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ABSTRACT
Introduction and aim. Meningitis is an acute inflammation of the protective membranes covering the brain and spinal cord, 
known as the meninges. In this study, oxidative and nitrosative stress were evaluated in cerebrospinal fluid (CSF) and blood 
samples that were taken from patients with meningitis. Our goal was to identify a fast and a reliable biomarker using these pa-
rameters in order to the early diagnose of bacterial meningitis.
Material and methods. In this study, 37 bacterial meningitis, 30 tuberculous meningitis  and 30 viral meningitis cases were 
included. Serum/CSF total oxidant status (TAS) and total antioxidant status (TOS) were measured by the Erel method. Nitroty-
rosine concentrations were quantified by using ELISA in both serum and CSF
Results. Serum nitrotyrosine, CSF TAS and TOS levels were not significantly different in three groups (p>0.05). CSF nitrotyrosine 
levels were significantly higher in bacterial meningitis than tuberculous meningitis group (p<0.05). Viral meningitis patients 
had higher serum TOS and TAS concentrations than tuberculous meningitis group (p<0.05). 
Conclusion. As a result, we can say that the oxidative and nitrosative stress markers studied are not a rapid and reliable bio-
marker in bacterial meningitis’s diagnosis.
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Introduction
Meningitis is the most serious infection of the central 
nervous system (CNS) and affects in the meninges, 
the membranes that cover the brain and spinal cord. It 
caused by many microorganisms, including bacteria, vi-
ruses, parasites and fungi.1,2 Meningitis is an important 
public health problem in developing countries, includ-
ing Turkey.

The brain is particularly vulnerable to oxidative 
stress due to its high metabolic requirements and the 
presence of polyunsaturated fatty acids. Under physio-
logical conditions, the total antioxidative activity of the 
cerebrospinal fluid (CSF) is only one tenth of plasma. It 
has been reported that free radicals can cause neuronal 
cell death.3 In addition, bacterial and host-derived reac-

tive oxygen and nitrogen species combine to form high-
ly reactive, tissue-damaging intermediates. Therefore, 
it is assumed that the levels of endogenous antioxidant 
molecules in the CSF elevated in response to infections 
that can place severe stress on the human body.4,5 There 
are studies that found that free radicals are produced in 
CNS compartment in cases with meningitis.2,5

Studies on children with bacterial meningitis (BM) 
have shown that antioxidant molecule levels and lipid 
peroxidation in serum/CSF increase as a result of oxi-
dative stress.3,5

Nitrotyrosine (NT) is a widely used marker for the 
formation of reactive nitrogen species, such as peroxyni-
trite. It has been found that tyrosine nitration is great-
ly increased during meningitis. This increase has been 
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dedected to be more pronounced in inflammatory cells 
and blood vessels in the subarachnoid space. Therefore, 
it has been reported that reactive nitrogen species (RNS) 
may contribute to oxidative brain damage during men-
ingitis.6,7

Aim
Our aim was to investigate oxidative and nitrosative 
stress in blood and CSF samples of bacterial, viral and 
tuberculous meningitis (TM) cases. According to our 
knowledge, this is the first study.

Material and methods
Study setting and population
We conducted this study on CSF and blood samples of 
patients who applied to Gaziantep University Faculty 
of Medicine Infectious Diseases Clinic and received a 
pre-diagnosis of meningitis between January 2018 and 
June 2020. Thirty-seven BM, 30 TM and 30 viral men-
ingitis (VM) cases were included in the study. Paired 
serum and CSF samples were collected on admission, 
before the empirical antimicrobial and supportive ther-
apy had started.

The protocol was approved by the Clinical Research 
Ethics Committee of Gaziantep University with the pro-
tocol number (No: 2015 /363) and the research was con-
ducted in compliance with the Declaration of Helsinki 
(version 2008).

The purpose and procedures of the study were ex-
plained and written informed consent was received 
from each participant or their guardians prior to par-
ticipation.

