
Meningitis is an acute inflammatory process affect-

ing pia mater of the brain and spinal cord. The etiology of

meningitis varies. Two types of meningitis are generally

described: bacterial [1] and viral (or serous) [2].

Meningitis is usually a result of penetration of various

pathogens into the brain tunic, starting from viruses

(Coxsackie-ECHO enteroviruses, Flavivirus, epidemic

parotitis virus, herpesviruses, etc.) [3] and bacteria

(Neisseria meningitidis, Streptococcus pneumoniae,

mycobacteria, Haemophilus influenzae, spirochetes, etc.)

[4] to protozoa [5]. In the majority of cases, viral menin-

gitis has a favorable prognosis, whereas the course of bac-

terial meningitis is much more severe and in some cases

may have lethal outcome. Success in the treatment of

meningitis greatly depends on correct diagnosis during

the first hours of the disease. Strategies of terminating

bacterial and viral meningitis are very different; therefore,

the problem of their differential diagnosis is evidently

urgent. Bacterial meningitis can be detected and con-

firmed by reliable, rapid, and inexpensive tests [3-7], but

diagnosis of viral meningitis is not trivial: it is difficult to

determine the viral agent because of its significant diver-

sity [3]. Sampling the cerebrospinal fluid (CSF) by lum-

bar puncture and its analysis helps to solve this problem.

Among classic biochemical and immunological

markers of meningitis are the contents in the CSF of total
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Abstract—Differential diagnosis of bacterial and viral meningitis is an urgent problem of the modern clinical medicine.

Early and accurate detection of meningitis etiology largely determines the strategy of its treatment and significantly increas-

es the likelihood of a favorable outcome for the patient. In the present work, we analyzed the peptidome and cytokine pro-

files of cerebrospinal fluid (CSF) of 17 patients with meningitis of bacterial and viral etiology and of 20 neurologically

healthy controls. In addition to the identified peptides (potential biomarkers), we found significant differences in the

cytokine status of the CSF of the patients. We found that cut-off of 100 pg/ml of IL-1β, TNF, and GM-CSF levels dis-

criminates bacterial and viral meningitis with 100% specificity and selectivity. We demonstrated for the first time the reduc-

tion in the level of two cytokines, IL-13 and GM-CSF, in the CSF of patients with viral meningitis in comparison with the

controls. The decrease in GM-CSF level in the CSF of patients with viral meningitis can be explained by a disproportion-

ate increase in the levels of cytokines IL-10, IFN-γ, and IL-4, which inhibit the GM-CSF expression, whereas IL-1, IL-6,

and TNF activate it. These observations suggest an additional approach for differential diagnosis of bacterial and viral

meningitis based on the normalized ratio IL-10/IL-1β and IL-10/TNF > 1, as well as on the ratio IFN-γ/IL-1β and IFN-γ/

TNF < 0.1. Our findings extend the panel of promising clinical and diagnostic biomarkers of viral and bacterial meningitis

and reveal opposite changes in the cytokine expression in meningitis due to compensatory action of pro- and antiinflam-

matory factors.
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protein, lactate, glucose, monocytes, and neutrophils [8].

Recently, increasing significance is ascribed to the

cytokine status of CSF of patients with meningitis.

