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1. Wykaz skrotow

BBB — bariera krew mozg (ang. blood-brain barrier)

CCL2 - chemokina CCL2 (ang. chemokine C-C motif ligand 2)

CHI3L1- ludzka chitynaza 3 typu 1 (ang. Human Chitinase-3-like Protein 1)
CXCL2 — chemokina CXCL2 (ang. C-X-C motif chemokine ligand 2)

DALY - lata zycia skorygowane niesprawnoscia (ang. disability-adjusted life years)
ELISA — test immunoenzymatyczny (enzyme-linked immunosorbent assay)

ICTV- Mig¢dzynarodowy Komitet Taksonomii Wirusow (ang. International Committee on

Taxonomy of Viruses)

IFN-y — interferon y

IgG — immunoglobulina G

IgM — immunoglobulina M

IL-4 — interleukina 4

II-6 — interleukina 6

[1-13 — interleukina 13

KZM - kleszczowe zapalenie mézgu

OUN - os$rodkowy uktad nerwowy

PMR — ptyn mozgowo-rdzeniowy

TBEV — wirus kleszczowego zapalenia moézgu (ang. tick-borne encephalitis virus)
TNF- a — czynnik martwicy nowotwordw (ang. tumor necrosis factor o,)
WHO — Swiatowa Organizacja Zdrowia (ang. World Health Organization)

Qalb — iloraz albumin
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2. Wykaz publikacji stanowigcych rozprawe doktorska

2.1 Prace oryginalne:

e The Prevalence of Asymptomatic Infections with Tick-Borne Encephalitis Virus
and Attitude towards Tick-Borne Encephalitis Vaccine in the Endemic Area of
Northeastern Poland.

Bojkiewicz E, Toczylowski K, Grygorczuk S, Zelazowska-Rutkowska B, Dunaj J, Zebrowska
A, Czupryna P, Moniuszko-Malinowska A, Sulik A. (2022). Vaccines (Basel) 10(8):1294.
doi: 10.3390/vaccines10081294

IF 7.8, MEIN — 140 pkt

e The Role of Chitinase 3-Like-1 (YKL-40) and Proinflammatory Biomarkers in
the Pathogenesis of Pediatric Tick-Borne Encephalitis in a Polish Cohort.
Bojkiewicz E, Toczylowski K, Lewandowski D, Martonik D, Flisiak R, Sulik A. (2024).
Journal of Inflammation Research 5:17:10239-10254.

doi: 10.2147/JIR.S480556
IF—4.2 , MEIN — 140 pkt

2.2 Praca przegladowa:
e Tick-borne encephalitis - a review of current epidemiology, clinical symptoms,
management and prevention.
Bojkiewicz E, Toczytowski K, Sulik A. (2020). Przeglad Epidemiologiczny 74(2):316-325.
doi: 10.32394/pe.74.24
MEiN — 40 pkt

3. Zestawienie publikaciji:

Rodzaj publikacji Liczba Impact Punktacja
Factor MNiSW/MEIN

Prace  wlaczone do  rozprawy 3 12 320
doktorskiej
Prace, ktore nie zostaty wlaczone do 5 23,713 550
rozprawy doktorskiej
Streszczenia zjazdowe 17 0 0
Razem 25 35,713 870




4. Wstep

Kleszczowe zapalenie mozgu (KZM) to choroba osrodkowego uktadu nerwowego
(OUN) wywotana przez wirus kleszczowego zapalenia moézgu (TBEV, ang. tick-borne
encephalitis virus). TBEV nalezy do rodziny Flaviviridae, rodzaju Orthoflavivirus (do
niedawna Flavivirus). Zgodnie z klasyfikacja przedstawiong w 2023 roku przez
Miegdzynarodowy Komitet Taksonomii Wirusow (ICTV, ang. International Committee on
Taxonomy of Viruses), nazwa gatunkowa tego wirusa zostata zmieniona na Orthoflavivirus
encephalitidis. Nadal jednak powszechnie stosowana jest jego angielska nazwa, a skrét TBEV
nie zostal zmieniony?.

Choroba przenoszona jest gldwnie przez kleszcze z gatunku Ixodes ricinus i wystepuje
endemicznie w umiarkowanym klimacie Europy oraz Azji, gdzie odnotowuje si¢ ponad
10 000 przypadkow rocznie?. W Polsce odsetek kleszczy Ixodes ricinus zakazonych tym
wirusem wynosi od 0,21% do 0,42% a rocznie w calym kraju rejestruje si¢ okoto 200-300
zachorowan. Terenem endemicznym zachorowan jest wojewddztwo podlaskie, gdzie notuje
si¢ Srednio 45% wszystkich przypadkow KZM, a lokalna zapadalno$¢ wynosi od 4,45 do 9,16
na 100 000 mieszkancow. Wspotczynnik $miertelnosci dla europejskiego podtypu wirusa
wynosi okoto 1%3%.

Wedlug najnowszych badan wirus TBEV jest jednym z najwazniejszych
przedstawicieli rodzaju Orthoflavivirus, wystgpujacym w Polsce, ktory wywotuje zakazenia
OUNS®®, Przebieg kliniczny choroby jest zroznicowany — od bezobjawowego po ciezkie
zapalenie mozgu lub rdzenia krggowego. Zakazenie zwykle rozpoczyna si¢ nieswoistymi
objawami grypopodobnymi, takimi jak gorgczka, a nastgpnie moze prowadzi¢ do rozwoju
zapalenia opon mozgowo-rdzeniowych, zapalenia mézgu lub jednoczesne zapalenia mozgu,
opon moézgowo-rdzeniowych 1 rdzenia krggowego. Rozpoznanie choroby najczegsciej
stawiane jest w drugiej fazie zakazenia, zwykle podczas hospitalizacji pacjenta’.

Warto podkresli¢, ze wiele tagodnych lub bezobjawowych infekcji pozostaje
niezdiagnozowanych, co ttumaczy obecnos$¢ przeciwciat anty-KZM 1gG u zdrowych osob
zamieszKujacych obszary endemiczne®®. Sugeruje to, ze znaczna czeéé zakazen przebiega
bezobjawowo lub manifestuje si¢ jedynie tagodnymi, przemijajacymi objawami
grypopodobnymi. Przyczyny zréznicowanego przebiegu klinicznego choroby nie sg w pelni
poznane. Przypuszcza sig¢, ze zmienno$¢ kliniczna KZM jest zwigzana z 0sobniczymi
réznicami w odpowiedzi uktadu odpornosciowego. Identyfikacja takich przypadkow

dostarczytaby cennych informacji na temat patogenezy choroby i pozwolitaby na lepsze



zrozumienie czynnikéw zwigkszajacych ryzyko cigzkiego przebiegu — zaréwno tych
genetycznych, jak i sSrodowiskowych.

Powiklania po zakazeniu stanowig istotny problem, gdyz az 46% pacjentow
doswiadcza niepelnego powrotu do zdrowia i nastgpstw neurologicznych, takich jak
niedowtady nerwow czaszkowych, niedowlady potowicze, zaburzenia rownowagi, problemy
z pamigcia i zmniejszong tolerancje na stres*. Niezaleznie od cigzkosci przebiegu, u czesci
ozdrowiencow wystegpuje pozapalny zespot postencefaliczny. We Wtoszech 1,6% pacjentéw
z KZM wymagato pobytu w oddziale intensywnej terapiil. Brak specyficznego leczenia oraz
duze obcigzenie powiklaniami mierzone wskaznikiem DALY (liczba lat zycia
skorygowanych o niepelnosprawno$¢) podkreslaja znaczenie szczepien'?. Pomimo zalecen
WHO dotyczacych szczepien na terenach endemicznych, ich poziom w Polsce pozostaje niski
—w 2021 r. zaszczepionych byto 0,18% populacji Polski (w wojewodztwie podlaskim 0,5%

mieszkancow otrzymato szczepienie przeciwko KZM)*,

Diagnostyka infekcji opiera si¢ na kryteriach klinicznych oraz wykrywaniu
specyficznych przeciwcial przeciwko KZM w surowicy i ptynie mozgowo-rdzeniowym
(PMR). Typowe zmiany w PMR obejmujg zwigkszone stezenie albumin, podwyzszony
wskaznik IgG oraz poczatkowa przewage neutrofili’®, Kluczowe znaczenie w patogenezie
KZM ma naruszenie bariery krew-moézg (BBB ang. blood-brain barrier) oraz odpowiedz
humoralna. Wirus prawdopodobnie infekuje komorki $rédblonka, zwigkszajac
przepuszczalnos¢ BBB, co umozliwia jego przenikanie oraz komorek uktadu
odpornosciowego do mozgu. Czasteczki prozapalne, w tym cytokiny i chemokiny, nasilajg

uszkodzenie tkanek i powoduja pojawienie si¢ objawow neurologicznych®,

Chitynaza 3 typu 1 (CHI3L1) stanowi obiecujgcy marker procesow zapalnych
toczacych si¢ w OUN. Podwyzszony poziom CHI3L1 obserwowano w r6znych schorzeniach,
takich jak choroba Alzheimera, stwardnienie rozsiane czy pourazowe uszkodzenie mozgu.
Mikroglej obecny w OUN produkuje CHI3L1 w odpowiedzi na stan zapalny, a jego
wytwarzanie reguluja rézne cytokiny i chemokiny, m.in. INF-y, TNF- a, IL-4, IL-6, IL-13,
CCL2, CXCL2 i chemerynal®18,

Zrozumienie dynamiki zmian st¢zenia CHI3L1 w przebiegu KZM oraz jego zwigzku
z innymi czynnikami pro- i przeciwzapalnymi przyczyni si¢ do poszerzenia wiedzy na temat
patogenezy choroby oraz umozliwi identyfikacj¢ potencjalnych mozliwos$ci terapeutycznych.
Przeprowadzone badania markeréw zapalnych w PMR u o0s6b dorostych sg obiecujace,nadal
jednak dostepnych jest niewiele danych dotyczacych populacji pediatrycznej na obszarach

endemicznych, takich jak Polska. Celem moich badan jest wypeknienie tej luki poprzez
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wyjasnienie w jaki sposob infekcja wirusem KZM zmienia przepuszczalnos¢ BBB. W toku
prowadzonych badan oceniono réwniez zwigzek CHI3L1 ze stezeniem cytokin zapalnych,
integralnoscig BBB, odpowiedzig immunologiczng i cigzko$cig infekcji u dzieci 1 mtodziezy.
Uzyskana wiedza moze przyczyni¢ si¢ do opracowania nowych metod leczenia, ktore
zapobiegatyby lub ograniczalyby nastgpstwa neurologiczne po zachorowaniu na KZM u

dzieci.

5. Cele pracy

1. Ocena seroprewalencji zakazen TBEV wsrod mieszkancow potnocno-wschodniej Polski.
2. Analiza postaw wobec szczepionki przeciwko KZM wsrdd respondentéw z poinocno-
wschodniej Polski.

3. Ocena przydatnosci oceny stgzenia biatka CHI3L1 w surowicy krwi i PMR jako
biomarkera cigzkosci przebiegu KZM w populacji pediatrycznej.

4. Analiza zwigzku CHI3L1 ze st¢zeniem cytokin zapalnych, integralno$cig bariery krew-

modzg, odpowiedzig immunologiczng i cigzkoscia KZM u dzieci i mlodziezy.

6. Materiaty 1 metody

6.1 Ocena seroprewalencji zakazen TBEV wsrod mieszkancoéw potnocno-wschodniej Polski.

Przeprowadzilismy badanie obecnosci przeciwciat IgG anty-KZM w probkach surowicy
pobranej od 300 dorostych, zdrowych dawcow krwi w Regionalnym Centrum Krwiodawstwa
1 Krwiolecznictwa w Biatymstoku. Przed oddaniem krwi, zgodnie ze standardowg procedura
kwalifikacyjna, wykluczono aktywne infekcje, w tym wirusowe zapalenie watroby typu C.
Kazdy uczestnik wypelnil ankiete zawierajaca pytania dotyczace przebytych zakazen
wirusem KZM oraz szczepien przeciw tej chorobie. Dwie osoby nie zwrocity ankiet, dlatego
zostaly wykluczone z analizy. Ostateczna grupa badawcza liczyta 298 osob, wsrod ktorych
71% stanowili mezczyzni, a 29% kobiety. Wiek uczestnikow wynosit od 18 do 63 lat, ze
$rednig 34,1 roku. Badana grupa pediatryczna sktadata si¢ ze 180 dzieci hospitalizowanych w
Klinice Obserwacyjno-Zakaznej Dzieci Uniwersyteckiego Dziecigcego Szpitala Klinicznego
w Biatymstoku. Dzieci te, w wieku od 2 do 17 lat, byty przyjete z objawami wirusowego
zapalenia zotadka 1 jelit. Probki ich surowicy wykorzystano w badaniach nad epidemiologig i
patogeneza chorob zakaznych w populacji pediatrycznej prowadzonych w ramach

wczesniejszych projektéw badawczych.
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Badania serologiczne przeprowadzono przy uzyciu zestawu FSME/TBE ELISA IgG/IgM
firmy Virotech Diagnostics GmbH (Riisselsheim, Niemcy), $cisle przestrzegajac

instrukcji producenta.

6.2. Analiza postaw wobec szczepionki przeciwko KZM wsréd respondentow z pdtnocno-

wschodniej Polski.

PrzeprowadziliSmy anonimowg ankiet¢ w kohorcie 444 dorostych oséb, ktorych
zrekrutowaliSmy wsrdd rodzicow dzieci hospitalizowanych w Klinice Obserwacyjno-
Zakaznej Dzieci Uniwersyteckiego Dziecigcego Szpitala Klinicznego w Biatymstoku.
Wszyscy respondenci mieszkali w potnocno-wschodniej Polsce, czyli obszarze wysokiego
ryzyka chorob przenoszonych przez kleszcze. Ankieta zostata przeprowadzona w okresie od
grudnia 2019 roku do wrze$nia 2021 roku. Sktadata si¢ z czterech pytan dotyczacych praktyk
zwigzanych z kleszczami oraz siedmiu pytan oceniajacych dane demograficzne i poziom

narazenia na ukgszenia kleszczy.

6.3. Ocena przydatnosci oceny stezenia biatka CHI3L1 w surowicy krwi i PMR jako
biomarkera ci¢zko$ci przebiegu KZM w populacji pediatrycznej.

Do badania wlaczono 22 dzieci ze zdiagnozowanym KZM, hospitalizowanych w
Klinice Obserwacyjno-Zakaznej Dzieci Uniwersyteckiego Dziecigcego Szpitala Klinicznego
w Biatymstoku. Pacjentow podzielono na 2 grupy: chorych na zapalenie opon moézgowo-
rdzeniowych i mozgu (n=6) i zapalenie opon mézgowo-rdzeniowych (n-=16). Rozpoznanie
KZM opierato si¢ na obecno$ci swoistych przeciwciat IgG 1 IgM przeciwko KZM w surowicy
i/lub w PMR. Stopien cigzkosci choroby oceniano za pomocg skali numerycznej oraz
standaryzowanego kwestionariusza, zgodnie z publikacjg Petry Bogovic z 2014 roku [1].
Skala ta byta pierwotnie stosowana w populacji os6b dorostych, jednak ze wzgledu na brak
badan w populacji pediatrycznej zdecydowano si¢ na jej zastosowanie w niniejszej analizie.
Okreslong liczbe punktow (od 1 do 9) przypisywano na podstawie obecnosci, intensywnosci
oraz czasu trwania poszczegdlnych objawoéw, takich jak:

e bol gtowy, goraczka, wymioty 1 objawy oponowe,
e drzenie, niedowtady, zatrzymanie moczu i zaburzenia funkcji poznawczych,
e zaburzenia $wiadomosci, konieczno$¢ oraz czas trwania leczenia podwyzszonego

ci$nienia $rodczaszkowego.
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Klinicznie tagodny, umiarkowany i cigzki przebieg choroby odpowiadal zakresom
punktowym:

e 0-8 pkt — przebieg tagodny,

e 9-22 pkt — przebieg umiarkowany,

e >22 pkt — przebieg cigzki.

6.4 Analiza zwigzku CHI3L1 ze stezeniem cytokin zapalnych, integralno$cig bariery krew-

moézg, odpowiedzig immunologiczng i cigzko$cig KZM u dzieci i mtodziezy.