Exclusion criteria: Cases who were hospitalized with 
a prediagnosis of meningitis, cerebrovascular event, ma-
lignant infiltration of the menix, immunocompromised 
patients for any reason, pregnant women, and those 
lacking laboratory data used for routine diagnosis were 
excluded from the study.

Diagnosis of meningitis
The diagnosis was made according to the patient’s clin-
ics and CSF examination criteria. Lumbar puncture (LP) 
was performed if clinical signs and symptoms suggest 
meningitis. LP can be safely performed in the absence of 
increased intracranial pressure, focal neurological find-
ings and/or papillary edema. The diagnosis of bacterial 
meningitis is based on a course of clinical history and 
laboratory experiments. Clinical features were such as 
the acute onset of headache, fever, and signs of menin-
geal irritation. Laboratory diagnosis of acute bacterial 
meningitis (ABM) was made by CSF examination. Pos-
itive CSF findings were pleocytosis (≥5/mm3, mainly 
neutrophilic), elevated protein concentration (≥45 mg/
dL), a reduced ratio of CSF glucose to serum glucose 
(≤0.60) in additionally a positive CSF culture, smear, or 

PCR for bacterial pathogens or a good specific response 
to antibacterial therapy.

Viral meningitis cases had such as clinical features, 
the acute onset of headache, fever, and signs of menin-
geal irritation. In addition, there were no signs of corti-
cal involvement such as altered consciousness, aphasia, 
or seizures. Viral meningitis CSF findings were also 
pleocytosis (≥5/mm3, mainly lymphocytic), a negative 
CSF stain, culture, or PCR for bacteria, mycobacteria, 
fungi and a positive PCR for viral pathogens or full re-
covery without any specific treatments including anti-
bacterial or antituberculosis therapy.

Diagnosis of TM clinical symptom, CSF criteria, ce-
rebral imaging criteria and It was placed on the basis of 
other evidence of tuberculosis. If mycobacterium tuber-
culosis was detected in CSF of cases a definite diagnosis 
of TM was made.

Measurements
Blood and CSF taken for analysis before starting treat-
ment. The serum was separated with standard centrifu-
gation procedure and immediately divided in portions 
which were kept tightly closed at −70°C until analysis

Measurement of TAS
TAS measurement was performed using an Aeroset 2.0 
analyzer and a total antioxidant status kit (Rel Assay Di-
agnostic, Turkey). In this kit the reduced ABTS (2,2’-az-
inobis(3-ethylbenzothiazoline-6-sulfonate)) molecule is 
oxidized to ABTS•+, using hydrogen peroxide alone in 
an acidic medium (acetate buffer 30 mmol/L; pH 3.6). 
The concentrated ABTS•+ molecules (deep green) re-
main more stable for a long time in the acetate buffer 
solution. The color is spontaneously and slowly bleached 
when it is diluted with a more concentrated acetate buf-
fer solution at high pH (acetate buffer 0.4 mol/L; pH 
5.8). In the sample’s antioxidants accelerate the bleach-
ing rate to a degree proportional to their concentrations. 
This reaction can be monitored spectrophotometrical-
ly and the bleaching rate is inversely related to the total 
antioxidant capacity (TAC) of the sample. The reaction 
rate is calibrated with Trolox, which is widely used as a 
traditional standard for TAC measurement assays, and 
the assay results are expressed as mmol Trolox equiva-
lent/L.8

Measurement of TOS 
TOS measurement was performed using an Aeroset 2.0 
analyzer and a TOS kit (Rel Assay Diagnostic, Turkey). 
In the sample’s oxidants oxidize the ferrous ion–o-di-
anisidine complex to ferric ions in this kit. In the reac-
tion medium glycerol molecules enhance the oxidation 
reaction. The ferric ions make a colored complex with 
xylenol orange in an acidic medium. The color inten-
sity, which can be measured spectrophotometrically, is 
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related to the total quantity of oxidant molecules in the 
sample. The assay is calibrated with hydrogen peroxide 
and the results are expressed as the micromolar hydro-
gen peroxide equivalent per liter (μmol H2O2 Equiv./L).9

Nitrotyrosine Analysis
The NT levels were detected in plasma samples using the 
Bioxytech sandwich ELISA immunoassay (OxisResearch, 
USA) according to the manufacturer’s instructions.

