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LIST OF ABBREVIATIONS
BBB – blood-brain barrier
CG – control group
CNS – central nervous system
CoNS – coagulase-negative staphylococci
CRP – C-reactive protein
CSF – cerebrospinal fluid
CSFC – cerebrospinal-fluid culture
DDM – disk-diffusion method
DM – direct microscopy
Е-test – epsilometer test
ECBN – etiologically confirmed bacterial
neuroinfection
ECVN – etiologically confirmed viral
neuroinfection
ELFA – enzyme-linked fluorescence assay
ELISA – enzyme-linked immunosorbent
assay
ESBLs – extended-spectrum betalactamases
EUCAST – European Committee on
Antimicrobial Susceptibility Testing

EUIN – etiologically unidentified
neuroinfection
HHV-6 – human herpesvirus 6
HIV – human immunodeficiency virus
HSV-1 – herpes simplex virus 1
HSV-2 – herpes simplex virus 1
IL-6 – interleukin 6
IL-8 – interleukin 8
IL-10 – interleukin 10
IL-12 – interleukin 12
LAT – latex-agglutination test
MDT – microdilution test
MIC – minimal inhibitory concentration
mPCR – multiplex polymerase chain
reaction
MRSA – methicillin-resistant S. aureus
PCT – procalcitonin
SVG – viridans group streptococci
TNF-α – tumor necrosis factor alpha
VZV – varicella-zoster virus
WBC – white blood cells
WHO – World Health Organization

Antibiotics
NOR – norfloxacin
CIP – ciprofloxacin
LVX – levofloxacin
CST – colistin
ERY – erythromycin
CLI – clindamycin
CHL – chloramphenicol
TET – tetracycline
AMK – amikacin
GEN – gentamicin
TOB – tobramycin
TGC – tigecycline
RIF – rifampicin
LZD – linezolid
SXT – trimethoprim/sulfamethoxazole

PEN – penicillin
AMP – ampicillin
OXA – oxacillin
PIP – piperacillin
TZP – piperacillin/tazobactam
AMC – amoxicillin/clavulanic acid
FOX – cefoxitin
CTX – cefotaxime
CRO – ceftriaxone
CAZ – ceftazidime
FEP – cefepime
MEM – meropenem
IPM – imipenem
ATM – aztreonam
VAN – vancomycin
TEC – teicoplanin

Antifungals
ITC – itraconazole
VRC – voriconazole
FLC – fluconazole
5FC – flucytosine

CAS – caspofungin
MFG – micafungin
AFG – anidulafungin
AMB – amphotericin B
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Standard abbreviations in antimicrobial susceptibility testingb
S – susceptible to a therapeutic agent isolate
I – isolate with intermediate susceptibility to a therapeutic agent
R – resistant to a therapeutic agent isolate
b
– according to EUCAST
Statistics symbols
n – sample number
Σ – sum
Ме – median
R – range
SE – standard error
S – standard deviation
95 % CI – 95 % confidence interval
rs – Spearman's rank correlation coefficient
p – statistical significance
p % – proportion

W – Kruskal-Wallis H Test value
Z – Wilcoxon signed-rank test value
SD – standard deviation
Sen (%) – sensitivity
Spe (%) – specificity
PPV – positive predictive value
NPV – negative predictive value
ROC – receiver operating characteristic
curve
AUC – area under the ROC curve
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1. Introduction
Infections of the brain and its coverings are a current healthcare problem of growing
significance worldwide. The incidence of infections affecting the central nervous system
(CNS) has increased in recent years, despite the remarkable advances in infection control
and public health, such as the introduction of vaccine prophylaxis and the development of
new antibiotics. This is largely dependent on the growing number of immunocompromised
individuals owing to the rise in cancer and autoimmune diseases, the widespread use of a
variety of immunosuppressive drugs, as well as the expansion of HIV infection. The
continuous development of antibiotic resistance is another factor that adversely affects the
control of patients with neuroinfections, which severely limits the treatment options and the
choice of empirical antibiotic therapy. The social significance of these diseases is
characterized by the high mortality rates and frequency of neurological sequelae among
patients who survived. According to data from the National Center for Infectious and
Parasitic Diseases (NCIPD) the main cause of mortality among acute infectious diseases in
the country for 2018 were neuroinfections, accounting for 40 % of all deaths.
Establishing the etiology and treatment of CNS infections is a complex process and
requires a comprehensive approach following the most likely cause of the disease according
to the age, available risk factors, knowledge of circulating pathogens, and levels of
antimicrobial resistance, as well as the diagnostic methods available to the laboratory. The
diagnosis is made not only on the basis of clinical and epidemiological data but also on the
results of clinical laboratory and microbiological examination of cerebrospinal fluid (CSF),
an integral part of the diagnostic process. Clinical presentation and laboratory study of CSF
alone do not have sufficiently high sensitivity and specificity. The most commonly used
methods for microbiological diagnosis include direct microscopy (DM), CSF culture
(CSFC), and isolate identification. Although these approaches are widely used in the
diagnosis of patients with neuroinfections, they have significant limitations and may not
always provide a rapid and accurate etiological diagnosis. In order to overcome the limiting
factors of the conventional microbiological diagnostic methods, other techniques such as
latex agglutination tests (LAT) and multiplex PCR reactions (mPCR) are also used, but they
have restrictions too. Therefore, it is recommended to start empirical antibiotic therapy
before obtaining results from the microbiological analysis.
Due to the high rate of unidentified etiology among patients with acute CNS infections
and the practical need to distinguish bacterial from viral pathogens, the number of studies
focusing on the role of inflammatory mediators in addressing the etiology of the disease is
increasing. Establishing the differential diagnostic potential of the cytokines IL-6, IL-8,
IL-10, IL-12, TNF-α, and other inflammatory biomarkers such as C-reactive protein (CRP)
and procalcitonin (PCT) would contribute to the early demarcation of bacterial from viral
neuroinfections, and would also outline patients at increased risk of developing
complications.
Rapid and accurate etiological diagnosis in patients with acute CNS infections would
lead to a reduction in hospital stays, unnecessary hospitalizations, and treatment costs due to
the application of inadequate antimicrobial therapy. It would also lower the incidence of
local resistance, as well as limit the side effects in patients receiving antimicrobial drugs.
This in turn will improve patient care, decrease complications, and have a beneficial effect
on the outcome of the disease.
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The social significance of the problem, the necessity for more studies to validate rapid
methods for etiological diagnosis and differential diagnostic potential of pro- and antiinflammatory cytokines, CRP and PCT, as well as to refine the reference concentrations of
these biomarkers, motivated our research and defined the aim of the doctoral thesis. With
the following observation on the one hand we hope to supplement the data on the diagnostic
potential of the interleukins IL-6, IL-8, IL-10, IL-12, TNF-α and the biomarkers CRP and
PCT in acute CNS infections, and on the other hand to optimize the diagnostic and
treatment process in patients with acute CNS infections.
2. AIM AND OBJECTIVES
AIM
To compare the microbiological and immunological methods for rapid etiological
diagnosis in patients with acute CNS infections.
OBJECTIVES
To achieve the aim of the doctoral thesis, the following specific objectives were formulated:
1. To obtain up-to-date results on the etiological structure and epidemiological
characteristics of the non-viral isolates of cerebrospinal fluid on the territory of Plovdiv
district for the period 2013-2019;
2. To analyze the antimicrobial susceptibility of the non-viral isolates of cerebrospinal
fluid on the territory of Plovdiv district for the period 2013-2019;
3. To evaluate the diagnostic value of the applied microbiological methods for rapid
etiological diagnosis in patients with acute CNS infections - DM, LAT, and mPCR;
4. To study the role of the cytokines IL-6, IL-8, IL-10, IL-12(p40), TNF-α, classical
laboratory parameters of cerebrospinal fluid, as well as serum CRP and PCT for the
rapid etiological diagnosis in patients with acute CNS infections;
5. Based on the obtained results, to prepare an exemplary diagnostic algorithm aiding the
rapid etiological diagnosis in patients with acute CNS infections.
3. MATERIAL AND METHODS
3.1. MATERIAL
3.1.1 Subject of observation - the subjects of observation are the results of laboratory
examination of cerebrospinal fluid and serum, microbiological analysis, cytokine levels
determined in serum and cerebrospinal fluid, as well as serum CRP and PCT values in
patients with suspected acute infection of the central nervous system.
3.1.2. Units of observation
3.1.2.1. Logical units of observation
 Objective 1 – 1775 clinical specimens of cerebrospinal fluid, corresponding to 1258
patients, hospitalized in St. George University Hospital Plovdiv from 2013 to 2019;
 Objective 2 – 211 isolated bacterial and fungal pathogens over the period of 20132019;
 Objective 3 – 114 patients selected on the basis of including and excluding criteria
for the studied prospective period;
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 Objective 4 – 80 patients selected according to additional inclusion criteria for the
prospective study period.
3.1.2.2. Place of observation – the study was conducted in the Department of Microbiology
and Immunology of the Faculty of Pharmacy, the Research Center for Immunology, the
Technological Center for Emergency Medicine and the Research Institute at the Medical
University - Plovdiv, as well as in collaboration with the Laboratories of Microbiology and
Virology at St. George University Hospital Plovdiv. Some of the work on the confirmation
of isolates, their serogrouping and serotyping, as well as the verification of their
antimicrobial susceptibility, were performed with the collaboration of the Department of
Medical Microbiology of Medical University - Sofia and the National Center for Infectious
and Parasitic Diseases (NCIPD). The classical clinical laboratory parameters of
cerebrospinal fluid and serum were measured in the Central Clinical Laboratory of the
St. George University Hospital Plovdiv.
3.1.3. Signs of observation
3.1.3.1. Clinical – data from the clinical examination of patients for the presence of
symptoms of meningeal irritation, excitatory sensory changes, signs of intracranial
hypertension, general physical symptoms (toxoinfectious syndrome).
3.1.3.2. Clinical laboratory – results of the clinical laboratory evaluation of the patients for
the presence of cerebrospinal fluid abnormalities - changes in cell number, total protein,
glucose levels, cerebrospinal fluid to serum glucose ratio, as well as serum concentrations of
CRP and PCT.
3.1.3.3. Instrumental
 Results of the performed microbiological diagnostics in the selected patients by using
DM, CSFC, LAT, and mPCR;
 Results of the performed immunological tests for determining the concentrations of
the tested cytokines in serum and cerebrospinal fluid;
 Results of the performed immunological tests for determining the concentrations of
CRP and PCT in serum and cerebrospinal fluid.
3.1.3.4. Demographic – collecting information on the gender and age of the studied
patients.
3.1.4. Collaborators of observation – the study was performed by the Ph.D. student under
the guidance of the scientific supervisor. The routine microbiological diagnosis also
involved the doctors working at the Laboratories of Microbiology and Virology at the
St. George University Hospital Plovdiv: Assoc. Prof. Tihomir Dermendzhiev, M.D., Ph.D.,
Assoc. Prof. Mariya Atanasova, M.D., Ph.D., Veselina Kirina, M.D., Petya Gardzheva,
M.D., Eli Hristozova, M.D., Ph.D., Lalka Koycheva, M.D. and Margarita Tsolova, M.D.
3.1.5. Time of observation – the study covers a period of 7 years - from January 2013 to
December 2019.
3.1.6. Selection of the patients – in order to select the patients, the Ph.D. student personally
developed and implemented a paper of request, by which the clinic, where the patient was
hospitalized, claims molecular genetic analysis. It includes the clinical data of the patient
filled by the attending physician and the determined clinical laboratory abnormalities of the
cerebrospinal fluid.
3.1.6.1. Inclusion and exclusion criteria to Objective 3.
Inclusion criteria:
 patients of all ages;
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 patients with clinical evidence of acute CNS infection – symptoms of meningeal
irritation (nuchal rigidity, Kernig, Brudzinski), excitatory sensory abnormalities,
signs of intracranial hypertension (headache, nausea, vomiting), general physical
symptoms (toxoinfectious syndrome);
 patients with CSF abnormalities of CNS infection – changes in cell number, total
protein, glucose levels, and cerebrospinal fluid to serum glucose ratio;
 minimum of 1 ml CSF and serum;
 without restrictions in comorbidities and the used drug therapy.
Exclusion criteria:
 CSF from individuals with chronic meningitis;
 insufficient amount of CSF and serum;
 CSF or serum that was taken in violation of the principles of asepsis and antiseptics;
 hemolyzed blood samples.
3.1.6.2. Additional inclusion criteria to Objective 4.
Inclusion criteria for the groups of etiologically confirmed bacterial neuroinfections
(ECBN) and etiologically confirmed viral neuroinfections (ECVN):
 individuals with concomitant clinical and laboratory evidence of acute CNS
infection;
 patients with peripheral blood abnormalities, consistent with infection;
 patients with a positive microbiological result of cerebrospinal fluid (confirmed
etiology).
Inclusion criteria for the groups of etiologically unidentified neuroinfections (EUIN):
 individuals with concomitant clinical and laboratory evidence of acute CNS
infection;
 patients with peripheral blood abnormalities, consistent with infection;
 patients with a negative microbiological result of cerebrospinal fluid (unidentified
etiology).
Inclusion criteria for the control group (CG):
 individuals with clinical symptoms but without clinical laboratory abnormalities,
consistent with acute CNS infection;
 individuals with clinical laboratory abnormalities but without clinical symptoms,
consistent with acute CNS infection;
 patients with a negative microbiological result of cerebrospinal fluid (unidentified
etiology);
 the presence of a pathological process other than a neuroinfection that may explain
the clinical symptoms and/or clinical and laboratory abnormalities in the
cerebrospinal fluid;
 a final diagnosis other than neuroinfection has been made.
3.1.7. Collection, transport, and storage of the biological materials – the cerebrospinal
fluid is obtained by lumbar puncture following the principles of asepsis and antiseptics. The
CSF is collected in sterile containers and transported as quickly as possible to the
Laboratory of Microbiology, prevented from cooling. The clinical specimen is divided into
several portions - for routine microbiological examination, mPCR, LAT, and measurement
of the tested cytokines. In parallel with the cerebrospinal fluid, venous blood is taken from
the same patients by venipuncture, observing the principles of asepsis and antisepsis. The
separated serum is transferred to individual non-sterile vials. The pair of the clinical samples
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serum and cerebrospinal fluid, for measuring cytokine concentrations, are stored together at
a temperature of -800 C in a low-temperature freezer.
3.1.8. Study design – the conducted study is ambispective, as in its main part it is
prospective (2016-2019), with retrospective elements for the period 2013-2015. The data
from all cerebrospinal fluid received for research in the laboratory for a period of 7 years
were used to establish the etiological structure of non-viral CNS infections and
antimicrobial resistance of the isolates (Objective 1. and 2.). Of these, 114 patients with
evidence of acute CNS infection were selected based on inclusion and exclusion criteria to
compare the methods for microbiological diagnosis (Objective 3.). After applying the
additional selection criteria, 80 patients were chosen to be measured for the biomarkers
IL-6, IL-8, IL-10, IL-12(p40) and TNF-α, CRP, and PCT to analyze their discriminative
potential in the differentiation of bacterial from viral neuroinfections (Objective 4.). The
obtained data were entered and coded in computer databases. The analysis and interpretation
of the results served as a ground for the development of an exemplary optimized diagnostic
algorithm (Objective 5.). The design of the present study is shown in Fig. 1.
3.2. METHODS
3.2.1. Routine methods of microbiological analysis – the conventional microbiological
examination includes direct microscopy, culturing, and antimicrobial susceptibility testing.
3.2.1.1. Direct microscopy – to perform the direct microscopy, 2 microscope slides are
prepared using a big drop of CSF, which are then stained by the method of Gram and
Löffler, with Ziehl-Neelsen staining being performed if needed.

