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МЕДИЦИНСКИЕ НАУКИ
THE LEVEL of BRAIN-DERIVED NEUROTROPHIC FACTOR IN CEREBROSPINAL FLUID in 

ADULT PATIENTS W ITH ACUTE BACTERIAL AND VIRAL MENINGITIS AND
MENINGOENCEPHALITIS.
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Abstract
The aim of the work is to determine the level of brain-derived neurotrophic factor (BDNF) in the CSF in 

adult patients with bacterial viral meningitis and meningoencephalitis. Patients and Methods. 168 cases of acute 
bacterial and viral neuroinfections were analyzed. The level of BDNF in CSF was determined at admission and on 
10-12 day of treatment using the ELISA method. Results. The level of BDNF in CSF in the control group was 
75,43±1,32 pg/ml. The highest BDNF level was obtained in patients with meningococcal (91,12±3,85 pg/ml) and 
pneumococcal (83,46±3,83 pg/ml) meningitis at the time of admission. In the groups of bacterial meningoenceph­
alitis, the level of BDNF during the admission was significantly lower compared with the bacterial meningitis but 
was not significantly differ from the control group indicators. In patients with viral neuroinfection, the level of 
BDNF was significantly lower than in the control group, both with meningitis and meningoencephalitis. The 
BDNF level was particularly low in groups of HSV 1,2, EBV and HHV-6 meningoencephalitis (P<0,05). The level 
of BDNF in CSF in non survivors was 70,30±4,85 pg/ml -  significantly lower than in the control group, but not 
differ from the levels of survivors. Conclusions. Obviously, determining the diagnostic and predictive roles of 
BDNF level in the CSF in patients with acute neuroinfection needs further research. However, the data obtained 
indicate the diagnostic value of BDNF in adult patients with acute neuroinfection.
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BACKGROUND
Neuroinfections are a worldwide problem and an 

important cause of morbidity and mortality [1].
Infections of the central nervous system (CNS) 

pose an unique challenge to physicians, due to both the 
potential morbidity and mortality that they cause as 
well as the inherent difficulties involved in their treat­
ment. These infections mainly involve meningitis, en­
cephalitis, and brain abscesses, and tend to cause more 
morbidity and mortality on average than infections in­
volving other organ systems. [2-4]. In the United 
States, more than 20,000 cases of encephalitis in adults 
are registered annually, about $ 2 billion spent on treat­
ment [5]. Currently, in developed countries and Europe, 
acute neuroinfection in immunocompetent adults is 
most often caused by viruses - enteroviruses, herpesvi­
ruses, arboviruses, which cause 70-90% of all cases of 
infectious diseases of the CNS [6-9]. In European coun­
tries, among the factors of acute bacterial neuroinfec­
tions in adults, is the most common Streptococcus 
Pneumoniae (53%), Neisseria meningitidis (27%), 
Haemophilus influenzae (3%) and Listeria monocyto­
genes (4%). Despite the relative rarity of bacterial neu­
roinfections, they have a severe course with a mortality

of up to 50% and the development of prolonged resid­
ual effects in 39-70% of patients [10]. At present, the 
determination of the importance of neurotrophic factors 
is an actual direction in the study of pathogenesis and 
diagnosis of neuroinfection.

One of the most studied neurotrophin is the brain- 
derived neurotrophic factor (BDNF), which plays a ma­
jor role in the growth and survival of neurons, is a mod­
ulator of neurotransmitters and promotes neuronal plas­
ticity. BDNF stimulates and controls the growth of new 
neurons from nerve stem cells (neurogenesis), while 
protein and matrix ribonucleic acids (mRNAs) of 
BDNF are found in most areas of the brain and spinal 
cord [11]. The ability of BDNF to enhance neurogene­
sis [12-15] and synaptic plasticity [16, 17] has been 
proved. It is believed that BDNF can play a role in some 
neurological conditions, such as Alzheimer's Disease, 
dementia and autism. The level of BDNF in blood de­
creased in patients with type 2 diabetes mellitus with 
cognitive deficits [18]. The level of BDNF was signifi­
cantly lower in patients with schizophrenia who had 
lower cognitive performance than in the control group, 
suggesting that BDNF may be involved in the patho­
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physiology of schizophrenia and related cognitive im­
pairment, especially short-term memory [19]. Low 
level of BDNF in patients with depression and type 2 
diabetes has also been identified. [20]. In this context, 
it is interesting to note that chronic alcohol intake can 
exacerbate Type 2 diabetes and reduce BDNF level, 
which means that alcohol induced peripheral neuropa­
thy, dementia and cognitive decline may also be asso­
ciated with low level of BDNF [21]. Experimental stud­
ies have found that exogenously administered BDNF 
can prevent neuronal loss and reduce the susceptibility 
of neurons to glutamate injections [22, 23], and may 
thus be useful in Huntington and Parkinson's diseases. 
Studies of BDNF level in patients with brain injuries 
showed contradictory results - on the one hand, there 
was no relationship between the state of the patient with 
brain trauma and the level of BDNF in serum [24] or 
CSF [25]. On the other hand, a link was found between 
the adverse course of traumatic brain damage and the 
low level of serum BDNF [26], as well as high levels 
of BDNF in the CSF [27].