Statistical Analyses
All statistical analyses were performed using PASW, ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA) for Windows. 
Continuous variables are presented as mean ± SEM and 
categorical variables are presented as n of patients (%). The 
Kolmogorov–Smirnov test was used to test the normality 
of the distribution of continuous variables. Statistical 
analysis of data between two groups was performed using 
unpaired  t-test for parametric data and Mann–Whit-
ney U-test for nonparametric data. A two-tailed p-value 
< 0.05 was considered statistically significant.

Results
Comparison of demographic and laboratory profiles of 
cases in CSF and serum are illustrated in Table 1.

CSF bacterial culture is known as the gold standard 
method for confirming acute bacterial meningitis, but 
most cases cannot be confirmed by culture. In this study, 

of 37 patients with BM, 11 had positive CSF cultures, 
smears, or PCR for bacterial pathogens, including 2 with 
Streptococcus species, 7 with Staphylococcus species, 
and 2 with other species.

It was determined that the oxidative/nitrosative 
stress parameters analyzed did not correlate with demo-
graphic data such as age and gender. 

Among the analyzed markers, a weak positive cor-
relation was found between only serum TAS and labora-
tory profile parameters CSF glucose (r: 0.267; p: 0.036).

Cerebrospinal fluid and serum NT, TAS and TOS 
concentrations of the subjects are given in Table 2.

Discussion
Activated phagocytic cells (neutrophil eosinophil and 
macrophages of all types) produce O2•- by NADPH ox-
idase. This event, called oxidative burst (burst), is im-
portant in clearing phagocytosed bacteria. Meanwhile, 
O2 consumption in phagocytic cells increases 4 to 100 
times. Reactive oxygen (ROS) and nitrogen species are 
produced by the human immune system in response 
to infection such as meningitis. According to in the re-
sults of cases with bacterial meningitis different animal, 
and several human studies it has been determined that 
ROS/RNS are produced in activated PMNs during the 
inflammatory response of the host when bacteria reach 
the subarachnoid space.1,10-13 The mechanisms of cen-
tral nervous system damage during meningitis are not 

Table 1. Comparison of demographic and laboratory profiles of cases with bacterial, tuberculosis and viral meningitis

Parameters Bacterial meningitis
(n=37)

Tuberculosis  
meningitis (n=30)

Viral meningitis
(n=30)

p

Demographic Profile
Men, n (%) 18 (48.6) 17 (56.7) 19 (63.3) >0.05

Age*, years 40.19±2.73 42.60±3.31 45.40±2.56 >0.05

Blood Profile
WBC†x106/L

9.42 (2.35-26.21) 8.80 (3.61-17.82) 7.91 (4.60-20.80) >0.05

Neutrophil† (%) 75.50 (46.0-91.0) 76.0 (46.0 -90.0) 75.0 (51.0-92.0) >0.05
ESH† (mm/hour) 35.0 (2-103) 56.0 (2-120) 29.0 (2-96) >0.05b <0.05a,c
CRP† (mg/L) 55.0 (0.5-328.0) 55.0 (2-250) 24.0 (0.78-145.0) >0.05a <0.05b, c
CSF Profile
WBC†/mm3 450 (70-1100) 250 (40-850) 90 (20-450) >0.05a