Total number of received CSF samples for microbiological examination for the
period of January 2013 - December 2019
(to fulfill the Objectives 1. and 2.)

Selection of 114 patients according to the inclusion and exclusion criteria
and performing DM, CSFC, LAT and mPCR
(to fulfill the Objective 3.)

Selection of 80 patients according to the additional criteria to measure
both serum and CSF cytokine levels
and serum CRP and PCT
(to fulfill Objective 4.)

Analysis of the obtained results and preparation of an
exemplary diagnostic algorithm to support the rapid
etiological diagnosis in patients with acute CNS infections
(to fulfill the Objective 5.)
Fig.1. Study design of the doctoral thesis
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3.2.1.2. CSF culturing – appropriate selective and non-selective growth media are used for
the culturing of CSF samples - 5% blood agar, Levin agar (eosin-methylene blue), chocolate
agar/Levinthal’s medium, Sabouraud-dextrose agar, as well as a liquid growth medium for
enrichment – a thioglycolate broth. The incubation of the primary cultures is carried out at
35-370 C for 48 hours, and the first reading is performed after 24 hours. The cultures on
chocolate agar/Levinthal’s medium were incubated in an atmosphere containing 5-10% of
carbon dioxide in a Heraeus incubator. The cultures on the Sabouraud-dextrose selective
medium are stored until the 14th day after inoculation at room temperature. In case of a
positive culture, the pathogen is further identified using the appropriate routine biochemical
tests, semi-automated (Analytical Profile Index - API, bioMerieux, France) and automated
systems (Vitek-2, bioMerieux, France).
3.2.1.3. In vitro tests for determining the antimicrobial susceptibility of the isolates –
following the identification, a susceptibility testing of the isolate to antimicrobials is
performed. The used methods include the Bauer-Kirby disk-diffusion method (DDM) for
fast-growing bacteria, the E-test to determine the minimum inhibitory concentrations (MIC)
in slow-growing microorganisms such as fungi, the microdilution test (MDT), and
automated methods (Vitek-2, bioMerieux, France).
3.2.2. Molecular methods for rapid detection of CSF pathogens – for the rapid in vitro
molecular diagnostics on the 114 specimens of cerebrospinal fluid mPCR was applied on
FilmArray (Biofire, bioMerieux, France). The test is qualitative and simultaneously detects
specific genes of 14 of the most common bacteria, fungi, and viruses associated with
infections of the central nervous system, directly from a single CSF sample. It is a closed
system containing all the reagents necessary for the steps of extraction, amplification, and
detection of the target genes of the microorganisms included in the panel of the test.
3.2.3. Immunological methods – based on the specific interaction between the antigen and
its corresponding antibody. Latex agglutination antigen-antibody reactions were used to
determine pathogens, an enzyme-linked immunosorbent assay (ELISA) was used to
measure the concentrations of the tested cytokines in both serum and cerebrospinal fluid
samples, an enzyme-linked fluorescence assay (ELFA) to measure serum procalcitonin
levels and immunoturbidimetry to determine serum CRP levels.
3.2.3.1. LAT for rapid detection of CSF pathogens – the method was performed with
Pastorex Meningitis (Bio-Rad, USA), following the manufacturer's instructions. The test is
used to detect the capsular antigens of the most common capsule-forming bacteria
associated with meningitis. These include N. meningitidis serogroups A, B, C и Y/W 135,
S. pneumoniae (83 serotypes), H. influenzae type b, Streptococcus group B (S. agalactiae),
and E. coli K1.
3.2.3.2. Enzyme-linked immunosorbent assay (ELISA) for measuring the CSF and
serum cytokine levels – samples undergo in vitro “sandwich-type” ELISA test to measure
the levels of the studied cytokines in both serum and cerebrospinal fluid (Diaclone, France).
3.2.3.3. Enzyme-linked fluorescence assay (ELFA) for measuring the serum PCT – the
tests are performed on an automatic VIDAS analyzer (bioMerieux, France) using VIDAS
B·R·A·H·M·S PCT kits. It is a one-step "sandwich-type" immunological method, in which
the final reading step is made by a fluorescent signal.
3.2.3.4. Immunoturbidimetry for measuring the serum CRP – the tests are performed on
an automatic analyzer AU Analyzers (Beckman Coulter, USA) in the Central Clinical
Laboratory of St. George University Hospital Plovdiv. Specific antibodies that bind human
CRP are used.
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3.2.4. Documentary method – a detailed retrospective analysis was performed on the
available documentation for all cerebrospinal fluid samples sent to the laboratory, the
number of the corresponding patients, their gender and age, the isolate, and the used
methods.
3.2.5. Statistical methods – the collected primary data of quantitative and qualitative
variables are entered and encoded in computer databases by the Ph.D. student – SPSS
Statistics v. 26 (IBM, USA) and Microsoft Excel 2013 (Microsoft Corporation, Redmond,
WA, USA). Statistical analyses were performed using SPSS Statistics v. 26 (IBM, USA).
A p-value of <0.05 was considered statistically significant for all the tests.
 Descriptive statistics of quantitative and qualitative data;
 Inferential statistics (nonparametric tests) – Wilcoxon signed-rank test (to compare two
related samples, matched samples, or repeated measurements on a single sample to
assess whether their population mean ranks differ), Kruskal-Wallis test (to determine if
there are statistically significant differences between two or more independent variables
of equal or different sample sizes), Kolmogorov-Smirnov (K-S) test, Shapiro-Wilk test,
and D’Agostino-Pearson omnibus test – assessment of normality;
 Correlation analysis – to measure the strength and direction of association that exists
between two variables. Spearman rank-order correlation coefficient was applied, due to
the data lack normal distribution;
 Data visualization – to illustrate the processes, phenomena, and patterns of data we
take advantage of graphical representation powered by Microsoft Excel 2013 (Microsoft
Corporation, Redmond, WA, USA) and a statistical package of social science software
SPSS Statistics v. 26 (IBM, USA). The obtained results are designed and produced as a
column, bar, pie, and line charts;
 Frequency distribution tables – to present different measurement categories and the
number of observations in each category;
 Evaluation of the diagnostic potential – the following statistical indicators were used
to determine the diagnostic efficiency of a test or parameter:
- sensitivity (Sen) and specificity (Spe);
- positive and negative predictive values (PPV, NPV);
- ROC-curves – build to test the diagnostic ability of the studied biomarkers to
discriminate patients with bacterial neuroinfection from patients with a viral infection of
the CNS;
- calculating the area under the ROC-curve (AUC) – it helps to determine the
discriminative power of the parameter;
- cut-off analysis – it is used to calculate the optimal threshold value, having both the
highest sensitivity and specificity (Youden’s index), at which patients with the highest
probability will fall into any of the two categories - patients with a bacterial
neuroinfection and patients with viral neuroinfection.
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4. OWN RESULTS AND DISCUSSION
4.1. Results to Objective 1. To obtain up-to-date results on the etiological structure and
epidemiological characteristics of the non-viral isolates of cerebrospinal fluid on the
territory of the Plovdiv region for the period 2013-2019
4.1.1. Etiological structure of CSF non-viral isolates – over the period of 2013 – 2019,
1775 clinical specimens of cerebrospinal fluid for microbiological examination have been
received in the Laboratory of Microbiology, with the activity of a regional laboratory of
tuberculosis at the St. George University Hospital Plovdiv. The number of samples received
by the years compared to the average annual number of materials (253.6±39.4) for the
period of the observation is shown in Fig. 2.

Number

400

253.6

300
200
100
0

263

320

222

285

190

236

259

2013 г.

2014 г.

2015 г.

2016 г.

2017 г.

2018 г.

2019 г.

Mean
Средно

Linear (Средно)

Fig. 2. Number of CSF samples for microbiological analysis over 2013 – 2019

The received samples correspond to 1258 patients. The average annual recovery rate of
bacterial and fungal pathogens from CSF is 30.1±10. When comparing the number of
clinical specimens received in the laboratory, the number of relevant patients, and the
number of positive isolates, there is a tendency for clinical materials to follow the number of
patients, but the isolation rate remains relatively constant and significantly unaffected by
them (Fig. 3).
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Fig. 3. Comparison of the number of patients, CSF samples, and isolates

Out of all 1775 cerebrospinal fluid samples received for microbiological examination,
bacterial and fungal pathogens with high etiological diversity were isolated (n=211;
11.9 %). The results on the etiological structure of non-viral isolates in the region are
12

presented in Fig. 4. Bacteria from the group of coagulase-negative staphylococci (CoNS)
proved to be the most common (n=49; 23.2 %). The second most common pathogen was
Streptococcus pneumoniae (n=37; 17.5 %), followed by Listeria monocytogenes (n=17;
8.1 %), Acinetobacter baumannii (n=14; 6.6 %), viridans streptococci – SVG (n=14; 6.6 %),
Staphylococcus aureus (n=13; 6.2 %), Klebsiella spp. (n=10; 4.7 %), Candida spp. (n=7;
3.3 %), Enterococcus spp. (n=7; 3.3 %), Cryptococcus neoformans (n=7; 3.3 %), Neisseria
meningitidis (n=6; 2.8 %), Escherichia coli (n=6; 2.8 %), Mycobacterium tuberculosis (n=4;
1.9 %), Pseudomonas aeruginosa (n=4; 1.9 %). In less than 1 % we also found betahaemolytic Streptococcus spp. (n=2; 0.9 %), Enterobacter cloacae (n=2; 0.9 %),
Haemophilus influenzae (n=2; 0.9 %), Sphingomonas paucimobilis (n=2; 0.9 %), Proteus
mirabilis (n=2; 0.9 %), Corynebacterium spp. (n=2; 0.9 %), Stenotrophomonas maltophilia
n=1 (0.5 %), Aspergillus niger (n=1; 0.5 %), Burkholderia cepacia complex (n=1; 0.5 %),
and Bacillus cereus (n=1; 0.5 %).
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Fig. 4. Etiological structure of non-viral pathogens in the Plovdiv region
CoNS – coagulase-negative staphylococci; SVG – viridans group streptococci

