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The prospective study covered 93 patients aged 1 mo - 18 y. (47 children with aseptic meningitis, 26 - with purulent
meningitis, 20 with neurotoxicosis). The concentration of cytokines (IL-4, IL-1b, IL-10, TNF-a) in cerebrospinal fluid and blood
was determined during the first day of hospital stay. It was found that in patients with both aseptic and purulent meningitis, the
levels of TNF-a, IL-18, IL-10 in the cerebrospinal fluid exceeded the levels of these cytokines in the blood. In patients with aseptic
meningitis, activation of the Th2 immune response with active production by tissues of the nervous system of anti-inflammatory
cytokines and increased levels in the cerebrospinal fluid, and vice versa, the advantage of Th1 response, characterized by intensive
synthesis of proinflammatory cytokines in children with purulent meningitis. The obtained results optimize the differential
diagnosis of aseptic and purulent inflammation of the meninges, allow to develop ways of differentiated correction of immune
disorders, predict the severity of the disease and increase the effectiveness of treatment of these diseases.
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M TOKIHU KPOBI 1 JIIKBOPY SIK AN®EPEHIIAJIBHO-AIATHOCTUYHI MAPKEPH
IOCTPUX MEHIHI'ITIB Y JITEU

IIpocieKTUBHEM HOCIIKCHHSAM OXOIUICHO 93 maiieHTiB BikoM Bix 1-ro mic. 10 18-t p., (47 miteilt 3 cepo3HUM
MEHIHTITOM, 26 — 3 rHiiiHUM MeHiHriToM, 20 xiTeit HelipoTokcukozom). Konnenrparito urokinis (IL-4, IL-1b, IL-10, TNF-a) y
JKBOPI Ta KPOBi BU3HAYAIM MPOTIrOM Iepiuoi Jo0u mepeOyBaHHS XBOPHX y CTal[ioHapi. BcTaHOBIEHO, 10 Y MALEHTIB SIK 3
CepO3HUMHU TaK i 3 rHiliHUMH MeHinritTamu piBHI TNF-a, IL-18, IL-10 y nikBOpi nepeBuIityBany piBHi LUX LUTOKIHIB B KPOBi. Y
XBOPHX 3 CEPO3HMMH MEHIHTiTaMH BHsIBJICHO akTuBalifo Th2 iMyHHOI BiAIOBIAl 3 aKTUBHOIO MPOAYKII€I0 TKAHMHAMHU HEPBOBOT
CHCTeMH POTH3ANaJIbHUX [UTOKIHIB 1 MiIBUIIEHHSM iX PiBHIB y CHIHHHOMO3KOBIH pinuHi, i HaBmaku, nepesary Thl Bixnosixi,
sIKa XapaKTePH3y€eThCsl INTEHCUBHUM CHHTE30M IPO3alalbHUX IUTOKIHIB y AiTel 3 THIHHUME MeHiHTiTaMu. OTpHMaHi pe3yIbTaTh
ONTHMI3YIOTh AU(EpeHNiHy IiarHOCTUKY CEPO3HOT0 Ta THIHOTO 3anaIeHHsIM 000JI0HOK MO3KY, TO3BOJISIOTH PO3POOUTH IIUISIXU
nmudepenniiioBanoi Kopekii iMyHHHX TOPYIIeHb, IPOTHO3YBATH TSDKKICTH Iepebiry XBOpoOH i MiABUIIUTH eeKTHBHICTh Tepartil
LIUX 3aXBOPIOBaHb.
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The work is a fragment of the research project “Clinical and pathogenetic and epidemiological features of acute
infectious diseases in children, optimization of diagnosis and treatment”, state registration No. 0119U002101.

