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Pediatric bacterial purulent meningitis (BPM) and viral encephalitis (VE) are significant medical and social problems due to
their course severity, high frequency of death cases, and formation of neurologic deficiency at the disease outcome. Activa-
tion of hormonal regulation and severity syndrome of systemic inflammatory response are important factors to evaluate the
character of BPM and VE course. Objective. To study the level of cortisol and laboratory indicators of systemic inflammation
in children with various variants of BPM and VE course depending on the period of the disease (acute period, reconvalescence)
to specify their role in the pathogenesis of acute neuroinfections. Object and methods. There were investigated hematological
indicators, the level of cortisol, C-reactive protein in blood serum of 60 children, 39 of them had BPM and 21 ones - VE.
The comparison group included 14 children aged from 1 to 14 years old who were undergoing rehabilitation care due to
neurologic problems at the Federal State-Financed Institution Pediatric Research and Clinical Center for Infectious Diseases
under the Federal Medical Biological Agency. Results. The patients were divided into some subgroups according to the sever-
ity of their condition at the moment of hospitalization, i.e. urgent condition or critical condition requiring organ replacement
therapy. The maximum increase of cortisol level and laboratory markers of systemic inflammation during the acute period
was revealed in case of BPM in comparison with VE with a subsequent normalization to the stage of reconvalescence.
The level of cortisol during the acute period of BPM was reliably higher in the subgroup with urgent conditions, whereas
in case of VE - in the subgroup with critical conditions. There were no significant differences in the laboratory indicators
of systemic inflammation response among the subgroups. There was established a correlation interrelation of cortisol level
and the content of granulocytes and blood lymphocytes. Conclusion. There were identified characteristic features of cortisol
content in children with bacterial and viral neuroinfections depending on the course of the disease.
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KOPTU30/1 U NABOPATOPHbLIE MOKA3ATE/IM CUCTEMHOIO BOCMANEHUA
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Y OETEU
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bakTepuanbHble rHoWHble MeHWHrUTbl (BI'M) 1 BUpycHble 3HUedanuTbl (B3) y AeTeit nMpeacTaBnsioT 3HAUYMMYKO Meau-
KO-COLMaNbHYI0 NpobnemMy B CBA3M C TSAXKECTbIO TEYEHWS, BbICOKMM MPOLLEHTOM JeTalbHbIX MCXOA0B, GOPMUPOBAHU-
eM HeBposoruyeckoro geduumta B ucxone 3abonesaHusa. B onpepeneHun xapaktepa TeyeHus BI'M u BD wumeeTt 3Ha-
YeHWe aKTMBALMSA TOPMOHANbHOW perynaumMm u TSXKeCTb CMHAPOMAa CUMCTeMHOro BocnanutenbHoro otseta (CCBO).
Uenb pa6otbl. V3yunTb OMHAMMKY YPOBHS KOPTM30/1a M nabopaTopHbIX MOKasaTener CMCTEMHOrO BOCMAaNeHus y AeTen
C pa3nnyHbIMK BapuaHTamu Teyenns bI'M u B3 B 3aBucumocTu ot nepmoaa 3abonesaHus (OCTpbI, NEPUOL peKOHBaNeCLeH-
LUnM) ANS YyTOYHEHMS MX PONM B MATOreHese OCTPbIX HelpouHdekuuin. Matepnanbl U Metoabl. [poBefeHO uccnenoBaHue
remMaTonornyeckmx nokasartenei, ypoBHs kopTusona, C-peakTuBHOro 6enka B CbiBOpoTKe KpoBu 60 AeTei, cpeAn KOTOPbIX
39 nepeHocunaun bI'M, 21 — B3. pynny cpaBHeHus cocTaBunun 14 peteit B Bo3pacTe oT 1 roga fo 14 net, HAXOAMBLUMXCS HA
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peabunuTaumMmn B «[1eTCKOM HAay4YHO-KIMHUYECKOM LEHTpe MHMEKLMOHHbIX BonesHei» DepepanbHOro mMenmko-buonoruye-
CKOTFO areHTCTBa B CBSI3U C HEBpoONnoOrnyeckumu npobnemamu. Pesynbrathbl. 10 TSXXECTU COCTOSHUS HA MOMEHT MOCTYMNIEHUS
B CTaLMOHap NauueHTbl 6bIIM pasfenieHbl Ha MOATPYMMbl C HEOTJOXHbIM, TMO0 KPUTUYECKUM COCTOSIHUEM, TpebytoLmM fomnon-
HUTENbHbIX PeaHUMMALMOHHBIX NOCO6U. B ocTpoM nepuoae MakcumasibHble YPOBHU KOPTM301a M NabopaToOpHbIX MapKepoB
CUCTEMHOrO BocnaneHus obHapyxeHbl npu BI'M no cpaBHeHuto ¢ B3 ¢ nocnepyroweit HopManusaumein K CTagum pekoHBa-
necueHuun. CopepxaHne KopTusona 6bi10 LOCTOBEPHO Bbille B MOATPYMNne NauMeHTOB C HEOTNOXKHbIM COCTOSSHUEM B OCTPOM
nepuoge bI'M, Torga kak npu B3 — B moarpynne ¢ KpUTUYECKMM COCTOSIHMEM. [lOCTOBEPHbIX pa3nnyuii B N1abopaToOpHbIX
nokasatenax CCBO mexay noarpynnamu He BbIIBNEHO. YCTAaHOB/EHA KOppensuMOHHAs B3aMMOCBA3b YPOBHSA KOPTM30/a
C COLLEPXXAaHUEM TPaHYIOLUMUTOB U IMMGBOLMUTOB KPOBU. 3aKoueHne. YCTaHOB/EHbl XapaKTepHble 0COBEHHOCTH COAEepKaHUs
KOpTM30/1a y feTel ¢ 6akTepuanbHbIMU U BUPYCHbIMW HEMPOUHMEKLMSMU B 3aBUCUMOCTM OT TSXKECTU TEYEHUS 3aboeBaHus.