Of the isolated non-viral microbial agents, bacterial pathogens predominate (n= 196;
92.9 %), while fungi are present in a significantly lower percentage (n=15; 7.1 %). Among
bacterial isolates there are mainly Gram (+) non-acid-fast bacteria (n=142; 72.4 %),
followed by Gram (-) non-acid-fast bacteria (n=50; 25.5 %), and acid-fast (n=4; 2 %), the
latter represented only by M. tuberculosis. Gram (+) bacteria includes mainly cocci (n=122;
85.9 %) as well as rods in a smaller percentage (n = 20; 14.1 %). In Gram (-) bacteria, rods
were found in more than half of the isolates (n=28; 56 %), followed by cocobacilli (n=16;
32 %) and cocci (n=6; 12 %).
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CoNS prevail among Gram (+) cocci (n=49; 40.2 %), followed by S. pneumoniae
(n=37; 30.3 %), SVG (n=14; 11.5 %), S. aureus (n=13; 10.7 %), Enterococcus spp. (n=7;
5.7 %), and beta-hemolytic streptococci (n=2; 1.6 %). Bacteria related to the family of
Enterobacteriaceae (n=18; 64.3 %) were most often detected among the predominant
Gram (-) rods, whereas a smaller percentage (n=7; 25 %) of non-fermentative Gram (-)
bacteria were also found, as well as Proteus mirabilis (n=2; 7.1 %), a bacterium to the
family of Morganellaceae, and other microorganisms such as Burkholderia cepacia
complex (n=1; 3.6 %).
Of the 49 CoNS isolates, 3 were identified as S. haemolyticus (6.1 %) and one as
S. hominis (2 %). The remaining of the confirmed coagulase-negative staphylococci were
not identified. In the group of viridans streptococci, one isolate was defined as S. salivarius
(7.7 %), while the rest of them were not determined at a species level due to the
retrospective nature of some data. Enterococcus spp. included E. faecalis (n=4; 57.1 %) and
E. faecium (n=2; 42.9 %). In Streptococcus spp., one group B Streptococcus betahaemolyticus (S. agalactiae) and one S. equi were identified. Among corynebacteria, only
diphtheroids (C. striatum) were found. Of all Klebsiella isolates (n=10), 9 were identified as
K. pneumoniae and one as K. oxytoca.
The analysis of the results of the etiological structure of cerebrospinal fluid isolates in
patients with suspected neuroinfection in the Plovdiv region over the period 2013-2019
showed great etiological diversity. The largest relative share of isolated microorganisms is
CoNS, whose etiological role in the incidence of neuroinfections is controversial. Their
association with the development of nosocomial meningitis in several patients with a
ventriculoperitoneal shunt is not excluded. We considered other of the isolated pathogens as
possible contaminants due to their unusual association with CNS infections and the lack of
cell-inflammatory response in cerebrospinal fluid DM - B. cereus, B. cepacia complex,
S. maltophilia, Corynebacterium spp., and S. paucimobilis.
Although the epidemiology of bacterial meningitis varies greatly by geographical
region, our study on the prevalence of these diseases in the Plovdiv region found differences
in the classic etiological causes of bacterial neuroinfections – S. pneumoniae,
N. meningitidis, and H. influenzae (van de Beek et al., 2016). According to the literature,
S. pneumoniae is the leading bacterial meningitis, while enteroviruses are the most common
in viral meningitis, which is confirmed by the results of our study (Bennett J., 2020).
According to data from the NCIPD for 2019, the same trend is seen in Bulgaria, as among
the etiologically proven pathogens S. pneumoniae is the leading cause of acute bacterial
meningitis, a trend also observed worldwide (Engelen-Lee JY et al., 2016; Ivanov I. et al.,
2020; Vladimirova N. et al., 2019). According to the published date of the national program
BulSTAR, concerning the etiological structure of infections in Bulgaria, for the period
2016-2018 leading pathogens of cerebrospinal fluid are S. pneumoniae, S. aureus,
A. baumannii, and E. coli. Furthermore, according to the report of Ivanov I. of the National
Reference Center for Microbial Drug Resistance and Antibiotic Consumption for 2019, the
leading microorganisms of cerebrospinal fluid are S. pneumoniae (47.7 %), S. aureus
(16.8 %), A. baumannii (10.9 %), and L. monocytogenes (4.7%) (Ivanov I. et al., 2020). The
results of the present study largely correspond to the observed for the country trend, because
S. pneumoniae, A. baumannii, and S. aureus are among the leading cerebrospinal fluid
isolates in the Plovdiv region.
14

The high frequency of L. monocytogenes is unusual, as according to BulSTAR data for
the period 2016-2018 the relative share ranges between 1.33 and 7.13 % of all cerebrospinal
fluid isolates, and for the Plovdiv region this pathogen is the second most common isolate
(Ivanov I. et al., 2020). According to Pagliano P., L. monocytogenes is the third most
common pathogen causing bacterial meningitis in adults next to S. pneumoniae and
N. meningitidis (Pagliano P. et al., 2016). The data obtained from our research showed that
among community-acquired meningitis, L. monocytogenes (8.1 %) is the most common
pathogen, following S. pneumoniae (17.5 %), This high incidence of listerial meningitis
among hospitalized patients makes Plovdiv district a probable endemic region, which
requires monitoring of the incidence over time.
The high frequency of Klebsiella spp. isolates, in particular of K. pneumoniae as the
predominant pathogen, makes an impression. According to Kim K. among Gram (-)
microorganisms associated with bacterial meningitis, E. coli is the most common isolate
(Kim K., 2016). Our data show that K. pneumoniae ranks first among Gram (-)
microorganisms isolated from cerebrospinal fluid in the Plovdiv region. The number of
Klebsiella isolates exceeded not only E. coli, but even N. meningitidis, M. tuberculosis, and
fungal pathogens. At the age of up to 1 year, K. pneumoniae was among the leading isolates
along with Enterococcus spp. Further studies are needed to establish an epidemiological
link between the observed high frequency and the sanitary conditions in the hospital
environment for the incidence of bacterial meningitis associated with healthcare.
S. aureus accounts for 1-9% of cases of bacterial meningitis and is associated with high
mortality rates, usually occurring in neurosurgical interventions, trauma, underlying
pathology (Vallejo J. et al., 2017). The frequency we established (6.2 %) is within the limit
of the cited reference. Some of these patients did undergo a neurosurgical intervention.
CNS involvement by M. tuberculosis is only observed in 5 % of all cases of
extrapulmonary tuberculosis and most commonly manifests as meningitis (Török M., 2015).
The frequency of central nervous system involvement (1.9 %) found in our study is within
the limits cited by Török M. Tuberculous meningitis is common in young children as well as
HIV (+) individuals (Philip M. et al., 2015). In our study, two of the patients with
tuberculosis of the nervous system were children and the other two were with HIV (+)
status.
According to the literature, the average mortality rate of bacterial meningitis associated
with healthcare is 15 % and can reach up to 40 % if A. baumannii is present (Souhail D.
et al., 2016). Nosocomial meningitis caused by the pathogen accounts for only 4 % of all
cases of hospital-acquired meningitis. We found a slightly higher frequency for the
pathogen than the cited (6.6 %).
For the period of observation, there are only 2 bacteria of H. influenzae of cerebrospinal
fluid. We believe that the low incidence rate is an effect of the introduction of the
polysaccharide vaccine against type b. The pathogen was found in two elderly men, aged 56
and 75, who lacked vaccination. According to data from NCIPD, the incidence for the
country is extremely low – 0.01%000 for 2018 (Kurchatova A. et al., 2018) and 2019
(Vladimirova N. et al., 2019).
In fungi, an equal distribution is observed between the Candida and Cryptococcus spp.
(n = 6; 46.7 % each). One fungus of the genus Aspergillus was isolated (6.7 %). When
analyzing the Candida spp., C. albicans and C. famata were evenly distributed (n=2; 28.6 %
each). We identified by one isolate of other members of the genus - C. rugosa, C. tropicalis,
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and C. parapsilosis (14.3 % each). Candida non-albicans species predominate among the
fungi (n=5; 71.4 %) – Fig. 5. All the 6 isolates of the genus Cryptococcus were identified as
C. neoformans and the isolate of the genus Aspergillus as A. niger. According to some
authors, C. albicans dominates as an etiological cause among candidal meningitis
(Pemán J., Quindos G., 2016). Our results showed that C. albicans and C. famata were
evenly distributed among patients. Even more, non-albicans species account for 71.4 % of
candidal neuroinfections. The data from our study support the results of Xu Z. for the
predominance of C. neoformans in HIV-positive individuals, as the majority of patients
were HIV (+) (Xu Z et al., 2016).
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Fig. 5. Distribution of Candida spp. of cerebrospinal fluid

Serotyping data of S. pneumoniae, L. monocytogenes, N. meningitidis, and
H. influenzae were analyzed. The serotype of 18 of all pneumococci was successfully
determined, with serotypes 3 and 19 A being the most common (n=4; 21.1 %), followed by
serotype 8 (n=2; 10.5 %), and by one isolate (5.3 %) of 9 L, 9 N, 18 A / B and 23 A. The
vaccinal strains, compared to the PCV-10 vaccine implemented in the country since 2010,
of 9 V, 6 B, 18 C, and 19 F were also identified (n=1; 5.3 % each). Non-vaccinal serotypes
form the larger relative share (n=15; 78.9 %) when compared to the vaccinal (n=4; 21.1 %) Fig. 6.

5.3 %
5.3 %
5.3 %
5.3 %
5.3 %

5.3 %
21.1 %

19F
18C
9V
6B 21.1 %

3
non-vaccinal
vaccinal

23A
78.9 %

18A/B
9N

19А
9L

5.3 %
5.3 %

8 6А

21.1 %

5.3 % 5.3 %

Fig. 6. Cerebrospinal fluid S. pneumoniae serotype distribution
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The serotyping of pneumococci of the cerebrospinal fluid showed that serotype 3
predominates, followed by serotype 19 A. They are not included in the PCV-10
pneumococcal vaccine administered in the Republic of Bulgaria. These data support the
studies of Tin Tin Htar M., reporting that in countries using PCV-10 (such as Bulgaria), the
prevalence of serotypes 3 and 19-A has increased, with serotype 3 being the most common
among adults (Tin Tin Htar M. et al., 2015). These results confirm the data of other
scientific groups in the country working on the problem - Simeonovski I. (Simeonovski I.
et al., 2018) and Sechanova L. (Sechanova L. et al., 2017). In our study, other non-vaccinal
strains of cerebrospinal fluid pneumococci were also identified, including 18 A / B, 6 A,
9 N. This raises the question of the growing importance of many non-vaccinal strains in the
incidence of pneumococcal meningitis. Vaccinal serotypes were also found - 9 V, 6 B, 18 C,
and 19 F, but among patients over 74 years of age, as well as in a 2-month-old child. We
believe that these patients were most likely not given the pneumococcal vaccine.
Serotyping was performed on 14 of the 17 L. monocytogenes bacteria. The results of the
study show that serotype 4b is found in 8 of the cases (57.1 %), while the remaining 6
(42.9 %) are represented by serotype 1/2a. Ward T. states that not all serotypes are
associated with the development of infection in humans and that more than 98 % of
L. monocytogenes in humans is attributed to the 4b, 1/2b, 1/2a, 1/2c forming group I and II.
Serotype 4b is responsible for 40 % of cases of sporadic listeriosis and is associated with a
more severe clinical course and higher mortality rates than other serotypes (Ward T. et al.,
2010). We confirmed these observations as serotype 4b preponderated over the isolates
(57.1 %). Even more, the serotype prevailed among patients who died. These observations
are further supported by a joint study with the team of Lazarova G. on the etiology of nonviral meningitis in Plovdiv and Stara Zagora (Lazarova G. et al., 2016).
Of the 5 isolated strains of N. meningitidis, 3 were serogrouped in the NCIPD as
serogroup C, and the remaining 2 were not, as they were detected only by PCR and lacked
sufficient cerebrospinal fluid to subsequently identify the serogroup by PCR. The
introduction of the meningococcal conjugate vaccine in many countries around the world
has led to a dramatic reduction in the incidence of invasive meningococcal disease
(Stefanelli P., Rezza G., 2016). According to data from NCIPD, the incidence of
meningococcal meningitis in 2018 in the country is 0.07%000 (Kurchatova A. et al., 2018).
Of interest is a study by Ceyhan M. on the etiological causes of bacterial meningitis in
neighboring Turkey, which found that no strain of serogroup C was found (Ceyhan M.
et al., 2016). In numerous studies on meningococcal meningitis in Bulgaria, Lazarova G.
and colleagues found the prevalence of serogroups B and C (Lazarova G. et al., 2007, 2014;
Pekova L. et al., 2016;). This is also confirmed by a research group of NCIPD (Levterova V.
et al., 2016).
One isolate of H. influenzae was non-typeable (non-capsular) and the other was
detected only by PCR and due to the lack of pure culture and sufficient cerebrospinal fluid,
failed to be serotyped by agglutination or molecular techniques.
4.1.2. Epidemiological characteristics of non-viral isolates of cerebrospinal fluid –
distribution by gender and age of patients, seasonality
The data on the gender distribution of the patients showed that a higher number of
microorganisms is observed in males (n=129; 61.1 %). In our study, a 1.6-times higher
incidence was observed in males. The split of pathogens according to whether the
neuroinfection is community-acquired or not revealed similar results. In the most common
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causes of community-acquired meningitis (S. pneumoniae, N. meningitidis, H. influenzae,
L. monocytogenes), once again the males are more often affected (54.8 %). In a study by
Dharmarajan L. et al. in 619 patients with meningitis, men accounted for a smaller
proportion – 47 % (Dharmarajan L. et al., 2016), but the differences between the two
studies are not big. According to Kurchatova A. from the Epidemiology Department of
NCIPD, nearly 2/3 (64 %) of the patients with pneumococcal meningitis in 2018 in the
country were men (Kurchatova A. et al., 2018). It was also observed for meningococcal and
bacterial meningitis/meningoencephalitis of other etiology for the same year. Analysis of
the results of the present study confirms these observations - pathogens associated with
nosocomial neuroinfections (A. baumannii, P. aeruginosa, S. aureus, Gram (-) enteric
bacteria and enterococci) are again isolated more often in males – 69 %. Fungi are also
isolated more often in men (73 %), mainly attributed to C. neoformans in HIV (+)
individuals.
Microorganisms were isolated from individuals of all ages (Fig. 7). The highest
absolute number of microbial species was isolated in the age group of 0-4 years, followed
by 50-54 years. These two age groups also showed the greatest diversity of pathogens, as
the leading pathogens in the age group of 0-4 years were the bacteria inhabiting the
gastrointestinal tract and CoNS.
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Fig. 7. Distribution of microorganisms of cerebrospinal fluid by age groups

