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Analysis of selected pro-inflammatory cytokines: IL-18, IL-6, CXCL-8,
and TNF-a in children with seizure disorders during acute infection.

Is there a specific pro-inflammatory cytokine profile in these patients?
Analiza stezenia wybranych cytokin prozapalnych — IL-1, IL-6, CXCL-8, TNF-a u dzieci

ze stanami napadowymi w przebiegu ostrej infekcji. Czy u badanych pacjentow wystepuje
specyficzny profil cytokin prozapalnych?
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AbSTra t Introduction and objective: This study aimed to analyse the levels of selected pro-inflammatory cytokines in children with
seizures during acute infection. Materials and methods: The study was conducted in the Department of Infectious Diseases and
Child Neurology of the Poznan University of Medical Sciences from 19 January 2017 to 5 December 2020. Pro-inflammatory
cytokines were measured in 64 patients with febrile seizures and 11 patients after an epileptic seizure in generalised epilepsy.
The control group comprised 46 patients with delayed development. Serum pro-inflammatory cytokines were determined using
the BioLegend’s ELISA MAX"™ Deluxe Set. Pathogens were detected by standard diagnostic methods. Total white blood cell count,
C-reactive protein and procalcitonin were determined using standard diagnostic methods. Results: Significantly higher levels of all
analysed pro-inflammatory cytokines were found in patients with simple and simple plus febrile seizures; interleukin 6, CXCL-8
in those with complex febrile seizures; interleukin 6, CXCL-8, tumour necrosis factor a following epileptic seizure. The intensity
of the inflammatory response in simple and simple plus febrile seizure patients corresponded to significantly higher levels of all
pro-inflammatory cytokines and inflammatory markers. Pro-inflammatory profiles differed depending on the aetiology of the
infection. Significantly higher levels interleukin 6, CXCL-8, tumour necrosis factor a were found in simple and simple plus febrile
seizure patients infected with human herpesvirus-6 compared to the control group. Conclusions: In patients with febrile seizures
and epileptic seizures, the involvement of interleukin 1f, interleukin 6, CXCL-8, and tumour necrosis factor o was confirmed in
the inflammatory process, with a different distribution in the analysed groups. Pro-inflammatory cytokine profiles varied
depending on the infectious aetiology.
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Streszczenie

Grazyna Bugaj, Anna Mania, Magdalena Frydrychowicz, Agnieszka Gérna,
Karol Lubarski, Katarzyna Mazur-Melewska, Magdalena Figlerowicz

Cel badania: Prezentowane badanie mialo na celu analize stezenia wybranych cytokin prozapalnych u dzieci z drgawkami
w przebiegu ostrej infekcji. Material i metody: Badanie przeprowadzono w Klinice Choréb Zakaznych i Neurologii Dziecigcej
w Poznaniu w okresie od 19 stycznia 2017 do 5 grudnia 2020 roku. Grupa badana obejmowata 75 pacjentéw hospitalizowanych
po napadzie drgawek. Analizowano stezenia cytokin prozapalnych u 64 chorych z drgawkami goragczkowymi i 11 chorych po
napadzie padaczkowym w padaczce uogélnionej. Grupa kontrolna obejmowala 46 pacjentéw z opéznionym rozwojem.
Stezenia cytokin prozapalnych w surowicy krwi oznaczono za pomoca zestawéw ELISA MAX™ Deluxe Set firmy BioLegend.
Patogeny chorobotwoércze identyfikowano standardowymi metodami diagnostycznymi. Zbadano wskazniki reakeji zapalnej:
calkowita liczbe leukocytéw, biatko C-reaktywne, prokalcytonine. Wyniki: Stwierdzono istotnie wyzsze stezenia: wszystkich
cytokin prozapalnych u pacjentéw z drgawkami goraczkowymi prostymi i prostymi plus; interleukiny 6, chemokiny CXCL-8
u pacjentéw z drgawkami goragczkowymi ztozonymi; interleukiny 6, chemokiny CXCL-8, czynnika martwicy nowotworu a
u pacjentéow po napadzie padaczkowym. Intensywnos¢ reakcji zapalnej u pacjentéw z drgawkami goraczkowymi prostymi
odpowiadata istotnie wyzszym stezeniom wszystkich badanych cytokin prozapalnych i wskaznikom zapalenia. Profile cytokin
prozapalnych réznily si¢ w zaleznosci od etiologii infekcji. U chorych z drgawkami goraczkowymi prostymi i prostymi plus
oraz zakazeniem ludzkim wirusem herpes typu 6 odnotowano istotnie wyzsze stezenia interleukiny 6, chemokiny CXCL-8
i czynnika martwicy nowotworu a w poréwnaniu z grupg kontrolng. Wnioski: W procesie zapalnym u pacjentéw z drgawkami
goraczkowymi i napadami padaczkowymi potwierdzono udzial badanych cytokin prozapalnych o réznym profilu, zaleznym
od etiologii infekcji.

Stowa kluczowe: cytokiny prozapalne, drgawki goraczkowe, padaczka uogdlniona, reakcja zapalna, ludzki wirus herpes typu 6

INTRODUCTION

mediators of inflammation, play an impor-

tant role in the pathogenesis of febrile sei-
zures (FS), epilepsy and epileptic seizures (ES). Imbal-
ances between PICs and anti-inflammatory cytokines
(AICs) cause abnormalities in the inflammatory re-
sponse and contribute to an adverse course of seizures.
By measuring cytokine levels, it is possible to investigate the
network of cytokines involved in the pathogenesis of sei-
zures and the relationship between cytokines and the oc-
currence of FS or febrile status epilepticus (FSE), as well as
to assess the activity of the inflammatory process.
Inflammation affects the process of epileptogenesis.
The risk of developing epilepsy in children with FS is 2-7%
(Mahyar et al., 2014; Pavlidou and Panteliadis, 2013). Pro-
longed FS or FSE have been associated with mesial tempo-
ral lobe epilepsy (MTLE) due to acute hippocampal damage
(Choy et al., 2014; Gallentine et al., 2017). In acute infection
with FS, pyrogenic and seizure-promoting PICs, such as in-
terleukin 1f (IL-1p), interleukin 6 (IL-6), and tumour necro-
sis factor a (TNF-a), are released as a result of immune sys-
tem excitation. Increased cytokine levels are referred to as the
“cytokine storm” (Choy et al., 2014; Kim et al., 2017). Gallen-
tine et al. (2017) found an imbalance between PICs (IL-1p,
IL-6 and CXCL-8, also known as interleukin 8) and AICs,
an interleukin 1 receptor antagonist (IL-1Ra), in patients
with FSE. IL-1B-mediated IL-1Ra induction is an important
component of anti-inflammatory autoregulation (Gallentine
etal., 2017). Kim et al. (2017) reported elevated levels of in-
terleukin 10 (IL-10) and IL-1Ra, which reduce the duration
of time or prevent FS. Inflammatory mediations involved
in epileptogenesis include multiple PICs and factors: IL-1p,
IL-6, TNF-a, CXCL-8, interleukin 2 (IL-2), transforming
growth factor-p1 (TGF-B1), vascular endothelial growth

Pro—inﬂammatory cytokines (PICs), which are
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WPROWADZENIE

patogenezie drgawek goraczkowych (febrile sei-

zures, FS), padaczki i napadow padaczkowych

(epileptic seizures, ES) istotng role odgrywa-
ja cytokiny prozapalne (pro-inflammatory cytokines, PICs),
bedgce mediatorami stanu zapalnego. Zaburzenia réwno-
wagi miedzy PICs a cytokinami przeciwzapalnymi (anti-in-
flammatory cytokines, AICs) sg przyczyna nieprawidlowe-
go przebiegu reakcji zapalnej i wplywaja na niekorzystny
przebieg drgawek. Dzigki pomiarowi stezenia cytokin moz-
na zbada¢ sie¢ cytokin zaangazowanych w patogeneze sta-
néw napadowych i zwiazek miedzy cytokinami a wystepo-
waniem FS czy goraczkowego stanu padaczkowego (febrile
status epilepticus, FSE), jak réwniez oceni¢ aktywnos¢ pro-
cesu zapalnego.
Stan zapalny wplywa na proces epileptogenezy. Ryzyko roz-
woju padaczki u dzieci z FS wynosi 2-7% (Mahyar et al.,
2014; Pavlidou i Panteliadis, 2013). Przedluzajace sie FS lub
FSE moga mie¢ wplyw na wystgpienie padaczki przysrod-
kowego plata skroniowego (mesial temporal lobe epilepsy,
MTLE) wskutek ostrego uszkodzenia hipokampa (Choy
et al., 2014; Gallentine et al., 2017). W ostrej infekeji z FS
w wyniku wzbudzenia ukladu odpornosciowego uwalnia-
ne sa PICs o dziataniu pirogennym i prodrgawkowym: in-
terleukina 1P (IL-1p), interleukina 6 (IL-6), czynnik mar-
twicy nowotworu o (tumour necrosis factor «, TNF-a).
Zwiekszone stezenie cytokin okresla si¢ mianem burzy cy-
tokinowej (Choy et al., 2014; Kim et al., 2017). Gallenti-
ne i wsp. (2017) stwierdzili w FSE zaburzona réwnowage
miedzy PICs (IL-1p, IL-6 i chemoking CXCL-8, czyli in-
terleuking 8) a AICs — antagonistg receptora interleukiny 1
(IL-1Ra). Indukcja IL-1Ra pod wpltywem IL-1f jest istot-
nym elementem autoregulacji przeciwzapalnej (Gallenti-
ne et al., 2017). Kim i wsp. (2017) wskazali na podwyzszo-
ne stezenie interleukiny 10 (IL-10) i IL-1Ra, ktore skracaja
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factor (VEGF), high mobility group box protein 1 (HMGB1),
prostaglandins, platelet-activating factor (PAF), adhesion
molecules (CD44), matrix metalloproteinases 9 (MMP-9),
chemokines, and Toll-like receptors (TLR 1, 2, 3).
Inflammatory pathways are interconnected, and multi-
ple reactions result in functional changes in neurons, gli-
al cells and astrocytes, increasing susceptibility to seizures.
The pro-epileptogenic effects of IL-1p and TNF-a include
increased excitatory neurotransmission of glutamic acid,
increased expression of N-methyl-D-aspartate receptor
(NMDA-R) (IL-1B) and a-amino-3-hydroxy-5-methyl-4-
isoxazole propionic acid (AMPA-R) (TNF-a), as well as de-
creased inhibitory neurotransmission of y-aminobutyric
acid. IL-6 and CXCL-8 contribute to an environment that
promotes epileptogenesis (Choy et al., 2014; Korff and Dale,
2017; Rana and Musto, 2018).

