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1. Wykaz publikacji stanowigcych rozprawe doktorska

1.1 Prace oryginalne:

Woziniska M., Toczytowki K., Lewandowski D., Bojkiewicz E., Sulik A. ,,Knowledge, Attitudes,
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IF—7.8, MEIN — 140 pkt
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1.2 Prace przeglgdowe:

a. Wozinska M, Toczytowki K., Sulik A. ,, Wyzwania i nowe mozliwosci w diagnostyce boreliozy u
dzieci “; Przeglad Epidemiologiczny 2020; 74, 4, s. 652-661
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2. Zestawienie publikacji

Rodzaj publikacji Liczba Impact Factor Punktacja MEIN
Prace wiagczone do
rozprawy 3 11,400 250

doktorskiej
Prace, ktore nie
zostaty witgczone

2 7,865 240
do rozprawy
doktorskiej
Str.eszczema 7 0 0
zjazdowe
Razem 12 19,265 250
3. Wstep

Borelioza z Lyme (Lyme borreliosis; LB) to choroba, wywotywana przez kompleks bakterii Borrelia
burgdorferi sensu lato (s.l), obejmujacy rézne genogatunki [1]. LB przenoszona jest poprzez uktucia
kleszczy, a u dzieci, ktore sg bardziej podatne na uktucia w gtowe i szyje, zwieksza ryzyko wystagpienia
neuroboreliozy [2]. Duza zmienno$¢ genogatunkdw Borrelia, stanowi jedng z przyczyn
zréznicowanych objawdw klinicznych choroby, obejmujacych skére, stawy, uktad krwionosny oraz
nerwowy [3]. U dzieci i dorostych manifestacja kliniczna boreliozy moze by¢ odmienna. U pacjentéw
pediatrycznych czesciej wystepuje neuroborelioza w postaci aseptycznego zapalenia opon mdzgowo-
rdzeniowych, porazenia nerwdéw czaszkowych. U dorostych natomiast obserwuje sie radikulopatie i
przewlekte zanikowe zapalenie skory [4].

Choroby przenoszone przez kleszcze (Tick-borne diseases; TBD) w tym LB, stanowig zagrozenie
dla zdrowia, a ich czestos$é wystepowania wzrasta, czesciowo z powodu zmian klimatycznych i stylu
zycia [5]. Globalny wzrost zachorowan na LB podkresla znaczenie skutecznej ochrony przed ta
chorobg, biorgc pod uwage trudnosci w jej diagnostyce i leczeniu. Sukces szczepionki przeciwko
kleszczowemu zapaleniu mdzgu (tick-borne encephalitis; TBE) wskazuje na mozliwosci zapobiegania
boreliozie dzieki szczepieniom ochronnym. Obecnie bedgca w fazie badan klinicznych biatkowa
szczepionka przeciwko boreliozie VLA15 ukierunkowana na antygeny OspA, wskazuje na ciggte préby
opracowania takich skutecznych szczepionek [6,7]. Do czasu wprowadzenia powszechnych szczepien
profilaktyka boreliozy polega na unikaniu uktu¢ przez kleszcze, ktadac nacisk na takie zachowania, jak
noszenie odziezy ochronnej, sprawdzanie ciata po powrocie z terendw zielonych, szybkie usuwanie
kleszczy i stosowanie repelentow [8]. Ocena wiedzy, postaw i praktyk (knowledge, attitudes and
practices; KAP) ma kluczowe znaczenie w zapobieganiu infekcjom przenoszonym przez kleszcze.



Swiadomo$¢ wérdd pracownikéw stuzby zdrowia i ogdtu spoteczeristwa jest niewystarczajgca, co
podkresla potrzebe inicjatyw edukacyjnych w celu zwiekszenia zrozumienia zasad profilaktyki TBD i
pozytywnego wptywu na zdrowie publiczne [9]. Pomimo duzego narazenia w naszym regionie,
istnieje niewiele informacji na temat swiadomosci spotecznej dotyczacej TBD, co wskazuje na
potrzebe oceny wiedzy, postaw i zachowan zwigzanych z LB i uktuciami kleszczy.

Rozpoznanie boreliozy ze wzgledu na réznorodne i niespecyficzne objawy wymaga potwierdzenia
badaniem laboratoryjnym. Wyjatkiem jest rozpoznanie choroby w stadium rumienia wedrujacego,
opierajgcego sie wyfacznie na obrazie klinicznym. Diagnostyka boreliozy opiera sie na oznaczaniu
poziomu swoistych przeciwciat . Do ich oznaczania wykorzystuje sie testy immunoenzymatyczne
(enzyme immunoassays; EIA). Kazdy wynik dodatni w tescie EIA powinien by¢ potwierdzony testem
jakosciowym Western — Blot (WB) [10,11]. Zarédwno testy EIA jak i WB stosujg lizaty bakteryjne —
antygeny natywne jak i antygeny wysoce specyficzne - rekombinowane. Zaleca sie stosowanie testéw
wyzszej generacji Il illl, zantygenami rekombinowanymi, co niesie za sobg wystgpienie mniejszej
ilosci reakcji krzyzowych [12]. Konwencjonalna dwuetapowa metoda diagnostyczna (conventional
two-tiered testing ;CTTT) obarczona jest pewnymi ograniczeniami: wspomnianymi wczesniej
reakcjami krzyzowymi, niskg czutoscia testu EIA we wczesnej fazie z wynikami fatszywie ujemnymi
[13,14]. Ponadto metoda WB choé bardziej specyficzna, jest niestety czasochtonna i kosztowna[15].
Dodatkowo utrzymywanie sie swoistych przeciwciat po leczeniu takze stanowi wyzwanie dla
klinicystéw [16]. Aby zaradzi¢ ograniczeniom CTTT, zaproponowano zmodyfikowane badanie
dwupoziomowe (modified two-tired testing; MTTT) [17]. W metodzie MTTT stosuje sie dwa kolejne
testy EIA bez WB, zawierajgce rekombinowane biatka lub syntetyczne peptydy specyficzne dla
Borrelia burgdorferi, takie jak antygen VIsE z jego fragmentem C6. Minimalizuje to reaktywnos¢
krzyzowa i poprawia swoisto$¢ testu [18,19]. Amerykariska Agencja do Spraw Zywnosci (Food and
Drug Administration ;FDA) zatwierdzita EIA z antygenami rekombinowanymi jako test potwierdzajacy,
czynigc WB opcjonalnymi [20]. Ponadto, warto zaznaczy¢, ze przeciwciata anty-VIsE i anty-C6 reaguja
dynamicznie na infekcje, szybko pojawiajac sie w osoczu pacjenta tuz po zakazeniu i zazwyczaj
zmniejszajac sie po skutecznym leczeniu, co moze by¢ pomocne w monitorowaniu leczenia boreliozy
[21].