Cytokines appear in the CSF due to the secretion by

perivascular macrophages and by resident cells of the

CNS: astrocytes and glial and neural cells. Endogenous

IL-1 and TNF are generally thought to be necessary for

active protection in pneumococcal meningitis [9]. A dra-

matic increase in the TNF level in the CSF of rats with

meningitis induced by St. pneumoniae was detected as

soon as after 6 h [10], and the authors consider this obser-

vation promising for early diagnosis of bacterial meningi-

tis. Increase in the expression levels of TNF and IL-1β in

the brain during experimental pneumococcal meningitis

has been confirmed on the level of mRNAs encoding

them [11]. Among five parameters of CSF in bacterial

meningitis, which include quantities of neutrophils and

monocytes and levels of protein and glucose, the IL-6

content was the most demonstrative. Moreover, patients

with the IL-6 concentration in CSF distributed in the

fourth quartile had the highest risk of neurological com-

plications on the background of meningitis [12]. In the

CSF of children with bacterial meningitis [13], the levels

of IL-6 and IL-8 were increased 10- and 20-fold. Average

levels of IL-6, interferon-gamma (IFN-γ), TNF, and IL-

8 cytokines were significantly higher in the cohort of sur-

vived AIDS-infected patients with meningitis, whereas

the levels of IL-10, MCP-1, MIP-1β, G-CSF, and GM-

CSF similar [14]. Recent wide-scale profiling of CSF of

patients with meningitis caused by Listeria monocytogenes

revealed a significant increase in the levels of 51 proteins

from the representative panel of cytokines, chemokines,

and complement system factors [15].

Obviously, the spectra of protein mediators responsi-

ble for coordination of activities of the immune system

components in response to penetration of a viral or bac-

terial pathogen are different. During the last decade, this

difference stimulated the active development of

approaches to differential diagnosis of meningitis based

on analysis of the cytokine status of a patient’s CSF.

Using the CSF levels of three cytokines, TNF, IL-6, and

IL-8, the authors [13] discriminated bacterial and viral

meningitis in children with 100% specificity and sensitiv-

ity. The threshold levels established for IL-6 and IL-8 as

100 and 75 pg/ml, respectively, differentiated bacterial

meningitis with the 100% sensitivity and specificity. The

levels of IL-6 and IL-8 in the CSF of patients with

meningitis were also studied [16], and the IL-8 concen-

tration was acknowledged by the authors as a biomarker

for discriminating bacterial and viral meningitis.

Surprisingly, there are a very few studies using proteomic

analysis of CSF of patients with meningitis. Thus, in work

[17] the authors identified 208 proteins and measured

their contents in the CSF of patients with tuberculous

meningitis. Among these proteins there were nine pro-

teins with the twofold difference from the control (the

levels of six proteins were increased and the levels of three

proteins – decreased). Several studies describe identifica-

tion of biomarkers or suggest models for discriminating

forms of meningitis [18-22]. However, we have not found

in the literature careful studies on the CSF peptidome in

meningitis. At the same time, it is evident that informa-

tion about the intensity and specificity of protein degra-

dation in the CSF could be useful for both, understanding

the pathogenetic mechanisms of meningitis and develop-

ment of new approaches of differential diagnosis.

In the present work, we performed multiplex analysis

of levels of 17 cytokines and chemokines in the CSF of

patients with bacterial and viral meningitis in comparison

with controls as an attempt to fundamentally describe the

inflammatory process and to reveal cytokines benefitial

for differential clinical diagnosis. We also found charac-

teristic differences in the peptide profiles, which together

with definite cytokine markers allowed us to create a mul-

tiparametric system for differential diagnosis of bacterial

and viral meningitis.

MATERIALS AND METHODS

Patients with meningitis and controls. We studied six

patients with bacterial meningitis (four men, two women,

median 28 years old, the interquartile interval was 22-39

years) (the diagnosis was verified according to standards

adopted by the Health Care Ministry of Russia and con-

firmed by microbiological examination) and 11 patients

with viral meningitis (six men, five women, median 26.5

years old, the interquartile interval was 23-38 years) that

was confirmed by PCR. All analyses were performed in

the Evdokimov Moscow State University of Medicine

and Dentistry. The group of controls included 20 patients

without neurological disorders or oncologic diseases (10

men, 10 women, median 59 years old, interquartile inter-

val was 41-85 years) from the Therapeutic Rehabilitation

Center of the Health Care Ministry of Russia. Sterile

samples of CSF were obtained using the standard tech-

nique of lumbar puncture. The CSF samples (1 ml) were

placed into sterile tubes without conservants before spinal

anesthesia. The investigation protocol was approved by

ethics committees of both Evdokimov Moscow State

University of Medicine and Dentistry and the

Therapeutic Rehabilitation Center. All patients gave their

informed agreement for participation in the study.