Meningitis is one of the most serious diseases of the central nervous system caused by an infectious
process, and leads to numerous residual effects, complications and frequent deaths [5]. Neuroinfections
remain one of the most common forms of central nervous system damage, second only to vascular
pathology [2]. The urgency of the problem of meningitis in children is due to the high frequency of severe
forms of the disease, high mortality, the complexity of differential diagnosis, a wide range of etiopathogens,
increasing resistance of pathogens to antibacterial agents. Therefore, early etiological diagnosis of this
pathology in children, especially in the first days of the disease, is one of the main tasks of pediatricians
and infectioners. [12]. Routine methods of cerebrospinal fluid examination can not always in the first hours
of the disease can give an idea of the pathogens that caused it - bacteria, viruses or others, while diagnosing
the etiology of the disease at the earliest possible time to correctly choose empirical therapy [3]. This
contributes to the constant search for new diagnostic opportunities to improve the diagnosis and differential
diagnosis of meningitis in children. Studies of recent years have shown that not only the state of cellular
and humoral immunity, but also the nature of immune responses activation in the CNS affects the course
of meningitis. Serum cytokines in children with meningitis of various etiologies have been studied for more
than ten years and today, levels of proinflammatory cytokines IL-1p and TNF-a are considered highly
effective markers for the differential diagnosis of meningitis of viral and bacterial etiology [4], at the same
time the results of studying cytokines levels in cerebrospinal fluid of children with purulent and serous
meningitis is reflected only in isolated studies. High levels of cytokines in the cerebrospinal fluid have been
found in purulent meningitis, as bacterial components are identified by brain immune cells (astrocytes,
microglia), which secrete large amounts of cytokines — hormone-like mediators that involve other immune
cells and stimulate other tissues to participate in the immune response. In children with serous meningitis,
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the concentration of cytokines in the cerebrospinal fluid is variable and depends on the pathogen that caused
the disease with herpesviruses, measles virus, mumps mice [6].

The purpose of the study was improving the early differential diagnosis of acute serous and
purulent meningitis in children based on the determination of cytokine levels in the blood, cerebrospinal
fluid and immunological features of the disease.

Materials and methods. The prospective study covered 93 patients aged 1 month. to 18 years,
who were hospitalized in the utility unprofitable enterprise UNE ORL “Lviv Regional Clinical Infectious
Diseases Hospital” during 2015-2019. Group 1 was included 47 children hospitalized with a diagnosis of
“Serous meningitis”; group 2 included 26 children diagnosed with “purulent meningitis”. The comparison
group consisted of 20 children, randomized by age, who were hospitalized with a diagnosis of “SARS,
neurotoxicosis” and negative results of bacteriological and virological examination of cerebrospinal fluid.

Immunological tests of blood and cerebrospinal fluid were performed during the first day of
hospitalization. The concentration of cytokines (IL-4, IL-1b, IL-10, TNF-a) in cerebrospinal fluid and
blood was carried out by enzyme-linked immunosorbent assay using “Vector Best” kits (Russia). We did
not determine the levels of these cytokines in the blood and cerebrospinal fluid of healthy children, but
used available in the literature [9, 11] reference values. The Commission on Bioethics of Danylo Halytsky
LNMU revealed no violations of moral and ethical norms during the study. The research and treatment
methods used in the study are scientifically substantiated and comply with the principles of the Helsinki
Declaration of Human Rights (1950), the Council of Europe Convention on Human Rights and
Biomedicine (1997) and the requirements of current Ukrainian legislation. All patients were admitted to
the study with written informed consent.

For statistical data processing, non-parametric statistics were used using the Mann-Whitney and x2
criteria to compare the mean values and frequencies of registration of traits according to the data
distribution (differences were considered significant at a significance level of p<0.05). Statistical data
processing was performed using Microsoft Excel 7, Statistica for Windows v.8.0 (StatSoft, USA).

Results of the study and their discussion. It was found that in patients with purulent meningitis
levels of TNFa, IL-18, IL-4, IL-10 in the blood were significantly higher than in patients with serous
meningitis and children of the comparison group, special attention should be paid to IL-1f, which median
concentration in children of group 2 was by 6 times higher than that of patients with serous meningitis and
children from the comparison group (table 1).