In the present study, we measured selected PICs (IL-1p,
IL-6, CXCL-8, TNF-a) in children with FS and after an ES
in generalised epilepsy (GE) in the course of acute infec-
tion. The levels of PICs were also assessed by the type of in-
fection (viral, bacterial, undetermined aetiology). We anal-
ysed PIC levels in patients infected with human herpesvirus
6 (HHV-6), the most common aetiological agent of paedi-
atric infections presenting with FS and ES.

MATERIALS AND METHODS

The study was conducted from January 19, 2017 to De-
cember 5, 2020, at the Department of Infectious Diseas-
es and Child Neurology in Poznan, Poland. The study in-
cluded 121 patients aged 5-188 months. A total of 64 and
11 patients were hospitalised after FS and ES, respectively.
The control group (CG) consisted of 46 children with devel-
opmental disorders admitted for diagnosis. FS and a history
of epilepsy and signs of infection were CG exclusion criteria.
The presence of infection in controls was assessed based on
follow-up examinations with measurement of inflammatory
markers. Additionally, the clinical condition of patients was
checked daily for 3 days of hospital stay. Exclusion criteria
for the FS group included central nervous system (CNS) in-
fection, acute metabolic or electrolyte disturbances accom-
panied by seizures, and a history of non-febrile seizures.
Known immunodeficiency was the exclusion criterion for
the total study group. Seizures occurring in the setting of
body temperature >38°C and age 6-60 months were inclu-
sion criteria for the FS group.

For FS, a cutoff point of 10 minutes was used to distinguish
between simple and complex seizures (Millichap, 2022). Sei-
zure semiology and frequency within 24 hours, as well as
simple febrile seizures plus (SFS+), a new type proposed by
Grill and Ng in 2013, were included (Grill and Ng, 2013; Mil-
lichap, 2022). Complex febrile seizures (CFS) were defined as
focal seizures lasting >10 minutes, with more than 1 seizure
during a febrile episode within 24 hours (Grill and Ng, 2013).
The following groups were distinguished: patients with sim-
ple febrile seizures (SES), patients with SFS+, and patients
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czas trwania FS lub im zapobiegaja. Do mediatoréw stanu
zapalnego uczestniczacego w epileptogenezie nalezy wiele
PICs i czynnikéw: IL-1p, IL-6, TNF-a, CXCL-8, interleuki-
na 2 (IL-2), transformujacy czynnik wzrostu (transforming
growth factor-f1, TGF-B1), czynnik wzrostu srédblonka
naczyniowego (vascular endothelial growth factor, VEGF),
biatko o duzej ruchliwosci elektroforetycznej (high mobili-
ty group box protein 1, HMGB1), prostaglandyny, czynnik
aktywujacy plytki (platelet-activating factor, PAF), czastecz-
ki adhezyjne (adhesion molecules, CD44), metaloproteinaza
macierzy 9 (matrix metalloproteinases 9, MMP-9), chemoki-
ny, receptory Toll-podobne (Toll-like receptors, TLR 1, 2, 3).
Szlaki zapalne s3 ze sobg powigzane, a wskutek licznych re-
akeji dochodzi do zmian funkcjonalnych neuronéw, ko-
morek glejowych i astrocytow, co wzmaga podatnos¢ na
wystepowanie drgawek. Proepileptogenne dziatanie IL-1P
i TNF-a polega na nasileniu neurotransmisji pobudzaja-
cej kwasu glutaminowego, zwiekszeniu ekspresji receptora
N-metylo-D-asparaginowego (NMDA-R) (IL-1p) i kwasu
a-amino-3-hydroksy-5-metylo-4-izoksazolopropionowego
(AMPA-R) (TNEF-a) oraz zmniejszeniu neurotransmisji ha-
mujacej kwasu y-aminomastowego. IL-6 i CXCL-8 przyczy-
niaja si¢ do powstania srodowiska sprzyjajacego epileptoge-
nezie (Choy et al., 2014; Korff i Dale, 2017; Rana i Musto,
2018).

W niniejszej pracy uwzgledniono wybrane PICs - IL-1p, IL-6,
CXCL-8, TNF-a u dzieci z FS i po ES w padaczce uogol-
nionej (generalised epilepsy, GE) w przebiegu ostrej infek-
¢ji. Zbadano stezenie PICs w zaleznosci od rodzaju infekcji
(wirusowa, bakteryjna, o nieustalonej etiologii). Przeana-
lizowano stezenie PICs u pacjentéw zakazonych ludzkim
wirusem herpes typu 6 (human herpesvirus 6, HHV-6), naj-
czestszym czynnikiem etiologicznym infekcji zwigzanej
z wystepowaniem FS i ES u badanych dzieci.

MATERIAL | METODY

Badanie przeprowadzono w Klinice Choréb Zakaznych
i Neurologii Dziecigcej w Poznaniu w okresie od 19 stycznia
2017 do 5 grudnia 2020 roku. Badaniem objeto 121 pacjen-
tow w wieku 5-188 miesiecy. Po napadzie FS hospitalizo-
wano 64 chorych, po ES - 11. Grupg kontrolng (GK) two-
rzylo 46 dzieci z zaburzeniami rozwoju przyjetych w celu
diagnostyki. Kryteriami wykluczajacymi z GK byly FS i pa-
daczka w wywiadzie oraz objawy infekcji. Obecnos¢ infekcji
w GK oceniano na podstawie kontrolnych badan z pomia-
rem wskaznikow zapalenia. Ponadto stan kliniczny pacjen-
tow sprawdzano codziennie przez 3 doby hospitalizacji.
Kryteria wykluczajace z grupy FS to zakazenie osrodkowe-
go ukladu nerwowego (central nervous system, CNS), ostre
zaburzenia metaboliczne lub elektrolitowe przebiegajace
z drgawkami, drgawki bezgoraczkowe w wywiadzie. Kryte-
rium wykluczajace z badania dla wszystkich grup stanowit
zdiagnozowany niedobdr odpornosci. Kryteriami wiacza-
jacymi do grupy FS byly drgawki zwigzane z temperatura
>38°C i wiek 6-60 miesigcy.
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Parameter Number Mean + 5D M (median) IQR
Parametr Liczba Srednia = SD M (mediana)

Age [months] -

Wiek [miesiqce] N4 £3747 29 17-48
Sex—F/M

Plec - K/M 55/66

[;g [[OCC]] 37.80+1.20 38.00 36.60-38.90
WBC [G/L]

WBC[6/]] 10.39+5.61 8.65 6.48-12.98
CRP [mg/dL] i

C(RP [mg/dl] 143 +£2.58 0.24 0.2-13
PCT [ng/mL] B

PCT [ng/mi] 0.63+1.94 0.09 0.03-0.36
IL-18 [pg/mL] )
11-1B [pg/ml] 411£0.79 4.12 3.72-4.74
IL-6 [pg/mL] i}

11-6 [pg/mi] 41.59 +24.68 40.00 17.42-65.35
CXCL-8 [pg/mL] .
CXCL-8 [pg/mi] 46.94 +24.45 45.58 27.97-62.84
TNF-a [pg/mL] ]
TNF-a [pg/mi] 27.87 £15.57 31.25 12.33-41.88
F — female; M — male; BT — body temperature; WBC — white blood cells; CRP — C-reactive protein; PCT — procalcitonin; IL-1B — interleukin 1p; IL-6 — interleukin 6;
CXCL-8 — chemokine (interleukin 8); TNF-a — tumour necrosis factor a; D — standard deviation; IQR — interquartile range.

K — kobiety; M — mezczyzni; TC — temperatura ciata; WBC — white blood cells, catkowita liczba leukocytdw; CRP — C-reactive protein, biatko C-reaktywne; PCT — procalcitonin,
prokalcytonina; IL-1B — interleukina 1B; IL-6 — interleukina 6, CXCL-8 — chemokina (interleukina 8); TNF-a — tumour necrosis factor a, czynnik martwicy nowotworu a;
SD — standard deviation, odchylenie standardowe; IQR — interquartile range, zakres miedzykwartylowy.

Tab. 1. Characteristics of the study group, n = 121
Tab. 1. Charakterystyka badanej grupy, n = 121

with CFS. The GE group included patients diagnosed with
epilepsy (genetic or unknown aetiology) after an ES in the
course of acute infection. Body temperature (BT) was mea-
sured by caregivers during FS and ES episodes. In the ab-
sence of data, BT on hospital admission (°C) was considered.
Total white blood cells (WBC) count (G/L), C-reactive pro-
tein (CRP - mg/dL), procalcitonin (PCT - ng/mL), PICs
(IL-1p, IL-6, CXCL-8, TNF-a - pg/mL) and the aetiology of
infection were investigated. Blood samples for PICs measure-
ment were collected on the first day after hospital admission;
the serum was frozen and stored at —70°C until assays.

The characteristics of the study group are shown in Tab. 1.
Serum PICs (IL-1pB, TNF-a, IL-6, CXCL-8) were measured
using ELISA MAX™ Deluxe Set (BioLegend), according to
the manufacturer’s instructions. The sensitivity of the tests
was: >0.5 pg/mL for IL-1p, >2 pg/mL for TNF-a, >4 pg/mL
for IL-6, >8 pg/mL for CXCL-8. Absorbance values were
read at 450 nm using a Multiskan Bichromatic ELISA read-
er (Labsystems).