Przepuszczalnos¢ BBB oceniano za pomocg ilorazu albuminy (Q-alb) i na podstawie
tego wskaznika korygowano stgzenia analizowanych bialek w PMR. Wspdlczynnik
PMR/surowica obliczono dzielgc stezenie kazdej cytokiny lub chemokiny w PMR przez
stezenie w surowicy (biomarker w PMR/biomarker w surowicy). Indeks PMR/surowica
okreslono jako stosunek ilorazow kazdej badanej chemokiny lub cytokiny i albuminy (Q-
biomarker/Q-albumina). Do ilosciowej oceny CHI3L1, CCL-2, CXCLZ2, chemeryny, INF- v,
IL-1, IL-4, IL-6, IL-13, TNF- o zastosowano testy Luminex (R&D Systems, Minneapolis,
MN, USA) w probkach surowicy i PMR przy przyjeciu (T1) i 14 dni p6zniej, po ustgpieniu
objawow (T2). Wszystkie metodologie i procedury testow $cisle przestrzegalty wytycznych
producenta i ustalonych protokotéw laboratoryjnych. Badanie uzyskato zgode lokalnej
Komisji Bioetycznej Uniwersytetu Medycznego w Biatymstoku (numer zgody APK
002.104.2022 i APK.002.545.2023) i zostalo sfinansowane z dotacji Uniwersytetu
Medycznego w Bialymstoku (numer dotacji B.SUB.24.447).

7. Wyniki

7.1 Ocena seroprewalencji zakazen TBEV u ws$réd mieszkancow potnocno-wschodniej

Polski.

Sposrod  wszystkich badanych dorostych, u czterech o0s6b w przesztosci
zdiagnozowano KZM, jednak u zadnej z nich nie stwierdzono obecnosci przeciwcial IgG
anty-KZM. Szczepienie przeciwko KZM zadeklarowalo 38 dorostych (13%, w tym 31
mezczyzn 1 7 kobiet), z czego dwie osoby otrzymaly niepetny schemat (tylko jedng lub dwie
dawki), a jedna nie przyjela dawki przypominajacej w ciggu ostatnich 15 lat. U 26
zaszczepionych 0sob (68%) wykryto swoiste przeciwciata IgG przeciwko KZM. Co ciekawe,

najwyzsze miano przeciwcial odnotowano u pacjenta, ktory ostatnia dawke szczepionki
13



przyjal 15 lat temu. W grupie 256 osob, ktére nie byly zaszczepione i u ktorych nie
zdiagnozowano KZM, pozytywny wynik uzyskato 14 dorostych (5%, po réwno: 7 mezczyzn
i 7 kobiet). Grupe pediatryczng stanowito 180 dzieci w wieku od 2 do 17 lat (mediana wieku:
6 lat). Zadne z nich nie bylo zaszczepione przeciwko KZM ani hospitalizowane z powodu tej

choroby. Pozytywny wynik uzyskano u czworga dzieci (2%).

7.2. Analiza postaw wobec szczepionki przeciwko KZM wsrdd respondentéw z podtnocno-

wschodniej Polski..

Ankieta byta przeprowadzona pos$rod 444 osob dorostych. Wiekszos¢ respondentow
stanowity kobiety (82%) w wieku 30-39 lat (59%), z wyksztalceniem wyzszym (66%),
mieszkajacych w miastach (59%). Ponad potowa ankietowanych (62%) przynajmniej raz w
zyciu zostata uktuta przez kleszcza, przy czym 17% doswiadczyto tego w ciggu ostatniego
roku. Ponadto 32% respondentéw zadeklarowalo, ze ich dziecko miato kontakt z kleszczem
w przeszlo$ci. Szczepienie przeciwko KZM zgtosito jedynie 9% dorostych, a swoje dzieci
zaszczepilo 10% badanych. W$rdd osob niezaszczepionych co trzecia wyrazita cheé
zaszczepienia si¢ w przysztosci, natomiast az 25% przyjeto postawe antyszczepionkowa.
Podobne tendencje zaobserwowano wsrdd rodzicow — 37% planowalo zaszczepi¢ swoje
dzieci, podczas gdy 20% deklarowato brak zgody na takie szczepienie. Analiza statystyczna
wykazata, ze wieksza sktonno$¢ do szczepienia mialy osoby, ktére niedawno zostaly uktute
przez kleszcza, mialy bliskiego krewnego z rozpoznang chorobg odkleszczowa lub byly
me¢zczyznami. Dodatkowo zaobserwowano, ze mlodsze osoby czescie] prezentowaly

negatywng postawe wobec szczepien.

7.3. Ocena przydatnosci oceny st¢zenia biatka CHI3L1 w surowicy krwi i PMR jako

biomarkera cigzkos$ci przebiegu KZM w populacji pediatryczne;.

Na podstawie numerycznej skali cigzkosci choroby wigkszos¢ przypadkow byta
oceniona jako umiarkowana, a pozostatg czes$¢ sklasyfikowano jako tagodng lub cigzka. Nie
wszystkie cytokiny byly wykrywalne w materiale pobranym od pacjentow, CO ograniczato
obliczenia  niektérych  wspolczynnikow 1 wskaznikow  plynu  modzgowo-
rdzeniowego/surowicy. Dotyczyto to w szczegélnosci CXCL2, IL-4, IL-1, IL-13 i INF-y. W
przypadku CH3L1 zaobserwowano istotne statystycznie zmniejszenie stezenia tego
biomarkera w ptynie mézgowo-rdzeniowym u pacjentdw z zapaleniem opon moézgowo-

rdzeniowych. Natomiast w grupie dzieci z zapaleniem mozgu roznice te nie byly znaczace.
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Sugeruje to, ze zmniejszenie lokalnej produkcji CHI3L1 wiaze si¢ z ci¢zszym przebiegiem
KZM u dzieci, a zwigkszenie CHI3L1 w zapaleniu opon moézgowo-rdzeniowych moze
odzwierciedla¢ tagodniejszy przebieg choroby. Dodatkowo wykazano istotng korelacje
miedzy wigkszym spadkiem poziomu CHI3L1 w surowicy po dwoch tygodniach leczenia a
silniejszym bdlem glowy zglaszanym przez pacjentow. Zaobserwowano réwniez zwigzek
miedzy wickszym spadkiem wspotczynnika CHI3L1 a diluzszym czasem przyjmowania
mannitolu. Natomiast wartos¢ indeksu CHI3L1 po leczeniu byla istotnie skorelowana z

krétszym okresem hospitalizacji.

7.4. Analiza zwigzku CHI3L1 ze stezeniem cytokin zapalnych, integralnoscia bariery krew-

mozg, odpowiedzig immunologiczng i ciezkoscig KZM u dzieci 1 mlodziezy.

Poziomy CHI3L1 w pltynie mézgowo-rdzeniowym dodatnio korelowaty z innymi
cytokinami prozapalnymi, takimi jak IL-6 , TNF- a i chemeryna, co podkresla jego udziat w
posredniczeniu w odpowiedziach zapalnych w OUN. U dzieci, u ktérych zdiagnozowano
zapalenie moézgu, Q-alb byto wyzsze w poréwnaniu z pacjentami z zapaleniem opon
moézgowo-rdzeniowych, co wskazuje na zwigkszong przepuszczalnos¢ BBB. Rdznice we
wskazniku odpowiadajg stopniowi uszkodzenia tej bariery. Macierz korelacji ujawnila, ze
poziomy 1 warto$ci indeksu CHI3L1 w surowicy dodatnio korelowaty z Q-alb. Wsrod cytokin
ptynu moézgowo-rdzeniowego stwierdzono silng dodatnig korelacj¢ miedzy ilorazem albumin

alL-4,1L-6 i TNF- a.
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8. Whnioski

1. W populacji péinocno-wschodniej Polski nierozpoznane bezobjawowe lub skgpoobjawowe

zakazenia TBEV wystepuja czesto, zarowno u dorostych, jak i1 dzieci.

2. Odsetek mieszkancow obszaru endemicznego zaszczepionych przeciwko KZM jest niski 1

zdecydowana wigkszos$¢ nie planuje tego szczepienia w przysziosci.

3. Kampanie informujace o zagrozeniach zwigzanych z KZM moga zwigkszy¢ akceptacje

szczepien.

4. Biatko CHI3L1 moze ograniczaé procesy zapalne w osrodkowym uktadzie nerwowym w

przebiegu KZM.
6. CHI3L1 jest obiecujagcym biomarkerem przebiegu KZM u dzieci.

7. Powiktania KZM moga mie¢ zwigzek z przedtuzajacymi si¢ procesami patologicznymi w

obregbie bariery krew-mozg.
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OBJAWOW KLINICZNYCH, POSTEPOWANIA I PROFILAKTYKI
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Uniwersytet Medyczny w Biatymstoku, Klinika Obserwacyjno-Zakazna Dzieci

ABSTRACT

Tick-borne encephalitis virus (TBEV), which causes central nervous system infections, is a major health problem
in Europe and Asia. This virus is transmitted mainly via the bite of a tick. However, an infection may also
occur as a result of consuming raw milk. In 2018, a total of 3 092 cases of tick-borne encephalitis (TBE) were
reported in EU countries. In recent years, TBE has emerged in previously unaffected regions; thus, new endemic
areas have been identified. Most cases of TBE occur in spring and autumn, which correlates with increased
tick activity. TBE is found in all age groups, including infants. The clinical presentation of TBE varies, but
the severity of the infection and risk of complications increase with age. Post-encephalitic syndrome, which
affects up to 50% of infected individuals, significantly reduces quality of life. Currently, there is no effective
treatment for TBE, and supportive management is used in the acute phase of the disease. Therefore, anti-TBE
immunization and the avoidance of tick bites are of key importance in preventing this infection.

Key words: tick-borne encephalitis virus, tick-borne encephalitis, TBE, ticks

STRESZCZENIE

CEL. Wirus kleszczowego zapalenia mozgu (KZM), powodujacy zakazenia osrodkowego uktadu nerwowego,
jest istotnym problemem zdrowotnym w Europie i Azji. Wirus ten przenoszony jest gtéwnie w nastepstwie
wktucia si¢ kleszcza, chociaz zakazenie moze by¢ réwniez skutkiem spozycia niepasteryzowanego mleka.
W 2018 roku zgloszono w krajach UE tacznie 3 092 przypadki zachorowan. W ostatnich latach obserwuje si¢
rozszerzanie zasiegu wystepowania KZM oraz powstawania nowych terendw endemicznych wirusa. Wigkszo§¢
przypadkow zakazenia wystepuje w okresie wiosennym i jesiennym, co koreluje z najwyzsza aktywnoscia
kleszczy w tych porach roku. KZM stwierdzane jest w kazdej grupie wiekowej, w tym u najmtodszych dzieci.
Obraz kliniczny zakazenia jest zroznicowany, ale ryzyko ci¢zkosci przebiegu i trwatych powiktan po przecho-
rowaniu KZM wzrasta wraz z wiekiem. Wystepujacy u nawet 50% pacjentdw zesp6t postencefalityczny istotnie
obniza jako$¢ zycia chorych. Obecnie nie ma skutecznej metody leczenia KZM, a postgpowanie w ostrym okre-
sie choroby ma charakter wytgcznie objawowy. Z tego powodu kluczowe znaczenie w prewencji zakazenia maja
szczepienia przeciwko KZM oraz dziatania profilaktyczne minimalizujgce mozliwos$¢ uktucia przez kleszcza.

Stowa kluczowe: wirus kleszczowego zapalenia mozgu, kleszczowe zapalenie mozgu, KZM, kleszcze
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INTRODUCTION

Tick-borne encephalitis (TBE) is a viral disease of
the central nervous system caused by the RNA virus
of the Flaviviridae family in the genus Flavivirus.
This genus also includes West Nile fever virus, Den-
gue fever, yellow fever virus, Japanese encephalitis
virus, and Zika virus. There are three main subtypes
of tick-borne encephalitis virus (TBEV): Far Eastern,
Siberian, and European. However, RNA viruses con-
stantly mutate. Based on an analysis of the phyloge-
netic evolution of TBEV, two new subtypes were re-
cently proposed: the Himalayan type, isolated in the
Tibetan Plateau, and the Baikalian type, from the ar-
eas of Lake Baikal (1). TBE is endemic in Europe and
Asia, ranging from eastern France to northern Japan
(2-4). The occurrence of ticks and tick-borne diseases
is constantly expanding to new areas. Over the past
decades, an increasing number of reported cases has
been observed (5,6). Vaccination against TBE among
at-risk groups in Poland has been recommended since
1993, which led to a statistically significant decrease
in the hospitalization of foresters and forest workers.
At present, the majority of infections occur in people
not professionally connected with forestry and tourists
traveling to endemic areas, including children (7).

ETIOLOGY AND DIAGNOSTIC METHODS

In Europe, the primary viral vectors are ticks. The
most important among them are the species Ixodes
ricinus in Europe and Ixodes persulcatus, the latter
of which occurs mainly in Russia. In Poland, 21 tick
species have been described, among which two spe-
cies are of the greatest importance: the common tick,
Ixodes ricinus, and the meadow tick, Dermacentor re-
ticulatus (8). Each development stage of this arachnid,
from larva, to nymph, to adult, can be a vector of in-
fection, and each needs a vertebrate’s blood to develop.
The entire tick development cycle lasts 2—4 years (9).

Human infections occur mainly through tick bites.
The virus present in the saliva of the arthropod is trans-
mitted to the skin, where it then penetrates the lymph
nodes followed by the central nervous system (CNS).
Infection is also possible as a result of raw milk con-
sumption (10). The majority of infections with TBEV
are asymptomatic (11). The symptomatic course of the
disease includes mild aseptic meningitis, encephalitis,
and myelitis (12). When the infection spreads to the
CNS, the virus is usually no longer present in the blood
or cerebrospinal fluid, which limits the use of molec-
ular methods for TBE diagnosis. Although RT-PCR is
a sensitive and specific method that allows the rapid
diagnosis of flaviviral infections in humans, its effec-
tiveness is only high in the acute phase of infection due

WSTEP

Kleszczowe zapalenie mozgu (KZM) jest wiruso-
wa chorobg o$rodkowego uktadu nerwowego wywota-
ng przez wirusa RNA z rodziny Flaviviridae, rodzaju
Flavivirus. Rodzaj ten obejmuje rowniez m. in. wirusa
goraczki Zachodniego Nilu, Dengi, zottej goraczki, ja-
ponskiego zapalenia mozgu oraz wirusa Zika. Wyrdz-
nia si¢ trzy gtowne typy wirusa KZM: dalekowschod-
ni, syberyjski oraz europejski. Wirusy te stale mutuja.
Na podstawie analizy ich ewolucji filogenetycznej za-
proponowano wyodrebnienie nowych typow: typu hi-
malajskiego z obszaru Wyzyny Tybetanskiej oraz typu
bajkalskiego z obszaréw jeziora Bajkat (1). KZM wy-
stepuje endemicznie w wielu regionach Europy 1 Azji,
siggajac od wschodnich terenéw Francji po pdinocng
Japoni¢ (2—4). Zasieg wystepowania kleszczy i prze-
noszonych przez nie choréb stale rozszerza si¢ o nowe
obszary. Na przestrzeni ostatnich dekad zaobserwo-
wano rosngcg liczbe zglaszanych przypadkow KZM
(5,6). Od 1993 roku w Polsce zaleca si¢ szczepienie
przeciwko KZM w grupach ryzyka, co pozwolito na
zdecydowane ograniczenie hospitalizacji w grupie le-
$nikéw i pracownikow lesnych. Obecnie wigkszos¢
zakazen dotyczy osob zawodowo niezwigzanych z le-
$nictwem, turystow podrézujacych do terenéw ende-
micznych, a takze dzieci (7).

ETIOLOGIA I METODY DIAGNOSTYCZNE

W Europie gldownym wektorem wirusa sg kleszcze.
Dominujgcg role odgrywaja gatunki takie jak Ixodes
ricinus w Europie oraz Ixodes persulcatus wystepu-
jacy gtownie w Rosji. W Polsce opisano 21 gatun-
kéw kleszezy, sposrod ktorych najwicksze znaczenie
majg dwa gatunki: kleszcz pospolity Ixodes ricinus
i kleszcz takowy Dermacentor reticulatus (8). Kazde
stadium rozwojowe pajeczaka, poczawszy od larwy,
poprzez nimfe, az do postaci dorostej, moze by¢ wek-
torem infekcji oraz kazde potrzebuje krwi kregowca
do rozwoju. Caty cykl rozwojowy kleszczy trwa 2-4
lata (9).

Do zakazenia cztowieka dochodzi gtownie wsku-
tek wktucia si¢ kleszcza. Wirus obecny w $linie sta-
wonoga trafia do skory, skad drogami limfatycznymi
przenika do weztow chtonnych i dalej do o$rodkowego
uktadu nerwowego (OUN). Mozliwe jest tez zakaze-
nie w wyniku spozywania niepasteryzowanego mle-
ka (10). Wiekszos¢ zakazen wirusem KZM przebie-
ga bezobjawowo (11). Przebieg objawowy obejmuje
tagodne aseptyczne zapalenie opon, zapalenie mozgu
i zapalenie rdzenia (12). W fazie zajecia OUN wirus
przewaznie nie jest juz obecny we krwi, ani w ptynie
moézgowo-rdzeniowym, co ogranicza zastosowanie
metod molekularnych w diagnostyce KZM. Pomi-
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to the short duration of viremia or low viremia in the
blood of infected patients (13). Therefore, the detection
of specific antibodies is the basis for TBE diagnosis
(14). When interpreting the results of serological tests,
it should be taken into account that infections caused
by Flaviviridae viruses induce the production of
cross-reactive antibodies. This results in difficulties in
the unequivocal interpretation of the obtained results.
In addition, a past flavivirus infection significantly
hinders diagnosis, which is of particular importance
in regions where there are many antigenically associ-
ated flaviviruses (15). One of the major advances in
the diagnosis of these infections was the development
of multiplex tests that allow the simultaneous detec-
tion of antibodies directed against several flaviviruses.
For this purpose, high-density microarrays containing
peptides from various flaviviruses were developed.
Microsphere-based immunoassays for measuring IgM
and IgG directed against many types of flaviviruses
are currently the method of choice for the diagnosis of
TBE (15,16).