Chociaz specyficzne antygeny w diagnostyce i monitorowaniu boreliozy u dorostych sg
obiecujace, istniejg ograniczone dane dotyczace populacji pediatrycznej na obszarach endemicznych,
takich jak Polska. Niniejsze badanie ma na celu wypetnienie tej luki poprzez ocene testéw VISE i C6
we wczesnym stadium boreliozy u dzieci, ze szczegdlnym uwzglednieniem rumienia wedrujgcego i
neuroboreliozy. Praca ocenia takze zmiennos$¢ przeciwciat u dzieci poczatkowo zdiagnozowanych
przez lekarzy rodzinnych, a nastepnie skierowanych do specjalistow chordb zakaznych, przyczyniajac
sie do zrozumienia skutecznosci testéw serologicznych i wynikéw diagnostycznych w przypadkach
pediatrycznych.

4. Cele pracy

1. Ocena wiedzy, postaw i praktyk profilaktycznych wsrdd respondentéw z pétnocno-
wschodniej Polski dotyczacych boreliozy oraz zidentyfikowanie czynnikéw wptywajacych na
postawy i praktyki ludzi w zakresie profilaktyki przeciwko chorobom odkleszczowym.

2. Pordéwnanie powszechnie zaakceptowanego dwuetapowego algorytmu diagnostycznego
boreliozy wykorzystujgcego testy EIA i WB z proponowanym, alternatywnym algorytmem z
uzyciem testéw EIA wykrywajgcych antygeny rekombinowane (VISE i C6).

3. Ocena uzytecznosci testéw EIA wykrywajgcych antygeny rekombinowane w monitorowaniu
skutecznosci leczenia boreliozy.



5. Materiaty i metody

5.1 Ocena wiedzy, postaw i praktyk profilaktycznych wsrdd respondentéw z pétnocno —
wschodniej Polski dotyczgcych chordéb odkleszczowych

Celem badania byta ocena wiedzy, postaw i praktyk profilaktycznych zwigzanych z TBD wsrdd
rodzicow dzieci hospitalizowanych w Klinice Choréb Zakaznych Dzieci Uniwersytetu Medycznego w
Biatymstoku, w pdtnocno-wschodniej Polsce. Badanie, realizowane w latach 2019-2021, obejmowato
anonimowag ankiete zawierajgca 37 pytan.

W badaniu oceniano swiadomos¢ uczestnikdw za pomoca pytan wielokrotnego wyboru na temat
wiedzy odnosnie TBD, postepowania w przypadku uktué przez kleszcza i objawéw boreliozy. Wiedze
na temat postepowania profilaktycznego i porownania wptywu TBD na zdrowie spoteczeristwa w
poréwnaniu do nowotwordw i chordb uktadu krgzenia, zmierzono za pomocg 10-punktowe;j skali
Likerta. W badaniu oceniono takze praktyki zapobiegawcze, uwzgledniajgc preferowane metody
ochrony przed uktuciami kleszczy i stosowanie repelentéw.

Zebrano dane demograficzne, historie poktuc przez kleszcze, stosowanie szczepien ochronnych
oraz zrédta wiedzy na temat TBD. Analiza danych obejmowata wielowymiarowy model regresji
logistycznej dwumianowej w celu zidentyfikowania czynnikow zwigzanych z wiedzg i praktykami
ochrony przed kleszczami.

5.2 Diagnostyka w boreliozie z Lyme: ocena antygendw VIsE i C6 w kohorcie
pediatrycznej

Niniejsze badanie prospektywne skupiato sie na dzieciach ponizej 19 roku zycia, wykazujacych
objawy sugerujgce LB i zostato przeprowadzone w Dzieciecym Szpitalu Klinicznym Uniwersytetu
Medycznego w Biatymstoku w okresie od pazdziernika 2019 r. do wrzesnia 2022 r. Celem byto
pobranie prébek surowicy podczas pierwszej konsultacji oraz po 3, 6 i 12 miesigcach leczenia w celu
monitorowania terapii. Do badania wtgczono w szczegdélnosci dzieci z wczesnymi objawami LB, takimi
jak rumien wedrujacy (erythema migrans; EM) i neuroborelioza (Lyme neuroborreliosis; LNB).
Rozpoznanie EM opierato sie na ustalonych kryteriach klinicznych dotyczacych okragtych,
rumieniowych zmian o specyficznych cechach, potwierdzonych wywiadem, opisami rodzicow lub
zdjeciami. Rozpoznanie LNB przeprowadzono zgodnie z wytycznymi Polskiego Towarzystwa Choréb
Zakaznych 2015, uwzgledniajgc objawy neurologiczne, pleocytoze ptynu mdzgowo-rdzeniowego
(PMR) oraz specyficzne przeciwciata w PMR. Wykluczono pacjentdw z dodatnig serologig, ale bez
specyficznych objawdw. Przeprowadzono standardowe testy EIA, z interpretacjg oparta na
instrukcjach producenta i punktach odciecia. Testy te poréwnano z zestawem Immunetics C6 Lyme
ELISA. Specyficzne przeciwciata anty-VLsE wykryto przy uzyciu anty- B. burgdorferi VISE ELISA IgG z
interpretacjg na podstawie instrukcji producenta.

Analizy statystyczne obejmowaty ocene procentowej zgodnosci pomiedzy standardowymi
testami EIA i EIA z antygenem C6 oraz zastosowanie testu Jonckheere-Terpstra do analizy trendu
spadku przeciwciat anty-VIsE po leczeniu w réznych odstepach czasu. Wzgledy etyczne spotkaty sie z
akceptacjg Komisji Bioetycznej Uniwersytetu Medycznego w Biatymstoku.