WBC, CRP and PCT were assessed by standard laborato-
ry diagnostic methods. Infections with HHV-6, influenza
virus, respiratory syncytial virus (RSV) and human coro-
navirus HKU1 (HCoV-HKU1) were confirmed by quali-
tative real-time polymerase chain reaction (RT-PCR) per-
formed on blood, nasopharyngeal swab or respiratory tract
secretions. Rotavirus/adenovirus infections were diagnosed
with a rapid qualitative faecal immunochromatography cas-
sette test. Bacterial respiratory and urinary infections were

DOI: 10.15557/AN.2023.0001

W przypadku FS przyjeto punkt odcigcia 10 minut odroz-
niajacy drgawki proste od zlozonych (Millichap, 2022).
Uwzgledniono semiologie i czestotliwo$¢ drgawek w ciagu
24 godzin oraz drgawki gorgczkowe proste plus (simple fe-
brile seizures plus, SFS+) — nowy typ zaproponowany przez
Grill i Nga w 2013 roku (Grill i Ng, 2013; Millichap, 2022).
Drgawki goraczkowe ztozone (complex febrile seizures,
CFS) zdefiniowano jako drgawki ogniskowe o czasie trwa-
nia 210 minut, z wiecej niz 1 napadem drgawek w trakcie
epizodu goraczkowego w ciggu 24 godzin (Grill i Ng, 2013).
Wyrdzniono nastepujace grupy: pacjenci z drgawkami go-
ragczkowymi prostymi (simple febrile seizures, SFS), pacjen-
ci z SFS+, pacjenci z CFS. W grupie GE znalezli si¢ chorzy
z rozpoznang padaczka (etiologia genetyczna lub nieznana)
po ES w przebiegu ostrej infekji.

Temperatura ciala (TC) byta mierzona przez opiekunéw
w trakcie FS i ES, a w przypadku braku danych uwzgled-
niano TC przy przyjeciu do szpitala (°C). Badano catkowi-
ta liczbe leukocytow (white blood cells, WBC - G/1), biatko
C- reaktywne (C-reactive protein, CRP — mg/dl), prokalcy-
tonine (procalcitonin, PCT - ng/ml), stezenia PICs (IL-1p,
IL-6, CXCL-8, TNF-a - pg/ml) i etiologie infekcji. Probki krwi,
w ktdrych oznaczano stezenia PICs, pobierano w pierwszej do-
bie po przyjeciu do szpitala; surowice zamrazano i przechowy-
wano w temperaturze —70°C do czasu badania.
Charakterystyke grupy przedstawiono w tab. 1.

Stezenia PICs (IL-1p, TNF-q, IL-6, CXCL-8) oznaczono
w surowicy za pomocg zestawow ELISA MAX™ Deluxe

AKTUALN NEUROL 2023, 23 (1), p. 1=13
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p* (Dunn’s test with
Parameter S_FS SES-" (_FS EE EG . Benjamini—Hochberg correction)
Parametr A';’aé:) II’/'I (_IQ1I?) II'/'l (_IQ1I:) ;,; (_IQ1I:) ;,; (_I(;I?) 4 p* (test Dunnaz korektq
Benjaminiego—Hochberga)
Age [months] SFS vs. GE0.002
A . 22 17 22 124 37
Wiek [miesiqce] (15-38) (12-32) (13-42) (72-156) (22-68) 0.0001 | SF%+ vs. GE 0002
Sex —F/M 20/23; . 9/2; 8/3; 16/30;
Ple¢ — K/M 16.5%/535% | 2/ 8;2_0?6%‘;% 81.8%/182% | 72.7%/27.3% |  35%/65% 0.007
p*=0.509 pr=0 p*=10.003 p*=10.035 p* =0.004
BT[°(] SFS vs. (G 0.000005
crd 38.90 38.90 38.00 36.70 36.60 0.0006 SFS+ vs. (G 0.000005
(38.00-39.50) | (38.50-39.00) | (38.00-38.40) | (36.60—38.30) | (36.60—36.60) : CFSvs. (G 0.001333
GE vs. (G 0.0525
WBC [G/L] 9.38 7.34 13.9 8.68 8.29 0.463 )
WBC [6/1] (16.18-16.48) | (51-1252) | (7.09-18.54) | (6.16-10.97) | (6.77-1132) ‘
CRP [mg/dL] SFS vs. (G 0.00001
1.07 1.01 0.53 0.2 0.2
CRP [mg/dl] 037-475 | (028-35) | (02292 | (02-135) | (02-02) 0.00001 |88+ vs. CO0.005
PCT [ng/mL] SFS vs. (G 0.00001
PCT [ng/ml] 032 0.27 0.17 0.03 0.03 0.00001 SFS+vs. €6 0.001
(0.13-0.67) (0.09-1.02) (0.05-0.22) (0.02-0.1) (0.02-0.05) : (FSvs. (G 0.016
SFSvs.GE0.016
IL-1B [pg/mL] SFS vs. (G 0.00002
IL-1B [pg/mi] 470 478 3.5 3.94 3.93 0.000001 SFS vs. CFS 0.003333
(4.12-4.92) (4.64-5.00) (3.40-4.14) (3.60-4.34) (3.40-4.08) : SFS+ vs. €6 0.0025
SFS+ vs. CFS 0.0075
IL-6 [pg/mL] SFS vs. (G 0.000005
IL-6 [pg/mi] 65.45 66.29 42.16 2933 15.16 0.000001 SFS+ vs. (G 0.000005
(53.44-75.79) | (65.35-68.80) | (39.90-48.82) | (27.00-45.08) | (12.80-17.91) : CFS vs. (G 0.0075
GEvs. (G0.0075
CXCL-8 [pg/mL] SFS vs. (G 0.000005
CXCL-8 [pg/ml] 59.74 73.72 59.74 47,65 25.55 0.000001 SFS+ vs. €G 0.000005
(46.96-73.53) | (59.39-88.74) | (54.21-66.99) | (33,49-57,67) | (14.85-29-70) ) CFS vs. (G 0.000007
GE vs. (G 0.005
TNF-a [pg/mL] SFS vs. (G 0.000003
TNF-a [pg/mi] SFS+ vs. €G 0.000003
39.12 41.98 12.54 51.87 11.90 0.00001 SFSvs. CFS0.0016
(34.86—43.47) | (40.07-43.05) | (11.80-14.14) | (48.15-57.40) | (10.95-13.00) : SFS+ vs. CFS 0.003333
CFS vs. GE 0.000003
GE vs. (G 0.000003
*p<0.05.
SFS — simple febrile seizures; SFS+ — simple febrile seizures plus; CFS — complex febrile seizures; GE — generalised epilepsy; €G — control group; M (IQR) — median
(interquartile range); F — female; M — male; BT — body temperature; WBC — white blood cells; CRP — C-reactive protein; PCT — procalcitonin; IL-1f — interleukin 1p;
IL-6 — interleukin 6; CXCL-8 — chemokine (interleukin 8); TNF-a — tumour necrosis factor a.
SFS — simple febrile seizures, drgawki gorgczkowe proste; SFS+ — simple febrile seizures plus, drgawki gorgczkowe proste plus; CFS — complex febrile seizures, drgawki
gorgczkowe ztozone; GE — generalised epilepsy, padaczka uogdiniona; GK — grupa kontrolna; M (IQR) — mediana (interquartile range, zakres miedzykwartylowy);
K — kobiety; M — mezczyzni; TC — temperatura ciata; WBC — white blood cells, catkowita liczba leukocytdw; CRP — C-reactive protein, biatko C-reaktywne; PCT — procalcitonin,
prokalcytonina; IL-1B — interleukina 1P; IL-6 — interleukina 6; CXCL-8 — chemokina (interleukina 8); TNF-a — tumour necrosis factor a, czynnik martwicy nowotworu a.

Tab. 2. Comparison of inflammatory markers and pro-inflammatory cytokines across the study groups
Tab. 2. Poréwnanie wskaznikéw stanu zapalnego i cytokin prozapalnych w analizowanych grupach

confirmed by microbiological testing of throat swab, trache-
al aspirate, and urine culture. Stool culture or culture and
latex agglutination were used to confirm bacterial gastroin-
testinal infections. Cytomegalovirus (CMV) and Epstein—
Barr virus (EBV) infections were diagnosed by blood im-
munochemical test.

Statistical analysis

Statistical calculations were performed using Statistica ver-
sion 13 software (Dell Inc., 2016, Tulsa, USA). The level of
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Set (BioLegend), zgodnie z instrukcjg zataczong przez
producenta.

Czulos¢ testow wynosita: >0,5 pg/ml dla IL-1B, >2 pg/ml
dla TNF-a, >4 pg/ml dla IL-6, >8 pg/ml dla CXCL-8.
Wartosci absorbancji odczytano przy dlugosci fali 450 nm
z uzyciem czytnika ptytek ELISA Multiskan Bichromatic
(Labsystems).

WBC, CRP i PCT zbadano standardowymi metodami dia-
gnostyki laboratoryjnej. Zakazenia HHV-6, wirusem gry-
py, wirusem syncytium nablonka oddechowego (respirato-
ry syncytial virus, RSV) i ludzkim koronawirusem HKU1
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statistical significance was set at p < 0.05. Quantitative vari-
ables were expressed as median (lower quartile and upper
quartile), mean values and standard deviations. For quan-
titative variables, the compliance of the distribution with
the Gauss curve was checked. A non-parametric Kruskal-
Wallis ANOVA test was performed for multiple groups due
to the lack of compliance with normal distribution. When
differences were detected, the Dunn test with Benjamini-
Hochberg correction was used. The chi-square test and the
test between two structure coefficients were used to com-
pare the percentage of sexes. The age of patients in the GE
group was compared using the non-parametric Mann-
Whitney U test.

The study was approved by the Bioethics Committee at
the Poznan University of Medical Sciences (No. 1281/18).
The patients’ parents/legal guardians gave written informed
consent to participate in the study.