EPIDEMIOLOGY

TBE is a seasonal disease caused by the arachnid’s
activity in the months of April-October. The incidence
of TBE peaks in spring (June and July) and autumn
(September and October). In recent years, a worrying
increase in the number of reported cases has been not-
ed. In 2018, compared to the previous year, the number
of reported cases of TBE doubled in Slovakia, Lithua-
nia and Croatia and increased by approximately 20%
in Germany (2). In 2016 in Netherlands the emergence
of this disease was observed for the first time, while
in French Alsace there was a threefold increase in
the number of TBE infections (17,18). This observed
increase is caused by multiple factors, including the
growing awareness and detectability of infections, the
spread of ticks to new areas, and an increase in the
population of ticks. Observable climate changes—par-
ticularly milder winters and warmer summers—also
facilitate tick survival (19).

TBE is endemic in Central and Eastern Europe,
southern Russia, and in Scandinavia. In the European
Union (EU), there are between 2000 to 4000 reported
cases annually, 95% of which require hospitalization,
and every hundredth patient dies (19). In 2018, a total
of 3,092 cases were reported in EU countries, and 16
people died (0.6%). The number of countries report-
ing cases increased from 19 in 2012 to 26 in 2018. In
2018, the majority of cases occurred in the Czech Re-
public, Germany, Sweden, and Lithuania (Table 1) (2).
Importantly, in the same year, 35.4% of all reported
cases occurred in the Czech Republic and Lithuania,
despite the fact that their total population represented
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mo ze RT-PCR jest czulg i specyficzng metoda, ktora
pozwala na szybka diagnoze infekcji flawiwirusowej
u ludzi, jej skuteczno$¢ jest wysoka jedynie w ostrej
fazie infekcji, na co ma wptyw krotki czas utrzymy-
wania si¢ wiremii lub niski poziom wiremii we krwi
zakazonych pacjentéw (13). Dlatego podstawa roz-
poznania KZM jest wykrycie swoistych przeciwciat
(14). Interpretujac wyniki badan serologicznych nale-
zy wzig¢ pod uwage fakt, ze infekcje spowodowane
wirusami z rodziny Flaviviridae indukujg wytwarza-
nie przeciwciat reagujacych krzyzowo. Skutkuje to
trudnosciami w jednoznacznej interpretacji uzyska-
nych wynikow, a przebyte w przeszlosci zakazenie
flawiwirusami znacznie utrudnia t¢ diagnostyke, co
ma szczegolne znaczenie w rejonach, w ktorych wy-
stepuje wiele flawiwirusow powiagzanych antygenowo
(15). Jednym z gtownych postepéw w dziedzinie dia-
gnozowania tych zakazen byto opracowanie testow
multipleksowych, ktore pozwalaja na jednoczesne
wykrycie przeciwciat skierowanych przeciwko kilku
flawiwirusom. W tym celu opracowano mikromacie-
rze o duzej gestosci zawierajace peptydy pochodzace
z roznych flawiwirusoéw. Oparte na mikrosferach testy
immunologiczne do pomiaru IgM i IgG skierowane
przeciwko wielu rodzajom flawiwiruséw sqg obecnie
metodq z wyboru w diagnostyce (15,16) w rejonach,
gdzie istnieje ryzyko wspotzakazenia roznymi flawi-
wirusami.

EPIDEMIOLOGIA

KZM jest chorobg sezonowa ze wzgledu na aktyw-
no$¢ pajeczaka w miesigcach kwiecien — pazdziernik.
Zakazenia u ludzi charakteryzuja si¢ dwoma szczy-
tami zachorowan: w okresie wiosennym (czerwiec,
lipiec) i jesiennym (wrzesien, pazdziernik). Na prze-
strzeni ostatnich lat zauwazono niepokojacy wzrost
liczby raportowanych przypadkoéw. W 2018 roku,
w porownaniu do roku poprzedniego, liczba zgloszo-
nych przypadkow KZM podwoita si¢ na Stowacji, Li-
twie i Chorwacji, a w Niemczech wzrosta o blisko 20%
(2). W Holandii w 2016 roku zaobserwowano pojawie-
nie si¢ tej choroby po raz pierwszy, podczas gdy na
terenie Francji w rejonie Alzacji zanotowano az trzy-
krotny wzrost liczby zakazenia KZM (17,18). Przyczy-
ng obserwowanego wzrostu jest przypuszczalnie wiele
czynnikéw. Moze on wynikaé czg$ciowo z rosnacej
$wiadomosci 1 wykrywalnos$ci zakazen, rozprzestrze-
niania si¢ kleszczy na nowe obszary, a takze zwigksze-
nia si¢ populacji kleszczy. Kierunek obserwowanych
zmian klimatycznych, tagodniejsze zimy oraz cieplej-
sze lato utatwiaja kleszczom przezycie (19).

Choroba wystepuje endemicznie w Europie Srod-
kowej i Wschodniej, w potudniowej czeséci Rosji oraz
w Skandynawii. Rocznie w Unii Europejskiej (UE)
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Table I. Number of cases and incidence per 100,000 inhabitants in selected EU countries.*
Tabela I. Liczba zachorowan oraz zapadalno$¢/100 tys. mieszkancow w wybranych krajach EU.*

2014 2015 2016 2017 2018
~ \= ~ ~= ~ ~= ~ \= ~ ~=
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Austria/ 81 1.0 79 0.9 95 11 123 1.4 170 1.9
Austria
Croatia . 23 0.5 26 0.6 6 0.1 10 0.2 24 0.5
Chorwacja/
Czech
Republic/ 410 3.9 349 33 565 54 677 6.4 713 6.7
Czechy
Estonia/ 82 6.2 115 8.7 80 6.1 84 6.4 85 6.4
Estonia
Finland/ 47 0.9 68 1.2 61 11 82 15 79 14
Finlandia
Lithuania/ 149 | 74 141 71 91 46 178 9.1 384 | 137
Litwa
Latvia/ 353 120 | 336 15 633 219 | 474 16.6 139 5.2
Lotwa
Germany/ 264 0.3 220 0.3 347 0.4 485 0.6 583 0.7
Niemcy
Norway/ 13 0.3 9 0.2 12 0.2 16 0.3 26 0.5
Norwegia
Poland/ 131 0.3 115 0.3 211 0.6 196 0.5 197 0.4
Polska
Slovakia/ 115 2.1 80 15 169 31 75 1.4 156 2.9
Slowacja
Slovenia/ 100 49 62 3.0 83 4.0 102 49 153 7.4
Stowenia
Sweden/ 178 18 | 268 27 | 238 | 24 | 365 37 385 35
Szwecja
Hungary/ 26 0.3 22 0.2 14 0.1 14 0.1 32 0.3
Wegry

* Adapted from European Centre for Disease Prevention and Control. Tick-borne encephalitis. In: Annual epidemiological

report for 2018. Stockholm: ECDC; 2019

2zrddto: European Centre for Disease Prevention and Control. Tick-borne encephalitis. W: Annual epidemiological report

for 2018. Stockholm: ECDC; 2019

only 2.7% of the population of the countries covered
by this analysis.

According to data published in 2019 by the Europe-
an Centre for Disease Prevention and Control (ECDC),
the majority of TBE cases occur in people between
45 and 64 years of age (1 120 cases, 0.8 per 100,000
people). In all age groups, approximately 60.6% of
cases occurred in males, and the ratio of males to fe-
males was 1.5:1. The lowest incidence was recorded
in children under 4 years of age (0.2 out of 100,000)
(2). Notably, TBEV infections occur in all age groups,

notuje si¢ od okoto 2 000 do 4 000 przypadkdw, z cze-
20 95% zarejestrowanych przypadkow wymaga hospi-
talizacji, a co setny pacjent umiera (19). W 2018 roku
zgloszono w krajach UE tacznie 3 092 przypadkow
zachorowan, 16 osob zmarlo (0,6%). Liczba krajow
raportujacych przypadki zachorowan wzrosta z 19
w 2012 r. do 26 w 2018 r. W 2018 roku najwigcej przy-
padkow wystgpito na terenie Czech, Niemiec, Szwecji
oraz Litwy (Tab. I) (2). Co istotne, w tym samym roku
az 35,4% wszystkich zgloszonych przypadkoéw wysta-
pito w Czechach i na Litwie, pomimo Ze taczna liczba
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including infants (20). The difference in the frequency
of TBE in different age groups is not due to different
susceptibility levels to the infection but likely due to
the effect of each group’s preferred everyday activities,
types of rest, and working conditions, which all deter-
mine one’s exposure to tick bites (19).

The number of TBE infections has been registered
in Poland since 1970. In the years 2000-2015, a total
of 3,662 cases of TBE (0.33-0.92/100,000 inhabi-
tants) were recorded in Poland (10). The highest num-
ber of cases, nearly 50%, was reported in Podlaskie
(6.17/100,000 people) and the Warmian—Masurian
voivodeships (1.75/100,000 people). Currently, accord-
ing to the reports of regional sanitary—epidemiological
stations, on average, 200—300 cases of TBE are regis-
tered in Poland annually. In 2019, the incidence rate
of TBE for Poland was 0.69/100,000 inhabitants (21).
According to environmental investigations and sero-
logical surveys, TBE presumably occurs all over Po-
land (22,23). Compared to north-eastern Poland, more
CNS inflammations of an undetermined etiology are
recorded in the voivodeships located in the south-west-
ern and south-eastern parts of the country (24). It can,
therefore, be assumed that some of the undefined neu-
roinfections are, in fact, undiagnosed TBE cases. This
is especially probable because the incidence of TBE is
statistically significantly higher in the immediate vi-
cinity of the southern regions of Poland, the Czech Re-
public, and Slovakia (about 6.4/100,000). In addition,
the reasons for underestimating the number of TBE
cases may include an atypical course of the disease,
limited access to diagnostics, and, unfortunately, ne-
glecting to report cases of infection (25).

TREATMENT

The medical care of TBEV patients consists of
symptomatic treatment. In milder cases, the adminis-
tration of antipyretic, analgesic, antiemetic, and antie-
dema drugs, as well as the management of electrolytes
(hyponatraemia) and acid-base imbalances, is required
(26). There are no clearly defined treatment methods
or guidelines. The lack of consensus regarding the du-
ration of treatment and doses of drugs forces doctors to
introduce their own approaches. According to our own
experience, the use of dexamethasone in children with
severe TBE at a dose of up to 0.6 mg/kg/day (maxi-
mum 16 mg/day) in four divided doses over 2—5 days
tapered over 1-2 days produces beneficial therapeutic
effects. Individual courses of treatment for patients
with analgosedation, hyperventilation, hypothermia,
decompressive hemicraniectomy, and intravenous
immunoglobulins have also been described (27). Al-
though antiviral therapies are currently not applicable
in clinical practice, many in vitro studies offer the pos-

320

ludnosci w tych krajach reprezentowata tylko 2,7%
populacji krajow objetych analizg.

Wedtug danych opublikowanych w 2019 roku
przez Europejskie Centrum ds. Zapobiegania i Kon-
troli Choréb (ECDC), zakazenie wirusem KZM naj-
czesciej jest obserwowane u 0so6b migdzy 45 a 64 ro-
kiem zycia (1 120 przypadkow; 0,8 na 100 000 Iudno-
sci). We wszystkich grupach wiekowych okoto 60,6%
przypadkéw stanowili mgzezyzni, a stosunek ptci me-
skiej do zenskiej wynosit 1,5:1. Najnizszg zapadalnosé
odnotowano wsrdd dzieci ponizej 4 roku zycia (0,2 na
100 000) (2). Na uwage zastuguje jednak fakt, ze za-
kazenia wirusem KZM stwierdzane sg w kazdej gru-
pie wiekowej, w tym u niemowlat (20). Zréznicowanie
czestosci wystgpowania zakazen w réznych grupach
wiekowych nie wynika z odmiennej podatnosci na
zakazenie. Jest to raczej efekt preferowanej aktywno-
$ci, warunkow pracy i wybieranej formy odpoczynku,
ktore warunkuja ekspozycje na atak kleszcza (19).

Liczba zakazen KZM jest rejestrowana w Polsce od
1970 roku. W latach 2000-2015 w Polsce odnotowano
tacznie 3 662 zachorowania na KZM (0,33-0,92/100
000 mieszkancow)(10). Najwieksza liczbe zachorowan
zgloszono w wojewodztwie podlaskim (6,17/100 000
0s6b) i warminsko-mazurskim (1,75/100 000 os6b),
gdzie zanotowano okoto 50% wszystkich zachorowan
w Polsce. Obecnie wedtug raportow regionalnych sta-
cji epidemiologicznych $rednio w calej Polsce rejestru-
je sie rocznie 200-300 przypadkow KZM. W 2019 roku
stwierdzono zapadalno$¢ 0,69/100 000 mieszkancoéw
(21). Wedtug serologicznych badan przesiewowych
oraz matematycznej analizy uwarunkowan ekologicz-
nych, KZM przypuszczalnie wystgpuje w calej Pol-
sce (22,23). W poréwnaniu do podtnocno-wschodniej
Polski, w wojewodztwach potozonych w czesciach
potudniowo-zachodniej i potudniowo-wschodniej no-
tuje si¢ wigcej zapalen mozgu o nieokreslonej etiolo-
gii(24). Mozna wigc zatozy¢, ze czgs¢ nieokreslonych
neuroinfekcji stanowig niezdiagnozowane KZM. Jest
to tym bardziej prawdopodobne, ze w bezposrednim
sgsiedztwie potudniowych regiondéw Polski, w Cze-
chach i na Stowacji, zapadalno$¢ na KZM jest istotnie
wyzsza (okoto 6,4/100 000). Ponadto, przyczyn niedo-
szacowania liczby przypadkéw KZM mozna si¢ dopa-
trywaé¢ w niecharakterystycznym przebiegu choroby,
ograniczonym dostepie do diagnostyki oraz, niestety,
w zaniedbaniu obowiazku zglaszania przypadkow in-
fekcji przez lekarzy(25).

LECZENIE

Leczenie neuroinfekcji wywotanej wirusem KZM
ma charakter objawowy. W przypadkach o lzejszym
przebiegu wymagane jest podawanie lekow prze-
ciwgorgczkowych, przeciwbolowych, przeciwwy-
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sibility to change this status quo. Efavirenz and tipra-
navir (currently used to treat HIV), dasabuvir (used to
treat HCV), benzavir-2, and flavonoids derived from
the roots of the Baikal skullcap (Scutellaria baicalen-
sis) are the most promising substances that show an-
ti-TBE activities (28-30).

COMPLICATIONS AND LONG-TERM
CONSEQUENCES OF TBEV INFECTIONS

Recovery from TBE occurs within a few days or
weeks. The severe course of the acute phase of infec-
tion carries the risk of permanent neurological com-
plications, observed in up to 50% of patients (11). The
most common of these are cranial and peripheral nerve
paralysis and palsy, damage to the brachial plexus and
cerebellum, abnormal EEG, and neuropsychological
disorders (7). The latter include depression; char-
acteropathy; chronic fatigue; muscle and joint pain;
headache and dizziness; learning and working diffi-
culties; difficulty concentrating, remembering, and
learning; sleep disorders; and changes in eating habits.
TBE infection also increases the likelihood of devel-
oping dementia in later years. These nonspecific and
poorly understood symptoms are called post-encepha-
litic syndrome (PES) (31). PES symptoms significantly
reduce the patient’s quality of life and sometimes force
a change in lifestyle.

The reason for the diversity in the course of TBE
infection remains unknown. It has been observed that
the course of infection is more severe in adults and that
the risk of permanent complications after the illness
increases with age (32). Recent studies showed that the
clinical variability of the disease is linked to the in-
dividual differences in the immune cell accumulation
patterns, mainly varying counts of B, Th CD4+, Tc
CD&+ lymphocytes, and different cytokine response
(33,34).