6. Wyniki

6.1 Ocena wiedzy, postaw i praktyk profilaktycznych wsrédd respondentdéw z pdtnocno —
wschodniej Polski dotyczgcych chordéb odkleszczowych

W badaniu wzieto udziat 406 uczestnikéw (82% kobiet, 18% mezczyzn) z pétnocno-wschodniej
Polski, regionu endemicznego TBD. Po usunieciu niekompletnych ankiet zebrano dane na temat
narazenia na kleszcze, wiedzy, postaw i praktyk zapobiegawczych (KAP). Okoto 41% respondentéw
zostato uktutych przez kleszcza w przesztosci, 16% w ciggu ostatniego roku, a 31% przyznato, ze ich
dziecko zostato uktute w przesztosci.

Korzystajgc z 37-elementowej anonimowej ankiety papierowej ocenilismy KAP u
respondentéw. Dwoma najpopularniejszymi zrédtami wiedzy na temat TBD byt internet i lekarz,
wybranych odpowiednio przez 77,8% i 53,4%. Respondenci uwazali, ze posiadajg umiarkowang
wiedze na temat TBD i profilaktyki poktué przez kleszcze (mediana wynikéw odpowiednio 5/10 i
6/10). W badaniu uznano TBD za istotne zagrozenie dla zdrowia (mediana 8/10. Ujawniono jednak
istotne braki w wiedzy i liczne btedne przekonania na temat choroby. Prawie co czwarty ankietowany
nieprawidtowo zidentyfikowat kleszcza na ilustracji. Az 20% byto przekonanych o wertykalnej
transmisji boreliozy z matki na dziecko, a prawie 60% uwazato, ze borelioza jest chorobg
nieuleczalng. Ponad potowa respondentéw obawia sie fragmentdow kleszcza pozostajgcych w skérze
po jego usunieciu (mediana 10/10), jednoczes$nie uwazajac, ze nie nalezy usuwac kleszcza
samodzielnie. Ogdlna ocena wiedzy (general knowledge score ; GKS) na temat TBD i ochrony przed
kleszczami byta umiarkowana (65%). Zdecydowana wiekszos¢ ankietowanych oséb stosowata
prawidtowe metody ochrony przed uktuciami i stusznie nie oczekiwata poekspozycyjnej profilaktyki
antybiotykowej, ktéra zostata zaordynowana jedynie u 12% osdéb po uktuciu przez kleszcza. Tylko
48,0% respondentéw byto pozytywnie nastawionych do szczepien przeciwko kleszczowemu
zapaleniu mézgu. Niedawne uktucie kleszcza byto natomiast powigzane z wyzszym poziomem GKS i
wyzszym wynikiem TPS (tick protection practices scores) i pozytywnym nastawienie do szczepionki na
TBE (OR 2,10, 1,07-4,10, p = 0,030). Pozytywne nastawienie do szczepionek wigzato sie takze z
pozyskiwaniem wiedzy TBD od lekarzy i innych zweryfikowanych Zrédet medycznych. Wiek, miejsce
zamieszkania i czeste narazenie na kleszcze na terenach zielonych niezwigzane byto z GKS, TPS ani
podejsciem do szczepionek.

6.2 Diagnostyka w boreliozie z Lyme: ocena antygendw VIsE i C6 w kohorcie
pediatrycznej

tacznie przebadano 354 dzieci, z czego 70 wigczono do analizy (49 z rumieniem wedrujgcym i
21 z neuroboreliozg ). Kryteria wykluczenia obejmowaty niepotwierdzong LB, niespecyficzne objawy,
brak informacji klinicznych, brak badan kontrolnych. Wykluczenie uwzgledniato takze niewielka liczbe
pacjentéw, ktérzy nie mogli by¢ ponownie skonsultowani z powodu pandemii Covid-19.

Mediana wieku pacjentéw wyniosta 8 lat, z czego 61% stanowity kobiety. Przypadki EM zostaty
zdiagnozowane klinicznie, natomiast przypadki LNB charakteryzowaty sie zapaleniem opon
madzgowo-rdzeniowych i lub porazeniem nerwu twarzowego. U wszystkich pacjentéw LNB
potwierdzono swoiste przeciwciata przeciwko Borrelia burgdorferi.

Zakonczenie produkcji testu z antygenem C6 utrudnito kompleksowg ocene diagnostyczng.
Jednakze przeciwciata anty-C6 wykryto w podgrupie 48 dzieci, w tym u 33 zEM i 15 z LNB. Oceniajac
skutecznos¢ testu z antygenem C6 wykazano brak korelacji pomiedzy przeciwciatami w klasie 1gG EIA
i C6 oraz pomiedzy C6 i IgM EIA. Przeciwciata anty - C6 dobrze korelowaty z IgG anty-VLsE. U



wszystkich 33 pacjentéw z EM stwierdzono dodatnig odpowiedz przeciwciat na antygen C6. 80%
pacjentéw z LNB miato pozytywng odpowiedz w tescie z antygenem C6, z roznicami w réznych
podgrupach LNB. Niektdrzy pacjenci z LNB bez pozytywnej odpowiedzi anty- C6 mieli
niejednoznaczne wyniki przeciwciat anty-C6, ale w testach WB uzyskano u nich wynik pozytywny.

Poziomy IgG anty-VLsE dobrze korelowaty ze standardowymi przeciwciatami w klasie IgG EIA.
Pozytywnga odpowiedz przeciwciat na antygen VIsE zaobserwowano u pacjentéw z EM i LNB. W
grupie EM po leczeniu antybiotykami zaobserwowano istotny spadek poziomu przeciwciat anty-VIsE.
Natomiast w grupie pacjentéw z LNB nie zaobserwowano istotnego spadku po terapii.

7. Whnioski

1. Respondenci mieszkajgcy w pdtnocno-wschodniej Polsce uwazajg choroby przenoszone przez
kleszcze za istotne zagrozenie dla zdrowia swojego i swoich rodzin, zblizone do chordb
nowotworowych i sercowo-naczyniowych.

2. W wiekszosci przypadkow respondenci stosowali rekomendowane sposoby ograniczenia narazenia
na uktucia kleszczy oraz zapobiegania zachorowaniu na borelioze. W niewielkim odsetku stosowano
profilaktyczng antybiotykoterapie u respondentdw lub ich dzieci.

3. Wiekszos¢ respondentdw czerpata swojg wiedze na temat chordb przenoszonych przez kleszcze z
Internetu oraz od opiekujgcych sie nimi lekarzy i te zrédta nalezy wykorzystaé, aby poszerzy¢ wiedze
populacji na temat tych chordb poprzez odpowiednig kampanie edukacyjna.