The present study analyzed the results of gender and age distribution for the most
common pathogens of community-acquired CNS infections – S. pneumoniae and
L. monocytogenes. For meningitis caused by S. pneumoniae, a two-wave course was
observed – the disease was registered in early childhood and after 40 years (Fig. 8). The
results of our study showed that despite the relatively even gender distribution of patients
over the test period when combining gender with age, males appeared to be more frequently
affected in early childhood whereas females with advancing age. The observed tendency in
the present study for pneumococcal meningitis to occur mainly in early childhood and over
60 years is also confirmed by the countrywide data for 2018 by Kurchatova A. and
Simeonovski I. (Kurchatova A. et al., 2018; Simeonovski I., 2018).
In contrast to S. pneumoniae, L. monocytogenes was found to affect patients in later
years, and in individuals with neuroinfection under 30 years of age, this microorganism was
not detected (Fig. 9). The combined distribution by gender and age showed a more frequent
involvement of women with the increasing of age interval.
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Fig. 9. Distribution by gender and age of patients with L. monocytogenes

A relatively even distribution of the cerebrospinal fluid clinical specimens received for
microbiological examination was found for the individual seasons. On average, 63.4±2.5
clinical samples were examined per season. The average monthly number of cerebrospinal
fluid samples is 21.1±1.5, with a relatively even distribution throughout the year.
Most cases of neuroinfections associated with S. pneumoniae and L. monocytogenes
occurred during the winter-spring months. Among the nosocomial pathogens associated
with the disease, a different trend was found - a decrease in the winter months for S. aureus
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and an increase in A. baumannii in the summer. For the isolates from the groups of CoNS
and SVG, an increase was registered during the spring-summer period and a decrease for the
autumn-winter period - Fig. 10. The remaining of the identified pathogens do not show
significant dynamics in their seasonal isolation. Given the small number of N. meningitidis
and the other pathogens, their seasonal distribution was not studied. According to
Paireau J., there is a higher incidence of bacterial meningitis during the winter months in
both the northern and southern hemispheres (Paireau J., 2016). Our results show an even
distribution throughout the seasons.
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Fig. 10. Dynamics in the seasonal recovery of cerebrospinal fluid CoNS and SVG
CoNS-coagulase-negative staphylococci; SVG-viridans group streptococci

4.2. Results to Objective 2. To analyze the antimicrobial susceptibility of the non-viral
isolates of cerebrospinal fluid on the territory of Plovdiv district for the period 2013-2019;
The antibiotic susceptibility of S. pneumoniae cerebrospinal fluid isolates was
determined on 32 of them, as 5 were detected only by PCR. The test results for all clinically
applicable antibiotics are illustrated in Fig. 11. The levels of penicillin (PEN) resistance
reach almost ¼ (23 %). Resistance to third-generation cephalosporins cefotaxime (CTX)
and ceftriaxone (CRO) is lower than to penicillin (4 %), but in a significant percentage
isolates with intermediate susceptibility to these antimicrobials were found, 9 % and 8 %
respectively. Erythromycin resistance (ERY) makes 31 %. M-phenotypic macrolide
resistance was detected in 12.5 %, while MLS-phenotype in 18.8 %. Due to the
retrospective nature of much of the data, the constitutive or inducible type of MLSphenotypic resistance could not be determined. The highest relative proportion of
pneumococci was found to be resistant to sulfonamides (74 %) and 10 % showed
intermediate resistance to trimethoprim/sulfamethoxazole (SXT). Isolates resistant to the
glycopeptide antibiotics vancomycin (VAN), teicoplanin (TEC), as well as linezolid (LZD)
and rifampicin (RIF) were not observed.
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Fig.11. Antimicrobial susceptibility in S. pneumoniae of cerebrospinal fluid

PEN-penicillin; CTX-cefotaxime; CRO- ceftriaxone; ERY-erythromycin; CLI-clindamycin;
CHL-chloramphenicol; TET-tetracycline; LVX-levofloxacin; RIF-rifampicin;
VAN- vancomycin; TEC-teicoplanin; LZD-linezolid; SXT-trimethoprim/sulfamethoxazole

According to data from Sechanova L., obtained in a study of cerebrospinal fluid
pneumococci in Bulgaria, 30.1 % showed resistance to penicillin (Sechanova L. et al.,
2012). Our data found lower levels of resistance of S. pneumoniae to PEN (23 %) in the
Plovdiv region. In a study by Simeonovski I. on the nasopharyngeal carriage of children up
to 5 years of age, PEN resistant pneumococci were found in 7.5 %, and resistance to ERY
and clindamycin (CLI) reached 50 % (Simeonovski I. et al., 2018). Our data demonstrated
30 % resistance to ERY and 19 % to CLI
The results of determining the antimicrobial susceptibility of L. monocytogenes of
cerebrospinal fluid indicated the highest level of resistance to SXT, reaching nearly half of
the isolates (40 %), followed by macrolide resistance, exceeding 1/3 of all isolates (35 %) –
Fig. 12. Resistance to PEN was found in 24 % and that to ampicillin (AMP) was calculated
to 12 %. Intermediate susceptibility to AMP was recorded in 6 %. There are no isolates
resistant to meropenem (MEM).
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Fig. 12. Antimicrobial susceptibility in L. monocytogenes of cerebrospinal fluid
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Antimicrobial testing of S. aureus showed the highest relative proportion of PEN
resistance isolates (77 %) – Fig. 13. MLS-phenotype was observed in 3 isolates (23 %). An
isolate (8 %) with intermediate susceptibility to ERY and CLI was also found. Furthermore,
one of the microorganisms (8 %) was methicillin-resistant (MRSA), along with MLS-type
phenotype. All tested bacteria showed 100 % susceptibility to gentamicin (GEN), LZD,
SXT, norfloxacin (NOR), and glycopeptide antibiotics VAN and TEC.
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Fig. 13. Antimicrobial susceptibility in S. aureus of cerebrospinal fluid

PEN-penicillin; FOX-cefoxitin; AMC-amoxicillin/clavulanic acid; AMK-amikacin; GEN-gentamicin;
ERY-erythromycin; CLI-clindamycin; VAN-vancomycin; TEC-teicoplanin; LZD-linezolid; TGCtigecycline; SXT-trimethoprim/ sulfamethoxazole; NOR-norfloxacin

PEN resistance in CoNS reaches 82 %. Methicillin-resistant strains were detected in
61 % of the isolates, significantly more than S. aureus (8 %). Resistance to ERY (63 %),
CLI (55 %), and tobramycin (TOB) – 61 % was found in a large proportion. Half of the
isolates are resistant to fluoroquinolones and amoxicillin/clavulanic acid (AMC) – 50 % and
52 % respectively. The resistance to SXT reaches 1/3 (33 %), and in tetracycline (TET) it is
¼ (25 %). Isolates with intermediate susceptibility to amikacin (AMK), CLI, and SXT were
also demonstrated (2 % each). No resistance to the antibiotics VAN, TEC, LZD, and
tigecycline (TGC) has been reported.
In the group of viridans streptococci, the most significant levels of resistance were
found for the antibiotic SXT (83 %). Up to 62 % of the streptococci are also resistant to
TET, 50 % to AMP, and 40 % to ERY. Resistance was found in less than half of the isolates
to the antimicrobials PEN (36 %), and 33 % for CTX and cefepime (FEP). Intermediate
resistance to levofloxacin (LVX) reaches 17 %.
Two of the four E. faecalis isolates (50 %) were susceptible to AMP, NOR,
ciprofloxacin (CIP), and imipenem (IPM), while E. faecium isolates were resistant to the
same antibiotics. All enterococci appeared to be susceptible to LZD and TGC. One VAN
resistant isolate of E. faecium was detected. In E. faecium, 2/3 of the isolates have high-level
gentamicin resistance (HLGR).
The recovered CSF isolates of A. baumannii are multidrug-resistant (MDR). All isolates
are resistant to fluoroquinolones. Resistance to carbapenems is high (93 %), with only 7 %
being susceptible to IPM and MEM. All the isolates remain susceptible to colistin (CST).
According to our previous studies, resistance to carbapenems in A. baumannii is due to the
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expression of carbapenem-hydrolyzing oxacillinase 23 - OXA-23 (Petrova A. et al., 2017).
Like A. baumannii, P. aeruginosa isolates are poly-resistant. All isolates are resistant to
piperacillin (PIP), ceftazidime (CAZ), FEP, and TOB. Up to 75% of isolates are also
resistant to carbapenems and AMK. The levels of their resistance to fluoroquinolones are
close – 67 %. Only half of the isolates are susceptible to piperacillin/tazobactam (TZP), and
the susceptibility for aztreonam (ATM) is high – 67 %. No CST-resistant isolates were
identified.
Broad-spectrum beta-lactamase (ESBLs) producers have been identified in all Gram (-)
enteric bacteria of the order Enterobacterales, including the families of Enterobacteriaceae
(Klebsiella, Escherichia, and Enterobacter) and Morganellaceae (Proteus). The highest
proportion of ESBLs was found in Klebsiella spp. (70 %). Resistance to AMC and PIP is
also high, 88 % and 80 %, respectively. Of the isolated Klebsiella spp. 20 % are resistant to
MEM and 14 % to IPM. More than 1/3 of the isolates are resistant to sulfonamides, while
the resistance to fluoroquinolones is 20 %. The resistance to cefoxitin (FOX) is low (10 %).
All isolates are CST-susceptible. In a study by Khan F. on 10 cases of Klebsiella meningitis,
all isolates were susceptible to meropenem and piperacillin/tazobactam. Only 1 isolate was
ESBLs-producer (Khan F. et al., 2014). The results of our antimicrobial susceptibility
testing revealed a significantly higher incidence of ESBLs strains of the Klebsiella spp.,
recovered from cerebrospinal fluid (70 %), and the resistance to carbapenems tops 20 %.
This extent of ESBLs-producers is a significant problem due to the therapeutic difficulties it
poses. The results of the performed antimicrobial susceptibility tests show that ESBLs
producers are also found among E. coli, E. cloacae, and P. mirabilis. In contrast to
Klebsiella spp., E. coli showed a lower relative proportion of ESBLs-producers (20 %).
Resistance to PIP reaches 80 % and to AMP 75 %. Nearly half of the isolates are resistant to
sulfonamides (40 %) and ¼ of them to AMC (25 %). Of the two E. cloacae identified
isolates, one proved to be an ESBLs-producer. Resistance to PIP, TZP, AMK, and CIP was
also found. No resistance to carbapenem antibiotics and sulfonamides has been reported. In
one of the 2 isolates of P. mirabilis, the production of ESBLs was also demonstrated.
Resistance to PIP and CIP has also been registered. Resistance has also been found for
AMP, AMC, FOX, and SXT. Resistance to TZP, carbapenems, AMK, and LVX has not
been observed.
Successfully cultured N. meningitidis isolates (n=4) showed susceptibility to all
clinically applicable antibiotics. The only culture-grown H. influenzae isolate demonstrated
resistance to FEP, CTX, IPM, and TET. The isolate was susceptible to AMP, MEM, SXT,
and CIP.
The cerebrospinal fluid C. albicans isolates are resistant to itraconazole (ITC) and
susceptible to anidulafungin (AFG), fluconazole (FLC), voriconazole (VRC), micafungin
(MFG), caspofungin (CAS), and flucytosine (5FC). C. tropicalis isolate is susceptible to all
tested antifungals - ITC, amphotericin B (AMB), FLC, VRC, MFG, CAS, AFG, 5FC.
Resistance in C. parapsilosis to ITC and AFG has been demonstrated. According to the
EUCAST, there are no interpretive data on antifungal susceptibility in C. rugosa, C. famata,
and C. neoformans. Due to the retrospective nature of some of the data, no information was
found on the antimicrobial susceptibility to antifungals in A. niger.
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4.3. Result to Objective 3. To evaluate the diagnostic value of the applied microbiological
methods for rapid etiological diagnosis in patients with acute CNS infections - DM, LAT,
and mPCR
In order to fulfill the Objective, 114 clinical specimens of cerebrospinal fluid from
patients meeting the set selection criteria were studied, over the period 2016 – 2019. All
samples were simultaneously subjected to DM, LAT, CSFC, and mPCR. The mPCR study
was performed in 111 of 114 samples, as three of the test (2.63 %) happened to be invalid
due to a problem in the internal controls.
Fever was the most common clinical symptom present in patients (77 %), followed by
nuchal rigidity in 55 %. In less than half of the cases, the other symptoms associated with
neuroinfection were found (Fig. 14).
Among the microbiologically identified bacterial pathogens, S. pneumoniae (n=12;
52.3 %) was found in half of the cases, followed by S. aureus (n=4; 17.4 %),
L. monocytogenes (n=2; 8.7 %), H. influenzae (n=2; 8.7 %), as well as by one isolate of
E. coli, N. meningitidis, and K. pneumoniae (4.3 %) each. Of the viral pathogens,
enteroviruses are the most commonly found (n= 6; 35.3 %), followed by HHV-6 (n=4;
23.5 %), VZV (n=3; 17.6 %), HSV-1 (n=2; 11.8 %), while HSV-2 and CMV were detected
in one patient each (5.9 %). The two fungal isolates were identified only as C. neoformans.
In 69 of the cases (62.2 %) the etiology remained unidentified with none of the methods
used for microbiological diagnosis. The relative proportion of confirmed microbiological
neuroinfections was 37.8 % (n=42), with 23 (20.7 %) bacterial pathogens, 17 (15.3 %)
viruses and 2 (1.8 %) fungi – Fig. 15.
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Fig. 14. Clinical symptoms in the studied patients to Objective 3.
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Fig. 15. Etiological structure in the studied patients to Objective 3.