Severe complications of TBE in children occur
about 10 times less often than in adults. The data on
the pediatric population collected so far describe the
course and long-term effects of this infection in chil-
dren only to a limited extent. A Swedish study of 55
children suffering from TBE in 2004-2008 showed
that about 75% experienced chronic headaches, in-
creased fatigue, excessive irritability, difficulty con-
centrating, and memory problems within 2 to 7 years
after the infection (35). Importantly, in a recent Polish
study, TBEV was the second most common cause of
pediatric CNS infections causing as much as 9% and
31% of all meningitis and encephalitis cases, respec-
tively (36). The annual incidence of TBE in children
was estimated to 4.08 (95% Cl, 2.07-8.02) per 100,000.
Assuming wide-spread distribution of TBE in Poland
(22,23), many pediatric TBE cases in Poland remain

miotnych, przeciwobrzgkowych oraz wyréwnywanie
zaburzen elektrolitowych (hiponatremia) i kwasowo
-zasadowych (26). Nie istniejg jasno okreslone zasady
leczenia oraz standardy postepowania. Brak konsen-
susu dotyczacego czasu leczenia i dawek stosowanych
lekow skutkuje tym, ze wszystkie stosowane metody
majg charakter autorski. Wedtug do$wiadczen wia-
snych stosowanie deksametazonu u dzieci z cigzkim
przebiegiem KZM w dawce do 0,6 mg/kg/dobe (mak-
symalnie 16 mg/dob¢) w 4 dawkach podzielonych
przez 2-5 dni ze stopniowg redukcja dawki przez 1-2
dni przynosi korzystne efekty terapeutyczne. Opi-
sano rowniez pojedyncze proby leczenia chorych za
pomoca analgosedacji, hiperwentylacji, hipotermii,
dekompresyjnej hemikraniektomii, a takze dozylnych
immunoglobulin (27). Pomimo Ze terapie przeciwwi-
rusowe nie majg obecnie zastosowania w praktyce kli-
nicznej, wiele badan in vitro daje nadzieje na zmiane
tego stanu. Najbardziej obiecujgcymi substancjami,
dla ktorych w badaniach in vitro wykazano dziatanie
przeciw wirusowi KZM sa efavirenz oraz tipranavir
(obecnie stosowane w leczeniu HIV), dasabuvir (uzy-
wany w leczeniu HCV), benzavir-2 oraz flawonoidy
pozyskiwane z korzeni tarczycy bajkalskiej (Scutella-
ria baicalensis) (28-30).

POWIKLANIA I ODLEGLE NASTEPSTWA
ZAKAZENIA KZM

Powrot do zdrowia po przechorowaniu KZM na-
stepuje w ciggu kilku dni lub tygodni. Cigzki przebieg
ostrej fazy zakazenia niesie ryzyko pozostawienia
trwatych powiktan neurologicznych, obserwowanych
nawet u 50% pacjentow (11). Najczgstszymi z nich sg
porazenia oraz niedowtady nerwow czaszkowych i ob-
wodowych, uszkodzenie splotu barkowego, mézdzku,
nieprawidtowe EEG, a takze zaburzenia neuropsycho-
logiczne (7). Te ostatnie obejmujg swoim spektrum
depresje, charakteropatie, przewlekle zmeczenie,
bole migséni 1 stawdw, bole i zawroty glowy, trudnosci
W nauce i pracy, trudnosci z koncentracja uwagi, zapa-
migtywania oraz uczenia si¢, zaburzenia snu i zmiany
nawykow zywieniowych. Zakazenie wirusem KZM
zwigksza takze prawdopodobienstwo wystgpienia
demencji w pozniejszym wieku. Te niespecyficzne
i trudne do uchwycenia objawy ujeto pod nazwa tzw.
zespolu postencefalicznego (post-encephalitic syn-
drome, PES) (31). Objawy PES istotnie obnizaja jako$¢
zycia chorego oraz niekiedy wymuszajg zmiang stylu
zycia.

Przyczyna zréznicowania przebiegu zakazenia wi-
rusem KZM pozostaje nieznana. Zaobserwowano, ze
przebieg zakazenia jest ciezszy u dorostych, a ryzyko
trwatych powiktan po przechorowaniu KZM wzrasta
wraz z wiekiem (32). Zasadniczy wpltyw na przebieg
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unrecognized. These disturbing facts clearly indicate
the need to continue research into the incidence and
long-term effects of TBE in children.

PREVENTION

An important element of TBE prevention is avoid-
ing tick bites by wearing appropriate clothing and us-
ing effective repellents. However, protection against
tick bites cannot replace vaccination, which is the
most effective method of preventing TBE. Two vac-
cines containing inactivated virus strains are currently
available in Europe. After a full 3-dose vaccination
course, 96—-99% of those who are vaccinated develop
immunity (37). The Austrian example demonstrates
the effectiveness of vaccination in gaining control
over TBE. In Austria, thanks to the large information
campaigns that have been ongoing since the beginning
of the 1980s, the rates of vaccination against TBE in
some regions have reached 95%, while the number
of cases has decreased from several hundred to about
50-100 per year (38).

Because of the genetic similarities between fla-
viviruses, the immune response to vaccination or
infection with one flavivirus is modulated by immu-
nological memory and the production of antibodies
after previous contact with other flaviviruses. This
phenomenon is named the original antigenic sin (39).
Cross-reactive circulating antibodies that are produced
in response to one virus type do not protect against
the other types of the virus. Instead, they contribute
to antibody-mediated strengthening of the infection,
which is particularly important in dengue fever (40).
They can also negatively influence the effectiveness of
vaccination against TBE (41). An increased production
of cross-reactive non-neutralizing IgG antibodies was
also observed during infection with Zika virus in in-
dividuals previously vaccinated against TBE (42). Due
to the rapid spread of flaviviruses, the impact of flavi-
virus infection on the course of subsequent infections
with other species and the effectiveness of vaccination
require further research.

SUMMARY

The potentially severe course of infection and the
risk of permanent neurological complications make
TBE an important health problem in Europe. Many
aspects of this infection are still not fully understood,
and prevention is currently the only effective way of
fighting it.
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KZM ma nie tyle zjadliwo$¢ samego wirusa, co praw-
dopodobnie reakcja uktadu odpornosciowego osoby
zakazonej. U o0séb z cigzkim oraz tagodnym przebie-
giem zakazenia wirusem KZM obserwowano rozni-
ce w liczbie limfocytéw B, Th CD4+, Tc CD8+ oraz
w stezeniach cytokin i chemokin (33,34).

Powazne powiklania KZM wsrdd dzieci sg opi-
sywane okoto 10 razy rzadziej, niz u osob dorostych.
Dotychczas zebrane dane dotyczace populacji pe-
diatrycznej jedynie pobieznie opisujg przebieg, jak
1 odlegle skutki zakazenia u dzieci, a informacje na
temat odlegtych nastepstw zakazenia u dzieci sg ogra-
niczone. Badania przeprowadzone w Szwecji obej-
mujace 55 dzieci chorujacych w latach 2004-2008 na
KZM wykazaty, ze okoto 75% z nich do§wiadczato
przewlektych bolow glowy, wzmozonej meczliwosci,
nadmiernej drazliwo$ci oraz trudnosci z koncentra-
cja i funkcjonowaniem pamigci w przeciaggu 2 do 7
lat po infekcji (35). Wedlug najnowszego polskiego
badania KZM jest druga najczestsza przyczyng zaka-
zen OUN w populacji pediatrycznej w wojewodztwie
podlaskim. Wirus KZM byt odpowiedzialny za az 9%
przypadkéw zapalen opon moézgowo-rdzeniowych
1 31% wszystkich przypadkéw zapalenia mozgu (36).
Roczng zapadalnos$¢ wérdd dzieci ponizej 18 r.z. osza-
cowano na 4.08 (95% CI, 2,07-8,02) przypadkéw na
100 000 dzieci. Jezeli zgodnie z szacunkami Stefanoff
i wsp (22,23) zakazenia KZM sg w Polsce znacznie
bardziej rozpowszechnione, to duza cze$¢ zakazen
wsrod dzieci pozostaje nierozpoznana. Te niepokojace
fakty jednoznacznie wskazujg na potrzebe kontynu-
acji badan nad czestoScig wystepowania i odlegltymi
skutkami KZM u dzieci.

PROFILAKTYKA

Waznym elementem profilaktyki KZM jest unika-
nie atakow kleszczy przez zakladanie odpowiedniej
odziezy i stosowanie skutecznych repelentow. Ochro-
na przed kleszczami nie zastgpi jednak szczepien,
ktore sg najskuteczniejszg metodg prewencji KZM.
W Europie dostepne sa obecnie dwie szczepionki
zawierajacego inaktywowane szczepy wirusa. Po
pelnym 3-dawkowym cyklu szczepienia 96-99% za-
szczepionych wytwarza odpornos¢ (37). Skutecznosci
szczepien w uzyskaniu kontroli nad KZM w populacji
dowodzi przyktad austriacki. W Austrii dzigki szero-
ko zakrojonej kampanii informacyjnej prowadzonej
od poczatku lat *80-tych, wyszczepialno$¢ przeciwko
KZM sigga w niektérych regionach 95%, a liczba za-
chorowan zmniejszyla si¢ z kilkuset do okoto 50-100
rocznie (38).

Pokrewienstwo genetyczne flawiwirusow sprawia,
ze reakcja odpornosciowa na szczepienie lub zakazenie
jednym flawiwirusem jest modulowana przez pamig¢
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Abstract: In Poland, tick-borne encephalitis (TBE) vaccination rate is low despite high incidence of
severe infections with TBE virus (TBEV). However, infection with TBEV can be asymptomatic or
mild, which makes the total number of cases difficult to assess. We aimed at assessing asymptomatic
TBEYV infections and describing attitudes towards the TBE vaccine. We studied 298 healthy adult
blood donors and 180 children from the TBE endemic area of northeastern Poland for the presence
of anti-TBEV IgG antibodies. We also surveyed a separate cohort of 444 adults. Thirty-eight blood
donors (13%) and 38 survey respondents (9%) reported a history of a prior anti-TBEV vaccination.
Forty respondents (9%) reported vaccinating their child in the past. Fourteen unvaccinated blood
donors (5%) and four children (2%) were seropositive for specific anti-TBEV antibodies, suggesting a
history of an undiagnosed TBEV infection. In the surveyed cohort, 130 (32%) expressed their intention
to be vaccinated and 144 (36%) expressed their intention to vaccinate their child. This intention was
significantly higher in respondents with a recent tick-bite, a diagnosis of tick-borne disease in a
close relative, and in males. Our study shows that asymptomatic TBEV infections are common. The
acceptance of TBE vaccine is low, but might be increased by communicating risks associated with
tick bites.

Keywords: tick-borne encephalitis virus; tick-borne encephalitis; seroprevalence; blood donors;
TBEV vaccination; Poland

1. Introduction

Tick-borne encephalitis (TBE) is an acute central nervous system (CNS) infection
caused by tick-borne encephalitis virus (TBEV), transmitted to humans mainly by Ixodes
spp- ticks. The disease is endemic in large areas of the moderate climate zone of Eu-
rope and Asia, with over 10,000 cases of the disease reported annually [1,2]. In Poland,
the rate of diagnosed cases is 200-300 per year, about half of the cases from Podlaskie
voivodeship in northeastern parts of the country, with local annual morbidity ranging
from 4.45 to 9.16 per 100,000 inhabitants in 2019-2021 [3]. The estimated ECDC inci-
dence rates for 2012-2016 in Lithuania, Latvia and Estonia were 15.6, 9.5 and 8.7 cases per
100,000 inhabitants, respectively [4]. The reported morality rate caused by the European
type of TBE is around 1% and it is comparable in all European countries [5]. The fraction
of TBEV-infected Ixodes ricinus ticks in this region has been found to be 0.21% and up to
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0.42% locally, similar to the rates found in other recognized TBE endemic areas across
Europe [6]. According to serological and molecular studies, currently TBEV is the only
Flavivirus causing CNS infections in Poland [7-10]. The clinical severity of TBE varies,
ranging from asymptomatic infections to severe encephalitis or myelitis, depending on
the not fully understood combination of host and pathogen factors [2,11,12]. The CNS
involvement is typically preceded by a distinct peripheral phase dominated by unspe-
cific febrile illness. The second, neurologic phase may take the form of meningitis (with
fever, meningeal signs and cerebrospinal fluid—CSF—pleocytosis), meningoencephalitis
of variable severity or meningoencephalomyelitis. Usually, patients are hospitalized and
the diagnosis is established during the second phase [11,13,14]. However, the background
IgG-seropositivity found in healthy non-vaccinated persons from the endemic areas is
common and has been attributed to a high number of undiagnosed mild or asymptomatic
infections evading hospitalization and correct diagnosis [15,16]. It is difficult to determine
the most typical presentation of the non-diagnosed cases. It is unclear whether they are
truly asymptomatic or simply too mild and too unspecific to prompt diagnostics toward
TBE. However, a study by Lotri¢-Furlan suggests that unspecific flu-like febrile disease
caused by TBEV is rare and most of the unrecognized cases are asymptomatic [17]. The
exact rate and presentation of such cases is difficult to assess, but may be important for the
proper understanding of both epidemiology and pathogenesis of the disease. Identification
of persons with mild TBEV infections would be informative for the study of the disease
pathogenesis and would increase knowledge of the predisposing and protective factors,
both genetic and environmental.

Nevertheless, the burden of severe TBE cases in endemic areas is considerable [5].
Follow-up studies after TBE infection showed that up to 46% of patients experience incom-
plete recovery and report neurological sequalae such as cranial nerve paresis, hemiparesis,
paraparesis, impaired balance, coordination, memory and concentration, and reduced stress
tolerance [5,18]. In Italy it was confirmed that 1.6% of patients were admitted to intensive
care unit due to TBE sequalae [19]. Additionally, due to the absence of any etiological
treatment and increasing TBE burden estimated with DALYs, which reflect lost years of
healthy life as well as mortality directly, this disease is an increasingly worrying public
health problem across the world [20]. The WHO recommends immunizing with the TBE
vaccine all individuals living in the area where the disease is common. There are four types
of TBE vaccines around the world. Two of them are produced in Russia and are based
on Far Eastern TBEV strains. Two other vaccines are based on European subtype TBEV
strains [5]. Despite the high prevalence of TBEV infections in Poland, the vaccine uptake
remains low. According to the Polish National Institute of Public Health, over the period
of 10 years, from 2011 to 2020, only 419,408 individuals in Poland have been vaccinated
with TBE vaccines, which constitutes around 1.1% of the total population [3]. The recogni-
tion of attitudes towards the TBE vaccine would help overcome vaccine hesitancy in the
population in this endemic area. Therefore, the aims of this study were to assess the rate of
asymptomatic infections by measuring the seroprevalence of anti-TBE antibodies and to
evaluate the attitude towards the TBE vaccine in the population of a highly endemic TBE
area in northeastern Poland.

2. Materials and Methods
2.1. The Prevalence of Anti-TBEV IgG

We examined the presence of anti-TBEV IgG antibodies in a serum sample from the
venous blood of adults and children with no active TBEV infection. The adult study
group consisted of 300 subjects. Adult subjects were heathy blood donors seen at the
Regional Centre of Transfusion Medicine in Bialystok, Poland. Active infections, including
type C hepatitis, were excluded before a donation, as a part of a standard qualification
procedure. Each participant completed a questionnaire, which included questions about a
history of tick-borne encephalitis, and a history of a vaccination against TBE. Two subjects
did not return the questionnaires and were excluded from the analysis; they both tested
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negative for anti-TBEV IgG. The final group consisted of 298 patients: 71% men and 29%
women, aged from 18 to 63 years (mean 34.1 years). The pediatric group consisted of
180 hospitalized children aged 2-17 years with signs of viral gastroenteritis, whose serum
samples were used in research on the epidemiology and pathogenesis of infectious diseases
in children in previous studies [21]. All participants included in the study group gave
written informed consent to participate. A 1 mL sample of venous blood was drawn
on clot, centrifuged and serum frozen to —80 °C and preserved until all the samples
were thawed and studied simultaneously. The serologic examination was performed with
FSME/TBE ELISA IgG/IgM from Virotech Diagnostics GmbH (Riisselsheim, Germany),
strictly following the manufacturer’s instructions.

2.2. Questionnaire

We also performed an anonymous survey in a cohort of 444 adults recruited among
parents whose children were hospitalized in the Department of Pediatric Infectious Diseases
in Bialystok, Poland. All respondents lived in northeastern Poland, a high-risk area for tick-
borne diseases (ITBDs). The survey was carried out between December 2019 and September
2021. The survey consisted of four questions describing practices regarding ticks and tick
bites, and seven evaluating demographics and exposure to tick bites.

2.3. Ethical Considerations

The study was approved by the Ethics Committee of the Medical University in Bi-
atystok (approval numbers R-1-002/241/2013, R-1-002/308 /2019, R-1-002/489 /2019, and
APK.002.71.2020).

2.4. Statistical Analysis

Descriptive data are presented as frequencies and percentages. The attitude towards
the TBE vaccine was evaluated using the binary logistic regression model. In univariate
analysis we identified variables associated with a positive attitude towards the TBE vaccine
(either a past vaccination or a declaration to receive the vaccine). In the multivariate
analysis we included variables identified in the univariate analysis with the p-value equal
to or below 0.2. A backward stepwise method was used and variables with a significant
association were presented in the graphs only. The results of this analysis are shown as
odds ratios (OR) and their respective 95% confidence intervals (95% CI). The statistical
analysis was performed using TIBCO Software Inc. (2017) Statistica, version 13 (Palo Alto,
CA, USA).