KnioueBble cnoBa: 6akTepuanbHblii THOMHbIA MEHWHIUT; BUPYCHbIA 3HUEDANUT; AeTHU; KOPTU30/; CUCTEMHOE BOCMANEHUE,;

na6opaToprle noKasaTtenn.

INTRODUCTION

Bacterial purulent meningitis (BPM) and viral
encephalitis (VE) in children represent a significant
medical and social problem due to the severity of
the course, a high rate of lethal outcomes, and the
development of neurologic impairment in the resi-
dual period [4]. The study of various aspects of the
pathogenesis of acute neuroinfections, including the
assessment of hormonal regulation disorders, the in-
tensity of inflammatory and immune responses, and
their relationship is of both scientific and practical
interest. In response to pathogen permeation, the hy-
pothalamus—pituitary—adrenal cortex axis is activated
with an increase in the synthesis of adrenal cortex
hormones, the most active of which is cortisol [14].
Cortisol has a pronounced anti-inflammatory effect
and can reduce capillary permeability, inhibit cell
division processes and protein biosynthesis, stabi-
lize lysosomal membranes, affect immune responses,
in particular cytokine synthesis, influence the func-
tional activity of immunocompetent cells, and par-
ticipate directly in the pathogenesis of an infection
[6, 7, 13].

In addition to hormonal regulation, systemic in-
flammation is important in determining the nature of
the course of BPM and VE. In assessing VE, labora-
tory parameters are considered in addition to clinical
signs (such as temperature, respiratory rate, and heart
rate). Leukocytosis (i.e., over 12 x 10° cells/l), leuko-
penia (below 4 x 10¢ cells/l), or a left deviation of
the leucogram with an increase in the number of stab
forms over 10% help diagnose systemic inflammatory
response syndrome (SIRS) [11]. Moreover, determin-
ing the concentration of C-reactive protein (CRP) is
important, as its level increases over the first 24 h of
the disease with a maximum level in bacterial infec-
tion than in viral infection [2].