Table 1
Plasma levels of pro-inflammatory and anti-inflammatory cytokines (in pg/ml)
in children with acute meningitis
Group 1 (serous meningitis) Group 2 (purulent Comparison group Reference
Index (n=47) meningitis) (n=26) (n=20) values [5]
Me Q25-Q7s Me Q25-Q7s Me Q25-Q7s Me, Q25—Q7s
IL-1B 6.45% 0 1.67-12.04 21.57% | 10.93-24.63 322 | 1.92-4.29 1.8 [1.0-3.3]
IL-4 2.63 0 1.03-4.32 3.46% 1.94-5.52 2.67 | 0.97-5.28 5:2[4.9-6.1]
IL-10 | 943° 4.22-15.33 58.17% | 9.41-25854 | 8.14 | 3.71-13.23 11.49.5-12.8]
TNF-o. | 2.06° 0.27-4.57 24.41% | 0.73-12.24 235 | 0.91-3.70 0.4[0.1-0.6]

Note: * — p<0.05in comparison: group of ratients 1 Ta 2 with comparison group; "~ p<0.05in comparison: group 1 — group 2

In patients with serous meningitis, the level of pro-inflammatory interleukin-1p in the blood was
6.45 [1.67-12.04] pg/ml, which was twice the rate of patients in the comparison group - 3.22 [1.92-4.29]
pg/ml, (p=0.02)

Plasma TNF-a levels in patients with serous meningitis and comparison groups did not differ
statistically significantly and were 2.06 [0.27-4.57] pg/ml and 2.35 [0.91-3.70 ] pg/ml, respectively. At the
same time, in patients with purulent meningitis, the level of TNF-a in blood plasma was 24.41 [0.73-12.24]
pg/ml and by 10 times higher than in other 2 groups of patients (p< 0.001).

In patients of group 1 and group 2, the levels of cytokines in the cerebrospinal fluid were higher
than the age norms. In patients with purulent meningitis, the levels of TNFa, IL-18, IL-4, IL-10 in the
cerebrospinal fluid were statistically significantly higher than in patients with serous meningitis, in
particular the content of interleukin-1p in the cerebrospinal fluid reached 10.97 [3.52-21. 93] pg/ml
and five times higher than the comparison group (2.19 [0.76-4.67] pg/ml, table 2). Patients with
purulent meningitis showed an even more significant increase in IL-1p levels, which was more than
by 30 times higher than in patients with serous meningitis, and by 150 times higher than in the
comparison group.
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Table 2
Results of determining the level of pro-inflammatory cytokines in the cerebrospinal fluid
in patients with acute meningitis (pg/ml)
Group 1 (serous meningitis) Group 2 (purulent Comparison group Reference values
Index n=47) meningitis) (n=26) (n=20) [7]

Me Q25—Q75 Me Q25—Q7s5 Me Q25-Q7s Me. Q25—Q7s
IL-1B 10.97% 5 3.52-21.93 352.27* 20.56-950.46 2.19 0.76-4.67 0.2[0.2-0.6]
IL-4 3.31%8 1.68-5.92 4.88% 3.03-8.10 2.08 1.20-3.12 4.6 [3.6-6.8]
IL-10 65.83* 21.36-126.63 160.40%* 6.20-341.51 6.50 2.74-12.80 3.9[3.9-23.3]
TNF-a 3.68% 5 1.31-6.91 79.14% 12.24-252.8 1.29 0.33-2.48 33[1.1-3.3]

Note. * - p<0.05 when comparing: group of patients 1 and 2 with the comparison group; [] - p<0.05 when comparing: group 1 -
group 2

In 73-89 % of patients in the main group, the levels of proinflammatory cytokines of the
cerebrospinal fluid — IL-1pB, TNF-a were higher than the age norms, and the concentration of IL-10
exceeded normal values in all patients. The anti-inflammatory cytokine IL-4 in the cerebrospinal fluid was
elevated by only 27.3 % of patients.