At present, research on the clinical significance of 
BDNF in various pathologies is at an early stage. Data 
on the level of BDNF in the CSF and the blood of pa­
tients with acute neuroinfection are not enough to de­
termine the diagnostic role of this marker.

METHODS
Potential study participants were treated at the 

Kharkiv Regional Clinical Infectious Diseases Hospital 
(Kharkiv, Ukraine). The work was carried out in ac­
cordance with the Helsinki Declaration. The study pe­
riod (2012 -  2017) 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 re­
search purposes. The selection criteria were not ap­
plied, i.e. all available patients with suspected bacterial 
and virus meningitis that underwent lumbar puncture 
were included in the study. Inclusion of patients in the 
research program was carried out using selection crite­
ria. Inclusion criteria: clinical symptoms typical for 
acute meningitis, etiological confirmation etiology of 
disease by bacteriological methods or CSF PCR, age of 
patients from 18 to 65 years, voluntary consent of the 
patient to participate in the study. Patients were ex­
cluded in the following cases: presence of CNS dis­
eases in the anamnesis, HIV, cancer. Demographic data 
were obtained from patients, clinical indicators were 
evaluated, and studies were conducted upon admission 
to the hospital. An anamnesis of the disease, complaints 
and neurological status was recorded. All significant 
events were recorded until discharge from the hospital 
or death.

Patients were divided into groups depending on 
the etiology and severity of the disease. 186 cases of 
Table 1. Baseline characteristics of groups.

acute bacterial and virus meningitis/meningoencepha­
litis were analyzed. In the control group, we selected 15 
patients with acute respiratory diseases and meningiz- 
mus. Lumbar puncture was performed as a routine di­
agnostic test to exclude the presence of neuroinfection. 
Neuroinfection was excluded in all patients in the con­
trol group.

CSF was aspirated by lumbar puncture. Perform­
ing of lumbar puncture was conducted according to 
standard protocols of diagnostics and treatment of pa­
tients with signs of meningitis. Patients involved in the 
study were not been exposed to additional invasive pro­
cedures. The CSF samples were immediately refriger­
ated at -70°C until analysis conducting. Levels of 
BDNF in CSF were identified on admission and after 
10-12 days of treatment. Commercially available en­
zyme-linked immunoassays were used to analyze neu­
romarker BDNF (Merck Millipore, Germany) accord­
ing to manufacturer instructions, in Central scientific- 
research laboratory of Kharkiv National Medical Uni­
versity. All data were analyzed using «BioStat Pro» and 
«Microsoft Excel» programs. Differences in the values 
of BDNF in the CSF and clinical variables were esti­
mated using the Mann Whitney U test. The value of 
P<0,05 was used for significance.

RESULTS AND DISCUSSION
346 patients with acute infectious diseases of the 

CNS were registered during the research. 186 patients 
with confirmed etiology of the disease were selected. 
There were 36 patients with meningococcal infection, 
43 patients with pneumococcal infection, 20 patients 
with HSV 1,2 infection type, 19 with EBV, 15 with 
VZV, 14 with HHV-6 type and 39 patients with enter- 
oviral meningitis. The average age of patients with bac­
terial neuroinfections was significantly higher than in 
groups with viral neuroinfections (P<0,01). The highest 
age was observed in patients with pneumococcal men­
ingitis -  47,82 ± 14,15 years, the youngest -  in patients 
with enteroviral meningitis -  24,05 ± 5,72 (P<0,001).