4. Wiekszosc¢ dzieci spetniajgcych kryteria kliniczne rozpoznania boreliozy z uwagi na oczywisty obraz
rumienia wedrujgcego byto adekwatnie leczonych przez lekarzy rodzinnych. Pomimo tego dzieci te
zostaty skierowane do poradni specjalistycznej celem objecia dalszg opieka.

5. Czes¢ dzieci z rumieniem wedrujgcym ma ujemne wyniki badan serologicznych w kierunku
boreliozy pomimo uzycia testdw z antygenami rekombinowanymi. Rozpoznanie kliniczne w tym
stadium choroby powinno pozostawac ztotym standardem diagnostyki i podstawg wtgczenia
leczenia.

6. Zaobserwowano istotny spadek miana przeciwciat przeciwko rekombinowanemu biatku VISE w
trakcie leczenia rumienia wedrujgcego oraz trend spadkowy w neuroboreliozie co moze wskazywac
na potencjat wykorzystania tych przeciwciat w monitorowaniu leczenia boreliozy u dzieci.
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ABSTRACT

Despite the constant development of biotechnology, laboratory diagnostics of Lyme disease in children still
poses a significant challenge. The aim of this article is to present the current methods of Lyme disease diagnosis
and its future perspectives.

A serological test is often the first step in supporting clinical diagnosis of Lyme disease in children. Recently,
a new generation of enzyme-linked immunosorbent assays has been created. These assays use recombinant
proteins or synthetic peptides in their antigenic spectrum. It is postulated that these tests may replace the classic
immunoblot as the second step in the Lyme disease diagnostic protocol. Direct detection methods based on
bacterial culture techniques or using the polymerase chain reaction (PCR) have inadequate sensitivity, which
prevents their widespread use in clinical practice. Recently, a number of other tools have been developed that are
of supportive importance. Among them, measuring of the CXCL13 chemokine concentration in the cerebrospinal
fluid has the potential to become a routine procedure in the diagnosis of Lyme disease in children.

Future diagnostic strategies of Lyme disease might include: innovative immunological tests using new
antigens, combining serology with direct methods in order to increase sensitivity, standardization of selected
unconventional tests, identification of host response biochemical metabolic markers or linking clinical symptoms
reported by patients with appropriate test panels.

In the absence a vaccine which protects against the disease, the preventive recommendations given to parents to
prevent tick bites in children remain valid.

Keywords: Lyme disease, diagnosis, symptoms, serology, unconventional tests
STRESZCZENIE

Pomimo ciaglego rozwoju biotechnologii, diagnostyka laboratoryjna boreliozy u dzieci pozostaje nadal niema-
lym wyzwaniem. Celem tej pracy jest przedstawienie obecnych mozliwosci diagnostycznych choroby z Lyme
oraz perspektyw na nadchodzacg przysztosc.

Badanie serologiczne jest czesto pierwszym krokiem wspierajacym diagnostyke kliniczng u dziecka chorego
na borelioze. W ostatnim czasie pojawily si¢ testy immunoenzymatyczne nowej generacji, ktore wykorzystuja
w swoim spektrum antygenowym rekombinowane biatka lub syntetyczne peptydy. Postuluje sig, iz testy te
mogg zastapi¢ klasyczny immunoblot, jako drugi etap protokotu diagnostycznego boreliozy. Diagnostyka bez-
posrednia oparta na technikach hodowli bakterii lub wykorzystujaca reakcj¢ tancuchowa polimerazy (PCR)
charakteryzuje si¢ nadal nieadekwatng czuloscia, co uniemozliwia jej powszechne zastosowanie w praktyce
klinicznej. W ostatnim czasie opracowano szereg innych narzedzi, ktére majg znaczenie pomocnicze. Wérdd
nich pomiar stgzenia chemokiny CXCL13 w plynie mozgowo-rdzeniowym wydaje si¢ by¢ bliski rutynowego
zastosowania u dzieci z neuroboreliozg.

Przyszle strategie diagnostyczne boreliozy moga polega¢ na: zastosowaniu nowatorskich testow immunolo-
gicznych wykorzystujacych nowe antygeny, polaczeniu serologii z metodami bezposrednimi w celu poprawy
czuloéci, standaryzacji niektorych niekonwencjonalnych testow, identyfikacji biochemicznych markeréw meta-
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bolicznych odpowiedzi gospodarza na zakazenie, czy tez na odkryciu powigzan zglaszanych przez pacjentow
objawow klinicznych choroby z odpowiednimi panelami diagnostycznymi.

Wobec braku dostgpnej szczepionki chronigcej przed zachorowaniem wciaz aktualne pozostaja zalecenia profi-
laktyczne przekazywane rodzicom dzieci, ktore maja zapobiega¢ podktuciom przez kleszcze.

Stowa kluczowe: borelioza, diagnostyka, objawy, serologia, testy niekonwencjonalne

INTRODUCTION

Lyme disease, also known as Lyme borreliosis,
is a multi-organ bacterial disease that is transmitted
through a tick bite. Its symptoms mainly affect the
skin, joints, heart and nervous system. In the 1970s,
in Old Lyme, Connecticut, USA, a series of cases of
arthritis in children was reported. The symptoms were
associated with the bites of ticks (1). It took many
years to discover the cause of the disease — the bacteria
named after its discoverer Borrelia burgdorferi (2).
Identification of the etiological factor was certainly
a milestone in understanding the etiopathology of
the disease. However it did not become a remedy for
diagnostic and therapeutic problems. Unfortunately,
the diagnosis of Lyme disease still presents
a significant challenge, despite the biotechnological
breakthrough that has undoubtedly occurred in recent
years. The techniques that directly detect the disease-
causing microorganisms are the gold standard in the
diagnosis of many infectious diseases, against which
other diagnostic methods are compared. One of these
techniques is molecular testing, which is a diagnostic
tool in many diseases, including the recently recognized
Zika virus infections or SARS-CoV-2.