Table 1 summarizes the results of the comparison of the tested methods for
microbiological diagnostics by groups of pathogens and individual species. Among patients
with bacterial etiology, DM found bacteria in 12 cases (52.2 %), CSFC in 6 (69.6 %), LAT
in 11 (47.8 %), and mPCR in 18 (78.3 %). Pathogens not included in the spectrum of the
applied methods LAT (S. aureus, L. monocytogenes, K. pneumoniae) and mPCR (S. aureus,
K. pneumoniae) were demonstrated. Mycotic isolates were detected only by CSFC and
mPCR. C. neoformans was not included in the panel of LATs used in the present study. No
other LAT was used to detect cryptococcal antigen from cerebrospinal fluid. Viruses were
detected by mPCR. Due to the insufficient volume of CSF specimens, many could not be
confirmed by alternative PCR.
Table 1. Results of the tested methods by groups of pathogens and individual species
CSFC2

LAT3

mPCR4

n (p % )

n (p %)

n (p %)

n (p %)

8
3
0
0
1
0
0

8
3
2
1
1
0
1

9
~
~
1
1
0
~

12
~
2
2
1
1
~

5

DM1

6

Bacteria (n=23)

S. pneumoniae
S. aureus
L. monocytogenes
H. influenzae
E. coli
N. meningitidis
K. pneumoniae

n=12
n=4
n=2
n=2
n=1
n=1
n=1
Total

C. neoformans

n=2
Total

Enterovirus
HHV-6
VZV
HSV-1
HSV-2
CMV

n=6
n=4
n=3
n=2
n=1
n=1
Total

12 (52.2)
16 (69.6)
Fungi (n=2)
0
2
0
2 (100)
Viruses (n=17)
~
2^
~
**
~
**
~
**
~
**
~
**
~

11 (47.8)

18 (78.3)

*
0

2
2 (100)

~
~
~
~
~
~
~

6
4
2 (66.7)
1 (50)
1
1
15 (88.2)

1-direct microscopy; 2-cerebrospinal fluid culture; 3- latex-agglutination test; 4-multiplex PCR;
5-number; 6-proportion; ~not in the spectrum of the test/limitation in the test to identify the pathogen;
*cryptococcal antigen test was not performed; ** not cultured due to insufficient volumes of cerebrospinal fluid;
^Confirmed by culturing in NCIPD
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The calculated percentages of the diagnostic indicators of the studied methods
(sensitivity, specificity, positive, and negative predictive value) are presented in Table 2.
The DM and LAT have the same Sen (48 %) in identifying the bacterial or mycotic
etiology. CSFC showed a higher Sen (72 %), while mPCR demonstrated the highest
sensitivity (100 %) for the pathogens included in the test’s panel and 78.3 % in total for the
microorganisms associated with neuroinfections, circulating in the Plovdiv region. The
mPCR showed a Sen of 88.2 % in identifying viral etiology.
Table 2. Diagnostic indicators of the studied methods
DM6

(bacteria and fungi)
CSFC7

(bacteria and fungi)
LAT8
(bacteria and fungi)
mPCR9

(circulating bacteria and
fungi)
mPCR

(bacteria and fungi,
included in the panel)

Sen1
(95 % CI5)
48 %
(27.8 - 68.7 %)
72 %
(50.6 - 87.9 %)
47.8 %
(26.8 - 69.4 %)
78.3 %
(56.3 - 92.5 %)

Spe2
(95 % CI)
100 %
(95.8 - 100 %)
100 %
(95.8 - 100 %)
100 %
(95.9 - 100 %)
100 %
(95.9 - 100 %)

PPV3
(95 % CI)

100 %
(81.5 - 100 %)

100 %
(96.1 - 100 %)

100 %

100 %
100 %
100 %
100 %

NPV4
(95 % CI)
86.9 %
(81.9 - 90.6 %)
92.5 %
(86.8 - 95.8 %)
88 %
(83.2 - 91.6 %)
94.6 %
(89 - 97.5 %)
100 %

mPCR
88.2 %
100 %
100 %
97.9 %
(viruses)
(63.6 - 98.5 %)
(96.2 - 100 %)
(92.8 - 99.4 %)
1-sensitivity; 2-specificity; 3-positive predictive value; 4- negative predictive value; 5-confidence interval; 6-direct
microscopy; 7-cerebrospinal fluid culture; 8-latex-agglutination test; 9-multiplex PCR

According to the literature, direct microscopy can identify the etiological cause in 60 to
80 % of cases of bacterial meningitis if antibiotics are not given (Dunbar S. et al., 2002).
The results of our study are similar, with 52.2 % positive results of the direct microscopy in
the group of bacterial neuroinfections. However, DM failed to detect C. neoformans. A
study by Ubukata K. found that the highest proportion of positive results of the direct
microscopy was observed for S. pneumoniae (90 %) with a lower proportion (50%) of
L. monocytogenes (Ubukata K., 2013). Despite the lower percentage obtained, we confirm
this trend, as the highest proportion of positive DM was observed among the patients with
S. pneumoniae (66.7 %). In both patients with listerial meningoencephalitis, the DM was
negative.
CSF culture is considered as "gold standard" in the diagnosis of acute meningitis.
Notwithstanding, the positive rate is only 70-85 %, even if the cerebrospinal fluid is taken
before initiating the antibiotic therapy (Costerus J. et al., 2017). The results of our study fit
within the cited numbers, as we found a relative proportion of 69. 6% of culture-positive
results in bacterial neuroinfections. The 4 specimens tested positive by mPCR for
enteroviruses were sent for viral culturing at NCIPD to Assoc. Prof. Glomb, M.D., Ph.D.
but only 2 of them were successfully cultured, which later proved to be ECHO 6. According
to some authors, the sensitivity of LAT in H. influenzae varies between 78 % and 100 %,
S. pneumoniae 59-100 %, and N. meningitidis 22-93 % (Costerus J. et al., 2017). We
support these data because the LAT we applied was able to detect S. pneumoniae and
H. influenzae in the highest percentage. The method failed to detect N. meningitidis in a
patient with invasive meningococcal disease.
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One of the two H. influenzae was detected only by the mPCR. The amount of
cerebrospinal fluid was not sufficient to perform a confirmatory monoplex PCR, and due to
the lethal outcome of the disease, the patient was not eligible to take a new sample of CSF.
However, the clinical and laboratory data were conclusive for the incidence of acute
bacterial meningitis in the patient. The other confirmed H. influenzae by the mPCR was
confirmed by both the LAT and the CSFC. N. meningitidis was detected only by PCR
analysis, while the use of other methods was unsuccessful. Using the mPCR, 4 pneumococci
were detected that had no culture confirmation, but the pathogens were isolated from
positive blood cultures.
The data show that the use of mPCR detects pathogens in a larger relative proportion,
which is also observed in a study by Blaschke A. et al. (Blaschke A. et al., 2018). Although
not all mPCR results could be confirmed by an alternative method, we believe that there are
no false-positive results. The confirmed pathogens of cerebrospinal fluid were compatible
with the clinical picture of patients, laboratory studies, or the same pathogens have been
isolated from blood cultures. There are no culture-positive and PCR-negative reports, as
well as no discrepancy was observed between the PCR and culture results.
Despite the higher specificity of mPCR, the circulation of pathogens not included in the
test panel is significant - 30.4 %. This can become the basis for false-negative results. One
of the 4 pathogens of S. aureus was not proven by any of the methods used, but the patient
had extreme leukocytosis and hypoglycorrhachia, as well as evidence of sepsis. S. aureus
was cultured from blood, but probably due to the applied antibiotic therapy, the pathogen
was not detected while using the DM and CSFC, as well as with mPCR, as it is absent in the
test’s panel.
4.4. Result to Objective 4. To study the role of the cytokines IL-6, IL-8, IL-10, IL-12(p40),
TNF-α, the classical laboratory parameters of cerebrospinal fluid, as well as serum CRP and
PCT for the rapid etiological diagnosis in patients with acute CNS infections;
Based on the additional selection criteria and the results of the microbiological
examination, 80 of the 114 patients were included. They were divided into 4 groups as
follows:
1. Group of etiologically confirmed bacterial neuroinfection (ECBN) - n=21 (26 %);
2. Group of etiologically confirmed viral neuroinfection (ECVN) - n=14 (18 %);
3. Group of etiologically unidentified neuroinfection (EUIN) - n=32 (40 %);
4. Control group (CG) - n=13 (16 %).
The largest relative amount includes the patients with EUIN, followed by ECBN,
ECVN, and CG (Fig. 16).
Although one of the isolates is not a bacterium but a fungus, the values obtained from
the measured levels of the tested parameters in C. neoformans were close to those of the
other bacterial pathogens from the ECBN group, therefore it was assigned to this group to
fulfill Objective. 4. In half of the cases, the leading pathogen was S. pneumoniae (n=11;
51 %), followed by S. aureus (n=3; 14 %). Two H. influenzae (10%) and L. monocytogenes
(10%) pathogens were found, as well as single bacteria of N. meningitidis (5%), E. coli (5%)
and C. neoformans (5%). Enteroviruses (n=6) were most commonly detected in the ECVN
group in almost half of the cases (43%), followed by HHV 6 - n=3 (22%), HSV 1 - n=2
(14%), VZV - n=2 (14%), and HSV 2 - n=1 (7%).
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Fig. 16. The relative share of the studied groups to Objective 4.