Multiplex analysis of CSF cytokines. The CSF sam-

ples were analyzed using multiplex system (Bio-Rad,

USA) according to the manufacturer’s recommendations.

The CSF samples were analyzed for the simultaneous

presence of 17 cytokines (in parentheses the correspon-

ding sensitivity level is indicated in pg/ml for each

cytokine according to the manufacturer’s specifications):

IL-1β (0.6), IL-2 (1.6), IL-4 (0.7), IL-5 (0.6), IL-6 (2.6),

IL-7 (1.1), IL-8 (1.0), IL-10 (0.3), IL-12(p70) (3.5), IL-
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13 (0.7), IL-17 (3.3), interferon-gamma (IFN-γ) (6.4),

tumor necrosis factor (TNF) (6.0), granulocytic colony-

stimulating factor (G-CSF) (1.7), granulocyte-

macrophage colony-stimulating factor (GM-CSF) (2.2),

MCP-1 (1.1) and MIP-1β (2.4). The measurements were

performed using a Bio-Plex Pro Human Cytokine 17-plex

Assay kit (Bio-Rad). Fifty microliters of threefold-diluted

CSF sample and of the cytokine standard were mixed with

magnetic microspheres carrying surface-immobilized

antibodies (50 µl) in a 96-well nonsorbing plate (Nunc,

Denmark) and incubated for 30 min at room temperature.

The plate was washed, and afterwards 25 µl of solution of

biotinylated antibodies against the studied cytokines (Bio-

Rad) were added into the well and incubated for 30 min at

room temperature. Streptavidin–phycoerythrin conjugate

(Bio-Rad) was introduced into every well and incubated

for 10 min at room temperature. After the final washing,

the magnetic microspheres were resuspended in 125 µl of

a reaction buffer (Bio-Rad) and analyzed using a

Suspension Array System (Bio-Plex 200 System; Bio-

Rad). The cytokine concentrations were calculated based

on calibration standard curves for each cytokine.

Peptidome analysis. Peptides were isolated from CSF

using solid-phase extraction on reversed-phase Discovery

DSC-18 cartridges (50 mg sorbent; Supelco, USA). CSF

samples (100 µl) of the patients with meningitis and

500 µl of CSF of neurologically healthy controls were

heated on a boiling water bath for 10 min, cooled to room

temperature, diluted twofold with 0.1% trifluoroacetic

acid (TFA) aqueous solution, and placed onto a precon-

ditioned cartridge for the reverse-phase extraction. After

the sample was placed, the cartridge was washed with 1 ml

of 0.1% aqueous TFA solution and eluted with 1 ml of

80% acetonitrile solution in 0.1% TFA. The eluate was

dried and re-diluted in 20 µl of 5% acetonitrile in 0.1%

TFA. Before mass-spectrometry analysis, the samples

were ultrasonicated on an ultrasonic bath for 2 min.

Liquid chromatography combined with mass-spec-

trometry (LC-MS/MS analysis). Analysis was performed

using a TripleTOF 5600+ mass-spectrometer equipped

with a NanoSpray III ionization source (ABSciex,

Canada) combined with a nano-flow NanoLC Ultra 2D+

(Eksigent, USA) chromatographic system as reported

previously [23]. The HPLC system was used in the con-

figuration of a precolumn–separating column. The solu-

tion for sample loading and buffer A was the following:

98.9% water, 1% methanol, 0.1% formic acid (v/v).