DIRECT DIAGNOSTICS

Culture methods are useful tools for diagnosing
infectious bacterial diseases. However, this does not
apply to Lyme disease. Despite many attempts, the
required sensitivity of these methods was not achieved.
In a well-defined group of patients, the improved
method of sampling together with the optimization of
the medium composition gives positive culture results
in only 47% of cases on the sixth day after the blood
culture. This percentage does not increase to 94% until
16 weeks after the culture (3). These results come far
too late for blood cultures to be of clinical significance.
The culture method used in the case of skin biopsies
collected from the area of erythema migrans, an early
symptom of Lyme disease, has a sensitivity of only
50% (4-5). Moreover, this method is of limited use
in children due to its invasiveness. Therefore, culture
is not a routine procedure applicable in everyday
clinical practice in the diagnosis of Lyme disease. This
method is characterized by relatively low sensitivity.
In addition, it requires a lot of time to obtain results

WSTEP

Borelioza, znana takze jako choroba z Lyme, jest
wielonarzgdowa chorobg bakteryjng przenoszona
przez uktucie kleszcza. Jej objawy dotycza przede
wszystkim skory, stawow, serca i uktadu nerwowego.

W latach siedemdziesigtych XX wieku w miescie
Old Lyme w stanie Connecticut w USA opisano se-
ri¢ przypadkow zapalenia stawow u dzieci. Objawy
powigzano z uktuciami kleszczy (1). Minglo wiele
lat zanim ostatecznie rozpoznano przyczyne choro-
by - bakteri¢ nazwana pdzniej od nazwiska odkrywcy
Borrelia burgdorferi. (2). Zidentyfikowanie czynnika
etiologicznego bylo z pewnoscig kamieniem milowym
w zrozumieniu etiopatologii choroby, jednak nie stato
si¢ remedium na istotne dla pacjentow problemy dia-
gnostyczne i terapeutyczne. Wydaje sig, ze od czasu
opisania nowej choroby w miejscowosci Old Lyme po
dzien dzisiejszy, rozpoznanie boreliozy stanowi istot-
ne wyzwanie, pomimo przelomu biotechnologiczne-
go, ktory bezsprzecznie nastapit w ostatnich latach.
W diagnostyce wielu chordb zakaznych ztotym stan-
dardem, do ktérego pordwnuje si¢ inne metody dia-
gnostyczne, sg techniki umozliwiajagce bezposrednie
wykrywanie mikroorganizmoéw odpowiedzialnych za
wywotywanie choroby. Jedna z takich technik jest ba-
danie molekularne, ktére obecnie stanowi narzedzie
diagnostyczne wielu choréb, w tym niedawno pozna-
nych zakazen wirusem Zika, badz SARS-CoV-2.

DIAGNOSTYKA BEZPOSREDNIA

Metody hodowlane sg uzytecznym narzedziem
stosowanym w diagnozowaniu bakteryjnych choréb
zakaznych. Nie dotyczy to jednak boreliozy. Pomimo
wielu prob nie udalo si¢ uzyska¢ wysokiej czutosci tej
metody. W dobrze zdefiniowanej grupie chorych ulep-
szony sposob pobierania probek wraz z optymalizacja
sktadu pozywki daje pozytywne wyniki hodowli je-
dynie w 47% przypadkéw w szdstym dniu od posiewu
krwi. Odsetek ten wzrasta do 94% dopiero w 16 tygo-
dniu od wykonania posiewu (3). Jest to zdecydowanie
za pozno, by posiewy krwi miaty istotne znaczenie
kliniczne. Metoda hodowlana zastosowana w przy-
padku bioptatéw skory pobranych z okolicy rumienia
wedrujgcego, wezesnego objawu boreliozy, charak-
teryzuje si¢ czulo$cig na poziomie zaledwie 50% (4-
5). Ponadto metoda ta ma ograniczone zastosowanie
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and an above-average proficiency in the use of modern
techniques.

Histopathology is a method that could help observe
the pathogen or the characteristic cell infiltration
that could lead to the correct diagnosis. In case
of Lyme disease, histopahtology is recommended
when lymphocytoma and acrodermatitis chronica
atrophicans are suspected (6). Both of the above
mentioned are extremely rare in children, therefore
histopathological examination is not applicable to the
most common forms of the disease in this age group.

Low amount of circulating Borrelia burgdorferi
DNA is the reason why molecular techniques do not
provide promising results in the early stage of the
disease. It is estimated that the sensitivity of the PCR
(polymerase chain reaction) method is comparable
to the sensitivity of in vitro culture: it is calculated/
evaluated ?? at 62% (7) in early Lyme disease, 38% in
acute Lyme neuroborreliosis and 25% in chronic Lyme
neuroborreliosis (8).

The unsatisfactory sensitivity of direct diagnostic
methods can be improved by applying several such
methods simultaneously. One of the studies (9) assessed
the sensitivity of five direct diagnostic methods. At
least one of these tests was positive in nearly 94% of
untreated adults with erythema migrans. This study
did not include a control group and because of this
reason the specificity of the diagnostic approach using
these methods could not be established. Detection
of cell-free DNA fragments of Borrelia burgdorferii
(cfDNA) in plasma may become another new approach
supporting the diagnosis of Lyme disease in the early
stages of the disease. A positive result was obtained
in 64% of the samples from patients with confirmed
erythema migrans. The combination of cfDNA
determination with serology increased the diagnostic
sensitivity to a promising 86% (10). Taking into account
the fact that the detection of Borrelia burgdorferi
using direct methods is of limited use, it should
be considered whether relying only on commonly
employed serological tests provides sufficient support
for the clinical diagnosis of Lyme disease.

SEROLOGICAL DIAGNOSTICS

The Conventional Two-Tiered Testing (CTTT)
of Lyme disease includes a first-tier enzyme
immunoassay (EIA) followed by a supplemental
immunoblot. This method is the most common tool
supporting the clinical diagnosis of Lyme disease.
There are studies that estimate the sensitivity of the
two-stage diagnostic protocol reaches unrealistic 100%
in the late stages of the disease (11), while other studies
suggest 56% (12) or less (13). The fact that the tests are
not fully standardized and the stages of the disease are
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u dzieci z uwagi na jej inwazyjno$¢. Hodowla nie jest
wigc rutynowa procedurg majaca zastosowanie w co-
dziennej praktyce klinicznej w przypadku podejrzenia
boreliozy. Cechuje jg stosunkowo niska czutos¢, dtugi
czas potrzebny do uzyskania wynikow oraz wymaga
ponadprzecietnej bieglosci w stosowaniu nowocze-
snych technik przez personel laboratorium.