Literature data interpret ambiguously changes in
cortisol level in the blood serum of patients with neu-
roinfections, which is possibly due to various func-
tions and mechanisms of action of cortisol on dif-

ferent body systems, including the immune system
[1, 3, 7]. Data on the relationship between the level of
endogenous cortisol and the severity of neuroinfections
as well as the laboratory markers of SIRS are limited
and contradictory. Cortisol and CRP levels are the
highest in pediatric patients with meningococcal men-
ingitis and are relatively low in patients with fulmi-
nant meningococcal septicemia and septic shock [15].
Woensel et al. [15] reported that a low cortisol concen-
tration in the blood serum in combination with high con-
centrations of adrenocorticotrophic hormone indicates an
extremely severe course of meningococcal infection in
pediatric patients with a high risk of unfavorable out-
come. Another study revealed that the majority of pa-
tients with sepsis and septic shock have increased serum
cortisol levels [12]. In patients with sepsis, variability
in free cortisol levels at different disease stages was
noted, while a significant increase in the total cortisol
levels was not detected [9]. A few studies have noted
a relationship between cortisol levels and changes in
the clinical blood test. A significant relationship was
established between the levels of leukocytes, platelets,
and serum cortisol in a random sample of patients with
various pathologies, including infectious, only at exami-
nations 2 and 3 [8]. Moreover, a certain cortisol level is
required to maintain an elevated level of white blood cells.

Thus, despite the well-known role of cortisol in the
regulation of inflammation and immunity, the variabil-
ity and ambiguity of literature data on the involvement
of cortisol in the pathogenesis of neuroinfections and
the relationship between the level of endogenous cor-
tisol and the severity of systemic inflammation reac-
tions determine the relevance and novelty of studying
the adaptive capabilities of the human body to adjust
therapy and improve disease outcomes.

The work aimed to investigate the dynamics of
cortisol levels and laboratory indicators of systemic
inflammation in pediatric patients with different BPM
and VE courses depending on the disease period (acute
or convalescence) to clarify their role in the patho-
genesis of acute neuroinfections.
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MATERIALS AND METHODS

A comparative study of the levels of cortisol and
laboratory markers of systemic inflammation in 60 pe-
diatric patients aged 2 months to 17 years, hospitalized
at the Pediatric Research and Clinical Center for Infec-
tious Diseases of the Russian Federal Medical-Biolog-
ical Agency, Saint Petersburg (PRCCID) in the period
from 2010 to 2017, was performed. Of these patients,
39 had BPM and 21 patients had VE. In the acute
period (days 1-3 from the disease onset) and at the
early convalescence stage (days 7—14 from the disease
onset), the dynamics of hematological parameters, cor-
tisol content, and CRP level in the blood serum were
assessed. According to the severity of the condition
upon hospital admission, the patients were distributed
into subgroups with an emergency or critical condition
requiring additional resuscitation activities.

The comparison group consisted of 14 pediatric pa-
tients aged 1-14 years who were undergoing rehabili-
tation due to neurological conditions at the PRCCID.
The etiology of BPM and VE was established using
microbiological methods, polymerase chain reaction,
and enzyme immunoassay. In the BPM group, menin-
gococcal etiology was established in 21, hemophilic
etiology was detected in 11, pneumococcal etiology
was found in three, and unclear etiology was noted
in four patients. In the VE group, one patient had
herpetic encephalitis, one had chickenpox, one had
tick-borne encephalitis, one had disease caused by
the Epstein-Barr virus, and two patients had a mixed
etiology of the disease (herpes + Epstein—Barr virus,
Epstein—Barr virus + cytomegalovirus). In other pedi-
atric patients, the etiology was not established.