Buffer B consisted of 99.9% acetonitrile and 0.1% formic

acid (v/v). The samples were placed onto the Chrom XP

C18 precolumn (3 µm, 120 Å, 350 µm × 0.5 mm;

Eksigent) at the flow rate of 3 µl/min for 10 min. The

peptides were identified using the data-dependent regi-

men of the mass-spectrometer (IDA). Each cycle includ-

ed an averaged MS1 spectrum with subsequent 50

dependent MS2 spectra. For analyzing MS1, the param-

eters were as follows: masses for analysis and subsequent

selection of ions for fragmentation analysis were within

300-1250 m/z, signal accumulation time was 250 ms. For

MS2 analysis, ions were taken based on the ionic current

intensity with the threshold value of 200 pulses/s and the

charge from +2 to +5. For analyzing MS2, the following

parameters were used: quadrupole resolution UNIT

(0.7 Da), masses within 200-1800 m/z, optimization of

the ion beam for obtaining the maximum sensitivity (res-

olution ∼20,000), signal accumulation time was 50 ms for

each ion. Nitrogen was used for collision-induced disso-

ciation. The collision energy was the same for all ions and

changed linearly from 25 to 55 V during 50 ms of the sig-

nal accumulation time. Ions for which the MS2 spectrum

was obtained were introduced into the dynamic exclusion

list for 15 s to increase the probability of obtaining the

MS2 spectrum in the highest point of the peptide chro-

matographic peak (the peak average width for the compo-

nents was 30 s). Solution of trypsin hydrolysate of β-

galactosidase (20 fmol) was used with the 15-min gradient

(from 5 to 25% buffer B) for calibration of the mass-spec-

trometer and control of productivity, stability, and repro-

ducibility of the system.

Analysis of LC-MS/MS data. Based on MS/MS

data obtained with the ProteinPilot program (version 4.5;

ABSciex), lists of peaks were generated and recalibrated

and then analyzed in parallel using MASCOT (version

2.2.07) and X!Tandem (version CYCLONE, 2013.2.01)

programs against the UniProt Human Protein

Knowledgebase database (version 2015_03). Admissible

deviations from the ion precursor and fragment masses

were 20 ppm and 0.04 Da, respectively. Searching param-

eters in the database were unspecific enzyme and dynam-

ic/flexible methionine oxidation. The identification

results and their meta-analysis were validated using the

Scaffold 4 program (version 4.2.1, Proteome Software

Inc., USA). Peptides suitable by the reliability level for

the identification massive with Global FDR 1% were

considered as reliably identified. The list of precursor

proteins was composed based on the reliably identified

peptides (FDR 1%). The subcellular localization and

functions of the identified precursor proteins were deter-

mined using the UniProtKB/Swiss-Prot, Gene Ontology

(GO), and KEGG databases.

Statistical processing of data. The data were analyzed

using Sigma-Plot 12.5 and GraphPad Prism 5.0 software.

Statistically significant differences were evaluated with

the paired t-test (at significant difference of p < 0.05).

When the cytokine concentration was below the

detectable level, the values were substituted by the corre-

sponding threshold concentrations. The levels of

cytokines and chemokines were analyzed in diagrams

using ROC (Receiver Operator Characteristic) of the

curves, which presented graphic characteristics of the

binary classifier quality. The characteristics determined

the dependence of the fraction of true positive classifica-

tion on the fraction of false positive classifications.