RESULTS
Study groups

The SES, SES+, CFS and GE groups included 43, 10, 11, and
11 patients, respectively. The gender of patients differed sig-
nificantly in each group, except for the SFS group. Signifi-
cant male predominance was observed in the SFS+ group
and controls, while females predominated in CFS and GE
groups. SES and SFS+ patients were significantly younger
than those after ES, with SFS+ patients being the youngest
group (median: 17 months). The GE group included 2 pa-
tients aged <24 months (7 months and 22 months). Nine
patients aged >60 months were hospitalised. GE patients
were significantly older compared to controls (124 vs. 37
months; p = 0.002). FS patients were found to have a sig-
nificantly higher BT than controls. The highest BT was ob-
served in the SFS and SFS+ groups. CRP levels significant-
ly differed in SFS and SFS+ patients, while PCT levels were
significantly different across all patients with FS compared
to controls. The highest CRP and PCT levels were found
in the SFS and SFS+ groups. CRP and PCT levels in GE
patients were not significantly different from those in con-
trols (Tab. 2).

Seizures were convulsive across all groups. Seizure duration
was as follows: in SFS — <5 min - 31 patients, 6-9 min - 12;
in SFS+ (total seizure time) — 2—-15 min; in CFS — =10 min —
7 patients (10-20 min - 4, =10 min - 3), <10 min - 4;
in GE - 1-22 min.

Serum pro-inflammatory cytokines

SES and SFS+ patients had higher levels of all PICs than
controls. IL-6 and CXCL-8 were higher in CFS patients than
in controls. IL-6, CXCL-8 and TNF-a were higher in ES pa-
tients. The highest levels of IL-1p, IL-6 and CXCL-8 were
observed in SFS+ patients, while the highest levels of TNF-a
were found in GE patients (Tab. 2).

DOI: 10.15557/AN.2023.0001

(human coronavirus HKU1, HCoV-HKU1) potwierdzo-
no jakosciowym testem reakcji fancuchowej polimerazy
w czasie rzeczywistym (real-time polymerase chain reaction,
RT-PCR) we krwi albo wymazie z nosogardta lub wydzie-
linie z drég oddechowych. Zakazenia rotawirusami/ade-
nowirusami zdiagnozowano szybkim jako$ciowym testem
kasetowym metoda immunochromatografii w kale. Zaka-
zenia bakteryjne drég oddechowych i uktadu moczowe-
go potwierdzono w badaniach mikrobiologicznych meto-
da posiewu wymazu z gardla, aspiratu tchawiczego, moczu.
Posiew katu lub posiew i test lateksowy postuzyly do po-
twierdzenia zakazen bakteryjnych przewodu pokarmowego.
Zakazenia wirusami cytomegalii (cytomegalovirus, CMV)
i Epsteina—Barr (Epstein-Barr virus, EBV) rozpoznano za
pomocg testu immunochemicznego w probkach krwi.

Analiza statystyczna

Obliczenia statystyczne wykonano w programie Statistica ver.
13 (Dell Inc., 2016, Tulsa, USA). Jako poziom istotnosci sta-
tystycznej wynikow przyjeto p < 0,05. Wyniki analiz zmien-
nych wyrazonych w skali ilo$ciowej przedstawiono za pomoca
mediany (kwartyla dolnego i kwartyla gérnego) oraz wartosci
$rednich i odchylen standardowych. Dla zmiennych ilo$cio-
wych sprawdzono zgodnos¢ rozkladu z krzywa Gaussa. Z po-
wodu braku zgodnosci z rozkladem normalnym przeprowa-
dzono nieparametryczny test ANOVA Kruskala-Wallisa dla
wielu grup. W przypadku wykrycia réznic stosowano test
Dunna z korekta Benjaminiego-Hochberga. Do poréwnania
odsetka plci postuzyty test chi-kwadrat i test miedzy dwoma
wskaznikami struktury. Wiek pacjentéw w grupie GE pordéw-
nano nieparametrycznym testem U Manna-Whitneya.
Badanie przeprowadzono za zgoda Komisji Bioetycznej
przy Uniwersytecie Medycznym w Poznaniu - nr 1281/18.
Opiekunowie pacjentéw wyrazili pisemnie $wiadoma zgo-
de na badanie.

WYNIKI
Badane grupy

Grupa SFS obejmowata 43 osoby, SFS+ - 10, CFS- 11, GE-11.
Ple¢ pacjentow w poszczegdlnych grupach, oprocz gru-
py SES, roznita sie¢ istotnie. Istotng przewage plci meskiej
zaobserwowano w SFS+ i GK, a zenskiej — w CFS i GE.
Chorzy z SFS i SFS+ byli istotnie mlodsi niz ci po ES, naj-
mlodsi okazali sie pacjenci z SFS+ (mediana: 17 miesiecy).
W grupie GE znalazlo si¢ 2 chorych w wieku <24 miesiecy
(7 miesiecy i 22 miesigce). Hospitalizowano 9 0séb w wie-
ku >60 miesiecy. Pacjenci z GE byli istotnie starsi w porow-
naniu z GK (124 vs 37 miesiecy; p = 0,002). TC u 0s6b z FS
okazala si¢ istotnie wyzsza niz w GK. Najwyzsza TC zaob-
serwowano w grupach SFS i SFS+. Stezenia CRP roznily sie
istotnie w SFS 1 SFS+, a PCT - u wszystkich pacjentow z FS
w porownaniu z GK. Najwyzsze CRP i PCT stwierdzono
w grupach SFS i SFS+. Stezenia CRP i PCT u badanych
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Analysis of selected pro-inflammatory cytokines: IL-16, IL-6, CXCL-8, and TNF-a in children with seizure disorders during acute infection.
Is there a specific pro-inflammatory cytokine profile in these patients?

SFS SFS+ CFS GE G p* (Dunn’s test with
PICs Vi Vi /] Vi n=146 % Benjamini—Hochberg correction)
n=24 n=6 n=4 n=4 M (_IQR) P p* (test Dunna z korektq
M(IQR) M{(IQR) M(IQR) M(IQR) Benjaminiego—Hochberga)
SFS vs. CFS 0.049
IL-1B [pg/mL] 471 4.90 3.49 3.89 3.93 0.00001 SFS+ vs. CFS 0.016667
IL- 18 [pg/ml] (4.14-4.91) (4.70-5.12) (3.43-3.55) (3.61-4.27) (3.40-4.08) : SFSvs. (G 0.003
SFS+vs. (G 0.015
IL-6 [pg/mL] 65.75 66.29 42.69 28.40 15.16 0.004 SFS vs. (G 0.00001
IL-6 [pg/ml] (51.53-77.71) | (65.35-68.80) | (41.08-53.11) | (24.76-35.04) | (12.80-17.91) ’ SFS+ vs. (G 0.0005
CXCL-8 [pg/mL] 52.66 83.57 63.71 4230 25.55 v Lo Lot
(XC(L-8 [pg/ml] (43.85-71.48) | (65.61-88.74) | (60.78—67.68) | (35.22-52.14) | (14.85-29.70) CFS vs. CG 0.006667
CFSvs. GEO.1
TNF-a [pg/mL] 36.25 42.20 12.12 50.12 11.90 0.0002 SFSvs. (G 0.00001
TNF-a [pg/mi] (33.59-42.73) | (41.88-48.26) | (11.70-14.57) | (46.45-55.75) | (10.95-13.00) : SFS+ vs. (G 0.0003
GE vs. (G 0.000333
*p <0.05.
PICs — pro-inflammatory cytokines; SFS — simple febrile seizures; SFS+ — simple febrile seizures plus; CFS — complex febrile seizures; GE — generalised epilepsy;
CG — control group; VI — viral infection; M (IQR) — median (interquartile range); IL-1B — interleukin 1p; IL-6 — interleukin 6; CXCL-8 — chemokine (interleukin 8);
TNF-a — tumour necrosis factor a.
PICs — pro-inflammatory cytokines, cytokiny prozapalne; SFS — simple febrile seizures, drgawki gorgczkowe proste; SFS+ — simple febrile seizures plus, drgawki
gorgczkowe proste plus; CFS — complex febrile seizures, drgawki gorgczkowe ztozone; GE — generalised epilepsy, padaczka uogdlniona; GK — grupa kontrolna;
IW — infekcja wirusowa; M (IQR) — mediana (interquartile range, zakres miedzykwartylowy); IL-1B — interleukina 1; IL-6 — interleukina 6; CXCL-8 — chemokina
(interleukina 8); TNF-a — tumour necrosis factor a, czynnik martwicy nowotworu a.

Tab. 3. Comparison of pro-inflammatory cytokine levels in the analysed groups with viral infection
Tab. 3. Poréwnanie stezenia cytokin prozapalnych w analizowanych grupach z infekcja wirusowa

Levels of pro-inflammatory cytokines
depending on the type of infection

z GE nie roznily sie istotnie od stezert odnotowanych w GK
(tab. 2).

We wszystkich grupach napady miaty charakter drgaw-
kowy. Czas trwania drgawek wynosil: SFS - <5 min -
31 pacjentdw, 6-9 min - 12; SFS+ (Yaczny czas napadow) -
2-15 min; CFS - 210 min - 7 pacjentéw (10-20 min - 4,
=10 min - 3), <10 min - 4; GE - 1-22 min.