3. Results
3.1. Detection of Anti-TBEV I1gG Antibodies

Four subjects, a woman, aged 25, and men, aged 33, 38 and 58, claimed that they had
been diagnosed with TBE in the past. None of them tested positive for anti-TBEV IgG.

Thirty eight adult subjects (13%), including 31 men and seven women, aged 20 to
56, reported having received a vaccine against TBEV, including two who reported having
received an incomplete scheme (one or two doses only) and one who reported not having
received a booster dose for the last 15 years. The fraction of persons reporting vaccination
was higher among men (15%) then women (7%). Twenty-six subjects with a history of TBE
vaccination (68%) tested positive for specific anti-TBEV IgG. Two patients with incomplete
vaccination were seronegative. Interestingly, the patient last vaccinated 15 years before the
examination had a strong positive response.

Of 256 subjects reporting neither vaccination against nor being diagnosed with TBE,
14 (5%, seven men and seven women) tested positive. The remaining 242 adult subjects
were seronegative. Groups of seropositive and seronegative vaccinated and non-vaccinated
subjects did not differ significantly with age.

The pediatric study group consisted of 180 children aged 2-17 (median age 6 years).
None of the children were vaccinated with the TBE vaccine, none were presenting symp-
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toms corresponding with TBE, nor were diagnosed with TBE in the past. A total of four
children (2%) tested positive.

3.2. Survey Evaluating Willingness to Vaccinate against TBE

We surveyed 444 adults (Table 1). The majority of respondents were women (82%
345/419) aged 30-39 (59%, 252/426), with higher education (66%, 281/426), living in urban
areas (59%, 251/426). The surveyed cohort is a close proxy of the population in productive
age from northeastern Poland. However, due to the sampling approach women under
50 years of age are overrepresented. Sixty-two percent (270/438) of the respondents have
been bitten by a tick at least once in their life, while 17% (75/444) of respondents were
bitten in the last year. Approximately 32% (139/433) reported that their child has also been
bitten by a tick at least once in their life (Table 1). Only 9% (38/424) of the respondents
reported a previous vaccination with the TBE vaccine, while 10% (40/413) have vaccinated
their children. Among people who were not vaccinated, 31% (121/386) were willing to
receive a TBE vaccine, while the majority (43%, 167/386) were unsure whether to vaccinate
against TBE and 25% (98/386) presented an anti-vaccine approach. Amidst the parents
who have not vaccinated their children, 37% (138/373) were planning to vaccinate their
child, 20% (74/373) did not accept the vaccination, while 43% (161/373) were unsure.

Table 1. Characteristics of surveyed parents of children hospitalized in the Department of Pediatric
Infectious Diseases in Bialystok.

Individual—Related Characteristic Number (%)
Gender 419 (100%)
Male 74/419 (17.7%)
Female 345/419 (82.3%)
Age 426 (100%)
<29 76/426 (17.8%)
30-39 252 /426 (59.2%)
40-49 85/426 (20%)
50-59 11/426 (2.6%)
>60 2/426 (0.4%)
Education 426 (100%)
Primary 11/426 (2.6%)
Secondary 134/426 (31.4%)
Higher 281/426 (66%)
Place of residence 426 (100%)
Village 175/426 (41.1%)
City more than 30,000 inhabitants 251/426 (58.9%)
Close relative diagnosed with TBD 104/433 (24%)
Tick-bite anytime in the past 270/438 (61.6%)
Tick-bite in the last year 75/444 (16.9%)
Tick-bite in the respondent’s child 139/433 (32.1%)

Data presented as frequencies and percentages. Denominators lower than the study group indicate missing data.
Abbreviations: TBD, tick-borne disease.

In univariate analysis, factors such as a history of a tick bite in the past, a history of a
tick bite in a child of a person completing the questionnaire, an occurrence of a tick-borne
disease in a close relative, and male gender were associated with a significantly higher
likelihood of the respondent (Figure 1) or the respondent’s child (Figure 2) receiving the
TBE vaccine. According to the multivariate analysis, the odds of respondents receiving the
vaccine were higher in those with a recent tick bite (OR, 2.65; 95% CI, 1.54-4.57; p < 0.001),
a diagnosis of TBD in a close relative (OR, 1.71; 95% CI, 1.06-2.75; p = 0.027), and in males
(OR, 1.77; 95% CI, 1.05-3.00; p = 0.032). The multivariate analysis also showed that a
recent tick bite in a respondent was the only predictive variable for the vaccination of a
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respondent’s child (OR, 2.53; 95% CI, 1.49-4.31; p < 0.001). We have also adopted a similar
approach to investigate negative attitudes towards the TBE vaccine (respondents who were
not vaccinated in the past and declare not to vaccinate in the future). We found that the
younger subjects presented a more negative attitude. Respondents under the age of 40
were less likely to receive the TBE vaccine (OR, 0.40; 95% ClI, 0.21-0.76; p = 0.006) and
to vaccinate their child (OR, 0.30; 95% ClI, 0.13-0.67; p = 0.004), compared to their older
counterparts. Sex, education level, place of residence, and lack of exposure to ticks were
not associated with the negative attitude.

Figure 1. Binominal logistic regression analysis of variables associated with the odds of receiving or
declaration to receive the TBE vaccine. The age-related odds were calculated with reference to age
under 30 years. Abbreviations: TBD, tick-borne disease.
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Figure 2. Binominal logistic regression analysis of variables associated with the odds of vaccinating
or declaration to vaccinate the respondent’s child with the TBE vaccine. The age-related odds were
calculated with reference to age under 30 years. Abbreviations: TBD, tick-borne disease.

4. Discussion

In Western and Central Europe, tick-borne encephalitis is endemic and is one of the
most important causes of human CNS infections. Currently there is no specific antiviral
treatment available for TBE, therefore preventive measures are of prime importance. Vac-
cines are proven to be highly effective in preventing TBE and the vaccinations have been
conducted for more than 30 years [22,23]. Based on the reports from the Polish National
Institute of Public Health, the TBE vaccine was administered to around 1.1% of the total
Polish population in years 2011-2020 [3]. In our study 13% of blood donors, 9% of the
surveyed adults, and 10% of their children were vaccinated with the TBE vaccine. This
might reflect an increased interest in the vaccine in the endemic area. According to different
researchers, in other endemic European countries, vaccination rates vary between 0 and
40% depending on a region [24-27]. However, in Latvia, where TBE vaccination has been a
part of a national vaccination program since 2007, the vaccination rate exceeds 50% [28,29].
On the other hand, the official vaccine reports might be underestimated because the TBE
vaccine is not mandatory in Poland and therefore physicians are not required to report
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this immunization. Nevertheless, the uptake of the TBE vaccine in Poland is suboptimal.
Given the potentially severe clinical course of the disease, the absence of antiviral treatment
and the increasing population, ticks vaccination is the mainstay of prevention and control
of TBE [18]. Therefore, it is imperative to increase the vaccination rate in populations
living in endemic areas. We found that a recent tick bite and a diagnosis of TBD in a
close relative were the two main drivers of the decision or intention to receive the TBE
vaccine. This probably reflects the higher level of perceived susceptibility to TBDs, which
is in line with previous studies, which showed that the more threatened people felt, the
more they intended to get vaccinated [30-32]. In our research we discovered that the level
of education and place of residence did not affect the attitude towards the TBE vaccine.
Younger age was noted as a barrier, whereas being male was a promoter of vaccination
(Figures 1 and 2). Sociodemographic factors presented a mixed picture of results in pre-
vious studies. According to research conducted in Switzerland and Austria, vaccination
rates with the TBE vaccine tended to be higher in people under 60 years of age [33]. On the
contrary, in Sweden the uptake of the TBE vaccine was higher in those aged over 60 years,
compared to younger adults and children [34]. These conflicting research findings suggest
that age is not necessarily a consistent motivation of TBE vaccination. The differences are
most likely associated with occupation or preferred model of spending free time which
varies depending on a country.

In our study, 12 among the 38 subjects reporting the history of vaccination tested
negative for specific anti-TBEV IgG, which included two who had not completed the
primary vaccination scheme. Interestingly, the patient who received a basic vaccination
scheme but did not receive booster doses in the last 15 years obtained a strong humoral
response in our study. In general, the seropositivity rate in vaccinated blood donors
was rather low compared with literature data. Of note, although the subjects provided
additional information regarding the vaccination date and completeness, we were not
able to verify the full vaccination history. It was not our aim to verify the vaccination
efficacy in a systematic manner, but, taking the above into consideration, our overall results
seem consistent with the literature data. Due to the fact that vaccination against TBE
has been proven to be highly effective, the rate of seropositivity according to various
studies reaches 92-99% and it depends on time since vaccination and the immune status
of patients [35]. Although vaccines produced in Europe have high immunogenicity, the
persistence of their seroprotection remains in dispute. Studies have shown a gradual
decrease in immunocompetence 10 years after the vaccination [36]. This decline is more
clearly expressed in older individuals aged over 50 compared to younger people [37].

We should keep in mind that even though the TBE vaccination breakthrough cases are
uncommon, they do occur. Several studies performed in Austria, Sweden and Slovenia have
shown that between 0.7% to 3.1% of patients get this disease despite complete vaccination.
However the majority of cases were observed among patients over 50 years old [38,39].
The severity of observed cases ranges from mild to severe with sometimes long-term
neurological sequelae or even a fatal outcome [38,40]. It is also worth noticing that patients
with autoimmune diseases, those who are HIV positive and children after thymectomy
also present a lowered serological response to the TBE vaccine [41,42].

When it comes to the lack of a specific immune response in all four patients who had
TBE diagnosed in the past, it is problematic and difficult to explain only with progressive
weakening of the immune response. If these seronegative patients truly had symptomatic
TBE in the past, it would mean that the rate of the past asymptomatic infections assessed
by IgG serology could have been seriously underestimated. However, as our results are
based on a questionnaire filled during the donation procedure, we were unable to verify
the diagnosis of TBE in these subjects. The possible confounding diagnoses include viral
meningitis of non-TBE etiology, which could be attributed to TBEV in a highly endemic area,
and early neuroborreliosis, which is common in the area and could not be differentiated
from TBE by the reporting patients.
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Five percent of adults and 2% of children who had never been diagnosed with TBE or
vaccinated against it tested positive for the specific anti-TBEV IgG. There were no previous
TBEV seroprevalence studies conducted among unvaccinated individuals living in a TBE
endemic area in Poland. According to the latest data from Norway, the phenomenon of
TBEV IgG seroprevalence in the general population ranges from 0.4% up to 1.4% [43,44].
However, among high-risk populations living in endemic areas the seroprevalence rates
are substantially higher, ranging from 4% up to 22% depending on the investigated area,
which is consistent with our results [45]. No data are available on the seroprevalence of
TBEV IgG antibodies in children. Our results show that seroprevalence in children was
lower than in adults. This is consistent with lower rates of symptomatic disease in children
across Europe [46]. In our previous study conducted on the same area, the annual incidence
of neuroinfectious caused by TBEV in children was estimated to be lower compared to the
general population [47]. Surprisingly, in Serbia the seroprevalence of TBEV IgG was higher
in children than in adults and reached 18%, probably reflecting differences in exposures to
tick-bites between populations [48]. TBEV seems to be the only circulating Flavivirus in
Poland as our region is not endemic for dengue, yellow fever or Zika. The study performed
by Piotr Czupryna et al. in 2014 found no evidence of West Nile RNA in CSF collected from
patients with lymphocytic meningitis in Podlaskie voivodship [8]. What is more, the study
conducted by the Department of Poultry Diseases, National Veterinary Research Institute
on 1912 Polish birds, as well as the study of Kubica-Biernat et al., which examined WNV
RNA in mosquitoes from four Polish regions (including Podlaskie voivodeship), showed
no presence of this pathogen. The results are consistent with other studies performed in
Poland [7,9,10]. Therefore, it is highly unlikely that other tick-borne and mosquito-borne
flaviviruses would induce antibodies detectable by ELISA in this study.

The TBEV disease that is limited to a peripheral flu-like phase without CNS involve-
ment was described as abortive TBE and hypothesized to be a cause of undiagnosed
seroconversions. However, in a group of 56 patients diagnosed and prospectively observed
since the peripheral phase, 55 (98.2%) progressed to the neurologic phase and only one
recovered after the initial febrile episode, which means that abortive TBE is rare compared
to a typical biphasic disease with CNS involvement and cannot account for a large number
of undiagnosed cases [17]. Thus, the seropositivity in persons with no history of TBE seems
to be caused mostly by asymptomatic or very mild afebrile infections and only sporadically
by an abortive form of TBE virus infection [17]. These cases cannot be diagnosed on clinical
grounds and their frequency remains unknown [11]. However, they could significantly
exceed the number of symptomatic cases. In a prospective study of a high risk population
in Sweden, Gustafson et al. observed two cases of TBE versus eight cases of asymptomatic
seroconversion, suggesting that as much as 80% of TBEV infections may not manifest
clinically [15].

The reasons for an apparently high rate of asymptomatic infections with TBEV remain
unclear. The virus-related factors, for example the low infectious dose or low pathogenicity
of the infecting strain could contribute to the favorable outcome of the infection. However,
all the subjects came from a relatively small geographic area, in which only European
TBEV subtype with a high level of nucleotide sequence similarity between different isolates
circulates [6], which makes any significant impact of the TBE variability unlikely. The
animal models suggest that the course of the TBEV infection is determined in several
stages, from the local replication and spread from the infection site, through peripheral
infection and viremia, penetration across the blood-brain barrier (neuroinvasion) to the
CNS involvement. Moreover, host-related factors play an important role in determining
the outcome at each of these stages [49]. The ineffective or misdirected immune response
may be unable to control the infection or even facilitate it, for example by virus spread
within infected leukocytes or blood-brain barrier disruption by inflammatory mediators,
determining a highly variable presentation, from asymptomatic to clinically severe. This in
turn might depend on genetic factors, some of which have been suggested in the population-
based genetic association studies comparing TBE patients to healthy individuals from the
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endemic area [13,50-52], but most probably remains undefined. We suggest that that the
healthy seropositive individuals from the endemic areas, similar to those identified in
our study, could constitute a highly relevant control group in future genetic association
studies. Such subjects are likely to have been infected by TBEV in the past without having
succumbed to a symptomatic neuroinfection, so their direct comparison with patients
with symptomatic TBE would be optimal to reveal the potential genetic predisposing and
protective factors.

This study has several limitations. The reported vaccination rate might be overesti-
mated due to the nature of an anonymous survey. Second, the immunological response after
the TBE infection fades over time, which might underestimate the calculated seropreva-
lence. Additionally, due to inability to verify the survey data and lack of access to personal
health information or other identifiable data, the true rate of asymptomatic and mild TBEV
infections among the seropositive individuals should be interpreted with caution.

5. Conclusions

Our findings confirm that exposure to ticks in northeastern Poland is associated with
a high risk of TBEV infection. In addition, the rate of mild and asymptomatic infections
seems to be high and the identification of infected people would be a valuable source of
information that would enable a more detailed understanding of the etiopathogenesis of
the disease, as well as predisposing and protective factors, both genetic and environmental.
Considering the estimated high incidence of the disease in the unvaccinated population
and low vaccination rates, there is an urgent need to raise awareness and knowledge
about the benefits and importance of TBE vaccination. Implementing a vaccination reg-
ister would be valuable for following the epidemiological situation of TBE in relation to
vaccination coverage.
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Background: Chitinase 3-like-1 (CHI3L1), also known as YKL-40, is a potential biomarker for neuroinflammatory conditions. It is
upregulated in Alzheimer’s disease, multiple sclerosis, and traumatic brain injury. However, its involvement in pediatric tick-borne
encephalitis (TBE) has not been addressed yet. This study aimed to evaluate CHI3L1 and its relationship with other inflammatory
cytokines, blood-brain barrier (BBB) integrity, immune response, and disease severity in pediatric patients with TBE.

Patients and Methods: A total of 22 pediatric TBE patients hospitalized in Bialystok, Poland were included in this study.
Participants were categorized as having meningoencephalitis (n=6) or meningitis (n=16). The integrity of the brain-blood barrier
(BBB) was assessed using the albumin quotient (albQ). Biomarker indices were calculated to account for variations in BBB
permeability. The concentrations of CHI3L1, CCL2, chemerin, CXCL2, IFN-y, IL-1-8, IL-4, IL-6, IL-13, and TNF-a in both serum
and CSF, were measured using the Luminex Multiplex Assay od admission and two weeks later when symptoms resolved.
Results: CSF and serum concentrations of CHI3L1 did not differ between the encephalitis and meningitis cases. After adjusting for
BBB permeability, the CHI3L1 index was 2.4-fold lower in patients with encephalitis than in those with meningitis (P=0.008). There
was a post-treatment reduction of CHI3L1, IL-6, and TNF-a CSF concentrations. We also found and improvement in BBB
permeability in younger children but in older albQ remained abnormal. Correlation analysis revealed associations between CHI3L1
levels and pro-inflammatory markers, notably chemerin, IL-6, and TNF-a, across both clinical groups.