Histopatologia to kolejna bezposrednia technika,
ktora mogtaby pomoc w uwidocznieniu patogenu lub
wykaza¢ obecno$¢ charakterystycznego nacieku ko-
morkowego pomocnego w ustaleniu prawidtowego
rozpoznania. Technika ta w przypadku boreliozy za-
lecana jest tylko w ocenie przypadkéw podejrzanych
o chtoniaka boreliozowego lub przewlekte zanikowe
zapalenie skory (6). Obie postaci sg niezwykle rzadko
spotykane u dzieci, tym samym badanie histopatolo-
giczne nie ma zastosowania w najczesciej spotyka-
nych postaciach choroby w tej grupie wiekowe;.

Mata ilo$¢ krazacego DNA Borrelia burgdorferi jest
powodem, dla ktorego nie widzimy obiecujgcych wyni-
kow stosowania technik molekularnych we wezesnym
stadium choroby. Ocenia si¢, iz czulos¢ metody PCR
(ang. polymerase chain reaction) jest poréwnywalna
z czuto$cig hodowli in vitro: szacuje si¢ ja na 62% (7)
we wezesnym stadium boreliozy, 38% w ostrej neuro-
boreliozie i na 25% w przewlektej neuroboreliozie (8).

Niezadowalajgca czuto$¢ bezposrednich metod
diagnostycznych moze by¢ poprawiona poprzez za-
stosowanie kilku takich metod jednoczasowo. Jedno
z badan (9) oceniato pie¢ bezposrednich metod dia-
gnostycznych pod katem czutosci. Co najmniej jeden
z tych testow byl dodatni u niemal 94% pacjentow,
w grupie nieleczonych dorostych z rumieniem we-
drujacym. Badanie to bylo pozbawione proby kontro-
Inej, co nie pozwolito na ustalenie swoistosci podej-
$cia diagnostycznego z wykorzystaniem tych metod.
Wykrywanie wolno krazacych w osoczu fragmentow
DNA Borrelia burgdorferii (cfDNA) moze stac si¢ ko-
lejnym nowym podejsciem wspierajacym diagnostyke
boreliozy we wcezesnym stadium choroby. Pozytyw-
ny wynik uzyskano w 64% probek pochodzacych od
pacjentow z potwierdzonym rumieniem wedrujacym.
Potaczenie oznaczania cfDNA z serologia zwiekszy-
fo czuto$¢ diagnostyczna do obiecujacych 86% (10).
Biorac pod uwage fakt, iz wykrywanie Borrelia burg-
dorferi metodami bezposrednimi ma ograniczone za-
stosowanie, nalezatoby zastanowic sie, czy poleganie
jedynie na stosowanych powszechnie badaniach sero-
logicznych moze by¢ obecnie wystarczajagcym wspar-
ciem klinicznego rozpoznania boreliozy?

DIAGNOSTYKA SEROLOGICZNA

Klasyczna dwuetapowa strategia diagnostyki la-
boratoryjnej boreliozy (ang. CTTT: Conventional Two
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not clearly defined, as well as the retrospective nature
of many scientific studies, make it even more difficult
to determine the actual sensitivity of the diagnostic
technique used. As the infection with Borrelia
burgdorferi progresses from early to late stage, an
increase in the sensitivity of the test is observed.
CTTT used in the late stages of Lyme disease shows
high sensitivity. However, the late stages of the disease
are rarely observed in pediatric patients. Serological
tests are useless in the very early stages of the
infection as it takes time to detect the body’s antibody
response. Diagnostic tests performed too early result
in false-negative results, found in 70% of patients in
the early stages of the disease (11). The immunoblot
confirmation test is time-consuming, expensive, and
characterized by lower sensitivity compared to EIA.
However, it’s specificity is significantly higher than that
of EIA. The immunoblot test may give a false negative
result in the first weeks of infection. If the obtained
result is questionable, a second test is required. IgM
immunoblot is recommended only for the diagnosis
of the early stage of the disease (up to 4 weeks) and
should not be used in later diagnosis. Incorrect use of
this technique in patients with prolonged, nonspecific
symptoms may give a false positive result rather than
an indication of an actual infection (14).

The Modified Two-Tiered Testing (MTTT) relies
on two different sequential EIAs without the inclusion
of an immunoblot (15). Serological tests using bacterial
whole cell lysate as antigen are very sensitive, but may
cross-react with other epitopes. A new type of EIA was
developed that used recombinant proteins or synthetic
peptides unique to Borrelia burgdorferi. Serological
tests based on such epitopes may be useful as a second
test in the MTTT. This is possible due to the minimal
cross-reactivity of the new EIA test with foreign
antigens. The antigen used in the new generation
enzyme immunoassays is surface lipoprotein E (VIsE)
or a selected part of it, most often the C6 peptide —
epitope corresponding to the sixth invariant region
(IR6) in VISE (16). In vivo highly expressed antigens
in VISE can significantly improve the sensitivity of
the test (17-19). The use of the C6 peptide derived
from VISE in the antigenic spectrum improves the
specificity of the test compared to the EIA whole
cell lysate (17, 20). Tests using the additional VISE
antigen could eventually replace immunoblotting as
a confirmation test for Lyme disease. This strategy
allowed the correct identification of patients with septic
arthritis in a large group of children with symptoms of
arthritis (21). The test has also been successfully used
to evaluate the effectiveness of Lyme disease treatment
(22-23), although repeating antibody-based testing is
not routinely recommended in clinical practice.