1296 BELOGUROV et al.

BIOCHEMISTRY  (Moscow)   Vol.  81   No.  11   2016

RESULTS

Determination of cytokine status of CSF of patients

with bacterial and viral meningitis. Results of the multi-

plex analysis of the CSF of patients with meningitis and

the controls are presented in Table 1 and Fig. 1a. The lev-

els of all cytokines and chemokines in the CSF of patients

with bacterial meningitis were increased. The increase in

the concentrations of MCP-1, IFN-γ, IL-10, IL-

12(p70), IL-13, and IL-17 in the CSF of patients with

bacterial meningitis was within one order of magnitude,

the concentrations of G-CSF, MIP-1β, GM-CSF, IL-2,

IL-4, IL-6, and IL-7 were increased up to 100 times, and

the concentrations of TNF and IL-1β were increased by

three and four orders of magnitude, respectively. For all

the studied cytokines and chemokines, ROC curves were

plotted. These curves reveal biological markers with the

highest diagnostic potential, whereas the area under the

curve, which is described by the coefficient A, tended to 1

for the ideal diagnostic parameter. Figure 1b demon-

strates that the increased levels of cytokines IL-1β, TNF,

and GM-CSF with 100 pg/ml cutoff differentiated bacte-

rial and viral meningitis with 100% specificity and selec-

tivity. Similar values with the area under the curve with

coefficient A = 0.97 were found for the ROC curves for

cytokines IL-2, IL-4, and IL-17. A significant dispersion

of the MCP-1, IL-6, IL-7, and IL-8 concentrations in

the patients with different meningitis forms, which in the

case of IL-6 could reach four orders of magnitude, signif-

icantly decreases the potential of these factors as parame-

ters for differential diagnosis of meningitis. It should be

noted that the increase in the levels of cytokines IL-10

and IFN-γ significantly correlated with the increase in

the levels of cytokines TNF and IL-1β in the CSF of

patients with viral meningitis, whereas in bacterial

meningitis no such dependence was observed, or it was

much less pronounced (Fig. 2).

Comparison of cytokine and chemokine levels in

patients with meningitis and in healthy donors revealed a

general tendency of their increase in meningitis without

dependence on its etiology (Table 1). Nevertheless, the

GM-CSF level was significantly decreased in the CSF of

patients with viral meningitis as compared to healthy

donors, and the level of IL-13 was pronouncedly

decreased in the CSF of both groups of patients with

meningitis in comparison with the controls (Fig. 3).

However, it should be noted that this observation could be

caused by specifics of the control group, which consisted

of old patients subjected to the epidural anesthesia before

prostatectomy or replacement of knee endoprostheses,

because sampling CSF of volunteers is prohibited by eth-

ical norms.

Peptidome profiling of CSF of patients with bacterial

and viral meningitis. The LC-MS/MS analysis of peptide

fractions of CSF of 20 controls, four patients with bacte-

rial meningitis and four patients with viral meningitis

Name of cytokine/
chemokine

IL-7

IL-8

IFN-γ

MCP-1

GM-CSF

IL-13

TNF

MIP-1β

IL-1β

IL-2

IL-4

IL-6

IL-10

IL-12p70

IL-17

G-CSF

р, paired t-test bacterial-viral
meningitis

0.176

0.106

0.356

0.072

<0.001

0.629

0.003

0.024

0.025

0.020

<0.001

0.025

0.910

0.012

<0.001

0.018

Table 1. Mean values of cytokine and chemokine concentrations (pg/ml) in CSF of patients with meningitis and of

neurologically healthy controls

controls, n = 12

61

41

152

0.5 × 103

230

36

<6

49

<1.8

<2

0.5

8.7

1.2

1.7

15

8.3

viral meningitis,
n = 11

56

7.7 × 103

1.0 × 103

1.1 × 103

<10

6

10

4.3 × 103

3.4

9

2.4

3.6 × 103

340

9.2

10

25

bacterial meningitis,
n = 6

220

30 × 103

1.8 × 103

3.1 × 103

260

3

4.8 × 103

35.5 × 103

15 × 103

120

24

35 × 103

290

36

83

990

Concentration, pg/ml
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revealed 3808 unique peptides that were fragments of 598

proteins (Tables S1-S3 are given in the Supplement to this

paper at the journal site http://protein.bio.msu.ru/

biokhimiya and Springer site Link.springer.com). In the

sample groups, these peptides were distributed as follows:

3164 peptides (fragments of 462 proteins) were identified

in the CSF samples from patients with bacterial meningi-

tis, 571 peptides (fragments of 190 proteins) were identi-

fied in the samples of CSF of patients with viral meningi-

tis, and 629 peptides (fragments of 146 proteins) were

identified in samples of CSF of the control group. Venn

diagrams representing distributions of the identified pep-

tides and their protein precursors are shown in Fig. 4. The

peptides identified in the CSF of all subjects were frag-
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Fig. 1. Levels of cytokines and chemokines in CSF of patients with bacterial meningitis (BM) in comparison with data for viral meningitis

(VM) (a) and the corresponding ROC-curves (b). In panel (a), individual values and the median are shown.