Conclusion: Our findings suggest that CHI3L1 CSF levels reflect the inflammatory activity in pediatric TBE and may help to
differentiate between meningoencephalitis and meningitis. The observed interactions between CHI3L1 and other cytokines underscore
its potential involvement in inflammatory response to the virus. The prolonged disruption in BBB integrity in older children might
reflect age-dependent differences in the severity of TBE. These insights advance our understanding of TBE pathogenesis in children
and support further investigation of CHI3L1 as a biomarker for TBE diagnosis and management.

Keywords: chitinase-3-like-1, tick-borne encephalitis, blood-brain barrier, ticks, chemokines

Introduction

Tick-borne encephalitis (TBE) is one of the most prevalent viral infections of the central nervous system (CNS) in Poland
and is caused by the tick-borne encephalitis virus (TBEV)." This virus predominantly spreads through infected ticks of
the genus Ixodes and can culminate in severe sequelae. The mortality rate for TBE vary depending on the virus subtype.
Case-fatality rate is estimated to be less than 2% for European and Siberian subtype, while infections with Far Eastern
TBEV subtype have a mortality rate of 20%-40%.> Reports indicate that 20-58% of patients suffer from complications
such as spinal nerve paresis, hearing impairment, dysarthria, or mental disorders.”* The recovery time for TBE can varies

depending on the severity of the infection. In general, it may take several weeks to 12 months for a complete recovery,
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especially in cases with neurological involvement. While it has been proven that the severity of complications continue to
diminish beyond a year after the acute illness, some individuals experience post - encephalitic syndrome (PES) that can
become permanent, with some individuals not achieving full recovery even 15 years after infection.* TBEV infections
have been on the rise across Europe, with Poland experiencing an annual caseload ranging from 150 to 283, predomi-
nantly concentrated in the northeastern region.’

Diagnosing TBE relies on clinical symptoms and the detection of specific antibodies in both serum and cerebrospinal
fluid (CSF), which are present in general in 93% of patients.° While CSF characteristics can vary depending on the
disease stage and the patient there are some characteristic findings. Reports show that approximately 70-90% of patients
may have elevated albumin concentrations. Higher albumin CSF/serum quotient, along with elevated IgG index, are
observed in a similar proportion of cases, roughly in the range of 60-80% and 80-90% of cases respectively.’
Additionally, as with other neurotropic Flaviviruses such as West Nile virus (WNV) and Japanese encephalitis virus
(JEV), initial diagnostic examinations may reveal a predominance of neutrophils in the CSF leukocyte population.®'°

Disruption of the blood-brain barrier (BBB) and the ensuing intrathecal humoral response are pivotal facets of TBE
pathogenesis. Although the precise mechanisms by which the TBE virus compromises the BBB remain elusive, it is
postulated that the virus may directly infect and impair endothelial cells, thereby increasing BBB permeability and
facilitating the ingress of viruses and immune cells into the brain.”'° Additionally, inflammatory molecules, including
cytokines and chemokines such as IFNy, TNFa, IL-6, IL-12, IL-1p, CCL-2, CCL-3, CXCL-10, may fuel immune
responses in the brain, exacerbating tissue damage and the manifestation of neurological symptoms.'"'?

Chitinase 3-like-1 (CHI3L1), also known as YKL-40, has emerged as a potential marker of various neuroinflamma-
tory processes and plays a pivotal role in mediating inflammation and immune responses. Elevated CHI3L1 expression
has been noted in conditions such as Alzheimer’s disease, multiple sclerosis, and traumatic brain injury, suggesting its
involvement in the pathogenesis and progression of these disorders.'*"'* Dorcet et al have described how CHI3L1 could
be a valuable biomarker to follow autoimmune encephalitis activity and in consequence supports the clinician’s
therapeutic decision in questionable cases.'> However, the exact mechanisms and therapeutic implications of CHI3L1
in other brain pathologies remain unclear.

CHI3L1, a glycoprotein belonging to the family of 18 glycosyl hydrolases, is primarily secreted by activated
neutrophils and macrophages. Within the central nervous system, microglia, especially in response to acute and chronic
inflammation, serve as the primary source of CHI3L1 secretion.'® It has been proposed that other intrathecal chemokines
mediate and balance immune responses in brain cells. Previous research suggests that CHI3L1 production is influenced
by various cytokines and chemokines, including IFN-y, TNF-a, IL-4, IL-6, IL-13, CCL2, CXCL2, and chemerin.!”~2°
However, unresolved questions remain regarding the dynamics of protein production during the course of TBE and their
potential beneficial or deleterious effects. Hence, this study aimed to analyze the role of CHI3L1 in the pathogenesis of
TBE. We also sought to investigate if CHI3L1 was connected to the severity of TBE, the disruption of the BBB and to
investigate relationships between CHI3L1 and selected pro- and anti-inflammatory factors.

Material and Methods
Twenty-two children diagnosed with tick-borne encephalitis (TBE) and hospitalized between June 2020 and August 2022
in the Department of Pediatric Infectious Diseases in Bialystok, Poland were included in this study. None of the patients
had a history of TBE vaccination and all resided in Podlaskie Voivodeship, where the European subtype of TBEV is
endemic. The biphasic course of the infection was recorded in 19 children, the remaining three reported monophasic
infection. The median duration of neurological symptoms before lumbar puncture was three days (IQR, 3—4 days).
The patients were divided into two groups: meningoencephalitis (n=6) and meningitis (n=16). Meningoencephalitis
was diagnosed when inflammatory parameters in the CSF, altered consciousness, and focal neurological symptoms were
present, whereas meningitis was diagnosed on the basis of inflammatory parameters in the CSF without focal neurolo-
gical symptoms. TBE was diagnosed based on the presence of specific anti-TBEV IgG and IgM antibodies in serum and/
or CSF detected with commercially available enzyme-linked immunosorbent assays, meeting the diagnostic criteria of
the European Academy of Neurology.’
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TBE severity was assessed on admission to the hospital using a numeric scale and standardized questionnaire according
to a paper published in 2014 by Petra Bogovic.21 This scale was originally used for adult populations. However, due to the
lack of studies on pediatric populations, we decided to implement this scale in our analysis. A certain number of points (from
1 to 9) were assigned for the presence, intensity, and duration of each individual symptom, such as the presence and duration
of headache, fever, vomiting, and meningeal signs; presence of tremor, pareses, urine retention, and cognitive function
disturbances; presence and intensity of conscious disturbances; and need for and duration of treatment of elevated intracranial
pressure. Clinically, mild, moderate, and severe disease courses correspond to scores of 0-8, 9-22, and >22, respectively.

Luminex assays (R&D Systems, Minneapolis, MN, USA) were used for the quantitative assessment of CHI3L1,
Chemokine (C-C motif) ligand 2 (CCL-2), chemokine (C-X-C motif) ligand 2 (CXCL2), chemerin, interferon gamma
(IFN-y), interleukin 1 beta (IL-1pB), IL-4, IL-6, IL-13, and tumor necrosis factor alpha (TNF-a) levels in both serum and
CSF samples. Serum and CSF samples were taken on the same day from each included patient twice: on admission (T1)
and 14 days after symptom resolution (T2). All collected samples were immediately stored at —80°C before analysis.

Assays were conducted according to the manufacturer’s instructions using the Bio-Plex 200 System (Bio-Rad
Laboratories, Hercules, CA, USA). This multiplex immunoassay system facilitates simultaneous detection of multiple
analytes within a single serum sample. Prior to analysis, serum samples were subjected to processing and storage
following standardized protocols to maintain sample integrity. Quality control measures were implemented to ensure
precision and reproducibility of the assay outcomes. These measures included the utilization of standard reference
materials and the generation of calibration curves. All assay methodologies and procedures strictly adhered to both the
manufacturer’s guidelines and established laboratory protocols.

Concentrations of measured cytokines and chemokines was further corrected to the permeability of the BBB. BBB
permeability was assessed using the albumin quotient (Q) and the concentrations of the analyzed proteins in the CSF
were adjusted accordingly. Calculated albumin Q levels where compared to the normal values.** The CSF/serum quotient
was calculated by dividing the concentration of each cytokine or chemokine in the CSF by that in the serum (biomarker
in CSF/biomarker in serum). The CSF/serum index was defined as the ratio of the quotients of each studied chemokine or
cytokine to that of albumin (Q-biomarker/Q-albumin).

Statistical Analysis

All analyses were conducted using the R Statistical language (version 4.1.1; R Core Team, 2021) on Windows 10 pro 64
bit (build 19045), using the package effectsize (version 0.8.3%), rio (version 0.5.29*%), report (version 0.5.7%),
ggstatsplot (version 0.9.3%°), gtsummary (version 1.6.2%7), cutpointr (version 1.1.2°%), readxl (version 1.3.1*°), and
dplyr (version 1.1.2°°). The significance level of the statistical tests in this analysis was set at a=0.05. The normality
of the distributions of the variables was analyzed using the Shapiro—Wilk test. Numerical variables with distributions
deviating from the normal distribution were reported as medians (Mdn) with interquartile range (Q1, Q3). Categorical
variables were reported as counts (n) and percentages (%).The differences between two groups were assessed using the

Wilcoxon rank-sum test, with effect size estimated using the rank-biserial correlation (7%

hieria)- Effect sizes were

interpreted based on Funder’s Convention. The significance of the association between the two numerical variables
was determined using Spearman correlation coefficient. The p-values were computed using the AS 89. Determination and
evaluation of optimal cutpoints for CHI3L1 between disease group severity levels were performed in a robust manner
using the maximization metric method (sum of specificity and sensitivity) with more or equal (“>") direction with
bootstrapping procedures. Out-of-sample variability and power were assessed using 1000 bootstrap samples. A sample of
the same size as the original data was drawn from the original data and replaced. Cut-point estimation was performed for
the in-bag sample, and the determined cut-off point was applied to the in-bag and out-of-bag observations.

Results

Characteristics of the Studied Population
Our study included 22 pediatric patients (seven girls and 15 boys) hospitalized for TBE between June 2020 and
August 2022. The detailed demographic and clinical characteristics are summarized in Table 1. The cohort was divided
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Table | Sociodemographic and Clinical Characteristics of Pediatric
Patients Hospitalized with Tick-Borne Encephalitis (TBE)

Characteristic N Overall distribution
N = 22*

Sociodemographic data
Sex 22

Female 7.0 (31.8%)

Male 15.0 (68.2%)
Age [years] 22 1.1 (7.2, 15.4)*
Clinical data on admission
Clinical picture 22

Meningoencephalitis 6.0 (27.3%)

Meningitis 16.0 (72.7%)
Disease severity scale 22 13.5 (9.2, 16.8)*
Disease severity groups 22

Mild (0-8 score) 4.0 (18.2%)

Moderate (9-22 score) 15.0 (68.2%)

Severe (23+ score) 3.0 (13.6%)
Headache [days] 22 6.0 (3.0, 7.0y*
Fever [days] 22 6.0 (4.0, 7.0*
Vomiting [days] 22 1.5 (1.0, 3.0*
Tremor [days] 22 12.0 (54.5%)
Mannitol treatment [days] 22 4.0 (4.0, 5.0)*
Length of hospital stay [days] 22 17.5 (14.0, 19.0)*
CRP in serum [mg/L] 22 5.5 (1.1, 11.2)*
WBC in blood [x10%mcL] 22 11.7 9.1, 14.4)*
Lymphocytes in blood [%] 22 20.0 (12.9, 27.2)*
ALC in blood [cells/mcL] x10° 22 2.14 (1.76, 3.57)*
Neutrophils in blood [%] 22 71.2 (58.4, 80.2)*
ANC in blood [cells/mcL] x10? 22 9.18 (4.48, 10.78)"
CSF parameters on admission:
CSF cells / pL 22 102 (72, 167)*
CSF protein, mg/dL 22 37.5 (26.3, 57.2)*
CSF lymphocytes, % 22 59 (45, 73)*
CSF lymphocytes, cells/ / pL 22 55 (28, 122)*
CSF neutrophils, % 22 30 (14, 40)*

(Continued)
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Table | (Continued).

Characteristic N Overall distribution
N = 22%*

CSF neutrophils, cells / pL 22 25 (15, 36)*

CSF monocytes, % 22 @2, 157%

CSF monocytes, cells / pL 22 8 (4, 20)*

CSF parameters after treatment:

CSF cells/ pL 2 33 (20, 61)*

CSF protein, mg/dL 22 37.5 (263, 57.2)*

Note: *n (%); "Mdn (QI, Q3).
Abbreviations: CRP, C-reactive protein; WBC, white blood cells; ALC, absolute
lymphocyte count in blood; ANC, absolute neutrophil count in blood.

based on clinical diagnosis: 6 with meningoencephalitis (1 female, 5 males) and 16 with meningitis (6 females, 10
males). Disturbances in consciousness were exclusive to the encephalitis subset. Neurological manifestations included
tremor (12/22), unsteady gait (1/22), photophobia (5/22), emotional lability (3/22), and generalized seizures (2/22). On
average, all participants experienced headaches lasting 6 days. Fever was noted in of the 21/22 subjects with an average
duration of 6 days (range 10-23 days), and vomiting was reported in 17 patients. Treatment protocols included mannitol
(15%) administered 2—4 times daily for 3—5 days, complemented by NSAIDs, as required by European Academy of
Neurology.” The median length of the hospital stay was 17.5 days. Laboratory assessments revealed normal or slightly
elevated levels of CRP and white blood cells, with neutrophils predominating in most cases. On the basis of the
numerical disease severity scale, most cases were moderate (15/22), with the remainder classified as mild (4/22) or severe
(3/22). None of the patients experienced long-term complications.

Pre-post treatment differences in concentrations of chitinase-3-like | and other

cytokines in the CSF and serum

Protein detectability varied, with some cytokines, such as IFN-y, IL-4, IL-13, and IL-1 beta only occasionally detectable
in the serum and more frequently in the CSF. Regarding the serum samples, IFN-y was detected in one T1 sample and
two T2 samples only, IL-4 in three T1 samples and one T2 sample, and IL-13 and IL-1 beta were undetectable in both T1
and T2 serum samples. The detectability of proteins in CSF samples was higher: IL-13 was detected in one patient on T1
and two on T2, IL-1 beta was detected in three patients on T1, and none on T2. While CXCL-2 was detectable in all
serum samples and 12 T1 CSF samples, it was detected in three CSF samples collected on T2 only. This limits the
calculation of CSF/serum quotients and indices. We could not calculate CSF/serum quotients and indices for CXCL2 and
IL-4 on T2, IL-1 beta, IL-13 and INF-y on both T1 and T2. The baseline and posttreatment protein concentrations are
shown in Table 2.

Significant reductions in CSF CHI3L1 levels were observed post-treatment (p=0.009), especially in meningitis but not
in encephalitis (Figures 1 and 2). However, serum CHI3L1 levels did not exhibit statistically significant changes.
Similarly, no significant differences were observed in the CHI3L1 CSF/serum quotient and index values between the
two time points.