<0.05b, c
Lymphocyte percentage† 40 (10-75) 87.5 (20-90) 90 (60-100) <0.05a,b >0.05c
Protein† (mg/dl) 153 (26-1361) 647 (34-1640) 90 ( 34-215) <0.05
Glucose ratio *(CSF/Blood) 0.41±0.06 0.30± 0.04 0.59±0.03 <0.05a.c >0.05b
Clinical Profile
Systolic Blood Pressure† (mmHg) 120 (90-171) 120 (100-206) 119 (90-168) >0.05
Diastolic Blood Pressure† (mmHg) 70 (50-96) 70 (47-99) 70 (60-86) >0.05
Death, n (%) 10 (27) 4 (10) 1 (3.3) <0.05
Sequelae, n (%) 5 (13.5) 2 (6.7) 1 (3.3) <0.05

† Median (interquartile range)*Mean±SEM a: BM vs. TM; b: BM vs. VM; c: TM vs. VM
CRP: C-reactive protein, CSF: cerebrospinal fluid, WBC: white blood cell, ESH: erythrocyte sedimentation rate; CRP: C-reactive 
protein; BM: Bacterial meningitis; TM: Tuberculous meningitis; VM: Viral meningitis 
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fully elucidated, but a wealth of evidence suggests that 
reactive oxygen and nitrogen species may contribute to 
brain damage.

Some studies have shown that ROS may have an 
important role in various pathological processes such 
as vascular damage, cerebral edema formation and ce-
rebrospinal fluid pleocytosis in BM.14,15 It has been 
suggested that oxidative stress has a role in the patho-
physiology of TM-associated seizures.16

It has been determined that the nitration of tyro-
sine is increased at the cellular level, especially in ce-
rebral vessels and inflammatory cells in BM. In these 
cells, 4-hydroxynonenal compound, a lipid peroxidation 
marker, was detected suggesting a role for RNS in oxida-
tive brain injury. In addition, high concentrations of NT 
in CSF were associated with worsening of the disease.6

Previous studies found significant increases in CSF 
nitrite and NT levels in children with BM. In this study in 
cases of BM serum and CSF NT levels were found higher 
than TM and VM groups.12,17,18 However, only NT levels 
in CSF samples of cases with BM were statistically signifi-
cant compared to the levels of TM cases (p<0.05).

These results indicate that ROS/RNS production is 
more increased in CSF and serum of cases with BM and 
that oxidative damage may contributes to the patho-
physiology of such cases. CSF and blood TOS, TAS, oxi-
dative stress index and S-100B levels were found to vary 
in pediatric cases with BM. This change was found to be 
parallel to inflammation.19

In our study TAS and TOS levels in CSF samples 
were not statistically different from each other in all 3 
meningitis groups (p>0.05). In serum samples, TAS and 
TOS values showed statistically significant difference 
only between TM and VM groups (p<0.05)

In BM, ROS and RNS are considered to mediate the 
disruption of the blood brain barrier. Moreover, it has 

been found that treatment with antioxidants prevents 
the deterioration of the blood brain barrier.1,20 

This may be because the inflammation that occurs 
is due to the proliferation of bacteria, the release of ex-
cessive amounts of oxidants produced in phagocytes to 
destroy bacteria, and the use of antioxidants to neutral-
ize them.

The CSF/plasma glucose ratio in healthy adults is 
about 0.6 and therefore an abnormal level is less than 
that, usually 0.5 or less.21 In our study, this ratio was de-
termined as BM (Mean±SEM: 0.41±0.06) TM (0.3±0.04) 
and VM (0.59±0.03). The CSF/plasma glucose ratio of 
the TM group is statistically significantly lower than the 
other two groups (p<0.05).

In our study, the percentage of sequelae (13.5%) in 
cases with BM was found to be higher than in cases with 
other meningitis (TM: 6.7% and VM: 3.3% ; p<0.05). 
ROS and RNS have been associated with cognitive se-
quelae, especially since they cause cellular damage.22

In addition, the mortality rate was found to be sta-
tistically significantly higher in cases with BM than in 
TM and VM cases (BM: 27%, TM: 10%, VM: 3.3% ; 
p<0.05).

