disease and highest in patients with severe herpes viral
meningitis (P <0.05), which confirms the diagnostic and
prognostic value of neurospecific markers in patients with
acute viral neuroinfection.

3) In patients with severe herpes viral meningitis, the
activity of regenerative processes in the CNS tissues
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OJIATHOCTNYHE 3HAYEHHA
HEVPOCMELVN®IYHX MAPKEPIB

NSE, S-100, GFAP, MBP | BDNF ¥
LIEPEBPOCMIHABHIN PIAVHI XBOPUX
HA BIPYCHWI MEHIHTIT

B.M. Ko3bko, A.B. CoxaHb, A.I. Bypma

XapKiBCbKUI HaLioOHaNbHWUIE MeAnYHWIA yHiBEpCUTET

PE3IOME. MeTapo60Tu - BUZHAYNT N AiarHOCT UYHY
LiHHICTb piBHIB HelpocneuundivHnx mapkepis NSE,
GFAP, S-100, MBP Ta BDNFy LICP gopocnnxxsopux
Ha BiPYCHi MEHIHTITH.

MauieHTN i MeTOAM. ANA focnigxKeHHs 6ynn 3anyye-
Hi 50 nauieHTiB 3 BIDyCHUMMW MEHIHTiTamMu Bikom Bif 18
[0 65 pokiB. MaLlieHTn 3 MEHIHFITOM, WO BUKIUKAHWUI
BipycoMm npocToro repnecy 1,2, cknanu 1l-y rpyny
(n=21), 3 EnwTeiHa-bapp MeHiHriTOM - 2-y rpyny
(n=19), 3 eHTepoBIPYCHNM MEHIHFITOM - 3-10 rpyny
pocnipxeHHa (n=10). PiBeHb HelipocneuundivHnx map-
KepiB Bu3Hauascsay LICP xBopux Ha nepwy Ta 10-12-y
[06y nikyBaHHA 3a goNoMoro meToay IPA.
PesynbTaTu. Halibinbw cyT T€EBi 3MiHW 6Ynn BU3Ha-
YyeHiy nauieHTIiB 3 TAXKAM nepebirom. Y nepwuii AeHb
nikyBaHHA piBeHb NSE, S-100, GFAP, MBP Ta BDNFy
XBOPUX i3 cepefjHbOI0 T SXKKICT0 XBOPOOU 6YB HUXUUM
y rpyni eHTepoBipyCHOro MeHIiHriTYy (p<0,001). ¥ Tax-
knx Bunagkax NSE, GFAP Ta BDNF 6ynn suwumu
(p<0,05) y nauienTiB 3 BMI meHiHriToM. Helipocneyu-
hiuHi mapkepu NSE, S-100, GFAP Ta MBP y nepuuwii
feHb nikyBaHHA 6ynu B NpAMIA CUNbHIA Kopenauii 3
T AXKICT HEBPONOriYHUX CUMNTOMIB. HaibinbLu
cunbHa (r=0,12) npsima Kopensuia cnocTepiraeTbes
MK TSXKICTO HEBPOJOTiYHUX CUMNTOMIB i piBHEM
NSE Ta GFAP Y Toi1 XXe 4yac BUABNEHO CU/bHY 3BO-
poTHY Kopensuito (r=-0,27) mix pisHem BDNF i Tpusa-
NiCT HEBPOMOTIYHUX CUMM T OMIB.

OPUTIHANBHI AOCTIAXEHHA

BucHoBkn. 36inblweHHsa piBHiB NSE, S-100, GFAP Ta
MBP CBifUNTb NPO HASABHICT b NOLIKOAKEHHS HEPOHIB,
acTpornii Ta MiENiHOBUX HepBiB y BCiX BMNajkax Bi-
PYCHUX MEHIHriTiB. Hanbinbwi 3MiHM BU3HAYEHUX NO-
Ka3HWKiB CNOCTepiralno ThCAy XBOPUX 3 TSXKKUM nepe-
6iroM. ¥ nauieHTiB 3 TAXKUM repnecsBipyCHUM MeHiH-
riToM/MeHiHroeHuedaniToM 3HUXKXYET bCA aKTUBHICT b
pereHepaTuBHUX npoueciB y TKaHuHax LLHC uvepes
3HUXeHHSA piBHa BDNFy nikBopi (p<0,05).

Kntouvosi cnoBa: Bl/l-iHekuia, B2-Mikpornobynix,
remMaTo/oriyHi nokasHukn, TpoméounTu, LLUOE.
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