Additionally, a greater decrease in CHI3L1 serum level at the time point after 2 weeks was significantly correlated
with more severe headache (tho = —0.46, p =0.031, np,is = 22), while a significantly greater decrease in CSF was
observed among girls (median = —1.84x10* (Q1 = —3.68x10°, Q3 = 0.67x10%) compared to boys (median = —1.56x10°
Ql = —2.39X103, Q3= 1.49X103), p = 0.047, n = 22). Second, we observed a significant correlation between a greater
decrease in the CHI3L1 quotient at the time point after two weeks with a longer intake of mannitol (tho = —0.45,
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Table 2 Serum and Cerebrospinal Fluid Biomarker Levels Upon Admission and After Two Weeks of

Treatment in Pediatric TBE Patients

Characteristic* N Time point P*
Baseline, n = 22 Post-treatment, n = 22

Chitinase 3-like | in serum [ng/mL] 44 22.1 (182, 28.8) 17.9 (15.4, 31.8) 0.338
Chitinase 3-like | in CSF [ng/mL] 44 182.6 (166.9, 217.3) 150.6 (139.5, 190.3) 0.008
Chitinase 3-like-1 Q 44 8.8 (6.3, 10.5) 8.0 (4.2,94) 0.355
Chitinase 3-like-1 index 44 1.4 (0.8, 2.0) 1.2 (0.9, 2.9) 0.306
CCL-2 in serum [pg/mL] 44 191.2 (116.0, 258.1) 275.1 (206.5, 343.0) 0.017
CCL-2 in CSF [pg/mL] 44 457.4 (296.3, 805.7) 369.4 (258.8, 438.5) 0.077
CCL-2Q 44 2.7 (1.6,4.7) 1.4 (0.9, 2.1) <0.001
CCL-2 index 44 0.4 (0.3, 0.8) 0.3 (0.2, 0.4) 0.009
Chemerin in serum [ng/mL] 44 851 (6.59, 10.67) 8.69 (7.64, 10.06) 0.570
Chemerin in CSF [ng/mL] 34 1.00 (0.77, 1.37) 0.73 (0.47, 0.96) 0.060
Chemerin Q 34 0.1 (0.1, 0.2) 0.1 (0.1, 0.1) 0.073
Chemerin Index (x10°%) 34 19.5 (13.2, 24.7) 14.9 (10.2, 25.8) 0.363
CXCL2 serum [ng/mL] 44 1.06 (0.69, 1.42) 0.93 (0.71, 1.24) 0.277
IL-6 in serum [pg/mL] 43 5.8 (3.6, 8.8) 1.2 (0.4, 2.0) 0.004
IL-6 in CSF [pg/mL] 44 474.7 (317.0, 725.3) 2.5 (1.8, 3.6) <0.001
IL-6 Q 43 68.1 (38.8, 145.0) 2.0 (1.2, 5.8) <0.001
IL-6 Index 43 13.1 (6.3, 25.2) 0.4 (0.3, I.1) <0.001
TNF-alpha in serum [pg/mL] 38 5.3 (3.5, 6.2) 5.3 (1.5,7.8) 0.572
TNF-alpha in CSF [pg/mL] 38 5.5 (23, 83) 29 (1.2, 44) 0.010
TNF-alpha Q 33 1.1 (0.5, 2.4) 0.6 (0.3, 1.6) 0.046
TNF-alpha Index 33 0.2 (0.1, 0.3) 0.1 (0.1, 0.2) 0.116
CSF [cells/pL] 44 101.5 (73.8, 163.5) 32.5 (20.2, 59.0) <0.001
CSF protein [mg/dL] 44 41.0 (34.5, 61.0) 37.5 (26.5, 55.7) 0.357
Albumin CSF [mg/dL] 44 25.1 (21.1, 35.2) 21.9 (15.1, 34.2) 0.249
Albumin serum [g/dL] 44 43 (4.1, 44) 4.6 (44, 4.8) 0.001
Albumin Q 44 6.4 (4.9, 83) 4.6 (3.3,7.5) 0.067

Note: *MDN (QI, Q3), *Wilcoxon rank-sum test. The index was calculated by dividing the Q of the respective protein by the albumin

Q, adjusting the CSF concentrations to the blood-brain barrier permeability. Bolded data are statistically significant.

Abbreviations: Q, CSF/serum quotient; CSF, cerebrospinal fluid; TNF, tumor necrosis factor; IL-6, interleukin-6; CCL-2, Chemokine

(C-C motif) ligand 2; CXCL2, Chemokine (C-X-C motif) ligand 2.

p =0.034, np,irs = 22). Finally, a greater decrease in the CHI3L1 index value after treatment was significantly correlated

with shorter hospitalizations (rtho = 0.47, p =0.026, np,irs = 22).

The levels of other cytokines in the CSF, including IL-6 and TNF-a, decreased post-treatment. There was also
a decreasing trend in the CCL-2 and chemerin concentrations in the CSF. Serum concentrations of these proteins were
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Figure | Violin and box plots illustrating the distribution of chitinase 3-like-1 concentrations in serum (A) and cerebrospinal fluid CSF (C) from patients diagnosed with
encephalitis and meningitis, both at baseline and two weeks post-treatment. (B) shows the CSF/serum quotient (Q) of chitinase 3-like-1, calculated by dividing the
concentration in CSF by the concentration in serum, while (D) presents the chitinase 3-like-| index, calculated by dividing the Q of chitinase 3-like-1 by the albumin Q to
account for blood-brain barrier integrity. Each violin plot includes individual data points, a box plot overlay indicating the interquartile range, median values (red dashed line
and labeled in the center), and connecting lines between individual patient measurements to indicate paired changes over time. Statistical values, including the Wilcoxon
signed-rank test results, p-values, rank biserial correlations, and 95% confidence intervals, are displayed above each plot.

Abbreviations: CSF, cerebrospinal fluid; Q, CSF/serum quotient.

inconsistent: CCL-2 increased (p=0.017) and IL-6 decreased (p=0.004); serum concentrations of chemerin and CXCL2
did not change over the course of two weeks. There was however a significant reduction of CCL-2 Q and index values, as
well as IL-6 Q and index, and TNF-a Q. We found a correlation between a greater decrease in the IL-6 quotient and
index after two weeks with a longer intake of mannitol (respectively: rho = —0.57, p =0.006, npairs = 21; and rho = —0.52,
p =0.016, np,irs = 21). The decrease of CCL2 and TNF-a markers were not correlated with clinical presentation.

Severity-Dependent Variations in CHI3LI| Levels

The CHI3L1 index values differed significantly between encephalitis and meningitis, with lower levels in encephalitis
(Table 3). Lower values were also found for the CHI3L1 quotient in encephalitis, but only at the trend level (p<0.10). It
can be assumed that this result was probably due to the increased albumin quotient in encephalitis cases. Nevertheless,

rank

i = 0.73 and 0.54 respectively). There were no significant differences

a large effect size was obtained in both cases (7
in the levels of the CHI3L1 in CSF and serum, quotient, or index values according to the severity scale.

Regarding other analyzed cytokines, there was a strong negative correlation between IL-4 in CSF and the numerical
severity score (tho=—0.63; p=0.014). Concentrations of other cytokines in the CSF and serum, as well as their quotient
and index values, did not differ between the severity groups and did not correlate with the disease severity.

CHI3L1 index discriminated between encephalitis and meningitis. The calculated cutoff value of 0.95 for the
chitinase 3-like-1 index suggests that individuals with a value of 0.95 or less are at high risk for tick-borne encephalitis,

with strong sensitivity and specificity metrics (Table 4). Conversely, individuals with values greater than 0.95 were
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Figure 2 Violin and box plots depicting chitinase 3-like-1 levels in serum and cerebrospinal fluid, and calculated indices stratified by disease severity (encephalitis and meningitis) at baseline and after two weeks. (A=D) represent chitinase
3-like-1 levels in serum, (B—E) show levels in CSF, while (C-F) present the chitinase 3-like-| index, which is the CSF/serum quotient (Q) of chitinase 3-like-1 normalized by the albumin Q to adjust for blood-brain barrier permeability.
Each panel includes individual data points, median values (highlighted with red dashed lines and labeled for clarity), and connecting dashed lines for individual patients to illustrate paired changes over time. Wilcoxon signed-rank test
statistics, p-values, rank biserial correlations, and 95% confidence intervals are annotated above each plot.

Abbreviations: CSF, cerebrospinal fluid; Q, CSF/serum quotient.
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Table 3 Distribution of Analyzed Proteins in CSF and Serum at Baseline, Stratified by Disease Severity

(Encephalitis Vs Meningitis) Among Pediatric TBE Patients. Statistical Comparisons Indicate Differences Between

the Encephalitis and Meningitis Groups

Characteristic N Clinical picture P*
Encephalitis, n = 6* Meningitis, n = 16*
CSF cells [cells/pL] 22 286.5 (143, 405) 86.5 (57, 136.5) 0.014
CSF protein [mg/dL] 22 60 (43, 76) 38.05 (31.5, 46) 0.032
CSF lymphocytes, % 22 69.5 (58, 83) 56.5 (39, 72) 0.367
CSF lymphocytes, cells/uL 22 133.9 (51.1, 201.3) 42.7 (26.0, 71.6) 0.098
CSF neutrophils, % 22 15.5 (12, 40) 30 (27, 42) 0.424
CSF neutrophils, cells/uL 22 31.3 (24.3, 82.6) 30.0 (27.0, 42.0) 0.261
CSF monocytes, % 22 1.5 (0.0, 15) 12 (6.5, 19.5) 0.203
CSF monocytes, cells/uL 22 6.4 (0.0, 10.5) 8.4 (4.5, 21.5) 0.261
Albumin Q 22 8.8l (6.82, 11.69) 5.48 (4.35, 6.96) 0.017
Chitinase 3-like | in serum [ng/mL] 22 23.38 (22.33, 41.88) 19.67 (18.08, 28.57) 0.329
Chitinase 3-like | in CSF [ng/mL] 22 172.08 (153.40, 193.70) 185.55 (172.32, 239.42) 0.231
Chitinase 3-like-1 Q 22 6.67 (4.68, 8.11) 9.31 (7.54, 12.65) 0.059
Chitinase 3-like-1 index 22 0.77 (0.52, 0.89) 1.84 (1.09, 2.43) 0.008
CCL-2 in serum [pg/mL] 22 190.64 (106.35, 268.04) 191.17 (123.88, 230.15) 0.796
CCL-2 in CSF [pg/mL] 22 457.44 (302.96, 769.87) 425.88 (287.04, 1215.2) 0.971
CCL-2Q 22 2.74 (1.70, 4.57) 3.09 (1.49, 6.57) 0.685
CCL-2 index 22 0.42 (0.27, 0.78) 0.41 (0.08, 0.96) 0.796
INF-gamma in CSF [pg/mL] 14 42.46 (22.81, 65.37) 28.82 (l1.1, 78.11) 0.561
IL-4 in CSF [pg/mL] 15 19.48 (18.14, 23.24) 23.24 (18.14, 37.91) 0.391
Chemerin in serum [ng/mL] 22 8.77(6.18, 11.40) 7.74 (7.22, 10.42) 0.941
Chemerin in CSF [ng/mL] 19 0.95 (0.77, 1.26) 1.42 (0.66, 2.25) 0.342
Chemerin Q 19 0.1 (0.08, 0.14) 0.19 (0.11, 0.29) 0.211
Chemerin index 19 0.02 (0.01, 0.02) 0.02 (0.01, 0.04) 0.653
CXCL2 in serum [pg/mL] 22 1185.28 (777.44, 1392.57) 647.99 (610.2, 1594.99) 0.285
CXCL2 in CSF [pg/mL] 12 39.67 (26.25, 73.13) 70.27 (33.7, 75.87) 0.626
CXCL2 Q 12 0.03 (0.02, 0.08) 0.05 (0.04, 0.06) 0.329
CXCL2 index 12 0.007 (0.003, 0.001) 0.006 (0.004, 0.008) 1.000
IL-6 in serum [ng/mL] 22 6.58 (3.94, 8.79) 3.94 (2.0, 8.79) 0.417
IL-6 in CSF [ng/mL] 22 447.79 (302.55, 610.81) 826.56 (331.13, 1147.69) 0.224
IL-6 Q 22 68.14 (35.63, 117.32) 264.65 (37.67, 609.67) 0.439
IL-6 index 22 13.13 (6.59, 21.74) 16.62 (6.22, 58.59) 0.580
(Continued)
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Table 3 (Continued).

Characteristic N Clinical picture P¥
Encephalitis, n = 6* Meningitis, n = 16*

TNF-alpha in serum [ng/mL] 17 4.46 (3.54, 6.18) 5.34 (3.96, 5.55) 0.865

TNF-alpha in CSF [ng/mL] 22 5.07 (1.77, 7.09) 7.43 (5.45, 12.03) 0.140

TNF-alpha Q 17 1.04 (0.36, 2.69) 1.94 (1.04, 2.33) 0.610

TNF-alpha index 17 0.15 (0.09, 0.32) 0.15 (0.08, 0.3) 0.777

Note: *MDN (QI, Q3), *Wilcoxon rank-sum test. The index was calculated by dividing the Q of the respective protein by the albumin Q.
Abbreviations: Q, cerebrospinal fluid/serum quotient; CSF, cerebrospinal fluid; TNF, tumor necrosis factor; IL, interleukin; CCL-2, chemokine
(C-C motif) ligand 2; CXCL2, Chemokine (C-X-C motif) ligand 2.

Table 4 Results of Optimal Cut-off Point Estimation for Differentiating Between Meningitis
and Encephalitis in Pediatric TBE Patients, Based on the Chitinase 3-Like-1 Index and CSF/
Serum Quotient (Q) Values. The Table Provides Accuracy, Sensitivity, Specificity, and Area
Under the Receiver Operating Characteristic Curve (AUC) Metrics for Each Predictor

Predictor Optimal cutpoint | Accuracy | Sensitivity | Specificity | AUC
Chitinase 3-like-1 index | 0.95 0.82 0.8l 0.83 0.86
Chitinase 3-like-1 Q 9.28 0.68 0.56 1.00 0.77

Abbreviation: AUC, area under the receiver operating characteristic curve.

classified as being at low risk for encephalitis. In contrast, the estimated cutoff value for CHI3L1 Q did not allow for

a good differentiation of patients with encephalitis.

Interconnections Between CHI3LI and Other Variables
The correlation analysis highlighted in Table 5 provides key insights into the interplay between CHI3L1 and other biomarkers,
underscoring its significant role in the neuroinflammatory processes characteristic of TBE. Notably, CHI3L1 levels in the

Table 5 Spearman Correlation Coefficients Between Chitinase-3-Like |
Protein and Other Measured Parameters in Serum and CSF in Pediatric
TBE Patients

Parameter Npairs | Rho P
Chitinase 3-like | serum vs. | Albumin serum (g/dL) | 44 —0.39 | 0.008
Albumin Q 44 0.30 | 0.049
Chitinase 3-like | CSF vs. Chemerin CSF 34 0.42 0.005
Chemerin Q 34 0.40 0.008
IL-6 CSF 44 0.43 0.004
IL-6 Q 43 0.40 | 0.007
IL-6 Index 43 0.37 | 0.013
TNF alpha CSF 33 0.31 0.039
CSF cells/mcL 44 0.32 | 0.033
(Continued)
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Table 5 (Continued).

Parameter Npairs | Rho P
Chitinase 3-like-1 index vs. | TNF alpha CSF 33 -0.32 | 0.034
Chemerin Index 34 0.41 0.006
CSF protein [mg/dL] 44 —0.57 | <0.001
Albumin CSF (mg/dL) | 44 —0.56 | <0.001
Albumin serum (g/dL) | 44 041 0.006
Albumin Q 44 —0.62 | <0.001

Notes: The index was calculated by dividing the Q of the respective protein by the albumin Q.
Abbreviations: Q, cerebrospinal fluid/serum quotient; CSF, cerebrospinal fluid; TNF, tumor
necrosis factor; IL-6, interleukin-6.

serum and CSF exhibited diverse correlation patterns with biomarkers, such as albumin, chemerin, IL-6, and TNF-a. For
instance, a strong negative correlation between CHI3L1 serum levels and serum albumin (rho = —0.39, p = 0.008) contrasts
with the positive correlations observed with the same biomarkers in the CSF. Additionally, positive correlations of CHI3L1 in
the CSF with pro-inflammatory cytokines such as IL-6 (tho = 0.43, p = 0.004) and TNF-a (tho =0.31, p=0.039), and with the
chemokine chemerin (tho = 0.42, p = 0.005), highlighted its involvement in mediating inflammatory responses within the
central nervous system. A detailed correlation analysis is provided in the supplementary files.

Brain-Blood Barrier Permeability in TBE

Elevated albumin Q levels, indicating a disrupted BBB permeability, were observed in 16 children (10/16 children with
meningitis and 6/6 children presenting as encephalitis). Median albumin Q on admission was 6.40 (IQR; 4.9, 8.3). When
the symptoms resolved this marker dropped to median 4.6 (IQR; 3.3, 7.5), but the difference did not reach statistical
significance (p=0.067). In children diagnosed with encephalitis, the median albumin quotient decreased from 8.8
(interquartile range [IQR] 6.8—11.7) at T1 to 4.9 (IQR 3.0-8.1) at T2 (p=0.046). This decrease indicates an improvement
in BBB integrity over the course of treatment. In contrast, in meningitis cases, the albumin Q values remained constant
between the two time points. This is because albumin Q normalized at T2 in 10 of 16 children with elevated albumin
Q on T1 (that includes 7 meningitis and 3 encephalitis cases), Albumin Q remained elevated in the remaining 6 children
(3 meningitis and 3 encephalitis cases). In 3 children with normal albumin Q on T1, it remained normal on T2. In the
other 3 children albumin Q increased on T2, despite being normal on T1.

Normalization of albumin Q was associated with younger age (median 6.3; IQR, 4.4, 12.8 vs median 16.0 years; IQR,
14.3, 16.9; p=0.034), lower IL-6 Q on T1 (median 39.9; IQR, 20.5, 112.6; vs median, 401.3; IQR, 110.6, 609.7; p=0.01),
and lower IL-6 index (median 6.2; IQR, 2.2, 12.7 vs median, 42.7; IQR, 16.0, 59.9; p=0.007), There were no differences
in clinical presentation and concentrations of other chemokines and cytokines between children who have and have not
normalized albumin Q after treatment.