The basic demographic characteristics such as gender and age of patients from the
studied groups are presented in Table 3. The median age was the highest for the bacterial
neuroinfections (59 years) and the lowest for the group of viral infections of the CNS
(4.5 years). In the groups of the ECVN, EUIN, and CG the patients were relatively equally
distributed by sex, while in the ECBN, male predominates in 2/3 of patients. It is
noteworthy that the average age of the group with proven viral meningitis by us is
significantly lower than the other two groups, especially the group of bacterial
neuroinfections. Although the sample is small in volume to draw a definite conclusion,
other studies are outlining the same trend (Alons I. et al., 2016).
Table 3. Basic demographic characteristics of the studied patients by groups
ECBN1
ECVN2
EUIN3
(n=21)
(n=14)
(n=32)
59
4.5
26.5
Median age in years,
(1-88)
(0.6-60)
(0.4-73)
(age interval)
14 (66.7)
6 (42.9)
16 (50)
Males, n (%)
7 (33.3)
8 (57.1)
16 (50)
Females, n (%)

CG4
(n=13)
30
(0.08-77)
7 (53.8)
6 (46.2)

1-etiologically confirmed bacterial neuroinfections; 2- etiologically confirmed viral neuroinfections;
3-etiologically unidentified neuroinfections; 4-control group

In the ECBN group, no statistically significant differences were found between the
medians of the studied cerebrospinal fluid cytokines for the individual bacterial pathogens IL-6 (W=5.569; p=0.473), IL-8 (W=6.670; p=0.352), IL-10 (W=4.396; p=0.623),
IL-12(p40) (W=8.445; p=0.207), and TNF-α (W=5.767; p=0.450). When comparing the
serum medians of the same markers, once again there were no statistically significant
differences observed - IL-6 (W=7.111; p=0.311), IL-8 (W=3.903; p=0.690), IL-10
(W=7.393; p=0.286), IL-12(p40) (W=3.102; p=0.976), and TNF-α (W=4.292;
p=0.639).
A statistically significant difference in median cerebrospinal fluid ranks was found
between enteroviruses and HHV-6 for IL-6 (W=7.83; p=0.008) and IL-8 (W=7.17;
p=0.015). For the same indicators, differences were also observed between HHV-6 and
HSV-2: IL-6 (W= -11.33; p=0.019) and IL-8 (W= -10.67; p=0.027) - Fig. 17 and 18.
However, there were no significant differences between the individual viruses in the serum
medians of the measured interleukins - IL-6 (W=8.917; p=0.063), IL-8 (W=3.044;
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p=0.551), IL-10 (W=8.331; p=0.080), IL-12(p40) (W=2.695; p=0.610), and TNF-α
(W=2.821; p=0.588).
p=0.015

CSF IL-8 [pg/ml]

CSF IL-6 [pg/ml]

p=0.008

p=0.019

Virus

p=0.027

Virus

Fig. 17. Comparison of median CSF IL-6
concentration by viral etiology

Fig. 18. Comparison of median CSF IL-8
concentration by viral etiology

The median IL-6 in cerebrospinal fluid was significantly higher than that in serum in
ECBN (Z=0.00; p=0.000), ECVN (Z=11.00; p=0.009), EUIN (Z=39.00; p=0.000). In the
control group, where the diagnosis of CNS infection was rejected, no significant
differences in IL-6 were observed between serum and cerebrospinal fluid (Z=40.00;
p=0.701) - Fig. 19.
The changes for IL-8 were the same as those observed for IL-6 - significantly higher
median ranks in the cerebrospinal fluid in all tested groups - ECBN (Z=20.00; p=0.001),
ECVN (Z=0.00; p=0.001), EUIN (Z=110.00; p=0.012), as again in the controls no
statistically significant differences were seen (Z=21.00; p=0.158) - Fig. 20.
A statistically significant difference was found for IL-10 only in the groups of
confirmed bacterial infections (Z=7.00; p=0.000) and in etiologically unidentified
neuroinfections (Z=88.00; p=0.045). Significant differences were not found both in the
group of the confirmed viral neuroinfections (Z=17.00; p=0.285) and the controls
(Z=33.00; p=0.214) - Fig. 21.
IL-12(p40) is the only cytokine tested that showed a significant difference when
comparing the mean ranks in CSF and serum for all groups, with a median in the
cerebrospinal fluid being higher than in serum only in the ECBN group (Z=42.00;
p=0.011). In the other groups, the median ranks in serum are higher than those in
cerebrospinal fluid - ECVN (Z=105.00; p=0.001), EUIN (Z=407.00; p=0.007), and CG
(Z=78.00; p=0.023) - Fig. 22.
For TNF-α, a significantly higher median in cerebrospinal fluid than in serum was
found only in the ECBN group (Z=4.00; p=0.001). In all other groups, ECVN (Z=13.00;
p=0.139), EUIN (Z=61.00; p=0.286), and CG (Z=3.00; p=0.225), no statistically
significant differences were found between serum and cerebrospinal fluid (Fig. 23).
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Fig. 19. Comparison of median CSF and serum IL-6 concentration across groups
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Fig. 20. Comparison of median CSF and serum IL-8 concentration across groups
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Fig. 21. Comparison of median CSF and serum IL-10 concentration across groups
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Fig. 22. Comparison of median CSF and serum IL-12(p40) concentration across groups
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Fig. 23. Comparison of median CSF and serum TNF-α concentration across groups

Data processing by the Kruskal-Wallis test showed that the mean ranks of IL-6
differed between the studied groups in both cerebrospinal fluid (W=24.38; p=0.000) and
serum (W=24.47; p=0.000). Statistically significant differences were found in
cerebrospinal fluid between ECBN and ECVN groups (W=22.30; p=0.033), ECBN and
EUIN groups (W=21.87; p=0.005), and also when comparing ECBN and CG (W=38.94;
p=0.000) - Fig. 24. In ECBN, significant differences were found in serum IL-6 both to
the group of ECVN (Z=34.39; p=0.000) and ENUN (Z=27.12; p=0.000) - Fig. 25.
Similar to the CSF IL-6, the median IL-8 in the cerebrospinal fluid also showed
statistically significant differences between tested groups (W=30.25; p=0.000). The mean
ranks of IL-8 in the cerebrospinal fluid are significantly higher in ECBN compared to
EUIN (W=30.30; p=0.000) and the control group (Z=38.35; p=0.000) - Fig. 26. No
significant differences were found in the medians of serum IL-8 between the tested
groups (W=6.49; p=0.090) - Fig. 27.
CSF IL-10 varied significantly between tested groups (W=20.26; p=0.000). A higher
median was found in the group of bacterial neuroinfections both in relation to EUIN
(W=22.33; p=0.003) and in relation to the control group (W=32.78; p=0.000) - Fig. 28.
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Like IL-8, the mean serum IL-10 ranks did not differ significantly between tested groups
(W=4.93; p=0.176) – Fig. 29.
Comparison of median IL-12(p40) in cerebrospinal fluid by groups showed
statistically significant differences (W=30.22; p=0.000). Significantly higher mean ranks
of IL-12(p40) in cerebrospinal fluid were observed in the group of ECBN compared to all
other groups – ECVN (W=38.80; p=0.000), EUIN (W=24.17; p=0.001), and CG
(W=34.40; p=0.000) – Fig. 30. No significant differences were found in the serum ranks
(W= 3.55; p=0.314) – Fig. 31.
Comparison of mean TNF-α ranks in cerebrospinal fluid revealed statistical
significance when comparing tested groups (W=14.77; p=0.002). The median TNF-α in
cerebrospinal fluid was significantly higher in ECBN compared to EUIN (W=20.48;
p=0.006), and also when comparing ECBN with CG (W=25.78; p=0.006) – Fig. 32. We
failed to establish significant differences in the medians of TNF-α between the observed
groups in the serum, like the other indicators of IL-8, IL-10, IL-12(p40) – (W=4.70;
p=0.196) – Fig. 33.
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Fig. 24. Comparison of median CSF IL-6
concentration by groups
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Fig. 25. Comparison of median serum IL-6
concentration by groups

p=0.000

CSF IL-8 concentration [pg/ml]

Serum IL-8 concentration [pg/ml]

p=0.000

ECBN

ECVN
EUIN
Groups

CG

ECBN

Fig. 26. Comparison of median CSF IL-8
concentration by groups
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Fig. 27. Comparison of median serum IL-8
concentration by groups
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Fig. 31. Comparison of median serum
IL-12(p40) concentration by groups
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Fig. 32. Comparison of median CSF TNF-α
concentration by groups
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Fig. 33. Comparison of median serum
TNF-α concentration by groups
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When analyzing the classical clinical laboratory parameters of cerebrospinal fluid,
statistically significant differences were registered between the tested groups - number of
cells (W=29.87; p=0.000), total protein (W=36.98; p=0.000), glucose levels (W=25.07;
p=0.000), and cerebrospinal fluid/serum glucose ratio (W=31.33; p=0.000) - Fig. 34-37.
The median concentration for the number of cells in the cerebrospinal fluid was
significantly higher for ECBN compared to all other groups – ECVN (W=31.37;
p=0.001), EUIN (W=26.05; p=0.000), and CG (W=39.98; p=0.000). The same trend was
observed for the CSF total protein in ECBN, compared with all the other tested groups ECVN (W=45.21; p=0.000), EUIN (W=30.88; p=0.000), and CG (W=26.50; p=0.007).
When comparing the medians of cerebrospinal fluid glucose and CSF to serum glucose
ratio, a statistically significant lower median for EMS was found compared to all other
groups – for CSF glucose to ECVN (W= -32.74; p=0.000), EUIN (W= -28.75; p=0.000),
CG (W= -26.86; p=0.006) and for CSF to serum glucose ratio to ECVN (W= -41.79;
p=0.000), EUIN (W= -27.64; p=0.000), CG (W= - 26.75; p=0.007).
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Fig. 34. Comparison of median CSF WBC
by groups
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Fig. 35. Comparison of median CSF total
protein by groups
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Fig. 36. Comparison of median CSF glucose
by groups
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Fig. 37. Comparison of median CSF to
serum glucose ratio
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When comparing the median serum CRP between the groups, significant differences
were found (W=20.09; p=0.000). There was a statistically significantly higher median
between EUBN compared to all other groups – to EUVN (W=29.16; p=0.000), EUIN
(W=28.31; p=0.000), and CG (W=25.81; p=0.002) - Fig. 38. When analyzing the results
for PCT in serum, a statistically significant difference was also registered when
comparing the studied groups (W=27.27; p=0.000). Significantly higher median PCT in
serum was observed for ECBN compared to ECVN (W=23.55; p=0.008), and EUIN
(W=30.73; p=0.000) - Fig. 39. In contrast to serum CRP, no significant statistical
significance was found between ECBN and CG (W=19.37; p=0.116).
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Fig. 38. Comparison of median serum
CRP by groups
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Fig. 39. Comparison of median serum
PCT by groups

We constructed ROC curves and analyzed them to study the discriminative power of
the individual cytokines tested in serum and cerebrospinal fluid to distinguish bacterial
from viral etiology in acute CNS infections. The blue color was used to represent the
indicators in the cerebrospinal fluid, and the red - in the serum. To indicate 50 %, a
diagonal reference line is placed in green (Fig. 40-49).
ROC curve

Sensitivity

Sensitivity

ROC curve

1 - Specificity

1 - Specificity

Fig. 40. ROC curve of CSF IL-6 for
discriminating bacterial etiology

Fig. 41. ROC curve of serum IL-6 for
discriminating bacterial etiology
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Fig. 42. ROC curve of CSF IL-8
for discriminating bacterial etiology
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Fig. 43. ROC curve of serum IL-8
for discriminating bacterial etiology
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Fig. 44. ROC curve of CSF IL-10 for
discriminating bacterial etiology

Fig. 45. ROC curve of serum IL-10 for
discriminating bacterial etiology
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Fig. 46. ROC curve of CSF IL-12(p40)
for discriminating bacterial etiology

Fig. 47. ROC curve of serum IL-12(p40) for
discriminating bacterial etiology
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Fig. 48. ROC curve of CSF TNF-α
for discriminating bacterial etiology

Fig. 49. ROC curve of serum TNF-α
for discriminating bacterial etiology

The data obtained from the calculation of the area under the curve for the tested
cytokines are presented in Table 4, along with the standard error, the statistical significance,
and the confidence interval at 95 %. Statistical significance was found for
IL-6, IL-8,
IL-10, IL-12(p40), and TNF-α in cerebrospinal fluid, as well as IL-6 and IL-8 in serum.
Excellent discriminant power (AUC> 0.9) was calculated for only two of the cytokines
tested - IL-6 in serum and IL-12 (p40) in cerebrospinal fluid.