The type of infection was determined based on clini-
cal symptoms and additional tests. Patients with viral
(VI) and bacterial infections (BI) were distinguished.
If no aetiologic agent was detected, patients were classi-
fied into the group with infection of unknown aetiolo-
gy (UAI). The patients were classified as follows: SES —
VI =24, Bl =4, UAI = 16; SFS+ - VI =6, Bl = 0, UAI = 4;
CEFS-VI=4,Bl=0,UAl =7, GE - VI =4, Bl = 2,

Stezenia cytokin prozapalnych w surowicy

U badanych z SFS i SFS+ stezenia wszystkich PICs byly wyz-

UAI = 5. sze nizw GK. U pacjentow z CFS wyzsze niz w GK okazaly sie
SFS SFS+ CFS GE G p* (Dunn’s test with
PICs Bl Bl Bl Bl n=46 % Benjamini—Hochberg correction)
n=4 n=0 n=0 n=2 M EQR) 4 p* (test Dunna z korektq
M{IQR) M(IQR) M(IQR) M(IQR) Benjaminiego—Hochberga)
IL-1B [pg/mL] 4.54 . ) 4.68 3.93 0.06 )
IL-18 [pg/mi] (4.23-4.84) (4.34-5.02) (3.40-4.08) )
IL-6 [pg/mL] 59.45 ) . 58.76 15.16
116 [pg/ml] (50.05-70.62) (45.08-72.44) | (12.80-17.91) | 00004 |SF5vs.(60.009
(XCL-8 [pg/mL] 63.36 ) ) 75.11 25.55 0.0004 SFSvs. (G 0.009
CXCL-8 [pg/mi] (58.53-73.38) (57.67-92.54) | (14.85-29.70) ) GE vs. (G 0.06
TNF-a [pg/mL] 41.67 ) ) 55.28 11.90 0.0004 SFSvs. (G 0.012
TNF-a [pg/ml] (37.63-43.69) (51.55-59.00) | (10.95-13.00) : GE vs. (G 0.045
*p<0.05.
PICs — pro-inflammatory cytokines; SFS — simple febrile seizures; SFS+ — simple febrile seizures plus; CFS — complex febrile seizures; GE — generalised epilepsy; €G —control
group; BI — bacterial infection; M (IQR) — median (interquartile range); IL-1B — interleukin 1p; IL-6 — interleukin 6; CXCL-8 — chemokine (interleukin 8); TNF-a — tumour
necrosis factor a.
PICs — pro-inflammatory cytokines, cytokiny prozapalne; SFS — simple febrile seizures, drgawki gorgczkowe proste; SFS+ — simple febrile seizures plus, drgawki gorgczkowe
proste plus; CFS — complex febrile seizures, drgawki gorgczkowe ztozone; GE — generalised epilepsy, padaczka uogdlniona; GK — grupa kontrolna; IB — infekcja bakteryjna;
M (IQR) — mediana (interquartile range, zakres miedzykwartylowy); IL-1B — interleukina 1B; IL-6 — interleukina 6; CXCL-8 — chemokina (interleukina 8); TNF-a — tumour
necrosis factor a, czynnik martwicy nowotworu a.

Tab. 3a. Comparison of pro-inflammatory cytokine levels in the analysed groups with bacterial infection
Tab. 3a. Poréwnanie stezenia cytokin prozapalnych w analizowanych grupach z infekejg bakteryjna
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SFS SFS+ CFS GE G p* (Dunn’s test with
PICs UAI UAI UAI UAI n=46 . Benjamini-Hochberg correction)
n=16 n=4 n=17 n=>5 " EQR) 4 p* (test Dunna z korekta
M{IQR) M{(IQR) M{IQR) M(IQR) Benjaminiego—Hochberga)
IL-1B [pg/mL] 4.67 4.52 3.72 3.86 3.93
IL-1B [pg/mi] (405-494) | (418°479) | (330-452) | (360-394) | (340408 | 0000001 | SFSvs.C60.008
IL-6 [pg/m] 66.24 66.39 40.45 29.04 15.16 o0 | (A0
1L-6 [pg/mi] (61.52-71.26) | (62.75-69.00) | (39.00-48.82) | (27.00-35.53) | (12.80-17.91) : o
CFSvs. (G0.01
08 [pg/ml] 62.16 60.25 55.94 36.60 2555 O Ferryed
CXCL-8 [pg/ml] (50.94-73.20) | (58.01-77.52) | (52.14-66.99) | (33.49-52.14) | (14.85-29.70) CFS vs. (6 0.0025
SFS vs. (G 0.00001
TNF-a[pg/mL] 39.44 40.18 12.54 51.87 11.90 0.000001 SFS+vs. (G 0.03
TNF-a [pg/ml] (37.41-45.17) | (38.90-41.67) | (11.80-14.14) | (50.06-53.78) | (10.95-13.00) ’ GE vs. (G 0.00025
CFS vs. GE 0.075
*p<0.05.
PICs — pro-inflammatory cytokines; SFS — simple febrile seizures; SFS+ — simple febrile seizures plus; CFS — complex febrile seizures; GE — generalised epilepsy;
(G — control group; UAI — infection of unknown aetiology; M (IQR) — median (interquartile range); IL-1B — interleukin 1p; IL-6 — interleukin 6; CXCL-8 — chemokine
(interleukin 8); TNF-a — tumour necrosis factor a.
PICs — pro-inflammatory cytokines, cytokiny prozapalne; SFS — simple febrile seizures, drgawki gorqczkowe proste; SFS+ — simple febrile seizures plus, drgawki gorgczkowe
proste plus; CFS — complex febrile seizures, drgawki gorgczkowe ztozone; GE — generalised epilepsy, padaczka uogdlniona; GK — grupa kontrolna; INE — infekgja o nieustalonej
etiologii; M (IQR) — mediana (interquartile range, zakres miedzykwartylowy); IL-1p — interleukina 1B; IL-6 — interleukina 6, CXCL-8 — chemokina (interleukina 8);
TNF-a — tumour necrosis factor a, czynnik martwicy nowotworu a.

Tab. 3b. Comparison of pro-inflammatory cytokine levels in the analysed groups with infections of unknown aetiology
Tab. 3b. Poréwnanie stezenia cytokin prozapalnych w analizowanych grupach z infekcja o nieustalonej etiologii

stezenia IL-6 i CXCL-8, a u chorych po ES - IL-6, CXCL-
8 i TNF-a. Najwyzsze stezenia IL-1f, IL-6 i CXCL-8 zaob-
serwowano u 0sob z SFS+, a najwyzsze stezenia TNF-a —
u pacjentéw z GE (tab. 2).

In the case of viral infections, the levels of all PICs were
significantly higher in SFS and SFS+ patients compared to
controls, while the levels of CXCL-8 and TNF-a were sig-
nificantly higher in the CFS and GE groups, respectively.
IL-1B, IL-6 and CXCL-8 were highest in SFS+ patients,
while TNF-a levels were highest in GE patients (Tab. 3).
In the case of bacterial infections, significantly higher lev-
els of IL-6, CXCL-8 and TNF-a were observed in SFES vs.
controls. TNF-a levels were higher in the GE group than in
controls, and also the highest among all groups (Tab. 3a).
For infections of unknown aetiology, SFES patients had

Stezenia cytokin prozapalnych
w zaleznosci od rodzaju infekgji

Rodzaj infekeji okreslono na podstawie objawow klinicz-
nych i wynikéw badan dodatkowych. Wyrdzniono pacjen-
tow z infekcja wirusowa (IW) i z infekcjg bakteryjng (IB).

p* (Dunn’s test with
S_FS SF_S+ C_FS EE EG % Benjamini-Hochberg correction)
PICs n=43 n=10 n=11 n=11 n=44 p v
=15 | ©n=5 | #n=3 | =2 | ()n=38 b (test Dunnazkorektq

Benjaminiego—Hochberga)

IL-1B [pg/mL] 4.70 4.80 3.52 4.02 3.95 0.0004 SFSvs. (G0.1

I-1B [pg/ml] (4.12-5.16) (4.70-5.00) (3.46-3.58) (3.64-4.40) (3.50—4.26) ) SFS+vs. (G 0.1

IL-6 [pg/mL] 69.19 66.14 3.2 34M 15.16 0.000001 SFS vs. (G 0.00001

IL-6 [pg/mi] (55.61-78.64) | (65.35-66.44) | (42.16-63.00) | (27.46-40.75) | (12.40-18.21) : SFS+vs. (G 0.001

(XCL-8 [pg/mL] 5145 81.84 6181 45.06 26.59 o000 | e CCO000DI

CXCL-8 [pg/ml] (44.54-74.59) | (65.61-88.74) | (59.74-69.75) | (33.49-56.63) | (18.65-29.70) CFS vs. (6 0.066667

TNF-a [pg/mL] 36.56 42,09 1180 52.08 11.90 I T

TNF-a [pg/mi] (31.25-43.47) | (41.88-42.30) | (11.59-12.44) | (44.75-59.41) | (10.74-13.00) : GEvs.CGOT

*p < 0.05.

PICs — pro-inflammatory cytokines; SFS — simple febrile seizures; SFS+ — simple febrile seizures plus; CFS — complex febrile seizures; GE — generalised epilepsy; €G — control

group; (+) — HHV-6-positive; (=) — HHV-6-negative; IL-1B — interleukin 1p; IL-6 — interleukin 6; CXCL-8 — chemokine (interleukin 8); TNF-a — tumour necrosis factor a.

PICs — pro-inflammatory cytokines, cytokiny prozapalne; SFS — simple febrile seizures, drgawki gorgczkowe proste; SFS+ — simple febrile seizures plus, drgawki gorgczkowe

proste plus; CFS — complex febrile seizures, drgawki gorgczkowe ztozone; GE — generalised epilepsy, padaczka uogdiniona; GK — grupa kontrolna; (+) — HHV-6-dodatni;

(—) — HHV-6-ujemny; IL-1B — interleukina 1B; IL-6 — interleukina 6; CXCL-8 — chemokina (interleukina 8); TNF-a — tumour necrosis factor a, czynnik martwicy nowotworu a.

Tab. 4. Comparison of pro-inflammatory cytokines in the analysed groups with HHV-6 infection
Tab. 4. Poréwnanie stezenia cytokin prozapalnych w analizowanych grupach z zakazeniem HHV-6

DOI: 10.15557/AN.2023.0001

AKTUALN NEUROL 2023, 23 (1), p. 1=13




Analysis of selected pro-inflammatory cytokines: IL-16, IL-6, CXCL-8, and TNF-a in children with seizure disorders during acute infection.
Is there a specific pro-inflammatory cytokine profile in these patients?

significantly higher levels of all PICs than CG patients.
IL-6, CXCL-8 and TNF-a were significantly higher in
the SFS+ group, IL-6 and CXCL-8 in the CFS group, while
only TNF-a levels were higher in the GE group. The high-
est IL-6, CXCL-8, and TNF-a levels were observed in SFS+,
SES, and GE groups, respectively (Tab. 3b).