The quantity of women and men was the same al­
most in all groups, however, among patients with HSV 
1,2 neuroinfection, women significantly predominated 
-  16 (80%) of 20 cases. The most severe was bacterial 
meningitis, a severe course of the disease was observed 
in almost 76% of patients.

Meningitis was observed in 11 (30,56%) patients 
with meningococcal infection, 10 (23,26%) with pneu­
mococcal, 15 (75%) with HSV 1,2, 10 (52,63%) with 
EBV, 8 (72,73%) with HZV, 9 (64,29%) with HHV-6 
and 39 (100%) with enteroviral etiology of the disease. 
The highest mortality was observed in patients with 
pneumococcal (17,78%) and meningococcal (8,33%) 
neuroinfection (Table 1). The lethal outcome in patients 
with bacterial disease occurred within 1 to 8 days of 
hospital treatment, with viral -  on 5-14 days of treat­
ment.
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Age (Mean±SD) 40,28±
14,78

47,82±
14,15

35,47±
14,71

36,43±
16,09

38,27±
18,24

31,69±
13,03

24,05±
5,72

Male, n/% 19/52,78 21/46,67 4/20,00 7/36,84 9/60,00 8/57,14 20/51,28
Female, n/% 17/47,22 24/53,23 16/80,00 12/63,16 6/40,00 6/42,86 19/48,72
meningitis, n/% 11/30,56 10/22,22 15/75,00 10/52,63 11/73,33 9/64,29 39/100
meningoencepha­
litis, n/% 25/69,44 35/77,78 5/25,00 9/47,37 4/26,67 5/35,71 0/

Non survivors,
n/% 3/8,33 8/17,78 1/5,00 2/10,53 1/6,67 1/7,14 0/

The level of BDNF in the CSF of patients at ad­
mission and on 10-12 day of treatment are summarized 
in Table 2. The BDNF level in CSF in the control group 
was 75,43±1,32 pg/ml. The highest BDNF level was 
obtained in patients with meningococcal (91,12±3,85 
pg/ml) and pneumococcal (83,46±3,83 pg/ml) menin­
gitis at the time of admission. In the groups of bacterial 
meningoencephalitis, the level of BDNF during the ad­
mission was significantly lower compared with the bac­
terial meningitis but was not significantly differ from 
the control group indicators.

In patients with viral neuroinfection, the level of 
BDNF was significantly lower than in the control 
group, both with meningitis and meningoencephalitis. 
Particularly low were the BDNF level in groups of HSV
1, 2, EBV and HHV-6 meningoencephalitis (P<0,05). 
Level of BDNF in CSF at non survivors was 
70,30±4,85 pg/ml -  significantly lower than in the con­
trol group, but not differ from the level of survivors (ta­
ble 2).

Table 2. The level of BDNF in the CSF in patients at admission and on 10-12 day of treatment.
Etiology on neuroinfection BDNF, pg/ml

At admission On 10-12 day of treatment
Meningococcal meningitis, (n=11) 91,12±3,85 2, 3 77,93±1,25
Meningococcal meningoencephalitis, (n=25) 71,62±1,12 ', 2, 3 76,57±2,68
Pneumococcal meningitis, (n=10) 83,46±3,83 2, 3 77,08±1,74
Pneumococcal meningoencephalitis, (n=35) 72,21±1,01 1 75,69±1,92
HSV 1,2 meningitis, (n=15) 72,98±2,03 74,05±2,56
HSV 1,2 meningoencephalitis, (n=5) 66,88±2,77 i, 3 65,99±2,62
EBV meningitis, (n=10) 71,57±2,65 72,29±2,23
EBV meningoencephalitis, (n=9) 66,41±2,16 i, 3 64,91±3,07
VZV meningitis, (n=11) 70,12±3,23 3 71,89±3,09
HHV-6 meningitis, (n=9) 73,21±2,87 2 78,21±2,34
HHV-6 meningoencephalitis, (n=5) 65,11±2,83 i, 3 66,09±3,45
Enterovirus meningitis, (n=39) 70,53±2,96 2, 3 74,24±2,67
Non survivors, (n=16) 70,30±4,85 3
Control group, (n=15) 75,43±1,32