The study of the blood serum cortisol level was
performed by enzyme-linked immunosorbent assay on
an Infiniti analyzer (Tecan, Austria) with the use of re-
agents by Vector-Best (Russia). The clinical analysis of
the blood was performed on an automatic hematological
analyzer Sysmex XP-300 (Japan); the leucogram count
was performed in a blood smear using an Axio Lab.
A1l microscope (Germany). Biochemical studies were
performed on automatic analyzers Cobas ¢ 50 (Roche,
France) and Taurus (Instrumentation Laboratory, Italy).
Values of hematological and biochemical parameters
were compared with generally accepted age norms.

Statistical data processing was performed using
the statistical analysis package Microsoft Office Excel
2007 and GraphPad Prism 5.0 (GraphPad Software
Inc., La Jolla, CA). The mean value (M), median (Me),
and interquartile range [Q,~0Q..] of each sample were
evaluated. The significance of the differences between
the groups was established using Student’s z-test and
Mann—Whitney U-test. A correlation analysis was per-
formed using Spearman’s nonparametric rank correla-

tion to establish a relationship between the cortisol
level and severity of laboratory indicators of systemic
inflammation.

RESULTS AND DISCUSSION

The cortisol level in the comparison group was with-
in a narrow range and averaged 414.8 +39.2 nmol/L,
which is generally comparable with literature data.
Hematological and biochemical parameters in pediat-
ric patients of this group were within the generally
accepted age norms. With BPM and VE, the results
of the analysis of the blood serum level of cortisol
varied significantly depending on the nosological form
and disease period. In the acute period of BPM, the
average cortisol level was approximately five times
higher than that of the comparison group, decreas-
ing by the convalescence stage. With VE, the cortisol
level exceeded the indices of the comparison group
by an average of 2.5 times, with the same values in
the convalescence stage (Table 1).

Standard laboratory parameters of SIRS (i.e., leu-
kocyte count, stab forms, CRP level) also revealed
maximum deviations from the age reference range in
patients with acute BPM, while maintaining a minor
leukocytosis and an increase in CRP in the convales-
cence stage. In the acute period of VE, only insig-
nificant leukocytosis was found without an increase in
stab forms and CRP concentration (Table 1).

According to the severity of the condition at the
time of hospital admission, patients with BPM and
VE were distributed into subgroups with an emergen-
cy condition (BPM subgroup 1 and VE subgroup 3,
respectively) or critical condition (BPM subgroup 2
and VE subgroup 4, respectively). Subgroups 2 and 4
included patients with an extremely critical condi-
tion caused by the development of septic shock or
cerebral edema, manifested by severely depressed
consciousness and convulsive status. All patients of
these subgroups received intensive therapy, including
resuscitation support (such as artificial lung ventila-
tion, extracorporeal detoxification, hemo- and plasma
transfusion) due to the development of organ/multiple
organ failure. The subgroups with an emergency condi-
tion included pediatric patients whose condition upon
admission was assessed as severe due to pronounced
manifestations of intracranial hypertension and SIRS,
with clinical and laboratory signs of sepsis, but with-
out signs of organ failure. In this group, no resusci-
tation was required to stabilize the condition of the
patients. BPM subgroup 2 included 19 (49%) pa-
tients, and BPM subgroup 1 consisted of 20 (51%)
patients. In the VE group, the condition of 14 (67%)
patients was regarded as critical and that of seven
patients (33%) as emergency.
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Table 1 / Tabnuya 1

Blood indicators in the dynamics of bacterial purulent meningitis and viral encephalitis in children
JlabopaTtopHble nokasaTenu KPOBM B AMHAMUKe BaKTepuanbHOro rHOMHOrO MEHUHIUTA U BUPYCHOTO 3HUedanuTa y aeTei