Fig. 2. Levels of GM-CSF (a) and IL-13 cytokines (b) in CSF of patients with bacterial (BM) and viral (VM) meningitis as compared to the

controls (C). Individual values and median are shown. NS, not significant; * p < 0.05, ** p < 0.01 (paired t-test).
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Fig. 3. Venn diagrams representing the distribution of peptides and their protein precursors identified in CSF in three groups of samples: bac-

terial meningitis (BM), viral meningitis (VM), and control.

Peptidome Peptidogenic proteins

Control (146)
Control (629)

VM (190)

VM (571)

BM (462)BM (3164)

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

control

6

0

8

12

11

5

0

1

0

1

0

0

7

0

2

1

15

3

1

0

29

Table 2. Neuropeptides identified as peptide fragments in CSF samples

VM

5

0

19

13

11

5

2

2

0

1

0

1

2

1

2

2

11

2

2

1

29

BM

11

1

105

40

22

14

1

1

1

3

1

1

4

1

3

3

11

6

16

1

95

UNIPROT
code

P05408

Q16568

P10645

P05060

P13521

Q8WXD2

P01042

P06307

P18509

P01344-3

P01308

O95158

P01303

Q02818

P01210

Q13519

Q9UHG2

P01019

P61278

P20396

O15240

Name of protein

Secretory granule, neuroendocrine protein 1 (7B2 protein)

Cocaine- and amphetamine-regulated transcript protein

Chromogranin-A

Secretogranin-1

Secretogranin-2

Secretogranin-3

Kininogen-1

Cholecystokinin

Pituitary adenylate cyclase-activating polypeptide

Isoform 3 of insulin-like growth factor II

Insulin (fragment)

Neurexophilin-4

Neuropeptide Y

Nucleobindin-1

Proenkephalin

Prepronociceptin

ProSAAS

Angiotensinogen

Somatostatin

Pro-thyrotropin-releasing hormone

Neurosecretory protein VGF

Number of unique

endogenous peptides
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ments of blood plasma major proteins and of neurospecif-

ic proteins including neuropeptides. Thus, in CSF we

identified peptide fragments corresponding to 21 of 283

known human neuropeptides. Amino acid sequences of

these neuropeptides are listed in the NeuroPep database

(Table 2). Significantly more peptide fragments of some

neuropeptides, e.g. chromogranin A, secretogranins-

1/2/3, somatostatin, and neurosecretory protein VGF,

were detected in the CSF of patients with bacterial

meningitis than in the CSF of the control subjects and

patients with viral meningitis. This could be due to both,

an increase in the exchange level of these neuropeptides

and an increase in their total content in the CSF during

bacterial meningitis. In opposite, for neuropeptide Y and

the inhibitor of proprotein convertase 1 (proSAAS), the

number of identified peptide fragments was lower in the

CSF of patients with viral and bacterial meningitis than in

the CSF of the controls. It should be noted that in the

peptidome of the CSF of patients with bacterial meningi-

tis we did not find fragments of procalcitonin, which is

Fig. 4. Correlation analysis of relative increase in levels of cytokines IL-10 and IFN-γ versus IL-1β and TNF in CSF of individual patients

with bacterial and viral meningitis (BM and VM, respectively) in comparison with controls. The data were normalized to the mean value of

each cytokine in the CSF of the controls.