1 : statistically significant difference between pa­
tients with meningitis and meningoencephalitis accord­
ingly of the etiology of the disease (p <0,05);

2 : statistically significant difference between 
BDNF levels on admission and on 10-12 day of treat­
ment accordingly of the etiology of the disease (p 
<0,05);

3 : statistically significant difference between 
BDNF levels in group of patients and control 
group (p <0,05);

Thus, the level of BDNF in the CSR of patients 
with bacterial meningitis was significantly higher than 
that of the control group. At the same time, in patients 
with bacterial meningoencephalitis, the level of BDNF

did not differ from those of the control group. Thus, we 
can assume that in patients with bacterial meningitis, 
increased expression of BDNF protects the neurons 
from the lesion and reduces the number of affected neu­
rons. Such an effect may reduce the severity of neuro­
logical manifestations of neuroinfection. In patients 
with viral meningitis, the level of BDNF did not differ 
from that of the control group. In meningoencephalitis, 
especially herpesvirus, BDNF level has been reduced 
(P<0,05). Such changes can be a confirmation that dur­
ing acute neuroinfections the development of lesions of 
the CNS is associated not only with the direct action of 
the microorganism, but also with the decompensation 
of neuroprotective mechanisms.



24 «European multi science journal» №20/2018
Obviously, determining the diagnostic and predic­

tive role of BDNF levels in the CSF in patients with 
acute neuroinfection needs further research. However, 
the data obtained indicate the diagnostic value of this 
marker in adult patients with acute neuroinfection.

COMPETING INTEREST
The authors declare that they have no competing 

interests

References
1. Hillary R. Mount, Sean D. Boyle, DO. Aseptic 

and Bacterial Meningitis: Evaluation, Treatment, and 
Prevention. Am Fam Physician. 2017 Sep 1 ;96(5):314- 
322.

2. Parikh, V., Tucci, V., & Galwankar, S. (2012). 
Infections of the nervous system. International Journal 
of Critical Illness and Injury Science, 2(2), 82-97. Doi: 
10.4103/2229-5151.97273

3. Bacterial meningitis in the United States, 
1998-2007. Thigpen MC, Whitney CG, Messonnier 
NE, Zell ER, Lynfield R, Hadler JL, Harrison LH, Far­
ley MM, Reingold A, Bennett NM, Craig AS, 
Schaffner W, Thomas A, Lewis MM, Scallan E, 
Schuchat A, Emerging Infections Programs Network. 
N Engl J Med. 2011 May 26; 364(21):2016-25.

4. George, B. P., Schneider, E. B., & Venka- 
tesan, A. (2014). Encephalitis Hospitalization Rates 
and Inpatient Mortality in the United States, 2000­
2010. PLoS ONE, 9(9), e104169. doi: 10.1371/jour- 
nal.pone.0104169

5. Burden of encephalitis-associated hospitaliza­
tions in the United States, 1998-2010. Vora NM, Hol­
man RC, Mehal JM, Steiner CA, Blanton J, Sejvar J. 
Neurology. 2014 Feb 4; 82(5):443-51.

6. Swanson, P. A., & McGavern, D. B. (2015). 
Viral Diseases of the Central Nervous System. Current 
Opinion in Virology, 11, 44-54. 
Doi: 10.1016/j.coviro.2014.12.009,

7. Tunkel AR, van de Beek D, Scheld WM. 
2015. Acute Meningitis, p 1097-1137. In Bennett JE, 
Dolin R, Blaser MJ. (ed), Mandell, Douglas, and Ben- 
net's principles and practice of infectious diseases> 8th 
ed, vol 1 Elsevier, Philadelphia, PA.