Conclusion
As a result, we can say that the oxidative and nitrosative 
stress markers studied are not a rapid and reliable bio-
marker in BM’s diagnosis, but we might conclude that 
oxidative stress contributes at least in part to the severe 
neurological dysfunction found in meningitis especial-
ly bacterial meningitis. However, in parallel with the in-
flammation in bacterial meningitis, changes had been 
occured in CSF and blood TOS, TAS and NT levels, and 
these changes should be examined in larger case groups 
in future studies.

Table 2. Cerebrospinal fluid and serum NT, TAS and TOS concentrations of the subjects

Bacterial Meningitis
(n:37)

Tuberculous Meningitis 
(n:30)

Viral Meningitis
(n:30)

p value

Serum 
NT (ng/ml) 393.48±73.4 268.74±31.1 237.14±44.0 >0.05a.b.c

TAS (mmol/L) 1.38±0.1 1.22±0.1 1.43±0.1 >0.05a.b
<0.05c

 
TOS (µmol/L) 12.16±0.9 9.41±1.1 13.4±1.1 >0.05a.b

<0.05c
CSF 

NT (ng/ml) 183.39±13.4 129.29±10.8 156.08±14.7 <0.05a
>0.05b.c

TAS (mmol/L) 0.95±0.1 0.91±0.1 1.09±0.1 >0.05a.b.c
 

TOS (µmol/L) 8.07±0.9 6.97±0.9 9.06±0.9 >0.05a.b.c

BM: Bacterial meningitis; TM: Tuberculous meningitis; VM: Viral meningitis CSF: cerebrospinal fluid, Data are given as mean ± 
standard error, a: BM vs TM; b: BM vs VM; c:TM vs VM



74 European Journal of Clinical and Experimental Medicine 2022; 20 (1): 70–74

Declarations
Funding
This study was financially supported by the Scientific 
Research Projects Governing Unit of Gaziantep Univer-
sity (Protocol number: SBF.17.03)

Author contributions 
Conceptualization, E.S.N. and M.N.; Methodology, 
E.S.N; M.N. and I.K.; Software, E.S.N. and M.N; Vali-
dation, E.S.N., M.N. and K.K.; Formal Analysis, E.S.N.; 
Investigation, M.N. and I.K; Resources, E.S.N and M.N; 
Data Curation, M.N. and K.K; Writing – Original Draft 
Preparation, E.S.N.; Writing – Review & Editing, E.S.N. 
and M.N; Visualization, E.S.N.; Supervision, E.S.N., 
M.N. and I.K; Project Administration, E.S.N.; Funding 
Acquisition, E.S.N.

Conflicts of interest 
The authors declare no conflicts of interest.

Data availability
All data generated or analyzed during this study are in-
cluded in this article [and/or] its supplementary ma-
terial files. Further enquiries can be directed to the 
corresponding author.

Ethics approval
The protocol was approved by the Clinical Research Eth-
ics Committee of Gaziantep University with the proto-
col number (No: 2015 /363)

References
1. Barichello T, Generoso JS, Simões LR, Elias SG, Qu-

evedo J. Role of oxidative stress in the pathophysiolo-
gy of pneumococcal meningitis. Oxid Med Cell Longev. 
2013;2013:371465. 

2. de Menezes CC, Dorneles AG, Sperotto RL, Duarte MM, 
Schetinger MR, Loro VL. Oxidative stress in cerebrospi-
nal fluid of patients with aseptic and bacterial meningitis. 
Neurochem Res. 2009;34(7):1255-1260. 

3. Miric D, Katanic R, Kisic B, et al. Oxidative stress and my-
eloperoxidase activity during bacterial meningitis: effects 
of febrile episodes and the BBB permeability. Clin Bio-
chem. 2010;43(3):246-252. 

4. Hoffman O, Weber RJ. Pathophysiology and treat-
ment of bacterial meningitis. The Adv Neurol Disord. 
2009;2(6):401-412.