Laboratory indicators /
. . Statistical in- 3HaueHus 1a0OpaTOPHBIX MMOKa3aTenen
Nosological form, period / dicators / C
Ho3zonorunueckas ¢popma, jcators / &.1a- band neutro- C-reactive protein,
nepuos (1) THCTHICCKHCE cortisol, nmol/l / leucocytes, x10%1/ | phils, % / manouxo- mg/l/
fiokasareiu KOPTHU30J1, HMOJIB/T | JelKkouuTel, x10°1 | snepHble HEHTpO- C-peaKTUBHBIH
¢umel, % 0eoKk, MI/I
Bacterial purulent men-
ingitis, acute period / M+ m 2150.3 + 191.2"§# 19.5 £2.08# 16.4 £ 1.78% 192.8 £ 15.2%#
BaxrepuaapHBII THOH- Me 2628.5 16.3 14.0 178.0
HBIIl MCHUHTHUT, OCTPHII 0,0 1196.0-3137.0 8.5-24.9 10.0-20.0 121.4-266.0
nepuox (n = 39)
Bacterial purulent men-
ingitis, recovery period / M+m 703.4 £ 116.6 9.7+ 0.6 36+0.5 12.6 + 3.4%
bakTepuanbHbIii THOWHBIN Me 514.3 8.6 3.0 6.2
MEHUHTHT, IEPUOJ PEKOH- — .5-638. .2-12. .0-5. .5-16.
p p =015 395.5-638.7 7.2-12.2 2.0-5.0 2.5-16.8
BasecueHuuu (n =27)
Viral encephalitis, acute MEm 931.6 +225.8 123+ 11 31405 6.2+ 14
period / BupycHslit 3HI11e- Me 5393 10.5 )5 40
(hamuT, OCTPHINA Mepuos - - 1 - -
(n="21) 0,0 182.3-1447.0 9.1-15.5 2.0-5.0 2.5-8.1
Viral encephalitis, reco- M+m 1007.0 + 230.5" 82+09 3.4+0.6 3.3+07
very period / BupycHsrif Me R11.0 79 25 3.0
sHIedanuT, mepuox pe- B o - - 2
KompareceHmH (1 = 13) 0,0, 316.7-1433.0 5.5-97 3.0-4.0 1.7-5.0
. M+m 414.8 £39.2
The comparison group / Me 406.5 3 B 3
I'pynna cpaBHEHUS 0.-0 315 07'517 0
25 75 N N

* Difference from the comparison group; ¥ difference between the values of recovery period and acute period in each nosological
form; * difference between the values of BPM and VE in the same period. Confidence level p < 0.05."

* OTiiMuus OT TPYIIbI CPABHEHHUS;, | OTINYUS 3HAUCHUH OCTPOrO IEPHOJA OT PEKOHBAJIECIEHIIMH B K&K I0H HO30JI0THYECKON (hopMme;
* ornnuus 3HaueHuit npu BI'M u BD B onHOM nepuoze. YposeHs goctoBepHoctH p < 0.05.

Data analysis revealed significant differences in the
cortisol level in BPM and VE subgroups (Tables 2, 3).
In the acute period (Table 2), a significant increase in
the cortisol level was found in BPM subgroup 1 as
compared with that in BPM subgroup 2. In the conva-
lescence stage, the cortisol levels reached those of the
comparison group in both subgroups. No significant
differences were found in hematological parameters,
CRP, and albumin concentrations in the subgroups;
however, at the convalescence stage, the average cor-
tisol and CRP levels in the subgroup with a critical
condition were insignificantly higher (773.0 versus
652.4 nmol/L, and 7.2 versus 17.8 mg/L for cortisol
and CRP, respectively).

Compared to patients with BPM, pediatric pa-
tients with critical VE condition has significantly
higher level of cortisol than those with an emergen-
cy VE condition and their values exceeded those of
the comparison group in the acute period (Table 3).

At the convalescence stage, the cortisol level in pa-
tients with critical illness remained high, which is
significantly different from the comparison group
and subgroup with an emergency condition. Among
the laboratory criteria for systemic inflammation in
the acute period, moderate leukocytosis was revealed
without an increase in the count of stab leukocytes and
CRP level. No significant differences were observed
in hematological parameters between the subgroups.