8. Venkatesan, A., Tunkel, A. R., Bloch, K. C., 
Lauring, A. S., Sejvar, J., Bitnun, A., Cherry, J. (2013). 
Case Definitions, Diagnostic Algorithms, and Priorities 
in Encephalitis: Consensus Statement of the Interna­
tional Encephalitis Consortium. Clinical Infectious 
Diseases: An Official Publication of the Infectious Dis­
eases Society of America, 57(8), 1114-1128. 
doi: 10.1093/cid/cit458

9. Granerod J, Ambrose HE, Davies NW, Clew- 
ley JP, Walsh AL, Morgan D, Cunningham R, Zucker- 
man M, Mutton KJ, Solomon T, Ward KN, Lunn MP, 
Irani SR, Vincent A, Brown DW, Crowcroft NS. 
Causes of encephalitis and differences in their clinical 
presentations in England: a multicentre, population- 
based prospective study. UK Health Protection Agency

(HPA) Aetiology of Encephalitis Study Group. Lancet 
Infect Dis. 2010 Dec; 10(12):835-44.

10. ESCMID guideline: Diagnosis and treatment 
of acute bacterial meningitis. Clinical Microbiology 
and Infection, 22, S37-S62. 
doi: 10.1016/j.cmi.2016.01.007.

11. Bathina S., Das U.N. (2015). Brain-derived 
neurotrophic factor and its clinical implications. Ar­
chives of Medical Science, 11, 1164-1178

12. Bus BA, Molendijk ML, Penninx BJ, et al. De­
terminants of serum brain-derived neurotrophic factor. 
Psychoneuroendocrinology. 2011;36:228-39.

13. Pillai AK, Bruno D, Sarreal AS, et al. Plasma 
BDNF levels vary in relation to body weight in females. 
PLoS One. 2012;7:e-39358.

14. Hofer MM, Barde YA. Brain-derived neu­
rotrophic factor prevents neuronal death in vivo. Na­
ture. 1988;331:261-2.

15. Noble EE, Billington CJ, Kotz CM, Wang C. 
The lighter side of BDNF. Am J Physiol Regul Integr 
Comp Physiol. 2011;300:R1053-69.

16. Kumar S, Parkash J, Kataria H, Kaur G. Inter­
active effect of excitotoxic injury and dietary restriction 
on neurogenesis and neurotrophic factors in adult male 
rat brain. Neurosci Res. 2009;65:367-74.

17. Kramar EA, Chen LY, Lauterborn JC, Sim­
mons DA, Gall CM, Lynch G. BDNF upregulation res­
cues synaptic plasticity in middle-aged ovariectomized 
rats. Neurobiol Aging. 2010;33:708-19.

18. He M, Wang J. Decreased serum brain-de­
rived neurotrophic factor in Chinese patients with type
2 diabetes mellitus. Acta Biochim Biophys Sin (Shang­
hai) 2014;46:426-7.

19. Zhang XY, Liang J, Chen da C, et al. Low 
BDNF is associated with cognitive impairment in 
chronic patients with schizophrenia. Psychopharmacol­
ogy (Berl) 2012;222:277-84

20. Wang J, Zhao X, He M. Is BDNF biological 
link between depression and type 2 diabetes mellitus? 
Med Hypotheses. 2012;79:255-8.

21. Jung KI, Ju A, Lee HM, et al. Chronic ethanol 
ingestion, type 2 diabetes mellitus, and brain-derived 
neurotrophic factor (BDNF) in rats. Neurosci Lett. 
2011;487:149-52.

22. Bathina, S., & Das, U. N. (2015). Brain-de­
rived neurotrophic factor and its clinical implications. 
Archives of Medical Science: AMS, 11(6), 1164­
1178. doi: 10.5114/aoms.2015.56342

23. Almeida R.D., Manadas B.J., Melo C.V., 
Gomes J.R., Mendes C.S., Gräos M.M., Carvalho R.F., 
Carvalho A.P., Duarte C.B. Neuroprotection by BDNF 
against glutamate-induced apoptotic cell death ismedi- 
ated by ERK and PI3-kinase pathways. Cell Death Dif­
fer. 2005;12:1329-1343. doi: 10.1038/sj.cdd.4401662.

24. Simon D., Nascimento R.I., Filho E.M., Ben- 
cke J., Regner A. Plasma brain-derived neurotrophic 
factor levels after severe traumatic brain injury. Brain 
Inj. 2016;30:23-28. doi: 
10.3109/02699052.2015.1077993.

http://doi.org/10.4103/2229-5151.97273
http://doi.org/10.4103/2229-5151.97273
http://doi.org/10.1371/journal.pone.0104169
http://doi.org/10.1371/journal.pone.0104169
http://doi.org/10.5114/aoms.2015.56342