The PICs profile differed in the FS and GE groups depend-
ing on the type of infection. A similar PICs network was
found in patients with VI and UALI Patients with SFS and
those after ES had the same PICs profile in VIs and UAls.

Levels of pro-inflammatory cytokines
in HHV-6-positive patients

The levels of PICs in HHV-6-infected patients in the FS and
GE groups did not differ significantly compared to unin-
fected subjects. Significantly higher levels of IL-6, CXCL-8
and TNF-a were observed in SFS and SFS+ vs. CG (-) pa-
tients. The highest IL-6 level was found in SFS patients,
whereas the highest CXCL-8 and TNF-a levels were ob-
served in SFS+ patients (Tab. 4).

DISCUSSION

Available publications indicate the involvement of cyto-
kines in FS, FSE, ES and acute encephalopathy, as well as
their role in epileptogenesis (e.g. MTLE after FSE). Many
researchers have identified the cytokine network and the as-
sociation with the development of specific seizure disorders
or neurological complications (Andrzejczak, 2011; Asano
et al,, 2010; Choy et al., 2014; Gallentine et al., 2017; Gao
etal., 2017; Haspolat et al., 2002; Ichiyama et al., 2009; Kaw-
abe et al,, 2010; Kim et al., 2017; Mahyar et al., 2014; Mil-
lichap and Millichap, 2006; Mittal, 2014; Rana and Musto,
2018; Talebian et al., 2020; Virta et al., 2002). Research find-
ings vary, with the involvement of IL-1p and TNF-a in the
pathogenesis of FS being most controversial.

In the study presented in this paper, we evaluated the lev-
els of PICs (IL-1pB, IL-6, CXCL-8, TNF-a) in different types
of FS and in patients with GE after ES in the course of acute
infection. We also assessed the profile and levels of PICs de-
pending on the infectious aetiology.

The GE group included 9 patients aged >60 months and
2 patients aged <24 months. Patients with SFS and SFS+
were significantly younger than those after ES, with SFS+
patients found to be the youngest. There was a significant
male predominance in the SFS+ group, and a female pre-
dominance in the CFS and GE groups. Mahyar et al. (2014)
and Virta et al. (2002) showed that the gender of FS pa-
tients did not differ significantly. In contrast to Mahyar
et al. (2014), our study found a significant difference in BT
between FS and CG patients. The highest BT in SFS and
SES+ patients corresponded with high levels of CRP and
PCT.

Significantly higher levels of all PICs (IL-1f, IL-6, CXCL-8
and TNF-a) were confirmed in SFS and SFS+ patients
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Badani, u ktorych nie wykryto czynnika etiologicznego, zo-
stali zakwalifikowani do grupy z infekcja o nieustalonej etio-
logii (INE). Podzial pacjentéw wygladat nastepujaco: SFS -
IW =24, 1B = 4, INE = 16; SFS+ - IW =6, IB = 0, INE = 4;
CFS-ITW=4,IB=0,INE=7;GE-IW =4,IB=2,INE =5.
W przypadku zakazen wirusowych u chorych z SES i SES+
stezenia wszystkich PICs byly istotnie wyzsze w poréwna-
niu z GK, w grupach CFS i GE istotnie wyzsze okazaly si¢
odpowiednio stezenia CXCL-8 i TNF-a. Stezenia IL-1p,
IL-6 i CXCL-8 byly najwyzsze u pacjentéw z SFS+, a ste-
zenia TNF-a - u pacjentéw z GE (tab. 3). W przypadku
zakazen bakteryjnych u chorych z SFS zaobserwowano
istotnie wyzsze stezenia IL-6, CXCL-8 i TNF-a w porow-
naniu z GK. W grupie GE wyzsze niz w GK - i zarazem
najwyzsze sposrod wszystkich grup — okazaly sie steze-
nia TNF-a (tab. 3a). W przypadku zakazen o nieustalo-
nej etiologii u badanych z SFS odnotowano istotnie wyz-
sze stezenia wszystkich PICs niz w GK. W SES+ istotnie
wyzsze byly stezenia IL-6, CXCL-8 i TNF-a, w CFS - IL-6
i CXCL-8, z kolei w GE - tylko TNF-a. Najwyzsze stezenie
IL-6 zaobserwowano u pacjentow z SFS+, najwyzsze steze-
nie CXCL-8 - z SFS, a TNF-a - z GE (tab. 3b).

Profil PICs rdznit sie¢ w grupach FS i GE w zalezno$ci od
rodzaju infekgji. Zblizong sie¢ PICs stwierdzono u pacjen-
tow z IW 1 INE. U chorych z SES i po ES profil PICs w IW
i INE byt taki sam.

Stezenie cytokin prozapalnych
u pacjentow zakazonych HHV-6

Stezenie PICs u 0sob zakazonych HHV-6 z grup FS i GE nie
rdznilo si¢ istotnie w poréwnaniu z osobami niezakazonymi.
Zaobserwowano istotnie wyzsze stezenia IL-6, CXCL-8
i TNF-a u pacjentéow z SFS i SES+ w poréwnaniu z GK
(-). Stezenie IL-6 bylo najwyzsze w SFS, stezenia CXCL-8
i TNF-a - w SFS+ (tab. 4).

OMOWIENIE

Dostepne publikacje wskazuja na udziat cytokin w wyste-
powaniu FS, FSE, ES i ostrej encefalopatii oraz role w epi-
leptogenezie (przyktadowo MTLE po FSE). W licznych ba-
daniach identyfikowano sie¢ cytokin i zwigzek z rozwojem
okreslonych stanéw napadowych czy powiktan neurolo-
gicznych (Andrzejczak, 2011; Asano et al., 2010; Choy et al.,
2014; Gallentine ef al., 2017; Gao et al., 2017; Haspolat ef al.,
2002; Ichiyama et al., 2009; Kawabe et al., 2010; Kim et al.,
2017; Mahyar et al., 2014; Millichap i Millichap, 2006; Mittal,
2014; Rana i Musto, 2018; Talebian et al., 2020; Virta et al.,
2002). Wyniki badan sg rézne, a najwiecej kontrowersji
budzi udzial IL-1 i TNF-a w patogenezie FS.

W badaniu prezentowanym w niniejszej pracy oceniono
stezenia PICs — IL-1p, IL-6, CXCL-8, TNF-a w poszczegdl-
nych typach FSiu pacjentéw z GE po ES w przebiegu ostrej
infekeji. Zbadano tez profil i stezenie PICs w zalezno$ci od
etiologii infekcji.
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compared to controls. The highest levels of PICs were ob-
served in SFS+ patients. IL-6 and CXCL-8 levels were sig-
nificantly higher in CFS, while BT, CRP and PCT levels
were lowest in FS, which may indicate a less intense inflam-
matory response. The lower cytokine levels in CFS com-
pared with SFS and SFS+ patients (significantly lower for
IL-1p and TNF-a) may be related to the degree to which
CES patients met the criterion of seizure duration (<10 min
in 4 patients, one criterion present — focal seizures), and
the number of seizures during a febrile episode (only 3 pa-
tients had more than 1 seizure). It is difficult to clearly inter-
pret the lower level of IL-1B in CFS vs. CG. This may be in-
fluenced by both the size of the group and the time of blood
sample collection. Although the other groups had similar
limitations, the cytokine levels were higher. In our study,
CFS accounted for 17.2% of FS, which may be due to the
lower incidence of this type of seizures. Patients with ES had
significantly higher levels of IL-6, CXCL-8 and TNF-a and
normal inflammatory markers. The levels of PICs may have
been influenced here by other additional factors, such as sei-
zure activity, chronic disease process or ongoing neurogen-
ic inflammation. Also, antiseizure medications (ASMs) and
the duration of seizures affect the levels of cytokines (An-
drzejczak, 2011; Gao et al., 2017). Authors of research pa-
pers point to the time of blood sampling, the severity and
duration of fever and the type of infection (Gallentine
et al., 2017; Gao et al.,, 2017; Mahyar et al., 2014; Virta
etal., 2002). According to the researchers, the optimal period
from the onset of symptoms to blood sampling is a few hours
or so. In our study, blood samples were taken within 24 hours
of hospital admission, a time that takes into account the crite-
rion for the diagnosis of SFS+, i.e. >1 generalised seizure/day.
Mabhyar et al. (2014) did not confirm a relationship between
the levels of IL-1B and TNF-a and ES. Virta et al. (2002) as-
sessed serum PICs (IL-1p, IL-6, TNF-a) and AICs (IL-10
and IL-1Ra) in patients with FS (in cerebrospinal fluid -
CSF 16 patients) to demonstrate the relationship between
cytokines and FS. A high IL-1Ra/IL-1p ratio and high se-
rum IL-6 levels were significantly correlated with FS (Vir-
ta et al,, 2002). Kim et al. (2017) assessed plasma levels of
PICs (IL-1p, IL-6, CXCL-8, INF-y, IL-2) and AICs (IL-1Ra,
IL-10) in FS patients and observed them to have ele-
vated levels of IL-6, CXCL-8, INF-y, IL-1Ra and IL-10.
However, they did not demonstrate the role of IL-1P in
the pathomechanism of FS (Kim et al., 2017). Haspolat et al.
(2002) assessed IL-1f, TNF-a and nitrite levels in blood and
CSF in FS children. They confirmed the hypothesis that in-
creased IL-1f production in the CNS or diffusion across the
blood-brain barrier is involved in the pathogenesis of FS.
They did not demonstrate the role for TNF-a in the patho-
genesis of FS (Haspolat et al., 2002). Talebian et al. (2020)
investigated the relationship between IL-1p and interleu-
kin 22 (IL-22) and FS. IL-22, unlike IL-1, had no effect on
FS (Talebian et al., 2020). Our study confirmed the differ-
ent profiles of PICs in FS, with significantly higher levels of
all PICs in SFS and SFS+, and significantly higher levels of
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W grupie GE znalazto sie 9 0séb w wieku >60 miesiecy
i 2 osoby w wieku <24 miesiecy. Chorzy z SFS i SFS+ byli
istotnie mtodsi niz ci po ES, najmlodsi okazali si¢ pacjen-
ci z SFS+. W grupie SFS+ zaobserwowano istotng przewa-
ge plci meskiej, a w grupach CFS i GE - zeniskiej. W ba-
daniach Mahyara i wsp. (2014) oraz Virty i wsp. (2002)
ple¢ pacjentéw z FS nie réznita sie istotnie. W przeciwien-
stwie do pracy Mahyara i wsp. (2014) nasze badanie wyka-
zalo istotng réznice TC u 0s6b z FS w poréwnaniu z GK.
Najwyzsza TC u pacjentow z SFS i SFS+ odpowiadata wy-
sokim stezeniom CRP i PCT.