When comparing the concentration of IL-1f in the blood and cerebrospinal fluid, it was found that
only in patients of the comparison group the level of IL.1-f in the blood exceeded the level of IL1-f in the
cerebrospinal fluid by 1.5 times, and the median levels of this cytokine in cerebrospinal fluid were 3. 22
[1.92-4.29] pg/ml and 2.19 [0.76—4.67] pg/ml, respectively.

In the cerebrospinal fluid of children with serous meningitis, the median concentration of TNF-a
was 3.68 [1.31-6.91] pg/ml and was by three times higher than the level of TNF-a in patients from the
comparison group (p=0.03). The median TNF levels in the group of patients with purulent meningitis were
by 21.5 times higher than in patients with serous meningitis, and by 61.5 times higher in patients from the
comparison group and was 79.14 [12.24-252.83] pg/ml (p = 0.002). 79.14 [12.24-252.83] pg/ml
(p=0.002).

In patients with serous meningitis, the level of IL-1f in the cerebrospinal fluid was by 1.7 times
higher than the corresponding value in blood plasma and was 10.97 [3.52-21.93] pg/ml and was 6.45 [1.67—
12, 04] pg/ml, respectively. In children with purulent meningitis, the level of IL-1p in the cerebrospinal
fluid was by 22 times higher than the value of IL-1p in the blood — 352.27 [20.56-950.46] pg/ml and 21.57
[10.93-24.63] pg/ml, respectively (fig. 2).

When comparing the level of TNF-a in the blood and cerebrospinal fluid, it was found that only in
the comparison group the level of TNF-a in the blood exceeded the level of TNF-a in the cerebrospinal
fluid 1.8 times at median levels of this cytokine — 2.36 [0.91 —3.70] pg/ml and 1.29 [0.33-2.48] pg/ml,
respectively. In children with both serous and purulent meningitis, the ratio of TNF-a cerebrospinal
fluid/blood was significantly higher than in patients of the control group (fig. 2).
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Highly informative was the calculated index IL10 jiquor / TNF- tiquor, Which is the ratio between
anti-inflammatory and pro-inflammatory cytokines and reflects the state of the T-helper system in
conditions caused by infectious factors. It is known that Th1 and Th2 cells cause different pathways of the
immune response. Thl cells provide a type 1 immune response (or so-called “cellular immunity™) to fight
viruses and other intracellular pathogens, and stimulate delayed-type hypersensitivity skin responses; Th2
cells determine humoral immunity and regulate the production of antibodies to fight extracellular
organisms.

In patients with purulent meningitis, the ratio of IL10 iquor/ TNF iquor during the first days from the
onset of the disease was 4.68+1.02 units, and was significantly lower than in the comparison group
(9.02£1.11 units, p=0.02 ). In patients with serous meningitis, this figure was 23.35+2.08 units. and
statistically significantly (p=0.006) exceeded that in the comparison group and in the group of patients with
purulent meningitis.

This ratio reflects the significant activation of the Th2 type of immune response and higher
production of anti-inflammatory cytokines compared to proinflammatory cytokines in patients with serous
meningitis, and conversely, the advantage of Thl type of immune response, characterized by intensive
synthesis of proinflammatory cytokines (TNF-a), IL-1 nervous system and an increase in their level in the
cerebrospinal fluid in children with purulent meningitis. Clinically, this is manifested by a long-term
normalization of cerebrospinal fluid cytosis in serous meningitis and severe general condition of children
with pronounced inflammatory changes in the cerebrospinal fluid in a subgroup of patients with purulent
meningitis.

It should be noted that the severity of the disease correlated with the levels of interleukin-1 and
tumor necrosis factor in the blood and cerebrospinal fluid: higher concentrations of IL-1B and TNF-a were
apparently one of the factors that caused the severity in these patients, as it was found that the result of the
biological action of elevated proinflammatory cytokines is drowsiness, loss of appetite, while this cytokine
enhances the synthesis of acute phase proteins, stimulation of adhesion molecules, vasodilation and is
necessary for the production of y-interferon.

The importance of early differential diagnosis of meningitis of various etiologies is due to the need
for immediate treatment of all patients with acute meningitis, but the basic principles of treatment of
purulent meningitis (involving treatment with several antibacterial drugs) are fundamentally different from
modern treatment protocols.