Thus, the most significant increase in the cortisol
level was detected in the acute period of BPM, which
was associated with the maximum increase in labora-
tory markers of systemic inflammation, in particular,
leukocytosis and stab leukocyte count. Probably, the
activation of the hypothalamic—pituitary—adrenal axis,
caused by the penetration of bacteria leads to an in-
crease in cortisol synthesis, which contributes to the
manifestation of compensatory inflammatory and im-
mune reactions at an early disease stage. In the course
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Blood indicators in children with different course of bacterial purulent meningitis
JlabopatopHble nokasaTenu KpOBM y AeTel C pa3HbiM XapakTeEPOM TeueHns 6aKTepuanbHOro rHOMHOrO MEHUHIUTA

Table 2 / Tabauya 2

No. Subgroups — Status / .Sta}tlstlcal Cortisol, Leucocytes, | Band neutrophils, % / C-re'actlve pro-
indicators / nmol/l / 0 N tein, mg/l /
Homep noarpynmnst 6051b- x10%/1 / Jleiiko- | IlamoukosiaepHbie .
CrarucTuyeckue Koprusou, 0 ", C-peakTUBHBIH
HBIX — cOCTOsiHuE (1) uuThl, *10%/1 HeiTpodmILIBL, %
[IOKa3aTeu HMOJIB/II 0eI0K, MI/1I
Acute period / OcTpslii Iepuos
| — Urgent / M=Em 2640.0 £211.2°8* 20.4 +£2.9% 151+ 1.7 205.8 + 18.0¢
Hoommerh 0 (n=20) Me 2877.0 17.8 15.5 192.0
0,0, 2516.0-3214.0 9.0-25.3 10.0-20.0 143.2-258.0
2 _ Critical / M+m 1750.0 £ 281.4"§ 187 £2.98 17.8 £2.98 178.4 £25.4%
Kpuriueckoe (7 = 19) Me 1859.0 16.3 13.0 162.0
P " 0,0, 534.2-2696.0 8.9-24.9 10.0-25.0 90.9-282.3
Recovery period / [lepuoa pekoHBaeCIEHIIUH
| — Urgent / M+m 652.4 +160.0 9.0+ 1.0 34+0.7 72+1.5
Hoommeh 1 (=15 Me 522.6 77 3.0 6.3
& 0,0 395.5-638.7 6.8-11.5 2.0-5.0 4.3-9.5
2 _ Critical / M=+m 773.0 £174.9 10.6 + 0.8 3.8+0.6 17.8 £7.5
K eckoe (1= 12) Me 506.0 10.8 3.0 5.2
b " 0,0, 420.4-564.3 9.5-12.2 3.0-5.0 2.5-38.8
The comparison group / M+m 414.8 £39.2
I'pynna cpaBHeHus Me 406.5 - - -
(n=14) 0,0 315.0-517.0

* Difference from the comparison group; ¥ differences between subgroups in different periods of the disease; * differences
between subgroups in the same period of the disease. Confidence level p < 0.05.
* OTaM4Hs OT IPYIIBI CPABHEHHUS; | OTIIMYKMS BHYTPH IOATPYIIILL B Pa3Hble MEPUOABI 3a00J1€BAHUS; * OTIMYMS MEKY NOATPYIIIA-
MH B OHOM epuojie 3a0osieBanus. YpoBeHb gocToBepHOCcTH p < 0,05.