-Tiered Testing), definiowana jest jako zastosowanie
czulego testu immunoenzymatyczny (EIA), po kto-
rym wykorzystujemy uzupetniajgce wysoko swoiste
badanie immunoblot. Ten scenariusz pozostaje naj-
powszechniej stosowanym narzedziem wspierajagcym
diagnostyke kliniczng boreliozy. Istnieja badania,
ktore szacujg czuto§¢ dwuetapowego protokotu dia-
gnostycznego w pozniejszych manifestacjach choroby
na nierealistyczne 100% (11), podczas gdy inni podaja
czulo$¢ na poziomie 56% (12) lub mniej (13). Brak pet-
nej standaryzacji testow, jak réwniez brak jasnej defi-
nicji etapdw choroby oraz retrospektywny charakter
wielu opracowan naukowych sprawiaja, ze ustalenie
faktycznej czulosci zastosowanej techniki diagno-
stycznej staje si¢ jeszcze trudniejsze. Wraz z progresja
zakazenia Borrelia burgdorferi, od stadium wczesne-
go do pdznego, obserwujemy wzrost czutosci testu.
Zastosowanie CTTT w pozniej boreliozie odznacza
si¢ bardzo wysoka czutoscig. Jednak w grupie pa-
cjentow pediatrycznych rzadko dochodzi do progresji
do p6znych postaci choroby. Badania serologiczne sa
bezuzyteczne na bardzo wczesnym etapie zakazenia,
poniewaz wykrycie odpowiedzi organizmu w posta-
ci produkcji przeciwcial wymaga czasu. Zbyt wcze-
sne wykonanie testu diagnostycznego skutkuje duza
liczba wynikow falszywie ujemnych, spotykanych
we wczesnym stadium choroby u 70% pacjentow
(11). Test potwierdzenia immunoblot to czasochlon-
na i kosztowna procedura, ktora charakteryzuje si¢
nizsza czuto$cia w porownaniu do EIA, lecz istotnie
wicksza swoistoscig. Test immunoblot moze da¢ wy-
nik falszywie ujemny w pierwszych tygodniach za-
kazenia, co w konsekwencji moze prowadzi¢ do po-
trzeby wykonania drugiego oznaczenia, gdy pierwszy
wynik jest watpliwy. Immunoblot IgM jest zalecany
tylko do diagnostyki wczesnego stadium choroby (do
4 tygodni) i nie powinien by¢ stosowany w pozniejszej
diagnostyce. Nieprawidtowe stosowanie tej techniki
u pacjentow z przedtuzajacymi sie, niespecyficznymi
objawami, moze raczej ujawni¢ falszywie dodatnig
reakcje, niz wskazywac na prawdziwe zakazenie (14).

Zmodyfikowany dwuetapowy algorytm testowania
(ang: MTTT - Modified Two-Tiered Testing) opiera si¢
na sekwencji dwoch réznych testéw immunoenzyma-
tycznych bez uzycia metody immunoblot (15). Testy
serologiczne wykorzystujace jako antygen pelny lizat
bakteryjny sa bardzo czute, ale moga reagowac krzy-
ZOWO z innymi epitopami. Opracowano nowy typ te-
stu immunoenzymatycznego, w ktorym zastosowano
rekombinowane biatka Iub syntetyczne peptydy uni-
katowe dla Borrelia burgdorferi. Testy serologiczne
oparte na takich epitopach moga by¢ przydatne jako
drugi test w dwuetapowym zmodyfikowanym al-
gorytmie MTTT. Mozliwe jest to dzigki minimalnej
reaktywnosci krzyzowej nowego testu EIA z obcymi

655



Marta Wozinska-Klepadto, Kacper Toczytowski, Artur Sulik

Low sensitivity in the early stage of Lyme disease
is not the only problem that serological diagnostics
poses. Another disadvantage is the persistence of
specific IgM and IgG antibodies for months or years
despite successful treatment (24). This results in
repeated unnecessary antibiotic treatment until the
serological response is no longer observed. Moreover,
for children in endemic areas, previous tick bites might
be responsible for positive test results. Another problem
with the diagnosis of Lyme disease is the significant
variability of the results in different laboratories
(25). This is due to the variety of tests available on
the market and different antigen panels used in them.
Difficulties in interpreting test results from different
laboratories result in repeated serological tests. This
generates unnecessary stress in the child and increases
the costs of diagnostics.

Serological tests are imperfect. Moreover, there
are many misconceptions about the diagnosis of
Lyme disease in children. Testing for Lyme disease
in patients who do not meet the clinical criteria for
the disease is not recommended and can lead to many
false-positive results. This applies, for example, to the
repeated ordering of serological tests in patients with
autism spectrum disorder (26), although randomized
studies have not proven any relationship between
the occurrence of these behavioral deficits and Lyme
disease (27). A patient with a positive Lyme disease
test result faces multiple problems which derive from
the diagnosis itself. It is particularly difficult to explain
to the parents of the child the complex nature of false-
positive results and the intricacies of serological
diagnosis of Lyme disease. The desire to see a negative
serological test result close to zero, rather than below
the manufacturer’s cut-off value, is another common
misunderstanding of EIA interpretation rules. Some
doctors use a series of serological tests after treatment
is finished to meet the expectations of parents who
demand clear evidence that their child was cured.

Some data from the literature suggest that standard
diagnostic procedures may leave many Lyme cases
undetected. One Canadian study uses an analysis of
the incidence of Lyme disease in adjacent cross-border
provinces and data from observation of the disease in
dogs to predict the incidence of cases in humans (28).
The authors speculate that the reported incidence of
Lyme disease in humans is highly underestimated. The
concept, or rather the myth of the seronegativity (29)
of Lyme disease, adds even more fuel to the difficult-
to-deny rumors about the disease.

UNCONVENTIONAL TESTS

A number of activities have been undertaken to
develop completely new types of tests that would
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antygenami. Antygenem uzytym w testach immuno-
enzymatycznych nowej generacji jest powierzchniowa
lipoproteina E (VISE) lub jej wybrana czg¢$¢, najcze-
sciej peptyd C6 — epitop odpowiadajacy szostemu,
niezmiennemu regionowi (IR6) w VIsE (16). Anty-
geny o wysokiej ekspresji in vivo w VISE, moga zna-
czaco poprawi¢ czutos¢ testu (17-19). Wykorzystanie
w spektrum antygenowym peptydu C6 pochodzacego
z VISE, poprawia swoisto$¢ testu w porownaniu do
lizatu petnokomorkowego EIA (17,20). Testy wyko-
rzystujace dodatkowy antygen VISE moga ostatecznie
zastapi¢ immunobloting jako test potwierdzajacy cho-
rob¢ z Lyme. Taka strategia zostata oceniona na duzej
grupie dzieci z objawami zapalenia stawow pozwala-
jac prawidtowo zidentyfikowac dzieci z septycznym
zapaleniem stawow (21). Test zostal réwniez z powo-
dzeniem zastosowany do oceny skutecznosci leczenia
boreliozy (22-23), cho¢ powtarzanie testow opartych
0 oznaczanie miana przeciwcial nie jest rutynowo za-
lecane w praktyce kliniczne;.