Table 4. The calculated area under the ROC curve of the studied cytokine
Cytokine
AUC1
SE2
p3
95 % CI4
0.769
0.090
0.592
0.945
CSF IL-6
0.008
Serum IL-6

0.906

0.049

0.000

0.810

1.000

CSF IL-8

0.724

0.092

0.026

0.544

0.905

Serum IL-8

0.745

0.083

0.015

0.582

0.907

CSF IL-10

0.735

0.095

0.020

0.548

0.921

Serum IL-10

0.616

0.102

0.252

0.416

0.816

CSF IL-12(p40)

0.925

0.048

0.000

0.831

1.000

Serum IL-12(p40)

0.316

0.091

0.069

0.139

0.494

CSF TNF-α

0.741

0.085

0.017

0.575

0.908

Serum TNF-α

0.546

0.100

0.649

0.350

0.742

1-area under the ROC curve; 2-standard error; 3-significance; 4-confidence interval

ROC curves were also constructed for the classical clinical laboratory parameters of
cerebrospinal fluid, in patients with a suspected CNS infection, to compare with the results
of the tested cytokines (Fig. 50-53).
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Fig. 50. ROC curve of CSF WBC for
discriminating bacterial etiology

Fig. 51. ROC of CSF total protein for
discriminating bacterial etiology
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Fig. 52. ROC curve of CSF glucose for
discriminating bacterial etiology

Fig. 53. ROC curve of CSF to serum
glucose ratio for discriminating bacterial
etiology

All of the classic clinical laboratory parameters of cerebrospinal fluid showed statistical
significance in discriminating the two conditions (Table 5). When calculating the area under
the ROC curve, the total protein and glucose in the cerebrospinal fluid showed an excellent
discriminative power, as well as the cerebrospinal to serum glucose ratio.
Table 5. The calculated area under the ROC curve of the studied classical clinical laboratory
parameters of cerebrospinal fluid
Parameter
AUC1
SE2
p3
95 % CI4
CSF WBC5

0.893

0.055

0.000

0.784

1.000

CSF total protein

0.973

0.026

0.000

0.923

1.000

CSF glucose

0.901

0.058

0.000

0.788

1.000

CSF to serum glucose ratio

0.922

0.052

0.000

0.820

1.000

1-area under the ROC curve; 2-standard error; 3-significance; 4-confidence interval; 5-white blood cells
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ROC curves were also constructed for serum CRP and PCT in patients from all tested
groups, in order to compare to the results of cytokine analysis and classical clinical
laboratory parameters of cerebrospinal fluid (Fig. 54 and 55).
ROC curve

Sensitivity

Sensitivity

ROC curve

1 - Specificity

1 - Specificity

Fig. 54. ROC curve of serum CRP for
discriminating bacterial etiology

Fig. 55. ROC curve of serum PCT for
discriminating bacterial etiology

The values of the ROC analysis performed for the serum concentrations of CRP and
PCT are presented in Table 6. Statistical significance was found for both indicators, which
have excellent discriminative power.
Table 6. The calculated area under the ROC curve of serum CRP and PCT
Parameter
AUC1
SE2
p3
95 % CI4
0.048
0.848
1.000
CRP5 serum
0.943
0.000
PCT6 serum

0.819

0.002

0.083

0.656

0.982

1-area under the ROC curve; 2-standard error; 3-significance; 4-confidence interval; 5-C-reactive protein;
6-procalcitonin

Combinations of the tested parameters were studied using logistic regression analysis to
increase AUC. In Table. 7 the results obtained from the cerebrospinal fluid/serum ratio of
all tested cytokines are summarized. Although AUC values of 0.917 for IL-10, IL-12 (p40),
and TNF-α show excellent discriminant power, for them, as for the rest of the cytokines, no
statistical significance was found for the discrimination of bacterial by viral etiology.
Combinations were also studied between the obligatory clinical laboratory parameters
of cerebrospinal fluid, IL-12(p40) - the cytokine with the highest AUC in cerebrospinal
fluid, CRP, and PCT. The results obtained are shown in Table 8. All tested combinations
showed that they were statistically significant. The largest area under the ROC curve was
found for the combinations CSF IL-12(p40) + serum CRP and CSF IL-12(p40) + serum
CRP + CSF total protein (AUC = 0.995). The addition of CSF total protein to the
combination of IL-12(p40) + serum CRP did not alter the AUC area. The comparison of the
obtained ROC curves is given in Fig. 56.
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Table 7. The calculated AUC for the studied cytokines as CSF to serum ratios
Parameter
AUC1
SE2
p3
CSF to serum IL-6 ratio
0.583
0.309
0.739
0.000

95 % CI4
1.000

CSF to serum IL-8 ratio

0.667

0.204

0.505

0.267

1.000

CSF to serum IL-10 ratio

0.917

0.110

0.096

0.701

1.000

CSF to serum IL-12(p40) ratio

0.917

0.110

0.096

0.701

1.000

CSF to serum TNF-α ratio

0.917

0.110

0.096

0.701

1.000

1-area under the ROC curve; 2-standard error; 3-significance; 4-confidence interval

Table 8. The calculated AUC for the studied parameters in combination
Parameter
AUC1
SE2
p3

95 % CI4

CSF total protein +
CSF WBC5
CSF total protein +
CSF glucose
CSF total protein +
CSF to serum glucose ratio
CSF WBC + CSF total protein + CSF glucose
+ CSF to serum glucose ratio
CSF IL-12(p40) + CSF WBC в ликвор
CSF IL-12(p40) + CSF total protein

0.861

0.071

0.001

0.722 – 1.000

0.749

0.089

0.025

0.575 – 0.923

0.952

0.035

0.000

0.884 – 1.000

0.842

0.077

0.002

0.691 – 0.993

0.957
0.919

0.035
0.052

0.000
0.000

0.889 – 1.000
0.817 – 1.000

CSF IL-12(p40) + CSF glucose
CSF IL-12(p40) + CSF to serum glucose ratio

0.890
0.900

0.064
0.062

0.000
0.000

0.765 – 1.000
0.778 – 1.000

CSF IL-12(p40) + serum CRP
CSF IL-12(p40+ serum CRP +
CSF total protein
Serum CRP + CSF WBC
Serum CRP + CSF total protein
Serum CRP + CSF glucose

0.995
0.995

0.008
0.008

0.000
0.000

0.980 – 1.000
0.980 – 1.000

0.919
0.947
0.938

0.055
0.044
0.052

0.000
0.000
0.000

0.811 – 1.000
0.861 – 1.000
0.835 – 1.000

Serum CRP + CSF to serum glucose ratio
Serum CRP + CSF WBC + CSF total protein
+ CSF glucose + CSF to serum glucose ratio
CSF IL-12(p40) + serum PCT
Serum PCT + CSF WBC
Serum PCT + CSF total protein

0.943
0.909

0.048
0.061

0.000
0.000

0.848 – 1.000
0.790 – 1.000

0.888
0.869
0.914

0.048
0.069
0.082

0.000
0.001
0.000

0.795 – 0.982
0.733 – 1.000
0.754 – 1.000

Serum PCT + CSF glucose

0.888

0.084

0.001

0.724 – 1.000

Serum PCT + CSF to serum glucose ratio

0.920

0.077

0.000

0.769 – 1.000

Serum CRP + Serum PCT

0.929

0.053

0.000

0.826 – 1.000

1-area under the ROC curve; 2-standard error; 3-significance; 4-confidence interval; 5-white blood cells
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ROC curve
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IL-12(p40) + CSF to serum glucose ratio
IL-12(p40) + Serum CRP
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Fig. 56. Combined ROC curves of IL-12(p40) and some clinical laboratory parameters
Optimal cut-off values for distinguishing bacterial from viral etiology were calculated
only for those indicators with excellent discriminant power (AUC> 0.900). The results are
shown in Table 9.
Table 9. Cut-off values for some of the parameters
Cut-off value

Sen1

Spe2

IL-6 serum [pg/ml]

20.6

81 %

85.7 %

IL-12(p40) CSF [pg/ml]

71.8

95.2 %

85.7 %

CSF total protein [g/l]

1.1

95.2 %

92.9 %

CSF glucose[mmol/l]

< 2.85

81 %

100 %

CSF to serum glucose ratio

< 0.48

90.5 %

100 %

Serum PCT [ng/ml]

77.3
37
0.25

89.5 %
94.4 %
83.3 %

100 %
81.8 %
72.7 %

CSF IL-12(p40) + serum CRP

144

100 %

90.9 %

Parameter

Serum CRP [mg/l]

1-sensitivity; 2-specificity

We used correlation analysis to study the association in the observed groups between
the tested cytokines in the cerebrospinal fluid and the classical clinical laboratory
parameters of cerebrospinal fluid (WBC, total protein, glucose, CSF to serum glucose ratio),
as well as serum CRP and PCT. In patients in the ECBN group, a negative correlation was
found between the cerebrospinal fluid IL-10 and glucose (rs= - 0.643; p=0.002), as well as
between IL-10 and the CSF to serum glucose ratio (rs= - 0.520; p=0.016). The strength of
this correlation in both indicators is moderate. There was also a negative association
between TNF-α in cerebrospinal fluid and the concentration of glucose in cerebrospinal
fluid (rs= - 0.539; p = 0.012), once again moderate in strength.
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In the group of ECVN, a statistically significant positive correlation of cerebrospinal
fluid IL-6 (rs=0.601; p=0.023) and IL-8 (rs=0.582; p=0.029) with the cell count was found.
The strength of this association for both interleukins is moderate. For IL-8, a moderately
positive correlation was also found with respect to the CSF to serum glucose ration
(rs=0.555; p=0.040). In the CG we revealed a strong positive correlation between IL-6 and
cerebrospinal fluid glucose (rs=0.610; p=0.027).
There was no statistically significant correlation between the other clinical laboratory
parameters and the cytokines in cerebrospinal fluid in the observed groups. No such was
found between the cytokines in the cerebrospinal fluid and the serum levels of CRP and
PCT. However, correlations were found between the serum values of the studied cytokines
and these two indicators. In the group of ECBN, a moderate positive correlation was found
between serum IL-6 and CRP (rs=561; p=0.012), serum IL-10 and PCT (rs=0.524;
p=0.018), serum IL-12(p40) and PCT (rs=0.497; p=0.026). A moderate, positive correlation
was observed between serum IL-6 and PCT (rs=0.580; p=0.038), serum IL-10 and PCT
(rs=0.689; p=0.009). Only in the group of EUIN, a moderate correlation of the serum
cytokines IL-6, IL-10 and IL-12(p40) was simultaneously observed with CRP and PCT in
serum: IL-6 to CRP (rs=0.459; p=0.021) and PCT (rs=0.676; p=0.000); IL-10 to CRP
(rs=0.445; p=0.026) and PCT (rs=0.609; p=0.000); IL-12 (p40) to CRP (rs=0.446; p=0.025)
and PCT (rs=0.459; p=0.011). In the control group, no correlations were noted between the
tested parameters. No correlations were found for IL-8 and TNF-α to CRP and PCT in any
of the study groups.
A correlation analysis was also applied to study the association between the tested proand anti-inflammatory mediators by groups. A positive correlation was found between IL-6
and IL-8, and the strength of the association varied in the different groups – in patients with
viral infections it was very strong (rs=0.924; p=0.000), in the group of ECBN strong
(rs=0.768; p=0.000), and the CG moderate (rs=0.582; p=0.037). In EUIN, no statistically
significant correlation was observed between these two interleukins.
In patients with bacterial neuroinfection, IL-10 showed a moderate positive correlation
to IL-8 (rs=0.468; p=0.032). IL-12(p40) also correlated moderately with IL-6, and the
direction of this association was again positive (rs=0.469; p=0.032). A statistically
significant strong correlation of TNF-α with the cytokines IL-8 (rs=0.608; p=0.003) and
IL-10 (rs=0.756; p=0.000) was found in the same group, as well as a moderate association
with IL-12(p40) (rs=0.589; p=0.005).
In the study, we did not find any other significant correlations between the studied
cytokines by groups.
A statistically significant positive correlation of IL-10 to IL-6 and IL-8 was found in
the ECBN group – the association between IL-10 and IL-6 is strong (rs=0.652; p=0.012),
while between IL-10 and IL- 8 is moderate (rs=0.540; p=0.046).
The BBB has the property to selectively pass some pro-inflammatory mediators such as
IL-6 and TNF-α. On the other hand, bacterial pathogens, such as S. pneumoniae, lead to
disruption of the integrity of the BBB and increasing its permeability – a phenomenon that
further complicates the course of the disease (Yau B. et al., 2018). Due to the ability of the
tested cytokines to pass through the BBB, intact or impaired, the parallel measurement of
their serum and cerebrospinal fluid concentrations was essential for the study. In this way, it
could be assessed whether elevated levels of cerebrospinal fluid inflammatory mediators
were affected by serum or formed in situ.
The significantly elevated concentrations of the proinflammatory mediators IL-6 and
IL-8 in the cerebrospinal fluid compared to the serum of patients in all test groups except
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the control group is pointing to their intrathecal synthesis. The observations also support
their role as a significant marker of inflammation in the CNS compartment. This is
confirmed by the correlation analysis, which shows that the concentrations of the two
molecules correlate positively with each other in the cerebrospinal fluid of the patients from
the groups of ECBN (rs=0.768; p=0.000) and ECVN (rs=0.924; p=0.000). A positive
correlation, moderate in strength, was also found between these parameters in the control
group (rs=0.582; p=0.037). This correlation could be due to other pathological processes
affecting the CNS, other than infection, which are associated with increased concentrations
of these molecules in the CNS compartment, as the patients in the CG are not clinically
healthy individuals. Some non-infectious causes are known to lead to an increase in their
cerebrospinal fluid levels such as neurolupus (Yoshio T. et al., 2016).
The observed trend of increased cytokine levels in the CNS in patients with bacterial
CNS infections is consistent with other studies on the problem. Pinto V. et al. reported
increased cerebrospinal fluid IL-6 and IL-8 concentrations in patients with bacterial
meningitis compared to those with aseptic meningitis and a control group (Pinto V. et al.,
2011). A meta-analysis conducted by Rong Y., aiming to summarize the scientific
publications on the diagnostic potential of IL-6 and IL-8 in the diagnosis of patients with
acute CNS infections, shows that the combined area under the ROC curve for IL-6 is 0.970,
while for IL-8 is 0.930 (Rong Y. et al., 2015). Despite the significantly lower values of these
indicators, which were calculated in our study, the results of Rong Y. and his group confirm
the tendency observed in the Ph.D. thesis that IL-6 is a more accurate biomarker compared
to IL-8. Our calculated area under the ROC curve for IL-8 (0.724), although lower than that
cited in the meta-analysis, is close to the results of other authors such as Hussien M. (0.774)
and Zhang G. (0.771) (Hussien M. et al., 2011; Zhang G. et al., 2019). On the other hand,
Srinivasan L. et al. reported a larger area for this interleukin (0.890) and also claimed that
IL-6 and IL-10 from cerebrospinal fluid had the greatest discriminative power (Srinivasan
L. et al., 2016). This is not confirmed by our study, because when constructing the ROC
curves and calculating the AUC for these cytokines, we found the largest area for the
cerebrospinal fluid IL-12 (p40), followed by TNF-α, but not for the CSF IL-6.
A study by Kornelisse R. on the role of IL-12 and IFN-ɣ in patients with bacterial
meningitis found that there was no difference in cerebrospinal fluid concentrations of
biologically active IL-12(p70) between patients with bacterial meningitis and controls, but
such was observed for its beta subunit (p40), while in the control group these values were
even below the detection limit (Kornelisse R. et al., 1996). In the present study, we were
able to examine not the biologically active IL-12(p70), but only the beta subunit (p40). Our
results coincide with the study of Kornelisse R. because we found the same trend for the
IL-12(p40). Although focused on the respiratory system, in a study by Russel T. et al. it was
found that not the biologically active IL-12, but its beta subunit (p40) as a dimer, is
associated with leukocyte migration (Russel T. et al., 2003). The same mechanism is very
likely to take place within the intrathecal space and to be responsible for pleocytosis in the
cerebrospinal fluid in patients with neuroinfections, although we have not found a
significant correlation between CSF IL-12(p40) and the number of cells in the CSF. In the
scientific community, numerous publications show that the presence of acute meningitis
may not be accompanied by an increase in the number of cells. For example, because
enterovirus meningitis is the most common manifestation of neuroinfection, and in up to 15
% of these patients there may be no pleocytosis in the cerebrospinal fluid, we believe that
despite approaching 0.900 area under the curve, the number of cells may not be a reliable
enough indicator of discrimination.
43