Blood indicators in children with different course of bacterial purulent meningitis
JlabopaTopHble nokasatenu KpoBM Yy fieTei C pa3HblM XapaKTeEPOM TeYeHWs BUPYCHOro 3HUedanuTa

Table 3 / Tabauya 3

No. Subgroups — Status / ‘Stgtlstlcal Cortisol, Leucocytes, |Band neutrophils, % / C-re'actlve pro-
indicators / nmol/l / 0 N tein, mg/1/
Homep moarpynmnst 6071b- x10%/1 / Jleitko- | IlanmoukosiaepHbie .
CraTuctuieckue Koptusonn, N o C-peakTUBHBIN
HBIX — COCTOsIHHE (1) uuthl, X101 HeuTpodusl, %
IoKa3aTeinun HMOJIB/JT OeIIoK, MI/I
Acute period / Octpslii iepuos
3 _ Ureent / M=Em 463.6 £ 160.4 119+32 32+1.1 63+23
Heomme =7 Me 4236 10.5 3.0 438
# 0,0, 269.0-591.8 10.0-10.5 2.0-5.0 3.4-8.1
4 Critical / MEm 1251.3 +327.2" 125+1.4 31+0.6 62+1.38
Kpuriaeckoe (1 = 14) Me 558.8 10.6 2.5 4.0
P 0,0 199.5-2585 9.1-15.5 2.0-5.0 2.5-8.5
Recovery period / [lepnoa pekoHBaJIeCIIeHIINN
3 _ Ureent / M+m 4332+£321.3 75+2.1 27+0.7 21+0.8
Heommeh n=4) Me 174.5 5.5 2.0 23
4 0,0, 32.0-316.7 5.2-11.7 2.0-4.0 1.7-2.9
4 Critical / MEm 1263.2 £267.3* 84+1.2 37+0.8 52+1.5
Kpurieckoe (1 = 9) Me 1394.0 7.3 3.0 4.9
P 0,0 589.8-1440.0 6.6-9.7 2.0-6.0 2.2-72
The comparison group / M+m 414.8 +39.2
I'pynna cpaBHeHus Me 406.5 - - -
(n=14) 0,0 315.0-517.0

* Differences from the comparison group; * differences between subgroups in the same period of the disease. Confidence level p < 0.05.
* OTIMYMs OT FPYIIbI CPABHEHHUS; ¥ OTIMYUS MKy NOAIPYIIIAMH B OHOM HepHo/e 3a001eBaHus. YPoBeHb T0CToBepHOCTH p < 0,05.
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of the study, a higher cortisol level was registered in
the group with emergency condition, which may in-
dicate the effective functioning of this hormonal axis.
In pediatric patients with critical illness, low cortisol
levels may indicate an impairment of the regulatory
mechanisms and depletion of the adrenal cortex func-
tions and can be one of the factors that aggravate the
course of BPM. Our data are in part consistent with
the indication of a lower cortisol level in patients with
severe sepsis [5, 15].

With VE, in contrast to BPM, the cortisol level in
the acute period was higher in patients with a critical
condition than in patients with an emergency condi-
tion. This finding was probably due to the differences
in the etiopathogenesis of BPM and VE. In particular,
in case of VE, cytotoxic cerebral edema and cerebral
injury play a decisive role in the disease severity,
compared with the greater significance of systemic
inflammation in patients with BPM.

Correlation analysis for the BPM group as a whole
did not establish a relationship between the cortisol
level and laboratory criteria of SIRS, as well as hema-
tological and biochemical (CRP) indicators. With acute
VE, a relationship was noted between the cortisol level
and absolute lymphocyte count (»=0.51), and in the
convalescence stage, a direct relationship was found
with the absolute granulocyte count (7= 0.75).

Analysis of the correlations in the subgroups with
critical and emergency conditions revealed the re-
lationship between cortisol level and some hemato-
logical parameters, in both acute and convalescence
stages. In acute BPM, a mild direct relationship
between the cortisol level and absolute granulocyte
count (»=0.38) was established in the subgroup with
a critical condition, while in the stage of convales-
cence, an inverse relationship was noted (r=-0.33).
In the subgroup with an emergency condition, an
inverse relationship between the cortisol level and
granulocytes was noted (» =—0.31) in the acute period,
and in the convalescence stage, a direct relationship
was observed (= 0.28). At the same time, no signifi-
cant differences were observed in the absolute granu-
locyte count in these subgroups either in the acute
period (154429 x10% and 18.9+3.1 x 10° cells/1)
or in the convalescence period (6.7 +0.8 x 10° and
5.1+ 1.1 x 10% cells/l for subgroups with critical and
emergency conditions, respectively).