U chorych z SES i SES+ potwierdzono istotnie wyzsze steze-
nia wszystkich PICs - IL-1p, IL-6, CXCL-8 i TNF-a w po-
réwnaniu z GK. Najwyzsze stezenia PICs zaobserwowano
u pacjentéw z SES+. W CFS odnotowano istotnie wyzsze
stezenia IL-6 i CXCL-8, natomiast TC, stezenia CRP i PCT
byly najnizsze w FS, co moze swiadczy¢ o mniejszym nate-
zeniu reakcji zapalnej. Nizszy poziom cytokin w CFS w ze-
stawieniu z SFS i SFS+ (istotnie nizszy dla IL-1p i TNF-a)
moze by¢ zwigzany ze stopniem, w jakim pacjenci z CFS
spetniali kryterium czasu trwania drgawek (u 4 osob -
<10 min, obecne 1 kryterium - drgawki ogniskowe), oraz
z liczbg napadéw w trakcie epizodu gorgczkowego (tylko
3 badanych miafo wigcej niz 1 napad). Trudno jednoznacz-
nie zinterpretowac nizszy poziom IL-1B w CFS w poréwna-
niu z GK. Moga na to wplywa¢ zaréwno liczebnoé¢ grupy,
jak i czas pobrania probek krwi — cho¢ podobne ograni-
czenia mialy pozostate grupy, a poziomy cytokin byly wyz-
sze. W naszym badaniu CFS stanowity 17,2% FS, co moze
wynika¢ z mniejszej czestoéci wystepowania drgawek tego
typu. U pacjentéw po ES zaobserwowano istotnie wyzsze
stezenia IL-6, CXCL-8 i TNF-a oraz prawidtowe wskazni-
ki zapalenia. Wptyw na stezenie PICs mogly mie¢ tu inne,
dodatkowe czynniki: aktywno$¢ drgawkowa, przewlekty
proces chorobowy, toczace si¢ zapalenie na podlozu neuro-
gennym. Takze leki przeciwdrgawkowe (antiseizure medi-
cations, ASMs) i czas trwania napadéw wplywaja na steze-
nie cytokin (Andrzejczak, 2011; Gao et al., 2017). Autorzy
prac badawczych zwracajg uwage na czas pobrania probki
krwi, nasilenie i czas trwania goraczki oraz rodzaj infekcji
(Gallentine et al., 2017; Gao et al., 2017; Mahyar et al., 2014;
Virta et al., 2002). Wedlug badaczy optymalny okres od wy-
stapienia objawdw do pobrania krwi to kilka-kilkanascie
godzin. W naszym badaniu probki krwi pobierano w cig-
gu 24 godzin od przyjecia do szpitala — w czasie uwzgled-
niajagcym kryterium rozpoznania SES+, czyli >1 uogélnio-
ny napad/dobe.

Mabhyar i wsp. (2014) nie potwierdzili zwigzku miedzy ste-
zeniami IL-1p i TNF-a a wystepowaniem FS. Virta i wsp.
(2002) zbadali w surowicy pacjentow z FS (u 16 0sob — w ply-
nie moézgowo-rdzeniowym, cerebrospinal fluid, CSF) steze-
nie PICs - IL-1f, IL-6, TNF-a i dodatkowo AICs - IL-10
iIL-1Ra w celu wykazania zwigzku miedzy cytokinami a FS.
Wysoki wskaznik IL-1Ra/IL-1B i wysokie stezenie IL-6 w su-
rowicy byly istotnie zwigzane z obecnoscia FS (Virta et al.,
2002). Kim i wsp. (2017) zbadali w osoczu chorych z FS
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IL-6 and CXCL-8 in CFS. We also assessed the levels of PICs
in children with GE after ES in the course of acute infection.
The involvement of IL-6, CXCL-8, TNF-a in the pathogen-
esis of ES was demonstrated. Gao et al. (2017) investigat-
ed IL-1pB, IL-6, TNF-a, INF-y, IL-10, and interleukin 17A
(IL-17A) after and between seizures in adult epileptic ptients.
They noted a significant increase in IL-6, IL-17A, INF-y,
and did not confirm significant changes in cytokine lev-
els depending on the type of ES, epilepsy and ASMs (Gao
et al,, 2017). Asano et al. (2010) investigated CSF and se-
rum levels of 17 cytokines (IL-1p, IL-6, TNF-a, CXCL-8
and others) in children with acute encephalopathy, FS and
fever without seizures. The CSF levels of CXCL-8 were sig-
nificantly elevated in children with acute encephalopathy.
There were no significant differences in CSF levels of IL-1p,
IL-6 and TNF-a between the study groups (Asano et al., 2010).
Virta et al. (2002) and Mahyar et al. (2014) divided the in-
fections in FS subjects into viral and bacterial. According
to Virta et al., viral infections presented with fever and low
CRP and did not require antibiotics. Local bacterial infec-
tions and septic conditions were managed with antibiotics.
Mabhyar et al. diagnosed the aetiology of infection based on
clinical findings. They found no significant difference be-
tween groups by the type of infection (Mahyar et al., 2014;
Virta et al., 2002). In our study, the PICs profiles differed
depending on the type of infection. In patients with VI af-
ter SFS and SFS+, the levels of all PICs were significant-
ly higher compared to CG, highest in patients with SES+.
CXCL-8 and TNF-a levels were significantly higher after
a CFS and ES episodes, respectively. The profile of PICs in
UAI appeared similar to that in VI (the same in the SFS and
GE groups), which may suggest a viral aetiology of infec-
tion in the UAI group. In bacterial infections, the profile of
PICs differed from that in VI and UAIL with BI present only
in the SFS and GE groups. IL-6, CXCL-8 and TNF-a levels
in the SFS group, and TNF-a levels in the GE group were
significantly higher than in the CG.

Ichiyama et al. (2009) and Kawabe et al. (2010) investigat-
ed CSF and serum cytokine levels in patients with acute
encephalopathy associated with HHV-6 infection. The first
author suggests that the cytokines IL-6, IL-10, and TNF-a
mediate the pathogenesis of acute encephalopathy asso-
ciated with HHV-6 infection, and that elevated levels of
IL-6, soluble TNF receptor 1 in serum and IL-6 in CSF are
important for predicting neurological complications (Ichi-
yama et al., 2009). Kawabe et al., on the other hand, investi-
gating the levels of IL-1f, IL-6, CXCL-8, TNF-q, IL-10, in-
terleukin 12p70 and MMP-9, showed that the mean CSF
and serum levels of IL-6, CXCL-8, as well as serum levels of
IL-10 and MMP-9 were elevated compared to normal lev-
els in healthy subjects. According to researchers, high CSF
level of CXCL-8 may be associated with the pathogenesis
of encephalopathy (Kawabe et al., 2010). In our study, we
evaluated PICs in patients with HHV-6 infection after FS
and ES. Similar to Ichiyama et al. (2009), no significant dif-
ferences were observed in the levels of IL-1B, IL-6, CXCL-8
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stezenia PICs - IL-1f, IL-6, CXCL-8, interferonu y (INF-y),
IL-2 i AICs - IL-1Ra, IL-10. Zaobserwowali podwyzszo-
ne stezenia IL-6, CXCL-8, INF-y, IL-1Ra i IL-10 u pacjen-
tow z FS. Nie wykazali natomiast roli IL-1p w patomecha-
nizmie FS (Kim et al., 2017). Haspolat i wsp. (2002) badali
stezenia IL-1P, TNF-a i azotynéw we krwi i CSF u dzieci
z FS. Potwierdzili hipoteze, ze w patogenezie FS biorg udziat
zwiekszona produkcja IL-1p w CNS lub dyfuzja przez barie-
re krew-mozg. Nie wykazali roli TNF-a w patogenezie FS
(Haspolat et al., 2002). Talebian i wsp. (2020) zbadali zwig-
zek miedzy stezeniem IL-1f i interleukiny 22 (IL-22) a wy-
stepowaniem FS. IL-22, w przeciwienstwie do IL-1p, nie
miafa wptywu na FS (Talebian et al., 2020). W naszym ba-
daniu potwierdzono rézne profile PICs w FS - istotnie wyz-
sze stezenia wszystkich PICs w SFS i SFS+ oraz istotnie
wyzsze stezenia IL-6 i CXCL-8 w CFS. Analizowano takze
stezenie PICs u dzieci z GE po ES w przebiegu ostrej infekji.
Wykazano udziat IL-6, CXCL-8, TNF-a w patogenezie ES.
Gao i wsp. (2017) badali stezenie IL-1f, IL-6, TNF-a, INF-y,
IL-10, interleukiny 17A (IL-17A) po napadach i miedzy na-
padami u dorostych pacjentéw z padaczka. Odnotowali istot-
ny wzrost stezenia IL-6, IL-17A, INF-y, nie potwierdzili za$
istotnych zmian w stezeniu cytokin w zaleznosci od typu ES,
padaczki i ASMs (Gao et al., 2017). Asano i wsp. (2010) bada-
li stezenie 17 cytokin (IL-1p, IL-6, TNF-a, CXCL-8 i innych)
w CSF i surowicy u dzieci z ostrg encefalopatia, FS i goracz-
ka bez drgawek. Stezenie CXCL-8 w CSF bylo istotnie pod-
wyzszone u dzieci z ostrg encefalopatig. Nie zaobserwowa-
no istotnych réznic w stezeniach IL-1B, IL-6 i TNF-a w CSF
miedzy badanymi grupami (Asano et al., 2010).