Children diagnosed with encephalitis had a higher albumin Q than those diagnosed with meningitis (p=0.032),
indicating increased BBB permeability. In order to further investigate BBB permeability in TBE we created the
correlation matrix. The analysis revealed that CHI3L1 serum levels and CHI3L1 index values (but not CSF CHI3L1
concentrations) were positively correlated with albumin Q (p=0.007 and p<0.001, respectively). Among the CSF
cytokines, there were strong positive correlations between the albumin Q and IL-4, IL-6, and TNF-a (see
Supplementary Table 1).

Discussion
TBE is a significant public health concern, particularly in regions where the causative virus is endemic. Pediatric cases of
TBE present unique challenges owing to the developing nature of the central nervous system and potential for long-term
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neurological sequelae. In recent years, researchers have explored the utility of biomarkers for enhancing the diagnosis,
prognosis, and treatment monitoring of TBE. Cytokines and chemokines are small proteins that play crucial roles in cell
signaling and communication within the immune system. They are involved in various physiological processes including
inflammation and immune responses. One of the biomarkers for TBE is chitinase 3-like-1.

CHI3L1, also known as human cartilage glycoprotein-39 (HC-gp39) or YKL-40, is a glycoprotein secreted by various
cell types including macrophages, neutrophils, and chondrocytes in response to inflammation and tissue remodeling.*" Its
involvement in neuroinflammatory processes has sparked interest in its potential as a biomarker for neurological
disorders including TBE.

In viral infections affecting the central nervous system, various cytokines and chemokines limit viral replication and
ultimately control the spread of the virus. However, the accumulation of proinflammatory mediators in the CNS may also
result in progressing the severity of encephalitis and consequently cause permanent neuronal damage.'’>** In the
context of TBE, elevated CHI3L1 levels may reflect the extent of neuroinflammation and neuronal damage, thereby
providing valuable insight into disease pathogenesis and progression. Recent studies have indicated that CHI3L1 plays
a major role in tissue injury, inflammation, repair, and remodeling responses. It has been strongly associated with diseases
including asthma, arthritis, sepsis, diabetes, liver fibrosis, coronary artery disease, ischemic stroke and Alzheimer’s
disease, and could even provide a useful inflammatory marker for patients with toxoplasmosis or Kawasaki disease. More
importantly, CHI3L1 has been proven to be independently associated with poor outcomes, disease severity, progression,
and an unfavorable course of these diseases.”**

In the current study, our main goal was to examine the role of CHI3L1 in TBE in children and to assess the
influence of various pro- and anti-inflammatory cytokines that could affect the production of CHI3L1. While some
children experience mild symptoms and recover fully, others develop severe neurological complications including
meningitis, encephalitis, and long-term cognitive impairment. However, the underlying factors that contribute to this
variability remain poorly understood. Biomarkers such as CHI3L1 offer potential means for elucidating these
mechanisms. Czupryna et al discovered that CHI3L1 concentration in the CSF of adult patients with TBE was
significantly higher in patients with meningitis and was associated with a milder course of the disease. They
concluded that this biomarker was not useful for the prognosis of sequelac development, as both serum and CSF
CHI3L1 concentrations were comparable in patients who recovered completely and in those with an unfavorable
course.”® In our study, significant reductions in CSF CHI3L1 levels were observed post-treatment, which were
especially pronounced in meningitis cases. We showed significantly lower CHI3L1 index values in encephalitis
cases than in meningitis cases, which suggests that CHI3L1 is associated with a milder course of TBE in children.
Additionally, a greater decrease in CHI3L1 serum levels post-treatment was significantly correlated with more
severe headache and, consequently, a longer intake of mannitol. A greater decrease in CHI3L1 index after treatment
was significantly correlated with shorter hospitalization, which could indicate that CHI3L1 play a major role in the
recovery process.

In our study, we also showed that a wide range of cytokines and chemokines were produced in response to
TBEV infection. It has been shown that in the pediatric population, concentrations of particularly IL-6, TNF-a, and
IFN-y increase in CSF or serum in CNS infections of different etiologies.**** This finding is consistent with our
results. Importantly, we found that CHI3L1, IL-6, and TNF-a concentrations were highest at the beginning of the
disease and decreased during the course of the infection. Elevated levels of cytokines in the CSF, particularly IL-6
and TNF-a, have been associated with more severe cases of viral meningitis and encephalitis in children. These
cytokines are generally known to promote inflammation in CSN and contribute to poor neurological outcome.'*****4
In our study a positive correlation with CHI3L1 was established among children with encephalitis. It is worth noting
that there is a lack of studies that correlate mediator concentrations with the clinical picture in the pediatric
population.

In the case of TBE, the exact mechanisms by which TBEV breach the BBB are not yet fully understood;
however, different strategies have been postulated. For instance, the virus can enter the CNS by direct infection of
the peripheral nerves and olfactory neurons through transcellular and paracellular entry into the endothelial cells of
the BBB. The Trojan horse” mechanism and cytokine-mediated BBB breakdown also play vital roles in altering
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BBB.** The results of our study suggest that infection with TBE causes the breakdown of the BBB, which is
consistent with the results of similar studies. Increased levels of certain cytokines in the CSF have been observed in
both animal and human studies, and their connection with BBB disruption of the BBB were established.***”** TNF-
a is a potent pro-inflammatory cytokine that directly affects the integrity of the BBB by increasing the permeability
of endothelial cells and promoting the expression of adhesion molecules. TNF-a also stimulates the production of
other cytokines and chemokines, which further contributes to BBB disruption.*® Second, IL-6 induces the expression
of adhesion molecules in endothelial cells, thereby facilitating the migration of immune cells across the BBB. In
addition, IL-6 can enhance the production of acute-phase proteins and is associated with poor neurological
outcome.*>* It is worth mentioning IFN-gamma - A cytokine that is primarily produced by activated T cells and
natural killer (NK) cells. It plays a crucial role in antiviral defense but can also contribute to BBB disruption by
inducing the expression of adhesion molecules on endothelial cells.’® In our study, we found that the albumin
quotient decreased after treatment in cases of encephalitis. This suggests that the blood-brain barrier responds
differently in encephalitis compared to meningitis. The differences in the index result from differences in the
permeability of the BBB corresponding to the degree of damage, and provide insight into how the virus affects the
BBB. Additionally, we found strong positive correlations between the albumin quotient and the levels of 1L-4, IL-6,
and TNF-a in the CSF. This indicates that as the albumin quotient increases, which reflects blood-brain barrier
permeability, the concentrations of these inflammatory cytokines also rise. The correlation with IL-4 suggests
a relationship with T-helper cell responses, while the associations with IL-6 and TNF-a highlight the involvement
of pro-inflammatory pathways in the context of central nervous system inflammation. These findings may imply that
increased blood-brain barrier permeability is associated with heightened inflammatory activity in the CSF, poten-
tially reflecting the severity of the underlying condition.It is important to note that BBB disruption is independent of
CD8+ T cells and occurs when CNS viremia is high.*’

Therefore, the results of this study should be interpreted with caution. The examined group was relatively
small, and in order to use these cytokines and chemokines in clinical practice, it would be necessary to establish
age-correlated cutoff values. Although we excluded children with chronic diseases, the expression of chemo-
kines/cytokines was linked to individual determinants, which requires further investigation. Moreover, obtaining
CSF from healthy children is exceptionally restricted and these limitations are related to ecthical reasons.
Consequently, concentrations of the chemokines discussed in the CSF can only be compared with those in
children who were admitted to the hospital with signs suggesting possible neuroinvasive infections that were
subsequently excluded.

However, the advantage of our study is that it is a rare, clinically and microbiologically well-defined group of 22
children with TBE. We provide precise laboratory data. Concentrations of pro-/anti-inflammatory biomarkers were
measured both in CSF and serum, and further adjusted to the albumin quotient. The study lacks control group of
healthy individuals, but we used a within-subject design, where each patient served as their own control to assess
changes over time. This approach allowed us to evaluate the temporal changes associated with disease progression
and response to treatment, as observed in the significant reductions in CSF levels of certain markers post-treatment.

Conclusion

Our findings suggest that CHI3L1 is involved in the pathogenesis of TBE in children, however, causative relationships
cannot be established in this observational study. We further point out that lower CHI3L1 CSF levels were observed in
severe cases of TBE, supporting the potential utility of this protein as a marker for disease severity. Additionally, we
identified significant interactions between CHI3L1 and other cytokines, specifically chemerin, IL-6, and TNF-a.
Although the levels of chemerin remained stable over time, levels of CHI3L1, IL-6, and TNF-a decreased as clinical
symptoms resolved. In summary, this study provides valuable insights into the immunopathological mechanisms of
pediatric TBE and thus points to CHI3L1 and associated cytokines as the potential modulators of neuroinflammation and
variability in the course of the disease.
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10. Streszczenie w jezyku polskim

Wirus Kleszczowego zapalenia mézgu (TBEV), ktorego nazwa gatunkowa zostata w
2023 roku zmieniona na Orthoflavivirus encephalitidis, nalezy do rodziny Flaviviridae oraz
rodzaju Orthoflavivirus (do niedawna Flavivirus), wywotuje zakazenia osrodkowego uktadu
nerwowego w Europie 1 Azji. Zakazenie moze przebiegac tagodnie lub nawet bezobjawowo,
ale niekiedy ma ciezki przebieg, prowadzac do trwatych powiktan neurologicznych.
Niezaleznie od cigzko$ci przebiegu, u cze$ci ozdrowiencOw wystepuje pozapalny zespot
postencefaliczny. Przyczyny tego zréznicowanego przebiegu klinicznego choroby nie sg w
peini poznane, co stanowi istotne wyzwanie dla wspotczesnej medycyny. Przypuszcza sie, ze
zmienno$¢ kliniczna KZM jest zwigzana z indywidualnymi réznicami w odpowiedzi uktadu
odpornosciowego. Obecnie nie dysponujemy skutecznym leczeniem przyczynowym, dlatego
kluczowe jest zapobieganie zakazeniom poprzez szczepienia ochronne oraz unikanie uklué

kleszczy.

Celem badan byla ocena obecnosci przeciwcial przeciwko KZM w populacji
poocno-wschodniej Polski, by oceni¢ czgstos¢ wystepowania bezobjawowego zakazenia
KZM. Analizowano takze postawy wobec szczepionki przeciwko KZM, ktora okreslono w
anonimowej ankiecie wsrod mieszkancow tego endemicznego regionu. Dodatkowo, celem
pracy byta analiza przydatnosci chitynazy-3-podobnej-1 (CHI3L1) w surowicy krwi i ptynie
moézgowo-rdzeniowym jako biomarkera cigzkosci przebiegu KZM w populacji pediatryczne;.
W toku prowadzonych badan oceniono rowniez zwigzek CHI3L1 ze stezeniem cytokin
zapalnych, integralnoscig bariery krew-moézg (BBB), odpowiedzia immunologiczng 1

cigzkoscig infekcji u dzieci 1 mtodziezy.

Przeciwciata anty-KZM IgG wykryto u 14/298 (5%) dawcow krwi oraz u 4/180 (2%)
dzieci bez historii szczepien przeciwko KZM 1 bez wywiadu zachorowania na KZM. Na
postawie badania ankietowego ustalono, ze tylko 9% respondentéw byto zaszczepionych
przeciwko KZM i taki sam odsetek zaszczepit swoje dziecko. Co trzeci nieszczepiony
respondent wyrazil ch¢¢ zaszczepienia siebie lub swojego dziecka w przyszto$ci. Zamiar ten
byt istotnie wyzszy ws$rod ankietowanych niedawno uktutych przez kleszcza oraz

ankietowanych, ktorych bliscy zachorowali na chorobe odkleszczowa w przesztosci.

Stezenia CHI3L1 w ptynie mdézgowo-rdzeniowym i surowicy nie roznity si¢ migdzy
dzie¢mi z zapaleniem moézgu a dzie¢mi z zapaleniem opon mézgowych wywotanymi przez
wirus KZM. Po uwzglednieniu przepuszczalnosci BBB, indeks CHI3L1 byt 2.4-krotnie
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nizszy u pacjentow z zapaleniem mozgu, niz u tych z zapaleniem opon moézgowych. Po
leczeniu zaobserwowano zmniejszenie stezen CHI3L1, IL-6 i TNF-a w ptynie mézgowo-
rdzeniowym oraz poprawe¢ przepuszczalnosci BBB u mitodszych dzieci. U starszych
przepuszczalnos¢ BBB czesciej pozostawala nieprawidlowa, niezaleznie od cig¢zkosci
przebiegu. Analiza korelacji wykazala zwigzki migdzy st¢zeniami CHI3L1 a markerami

prozapalnymi, zwlaszcza chemeryna, IL-6 i TNF-a, w obu grupach klinicznych.

Podsumowujac, poziom wyszczepienia oraz che¢ przyjecia szczepionki przeciwko
KZM w regionie endemicznym sg alarmujaco niskie. Zalezno$¢ migdzy akceptacja szczepien
a osobistymi do$wiadczeniami zwigzanymi z ukluciami przez kleszcze sugeruje potrzebe
prowadzenia kampanii edukacyjnych zwiekszajacych $wiadomo$¢ zagrozen zwigzanych z
kleszczami. Dane dotyczace analizy patofizjologii KZM sugeruja, ze CHI3L1 odgrywa
istotng role w modulacji odpowiedzi zapalnych i immunologicznych podczas zakazenia, co
czyni te biatko obiecujacym biomarkerem. Przedtuzajace si¢ procesy patologiczne w obrebie
BBB moga natomiast si¢ wigza¢ z powiklaniami KZM, cze$ciej obserwowanymi wsrod
starszych pacjentow. Jest to szczegdlnie istotne, poniewaz wykazaliSmy, zZe
niezdiagnozowany, lagodny lub bezobjawowy przebieg KZM jest czesty zarowno u

dorostych, jak i dzieci.

11. Streszczenie w jezyku angielskim

The tick-borne encephalitis virus (TBEV), whose species name was changed in 2023
to Orthoflavivirus encephalitidis, belongs to the Flaviviridae family and the Orthoflavivirus
genus (formerly Flavivirus), is causing central nervous system infections in Europe and Asia.
The infection may be mild or even asymptomatic, however sometimes it takes a severe course,
leading to permanent neurological complications. A significant proportion of patients who
recover from the illness develop post-encephalitic syndrome, regardless of the severity of the
disease. The causes of the variable clinical course of the disease remain not fully understood,
being a challenge for modern medicine. It is supposed that the clinical variability of TBE is
associated with individual differences in the immune response. Having no effective antiviral
treatment available, the key is to prevent infections through vaccinations and avoiding tick
bites.

The aim of this study was to measure seroprevalence of TBE antibodies in northeastern
Poland, to assess the extent of TBE virus infections. A questionnaire-based survey among
respondents from this endemic was also conduced to test their attitudes toward the TBE
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vaccine. Another aim of the study was to evaluate the usefulness of measuring chitinase-3-
like protein 1 (CHI3L1) levels in serum and cerebrospinal fluid as a biomarker for the severity
of TBE in the pediatric population. The study also examined the relationships between
CHI3L1 and inflammatory cytokine levels, blood-brain barrier (BBB) integrity, immune

response, and the severity of infection in children and adolescents.

Anti-TBE IgG antibodies were detected in 14 out of 298 (5%) blood donors and in 4
out of 180 (2%) children, who had neither been vaccinated against TBE nor diagnosed with
the disease. Based on the survey results, only 9% of respondents were vaccinated against TBE,
and a similar percentage had vaccinated their children. One-third of unvaccinated respondents
said they would vaccinate themselves or their children in the future. Our study showed that
this intention was significantly higher among respondents who had recently been bitten by a
tick or had a close relative diagnosed with a tick-borne disease. Negative attitudes toward
TBE vaccination were associated with the younger age of respondents.

Cerebrospinal fluid and serum levels of CHI3L1 in did not differ between children
with encephalitis and children with meningitis caused by the TBE virus. After adjusting for
BBB permeability, the CHI3L1 index was 2.4 times lower in patients with encephalitis than
in those with meningitis. In younger children, post-treatment, a reduction in CHI3L1, IL-6,
and TNF-o concentrations in cerebrospinal fluid was observed, along with improvement of
BBB permeability. However, in older children, the albumin index remained abnormal in both
severity groups. Correlation analysis revealed associations between CHI3L1 levels and pro-

inflammatory markers, particularly chemerin, 1L-6, and TNF-a, in both clinical groups.

In conclusion, the vaccination rate and willingness to uptake the TBE vaccine in this
endemic region remains alarmingly low. There was a correlation between vaccine acceptance
and personal experiences with tick bites, which emphasizes the need for educational
campaigns raising awareness about the risks associated with ticks. The analysis of TBE
pathophysiology showed that CHI3L1 plays an important role in modulating inflammatory
and immune responses during infection, making this protein a promising biomarker. A
prolonged pathological processes within the BBB were also found, what may be associated
with complications of TBE, which are more frequently observed in older patients. This is
particularly important because this study found that undiagnosed mild or asymptomatic TBE

infections are common, both in adults and children.
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