It is known that toxins and antigens produced during the inflammatory process activate pro-
inflammatory (IL-1B, TNF-a) and anti-inflammatory (IL-4, IL-10) cytokines, thus creating favorable
conditions for bacterial growth and penetration of their toxins into the blood [7].

Serum cytokines have been studied in children with meningitis of various etiologies for more than
ten years. Today, the levels of pro-inflammatory cytokines IL-1p and TNF-a are considered highly effective
markers for the differential diagnosis of meningitis of viral and bacterial etiology. In particular, an IL-1§
concentration greater than 20 pg/ml is observed in 80 % of patients with purulent meningitis and only in
4 % of patients with serous meningitis.

Significantly higher levels of cytokines in the cerebrospinal fluid in purulent meningitis can be
explained by the presence in this pathology of more powerful inducers of cytokines, primarily they are the
components of the bacterial wall and bacterial toxins. If the components of bacteria are identified by
immune cells of the brain (astrocytes, microglia), the latter secrete large amounts of cytokines - hormone-
like mediators that involve other immune cells and stimulate other tissues to participate in the immune
response [1, 11].

The concentration of pro-inflammatory and anti-inflammatory cytokines in bacterial meningitis
decreases relatively slowly in the dynamics of the disease and only within the next few weeks returns to
the age norm. It is believed that the breakdown time of cytokines in cerebrospinal fluid is much longer than
in serum. Experimental studies have shown that cytokines in the blood, such as IL-2, when administered
intravenously have a half-life of only a few minutes. This may explain the fact that in diseases in which
high levels of cytokines in the CNS are detected, in particular in purulent meningitis, cytokines may not be
detected in the blood.

The dynamics of cytokine levels in serous meningitis is reflected only in single studies, in small
groups of patients. This may be due to the fact that most patients with serous meningitis do not undergo
repeated lumbar punctures [1]. It has been established that in serous meningitis the concentration of
cytokines in the cerebrospinal fluid depends on the pathogen that caused the disease. Thus, studies by N.
Hikita [6] showed that the content of IL-10 in the cerebrospinal fluid in enterovirus meningitis was 14.3
pg/ml compared with 264.2 pg/ml in patients with meningitis caused by mumps virus. It is quite
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interesting to use the determination of cytokines TNF-a, IL-6, IL-8 for the differential diagnosis of
purulent meningitis in patients who have already started antibiotic therapy (partially treated meningitis)
and serous meningitis.

This is a particularly pressing problem for meningitis caused by meningococci. These pathogens
are sensitive to antibiotics that cross the blood-brain barrier. Therefore, after one or several days of
treatment in such patients, the cerebrospinal fluid is rapidly sanitized and in the cerebrospinal fluid
mostly changes are detected that are usually observed in serous meningitis — low lymphocytic
pleocytosis, slightly elevated protein content. At the same time, the levels of cytokines in the
cerebrospinal fluid, in particular TNF-a, IL-6, IL-8, remain high and are significantly higher than in
patients with serous meningitis [8, 10].

Ko 000000

Summarizing the data obtained, it can be stated that in patients with both serous and purulent
meningitis, the levels of TNFa, IL-18, IL-10 in the cerebrospinal fluid exceeded the levels of these
cytokines in the blood; similar patterns were found for the ratio of proinflammatory cytokines IL-16, TNFa
in cerebrospinal fluid and blood.

Patients with serous meningitis also showed significant activation of the Th2 immune response
with active production of anti-inflammatory cytokines by nervous system tissues and increased levels in
the cerebrospinal fluid, and vice versa, the predominance of Thl response, which is characterized by
intensive synthesis of proinflammatory cytokines in children with purulent meningitis.

Determining the immunopathogenetic features of neuroinfections will improve the differential
diagnosis of serous and purulent meningitis, develop ways of differentiated correction of immune disorders,
predict the severity of the disease and increase the efficacy of these diseases treatment.
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