In the acute period of VE subgroup 4, a direct
correlation between cortisol and absolute count of
not only granulocytes (» = 0.66) but also lymphocytes
(r=0.89) was revealed. At the convalescence stage in
this subgroup, the direct relationship of cortisol with
the granulocyte count (»=0.75) remained, but there
was an inverse relationship with the lymphocyte count

(r=-0.31). In VE subgroup 3, an inverse correlation
relationship with the granulocyte count was observed
(r=-0.60), and no relationship with the lymphocyte
pool was found in the acute period. At the conva-
lescence period in this subgroup, a direct relation-
ship between cortisol level and granulocyte count was
noted (» = 0.87), and an inverse relationship was found
with the pool of lymphocytes (» =-0.50). In VE sub-
groups 3 and 4, as well as in BPM subgroups, no
significant differences were found in the absolute
counts of granulocytes and lymphocytes at different
disease stages. In the acute period, the granulocyte
counts were 7.8 £ 1.3 x 10° and 10.5 £ 2.3 x 10° cells/l
and the lymphocyte counts were 1.9 +0.5 x 10° and
1.4+ 0.2 x 10° cells/l in the subgroup with critical and
emergency conditions, respectively. At the convales-
cence stage, the granulocyte counts were 3.5 = 0.6 x 10°
and 4.2 £2.0 x 10° cells/l and the lymphocyte counts
were 3.4+0.7x10° and 2.5+0.1 x 10° cells/l in sub-
groups with critical and emergency conditions, respectively.

Correlation analysis of data indicate the involvement
of cortisol in the pathogenesis of viral and bacterial
neuroinfections of varying severity in pediatric patients
by affecting the blood cells involved in the formation
of innate and adaptive immune responses. The data
obtained are consistent with literature data, indicating
the role of cortisol in attracting marginal (located in
the parietal pool) leukocytes into the bloodstream [10].

CONCLUSION

The results of this study established the role of
cortisol in the pathogenesis of neuroinfections and the
regulation of compensatory reactions in BPM and VE
in pediatric patients. A dynamic study of the levels of
cortisol and laboratory markers of systemic inflamma-
tion established the characteristic aspects of the content
of cortisol in pediatric patients with bacterial and viral
neuroinfections, depending on the severity of the dis-
ease course and disease period (i.e., acute and early
convalescence). In the acute period, the maximum in-
crease in the levels of cortisol and laboratory markers
of systemic inflammation was found in patients with
BPM compared with VE with subsequent normalization
to the convalescence stage in the groups as a whole.
In the subgroups with critical and emergency conditions
upon hospital admission for BPM and VE, significant
differences were found in the cortisol levels. At the
same time, in the acute period, the BPM subgroup with
an emergency condition had higher cortisol level than
the subgroup with a critical condition; in VE, the cor-
tisol level was higher in the subgroup with a critical
condition. A correlation was established between the
cortisol level and absolute granulocyte count in BPM,
and the level of granulocytes and lymphocytes in VE
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may indicate the participation of cortisol in the patho-
genesis of acute neuroinfections in pediatric patients
by influencing innate and adaptive immune responses.

The work revealed significant differences in the
cortisol level in patients with BPM and VE, which
was especially associated with their pathogenesis.
In both viral and bacterial neuroinfections, a differ-
ence in the cortisol level was established depending
on the disease severity. The data obtained are novel
and, with additional clinical and laboratory studies,
can be used to adjust therapy and predict the disease
outcome, which makes the continuation of research
in this field relevant and promising.

The authors declare no conflict of interest.
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