BM

VM

Relative TNF level Relative IL-1β level

Relative TNF level Relative IL-1β level
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considered very promising for diagnosis of bacterial

meningitis [24, 25]. Peptide fragments of some other pro-

teins associated with acute inflammation (Table 3) were

present in significantly larger amounts in bacterial

meningitis than in the control. In particular, fragmenta-

tion of the complement system proteins serpin clade A,

cytoplasmic actin, serum amyloid A, and zyxin in bacte-

rial meningitis was significantly higher than in viral

meningitis.

DISCUSSION

Study on the cytokine status based on biochemical

and immunological analysis of CSF in meningitis is now

an urgent problem of clinical immunology, and such

studies are actively performed in many laboratories

throughout the world. The cytokines IL-1β and TNF

observed herein are considered as the “gold standard” for

differential diagnosis of meningitis with bacterial and

viral etiology. These two cytokines initially discovered in

the 1980s [26, 27] are one of the most important media-

tors of inflammation. The concentration of IL-1β above

20 pg/ml was found in the CSF of 78% of patients with

bacterial meningitis, in 4% of patients with viral meningi-

tis, and in 8% of controls [28]. These data completely

confirm our observations of the four-order-of-magnitude

difference in the average IL-1β concentrations in patients

with bacterial and viral meningitis. In study [29], levels of

TNF, IL-1β, and IL-8 were determined in CSF of

patients with bacterial and viral meningitis, and TNF

level above 75.8 pg/ml was acknowledged as 100% dis-

criminating bacterial and viral meningitis. These data are

consistent with the [TNF] cut off value of 100 pg/ml

established in the present study.

The levels of cytokines IL-6 and IL-8 were also con-

sidered as a diagnostic test of meningitis. Increased levels

of TNF, IL-1β, and IL-6 in CSF were shown to be bio-

markers of neonatal meningitis, and IL-6 was the most

demonstrative [30]. In study [31], the authors discrimi-

nated bacterial and viral meningitis in children based on

the levels of cytokines IL-6 and IL-12 (the increase was

threefold on average), whereas the difference between the

levels of these cytokines in CSF in the neurologically

healthy control group and in the patients with viral

meningitis was insignificant. In bacterial meningitis, the

level of IL-12 grew more rapidly than the level of IL-6. It

seems that IL-6 is a cytokine of “second line” with

delayed increase in concentration and subsequent long-

term clearance from the CNS. In the case of enterococ-

cus-caused neonatal meningitis reported in [32], signifi-

cantly increased levels of IL-6, IL-10, and TNF were

observed, and 20-fold increase in the IL-6 level remained

on the 28th day of the disease. It should be noted that we

have observed significantly overlapping values of the IL-6

and IL-8 concentrations in CSF of patients with bacteri-

al and viral meningitis, although the average values of IL-

6 and IL-8 concentrations were increased 10- and 4-fold,

respectively. We think that such overlapping lowers the

clinical significance of these cytokines for differential

diagnosis. In study [33], the authors showed that the TNF

level in children with viral and bacterial meningitis dif-

fered, respectively, 10- and 100-fold and more from the

control, at the same time the difference in the level of IL-

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

control

6

5

0

0

0

0

2

0

0

1

9

1

25

Table 3. Proteins functionally connected with inflammation that were identified as peptide fragments in CSF samples

VM

15

14

0

2

0

1

1

0

0

0

17

5

14

BM

137

76

37

6

6

4

26

22

36

69

93

22

29

UNIPROT
code

P01024

P0C0L4

P0C0L5

P02746

P01031

P02748

P00738

P02741

P0DJI8

P01023

P01009

P01011

P02766

Name of protein

Complement component C3

Complement component C4-A

Complement component C4-B

Complement component 1, q subcomponent, B chain, isoform CRA_a

Complement component C5

Complement component 9, isoform CRA_a

Haptoglobin

C-reactive protein

Serum amyloid A protein

α2-macroglobulin

α1-antitrypsin

α1-antichymotrypsin

Transthyretin

Number of unique

endogenous peptides
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6 was insignificant. They suggested that these results

could be explained by heterogeneity of the studied cohort

and by different moment of the CSF sampling in terms of

the disease peak.