5. Kawakami Y, Monobe M, Kuwabara K, et al. A compa-
rative study of nitric oxide, glutathione, and glutathione 
peroxidase activities in cerebrospinal fluid from children 
with convulsive diseases/children with aseptic meningitis. 
Brain Dev. 2006;28(4):243-246. 

6. Kastenbauer S, Koedel U, Becker BF, Pfister HW. Oxida-
tive stress in bacterial meningitis in humans. Neurology. 
2002;58(2):186-191.

7. Rugemalira E, Roine I, Kuligowski J, et al. Protein Oxida-
tion Biomarkers and Myeloperoxidase Activation in Cere-
brospinal Fluid in Childhood Bacterial Meningitis. Antio-
xidants (Basel). 2019;8(10):441.

8. Erel O. A novel automated direct measurement method 
for total antioxidant capacity using a new generation, 
more stable ABTS radical cation. Clinical Biochemistry. 
2004;37:277-285. 

9. Erel O. A new automated colorimetric method for me-
asuring total oxidant status. Clinical Biochemistry. 
2005;38:1103-1111.

10. Liechti FD, Grandgirard D, Leib SL. Bacterial meningitis: 
Insights into pathogenesis and evaluation of new treat-
ment options: A perspective from experimental studies. 
Future Microbiol. 2015;10:1195-1213.

11. Srivastava R, Lohokare R, Prasad R. Oxidative stress 
in children with bacterial meningitis. J Trop Pediatr. 
2013;59:305-308. 

12.  Tsukahara H, Haruta T, Todoroki Y, et al. Oxidant and 
antioxidant activities in childhood meningitis. Life Sci. 
2002;71:2797-2780.

13. Barichello T, Generoso JS, Collodel A, Moreir AP, de Al-
meida SM. Pathophysiology of acute meningitis caused by 
Streptococcus pneumoniae and adjunctive therapy appro-
aches. Arq Neuropsiquiatr. 2012;70(5):366-372.

14.  Aycicek A, Iscan A, Erel O, Akcali M, Selek S. Total an-
tioxidant/oxidant status in meningism and meningitis. 
Pediatr Neurol. 2006;35:382-386.

15. Tsukahara H, Haruta T, Hata I, Mayumi M. Nitric oxide 
inseptic and aseptic meningitis in children. Scand J Clin 
Lab Invest. 1998;58:73-79.

16. Misra UK, Kalita J, Tripathi A, Kumar M. Oxidative and 
endoplasmic reticulum stress in tuberculous meningitis 
related seizures. Epilepsy Res. 2019;156:106160.

17. van Furth AM, Seijmonsbergen EM, Groeneveld PH, van 
Furth R, Langermans JA. Levels of nitric oxide correlate 
with high levels of tumor necrosis factor alpha in cerebro-
spinal fluid samples from children with bacterial meningi-
tis. Clin Infect Dis. 1996;22(5):876-888. 

18. Kornelisse RF, Hoekman K, Visser JJ, et al. The role of ni-
tric oxide in bacterial meningitis in children. J Infect Dis. 
1996;174:120-126.

19. Abuhandan M, Çalık M, Almaz V, et al. Bakteriyel Me-
nenjitli Çocuklarda Tedavi Öncesi ve Sonrası S-100B ve 
Oksidatif Durumun Değerlendirilmesi. Klimik Dergisi. 
2012;25(2):67-70.

20. Mayhan WG. Nitric oxide donor-induced increase in 
permeability of the blood-brain barrier. Brain Research. 
2000;866(1):101-108.

21. Benninger F, Steiner I . CSF in acute and chronic infectious 
diseases. Handb Clin Neurol. 2017;146:187-206. 

22. Harris RA, Amor S. Sweet and sour—oxidative and car-
bonyl stress in neurological disorders. CNS Neurol Disord 
Drug Targets. 2011;10(1):82-107.