Virta i wsp. (2002) oraz Mahyar i wsp. (2014) podzielili in-
fekcje obecne u badanych z FS na wirusowe i bakteryjne.
Wedlug Virty i wsp. infekcje wirusowe przebiegaly z go-
raczka i niskim CRP i nie wymagaly stosowania antybio-
tykow. Infekcje bakteryjne miejscowe i stany septyczne le-
czono antybiotykami. Mahyar i wsp. rozpoznawali etiologie
infekcji na podstawie wynikéw badan klinicznych. Bada-
cze nie stwierdzili istotnej réznicy miedzy grupami wyod-
rebnionymi na podstawie rodzaju infekcji (Mahyar et al.,
2014; Virta et al., 2002). W naszym badaniu profile PICs
réznily sie w zaleznosci od rodzaju infekcji. U pacjentow
z IW po napadzie SFS i SFS+ stezenia wszystkich PICs byly
istotnie wyzsze w poréwnaniu z GK, najwyzZsze u pacjentow
z SFS+. Po napadzie CFS istotnie wyzsze okazalo sie steze-
nie CXCL-8, po ES - TNF-a. Profil PICs w INE okazal sie
zblizony do profilu w IW (taki sam w grupach SES i GE), co
moze sugerowac¢ wirusows etiologie infekcji w grupie INE.
W IB profil PICs roznit sie od profilu w IW i INE - IB wy-
stepowaly tylko w grupach SFS i GE. W grupie SFS steze-
nia IL-6, CXCL-8 i TNF-a, a w grupie GE - stezenie TNF-a
byly istotnie wyzsze niz w GK.

Ichiyama i wsp. (2009) oraz Kawabe i wsp. (2010) badali ste-
zenia cytokin w CSF i surowicy u chorych z ostra encefa-
lopatig zwigzana z zakazeniem HHV-6. Pierwszy z wymie-
nionych zespotdéw sugeruje w swojej pracy, ze cytokiny IL-6,
IL-10, TNF-a po$redniczg w patogenezie ostrej encefalopatii
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and TNF-a in FS and GE groups between HHV-6-infected
and uninfected patients.

In the present study, the PICs profile of SFS and SFS+ chil-
dren was characterised by significantly higher levels of
IL-1pB, IL-6, CXCL-8 and TNF-a. The results have shown
that the PICs were involved to a varying extent in the in-
flammatory process in patients with seizure disorders.
The involvement of IL-13 and TNF-a, the most controver-
sial inflammatory mediators, in the pathogenesis of FS with
the exception of CFS was confirmed. The involvement of IL-6
and CXCL-8 in seizures has been demonstrated. The literature
data cited and our findings indicate that cytokine profiles are
not always a constant element of an inflammatory response.
The PICs profile in the cytokine storm in our patients was
characterised the highest levels of IL-1f, IL-6 and CXCL-8 oc-
curred in the SFS+ group, and TNF-a in the GE group. In post-
epileptic seizure patients, IL-1p was the only PIC the level of
which did not differ significantly. This may have been influ-
enced by the time of blood sampling and the short half-life of
the cytokine. As reported by Kawabe et al. (2010), HHV-6 in-
fection has different effects on the inflammatory response and
cytokine production, which could also be seen in our patients.
In the GE group, fever was not a prerequisite for ES in chil-
dren with acute infection. In this group, IL-6 and CXCL-8 lev-
els were significantly higher, and TNF-a level was the highest
among the study groups. On the other hand, there is an indi-
vidual seizure threshold for body temperature in FS, depend-
ing on the child’s age and CNS maturity (Millichap and Millic-
hap, 2006). In addition to the cytokine response, genetic factors
play an important role in the pathogenesis of FS (Millichap and
Millichap, 2006; Mittal, 2014; Yu et al., 2018).

We realise that the conclusions were formulated based on
the results obtained for a small sample. Nevertheless, this
pilot study provides opportunities for further investigations.

CONCLUSIONS

1. We found significantly higher levels of IL-1p, IL-6,
CXCL-8 and TNF-a in the SFS and SFS+ groups; IL-6
and CXCL-8 in the CFS group; IL-6, as well as CXCL-8
and TNF-a in the GE group.

2. The intensity of inflammatory response in SFS and SFS+
patients corresponded to significantly higher levels of all
assessed PICs and inflammatory markers.

3. Significantly higher IL-6, CXCL-8 and TNF-a with
normal inflammatory markers were observed in patients
with ES in the course of acute infection.

4. Compared to controls, PICs were significantly higher
in patients with symptoms of infection regardless of
the aetiology.

5. IL-6, CXCL-8 and TNF-a were significantly higher in
the SFS group with BI, and TNF-a was higher in the GE
group than in controls.

6. The levels of IL-6, CXCL-8 and TNF-a in HHV-6-
infected patients with SFS and SFS+ were significantly
higher than in controls.
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zwigzanej z zakazeniem HHV-6, a podwyzszone stezenia
IL-6, rozpuszczalnego receptora typu 1 dla czynnika mar-
twicy nowotworu w surowicy i IL-6 w CSF sg istotne dla
przewidywania powiklan neurologicznych (Ichiyama et al.,
2009). Z kolei Kawabe i wsp., badajac stezenia IL-1f, IL-6,
CXCL-8, TNF-q, IL-10, interleukiny 12p70 i MMP-9, wy-
kazali, ze $rednie stezenia IL-6, CXCL-8 w CSF i surowicy,
jak rowniez IL-10 i MMP-9 w surowicy byly podwyzszo-
ne w poréwnaniu z normalnymi poziomami u 0séb zdro-
wych. Wedlug badaczy wysokie stezenie CXCL-8 w CSF
moze by¢ zwigzane z patogeneza encefalopatii (Kawabe
et al., 2010). W naszym badaniu oceniono stezenia PICs
u pacjentéw z zakazeniem HHV-6 po napadach FS i ES.
Podobnie jak w pracy Ichiyamy i wsp. (2009), nie zaobser-
wowano istotnych réznic w stezeniach IL-1p, IL-6, CXCL-8
i TNF-a w poszczegolnych grupach FS i GE migdzy pacjen-
tami zakazonymi HHV-6 i niezakazonymi.

W niniejszej pracy u dzieci z SFS i SFS+ w profilu PICs
stwierdzono istotnie wyzsze stezenia IL-1f, IL-6, CXCL-8
i TNF-a. Wyniki pokazuja, ze PICs byly w réznym zakre-
sie zaangazowane w proces zapalny u pacjentow ze stanami
napadowymi. Potwierdzono udzial IL-1f i TNF-a, najbar-
dziej kontrowersyjnych mediatoréw zapalenia, w patogene-
zie FS z wyjatkiem CFS. Wykazano udziat IL-6 i CXCL-8
w stanach napadowych. W $wietle przytoczonych danych
z pi$miennictwa i naszych wynikéw profile cytokin nie
zawsze s3 stalymi elementami reakcji zapalnej. W profilu
PICs w burzy cytokinowej u naszych pacjentéw najwyz-
sze stezenia IL-1p, IL-6 i CXCL-8 odnotowano w grupie
SES+, a TNF-a - w GE. U pacjentéw po napadzie padacz-
kowym IL-1p byla jedyna PIC, w ktdrej stezeniu nie za-
obserwowano istotnych réznic. Mogly na to wplynac czas
pobrania probek krwi i krétki okres pottrwania cytokiny.
Jak podajg Kawabe i wsp. (2010), zakazenie HHV-6 ma roz-
ny wplyw na odpowiedz zapalng i produkeje cytokin, co
mozna stwierdzi¢ takze na przykladzie naszych pacjentow.
W grupie GE goraczka nie byla warunkiem koniecznym
wystapienia ES u dzieci z ostrg infekcja. W powyzszej gru-
pie odnotowano istotnie wyzsze stezenia IL-6 i CXCL-8,
a stezenie TNF-a byto najwyzsze spo$réd badanych grup.
Z kolei w odniesieniu do FS wskazuje si¢ na indywidualny
prog drgawkowy dla temperatury, zalezny od wieku dziec-
ka i dojrzalosci CNS (Millichap i Millichap, 2006). W pato-
genezie FS oprocz odpowiedzi cytokinowej wazna role od-
grywaja czynniki genetyczne (Millichap i Millichap, 2006;
Mittal, 2014; Yu et al., 2018).

Autorzy zdaja sobie sprawe, ze wnioski sfomutowano na
podstawie wynikow uzyskanych w grupach o malej liczeb-
nosci. Niemniej jednak to pilotazowe badanie stwarza moz-
liwosci prowadzenia dalszych prac.

WNIOSKI
1. Stwierdzono istotnie wyzsze stezenia: IL-1p, IL-6,

CXCL-8 i TNF-a w grupach SFS i SFS+; IL-6 i CXCL-8
w grupie CFS; IL-6, CXCL-8 i TNF-a w grupie GE.
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2. Intensywno$¢ reakcji zapalnej u pacjentdw z SES i SES+
odpowiadata istotnie wyzszym stezeniom wszystkich ba-
danych PICs i wskaznikom zapalenia.

3. U chorych z ES w przebiegu ostrej infekeji zaobserwo-
wano istotnie wyzsze stezenia IL-6, CXCL-8 i TNF-a
przy prawidtowych wskaznikach zapalenia.

4. Stezenia PICs u pacjentow z objawami infekeji — nieza-
leznie od etiologii — byly istotnie wyzsze niz w GK.

5. Stezenia IL-6, CXCL-8 i TNF-a w grupie SFS z IB oraz
stezenie TNF-a w grupie GE byly istotnie wyzsze niz
w GK.

6. Stezenia IL-6, CXCL-8 i TNF-a u pacjentow zakazonych
HHV-6 z SFS i SFS+ byly istotnie wyzsze niz w GK.
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