In the present study, we report for the first time a

decrease in the level of two cytokines, namely IL-13 and

GM-CSF, in the CSF of patients with viral meningitis.

IL-13 was also significantly decreased in the CSF of

patients with bacterial meningitis. The function of GM-

CSF is to stimulate the growth and differentiation of

hemopoietic cells. Expression of GM-CSF is increased

under the influence of IL-1, IL-6, and TNF and is

decreased under the influence of IL-10, IFN-γ, and IL-4.

The observed decrease in the GM-CSF level in CSF of

patients with viral meningitis can be explained by a dis-

proportionate growth of the second group cytokines in

comparison with those of the first group. Thus, the con-

centrations of IL-10 and IFN-γ in the CSF of patients

with viral meningitis were comparable with their concen-

trations in patients with bacterial meningitis, whereas the

levels of IL-1β and TNF in the CSF of patients with bac-

terial meningitis were more than 1000 times higher than

in the CSF of patients with viral meningitis. Therefore, if

in the case of bacterial meningitis the increase in the IL-

10 and IFN-γ concentrations was compensated by an

explosive growth of the amounts of IL-1β and TNF, in

viral meningitis the inhibitory action of IL-10 and IFN-γ

dominated over the activation of GM-CSF expression

under the influence of IL-1β and TNF. Correlation

analysis of individual values of cytokines confirms these

conclusions, because the concentrations of IL-10 and

IFN-γ in the CSF of patients with viral meningitis grow

more rapidly than the concentrations of IL-1β and TNF,

whereas in patients with bacterial meningitis, there is no

such dependence or it is much less pronounced.

Notwithstanding the absence of a significant difference in

the IL-10 and IFN-γ levels in the CSF of patients with

different forms of meningitis, utilization of a multipara-

metric test allows us to establish diagnosis of viral menin-

gitis more accurately at TNF and IL-1β concentrations

close to the threshold values, which are specific for bacte-

rial meningitis. These observations suggest an additional

approach for differential diagnosis of meningitis based on

the normalized ratios IL-10/IL-1β and IL-10/TNF with

cut-off >1 and also IFN-γ/IL-1β and IFN-γ/TNF with

cut-off >0.1, which discriminates bacterial and viral

meningitis.

In addition to determination of cytokine levels in the

CSF of patients with meningitis of different etiologies, we

identified the spectrum of peptides produced either dur-

ing the proteolytic degradation of CSF proteins or as a

result of activation of neuropeptide protein precursors

processing being a component of the human body defense

in response to infection localized in the central nervous

system. Data presented in Tables 2 and 3 show that num-

ber of peptide fragments present in CSF varies differently

in various forms of meningitis in comparison with neuro-

logically healthy controls. Our findings open a unique

possibility for designing peptide panels for rapid and

effective determination of meningitis form at early stages

and for performing large-scale clinical studies based on

these data. According to the peptidome analysis proteins

of complement system, serpin clade A, cytoplasmic actin,

serum amyloid A and zyxin are the best candidates for

monitoring their presentation in the CSF of patients with

different forms of meningitis. Multiple reaction monitor-

ing (MRM) methodology of mass spectrometry seems to

be the most beneficial because of its high specificity and

large dynamic range of ∼107, which is comparable to

modern immunochemical analysis. This approach allows

researchers to quantitatively determine amount of neu-

ropeptides and to identify cytokines that are present in

CSF in picomolar concentrations. These measurements

can be performed rather quickly and economically to rap-

idly discriminate bacterial and viral meningitis at early

stages of the disease. We note in conclusion that our data

have extended the panel of biomarkers of viral and bacte-

rial meningitis with clinical and diagnostic potential and

revealed different trends in cytokine changes in meningi-

tis as a result of compensatory effects of pro- and antiin-

flammatory cytokines.
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