A comparative study of Santotoribio J. et al. on serum and cerebrospinal fluid CRP
demonstrated that only serum CRP level had a high diagnostic value with an AUC of 0.926,
but not those in cerebrospinal fluid (Santotoribio J. et al., 2015). The area under the ROC
curve for this indicator in the serum calculated in the present doctoral thesis is even larger
(0.943). We examined the role of the combined testing of IL-12(p40) with other parameters
to increase their discriminative potential. We found that when combining the cerebrospinal
fluid IL-12(p40) with the serum CRP, the area under the ROC curve could be increased to
0.995 (p=0.000; CI=0.980-1.000). From the literature review in the electronic databases, we
did not find another study in which this combination was proposed to discriminate bacterial
from aseptic infections of the CNS. The best discriminative absolute value we calculated by
summing the two indicators is 144 (Sen=100 %; Spe=90.9 %).
A study by Schwarz S. et al. confirms the trend observed in our research for statistically
significant higher levels of serum PCT and CRP, as well as the number of cells, protein, and
glucose in the cerebrospinal fluid in patients with bacterial neuroinfections compared to
nonbacterial neuroinfections (Schwarz S. et al., 2000). A study by Jareb M. on patients with
bacterial CNS infections found a higher median serum PCT for these patients (6.45 ng/ml;
0.25-43.76 ng/ml) compared to our results for the group of patients with bacterial
neuroinfection – 2.47 ng/ml; 0.05-17.06 ng/ml (Jareb M., 2001). The study group also
reported a higher median in the group of viral neuroinfections (0.27 ng/ml; 0.05-0.44 ng/ml)
than the median we observed in the doctoral thesis (0.11 ng/ml; 0.05 - 0.84 ng/ml).
4.5. Results to Objective 5. To prepare an exemplary diagnostic algorithm aiding the rapid
etiological diagnosis in patients with acute CNS infections
The proposed exemplary algorithm for optimizing the rapid etiological diagnosis in
patients with acute neuroinfections should start with the DM (Fig. 57). This is the fastest
method to perform, with a specificity of 48 %. In addition, the highest detection rate is
expected for S. pneumoniae, which is among the leading causes of neuroinfections in the
Plovdiv region. In this way, a rapid etiological result can be obtained in a large number of
patients. In clinical specimens coming from high-risk wards, where nosocomial pathogens
are expected, or in pre-treated with antibiotics patients, a more likely negative outcome is
expected. Despite the determined identical sensitivity of LAT and DM, the use of LAT
and/or mPCR is proposed. In case of a positive result from DM for pneumococci, it is
proposed to eliminate the need for using LAT or mPCR. It is also proposed that in DM
negative, but LAT positive cases, the need for mPCR to be eliminated due to the
coincidence in the etiology between the compared methods.
In the present study, 30.4 % of the detected pathogens were not in the spectrum of the
LAT and 21.7 % in the mPCR. Given these limitations, the negative result of these tests
does not exclude the possibility of the presence of a bacterial etiological agent and the need
for subsequent CSF culturing of the samples.
In case of unconvincing data from the medical history, clinical presentation, and
laboratory results for a referral to the etiology, as well as in the presence of negative rapid
tests, the combined testing of IL-12(p40) from cerebrospinal fluid and serum CRP is
proposed. When the absolute value of the sum of these two biomarkers is above 144, the
initiation of empirical antibiotic therapy is suggested due to the possibility of the presence
of a bacterial neuroinfection of unclear etiology. At values below 144, it is recommended to
postpone the start of the antibiotic therapy considering the clinical condition of the patients,
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the available risk factors, and the medical history. The combined indicator should not
exclude the subsequent cerebrospinal fluid culturing. Also, the use of these two biomarkers
in combination could help clarify the role of some isolates, such as CoNS, in the etiology of
acute CNS infections.

Fig. 57. Exemplary diagnostic algorithm for etiological diagnosis in patients with acute CNS
infections

DM-direct microscopy; LAT-latex-agglutination test; mPCR-multiplex polymerase chain reaction;
CSFC-cerebrospinal fluid culture
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1. CONCLUSIONS
1. In the Plovdiv region, Gram (+) bacterial isolates predominate in neuroinfections, with
CoNS (with an uncertain etiological role) in 23.2 % and S. pneumoniae in 17.5 % being
the most commonly detected. In S. pneumoniae, non-vaccinal strains were detected in
78.9 % of the serotyped pathogens, with serotypes 3 and 19A predominating in 21.1 %
each. The third most frequent cerebrospinal fluid isolate is L. monocytogenes (8.1 %) - a
fact that requires monitoring of the incidence;
2. Mycotic isolates are significantly rarer than bacterial (7.1 %). Fungi of the genus
Candida and the genus Cryptococcus are equally represented (3.3 %). Non-albicans
species are of growing importance, accounting for 71.4 % of all isolates of the genus
Candida. In individuals with HIV (+) status, C. neoformans and M. tuberculosis appear
as causes of neuroinfections;
3. The leading cause of viral infections of the CNS are enteroviruses, with a presumed
predominance of ECHO 6, followed by herpes viruses;
4. Pneumococcal isolates are observed in early childhood and after the age of 40 and are
more often isolated in young males and with advancing of age predominantly females.
In the case of listerial meningoencephalitis, the patients are in later years affected, and
in individuals, under 30 years of age, this microorganism is not isolated. As the age
interval increases, women are more likely to be affected by L. monocytogenes. Children
up to 4 years of age appear to be the most vulnerable group to acute neuroinfections, as
they showed both the largest number of cerebrospinal fluid pathogens, constituting
20.5 % of all isolates and the greatest etiological diversity of microorganisms;
5. Regardless of etiology, non-viral CSF isolates in neuroinfections are relatively equally
distributed throughout the seasons. Autumn-winter seasonality is seen in some
pathogens such as N. meningitidis, while spring-summer seasonality is present in CoNS
and SVG;
6. In pneumococci, penicillin resistance reaches 23%. MRSA strains are seen in 8 %. The
susceptibility of Gram (+) microorganisms to glycopeptides and linezolid is preserved.
Among all Gram (-) microorganisms of the order Enterobacterales, ESBLs producers
were found, and this is most prevalent for K. pneumoniae (70 %), which makes the
inclusion of third-generation cephalosporins in the empirical therapy ineffective.
A. baumannii and P. aeruginosa are multi-resistant with preserved susceptibility to
colistin;
7. The use of multiplex PCR significantly increases the relative proportion of the
identified etiological cause of acute CNS infections for both the bacterial and viral
etiology, within hours;
8. Concentrations of tested cytokines, CRP, and PCT show differences between patients
with acute viral and bacterial CNS infections. They are significantly higher in bacterial
neuroinfections. No differences were found between the individual bacterial pathogens,
but a difference in cytokine levels was detected between enteroviruses and HHV-6;
9. The highest discriminative power among the studied cytokines in serum and
cerebrospinal fluid is observed for the CSF IL-12(p40). IL-12(p40) is the only cytokine
in which elevated levels of cerebrospinal fluid compared to serum are detected in
bacterial neuroinfections alone. As a stand-alone indicator, IL-12(p40) is superior to the
number of cells in the cerebrospinal fluid, glucose, and the ratio of glucose in the
cerebrospinal fluid and serum, but has a lower discriminative potential than the CSF
protein. However, the combination of the biomarker with serum CRP is associated with
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the highest discriminative power among all parameters as stand-alone biomarkers or in
combination, with an optimal absolute cut-off value of these two indicators of 144
(Sen=100 %; Spe=90.9 %);
10. As a stand-alone parameter, serum PCT does not have a higher discriminative power
when compared to the classical cerebrospinal fluid clinical-laboratory parameters, as
well as the serum CRP. The best cut-off value was 0.25 ng/ml (Sen=83.3 %;
Spe=72.7 %). The combined testing of PCT and CRP can significantly increase the
overall discriminative potential of these indicators.
2. CONTRIBUTIONS
6.1. Contributions of mainly scientific and theoretical nature
6.1.1. Original contributions
1. It was determined on clinical material from 114 patients for the first time in the country
the higher diagnostic value of multiplex PCR for rapid etiological diagnosis in patients
with acute CNS infections compared to direct microscopic examination, latex
agglutination test, and CSF culturing;
2. A study was conducted for the first time in the country on the discriminatory role of
some cytokines in distinguishing bacterial from viral etiology in patients with acute
CNS infections;
3. The discriminatory role of CRP and PCT in the etiology of patients with acute
neuroinfection is studied for the first time in the country, as stand-alone biomarkers or
in combination with other indicators;
4. The combined testing of cerebrospinal fluid IL-12 (p40) and serum CRP is proposed,
which according to the literature review has no-analog for the discrimination of
bacterial and viral neuroinfections.
6.1.2. Confirmatory contributions
1. The study on 80 cases confirmed the discriminatory role of cytokines in differentiating
bacterial etiology in patients with acute CNS infections;
2. The study on 80 cases confirmed the role of abnormalities in the classic cerebrospinal
fluid clinical-laboratory parameters for the diagnosis of patients with acute CNS
infections.
6.2. Applied contributions
1. Implementation of the multiplex PCR in the rapid microbiological diagnosis in patients
with acute infections of the central nervous system in all clinics of the St. George
University Hospital;
2. A form of request has been developed, claiming cerebrospinal fluid examination by
multiplex PCR in patients with acute neuroinfections;
3. A practical algorithm for optimizing the diagnostic process for determining the etiology
of acute CNS infections is proposed.
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