Niska czulo$¢ we wczesnej fazie boreliozy nie
jest jedynym problemem zwigzanym z diagnostyka
serologiczng. Inng wada jest utrzymywanie si¢ spe-
cyficznych przeciwciat IgM i IgG przez miesigce lub
lata mimo skutecznego leczenia (24). Powoduje to po-
wtorne, niepotrzebne leczenie antybiotykami w ocze-
kiwaniu na ustapienie odpowiedzi serologicznej. Co
wiecej, w przypadku dzieci zamieszkujacych tere-
ny endemiczne, pozytywny wynik testu moze mieé
zwigzek z wezesniejszymi uktuciami kleszczy. Innym
problemem pojawiajacym si¢ w diagnostyce borelio-
zy jest znaczna zmienno$¢ wynikow w zaleznosci od
wybranego laboratorium (25). Wynika to z réznorod-
nosci testow dostepnych na rynku i tym samym ro6z-
nych paneli antygenowych wykorzystywanych przez
testy opracowane przez poszczegdlnych producentow.
Trudnos$ci w interpretacji wynikow badan pochodza-
cych z réznych laboratoriéow przektadajg si¢ na powta-
rzanie badan serologicznych generujac niepotrzebny
stres u dziecka oraz mnozac koszty diagnostyki.

Niedoskonatos¢ testow serologicznych jest faktem.
Ponadto, istnieje wiele btednych przekonan na temat
diagnostyki boreliozy u dzieci. Zlecanie testow na
borelioze¢ u pacjentow, ktorzy nie spetniajg kryteriow
klinicznych choroby nie jest zalecane i moze prowa-
dzi¢ do wielu fatszywie dodatnich wynikéw. Dotyczy
to przyktadowo wielokrotnego zlecania testow sero-
logicznych u pacjentéw z zaburzeniami ze spektrum
autyzmu (26), pomimo ze w randomizowanych ba-
daniach nie udowodniono zadnego zwigzku wyste-
powania tych deficytow behawioralnych z borelioza
(27). Niezwykle trudno jest zdja¢ z pacjenta ,,etykiete”
pozytywnego wyniku badania w kierunku boreliozy.
Szczegolng trudno$¢ sprawia wyjasnienie rodzicom
dziecka zlozonej natury fatszywie dodatnich wynikow
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support the clinical diagnosis of Lyme disease. Among
the many molecules that can be used in the diagnosis
of Lyme disease, the chemokine CXCLI13 seems to be
the best known, although it is still not used in routine
medical practice. CXCL13 is an important factor in the
humoral immune response. Its elevated concentrations
in the cerebrospinal fluid (CSF) induce the influx of B
lymphocytes into the central nervous system, which
results in intrathecal production of antibodies (30). The
concentration of CXCL13 in the cerebrospinal fluid is
elevated in neuroborreliosis in both adults and children
(31-34). Interestingly, high concentration of CXCL13
may also be found in some patients suffering from other
tick-borne diseases, namely tick-borne encephalitis
(35). Additionally, a decrease in the concentration of
CXCL 13 may indicate that the implemented antibiotic
therapy is effective (36). It is also speculated that the
T-cell derived cell chemokine CCL19 (37) or IFN-a (38)
may increase the risk of post-Lyme disease syndrome
(PLDS). The syndrome is characterized by the
presence of recurrent, persistent pain and fatigue after
treatment, and its immunological nature is not fully
understood. It should be noted that PLDS is extremely
rare in children. Another innovative approach that
supports the diagnosis of early stage of Lyme disease
is the identification of metabolic biosignatures in the
serum. The body’s metabolic profile changes under
the influence of various factors, including infection
and infectious diseases. Consequently, these changes
may reflect the existence of a number of diseases
and be used in their diagnosis. Studies by Bryn et al.
carried out using liquid chromatography combined
with mass spectrometry (LC-MS) in people with
early stage Lyme disecase showed changes in the
metabolic pathways of some lipids related to, inter alia,
inflammatory response and mitochondrial functioning
(39). In the future, metabolomics may help identify
biomarkers that indicate successful treatment of Lyme
disease (38-40). Another new idea for the future of
Lyme disease diagnostics may be to find a typical
signature of gene expression in the host organism
(41). In studies of the transcriptome using the next
generation sequencing (NGS) method in patients with
newly diagnosed Lyme disease, it was observed that
the change in the expression of certain genes is unique
for this disease. Out of over 1,200 genes with altered
expression compared to the control group, no more
than 44% coincided with the signature of changes
in other diseases. Identification of the transcriptome
signature in the early stage of Lyme disease may
be helpful in sensitive clinical diagnosis during the
so-called serological window, before the antibody
response occurs (41).

Bearing in mind the imperfections of Lyme disease
diagnostics based on the results of laboratory tests, the

oraz zawilosci diagnostyki serologicznej boreliozy.
Che¢ zobaczenia warto$ci ujemnego wyniku badania
serologicznego w poblizu zera, a nie ponizej okreslo-
nej przez producenta wartosci odcigcia, jest kolejnym
czg¢stym niezrozumieniem zasad interpretacji wyniku
testu EIA. Niektorzy lekarze stosujg wiec seri¢ testow
serologicznych po zakonczonym leczeniu, aby wyjs¢
naprzeciw oczekiwaniom rodzicow, ktorzy chcg otrzy-
mac jednoznaczny dowdd wyleczenia swoich dzieci.

Niektore dane z literatury sugeruja, iz standardowe
procedury diagnostycznie mogg pozostawia¢ niewy-
kryta duza liczbe przypadkéw boreliozy. Jedno z ka-
nadyjskich badan wykorzystuje analiz¢ czg¢stosci wy-
stepowania boreliozy w sasiednich prowincjach tran-
sgranicznych oraz dane z obserwacji choroby u psow,
aby przewidzie¢ czgsto$¢ wystgpowania przypadkow
u ludzi (28). Autorzy spekuluja, iz raportowana za-
padalno$¢ na borelioze u ludzi jest mocno zanizona.
Koncepcja, a raczej mit o seronegatywnosci (29) bo-
reliozy, dodaje jeszcze wigcej paliwa do trudnych do
rozproszenia plotek o chorobie z Lyme..

NIEKONWENCJONALNE TESTY

Podjeto szereg dzialan majacych na celu opracowa-
nia zupetnie nowych rodzajow testow, ktore wspiera-
lyby kliniczne rozpoznanie boreliozy Sposrod wielu
czasteczek mogacych mie¢ zastosowanie w diagnosty-
ce boreliozy chemokina CXCLI13, wydaje si¢ by¢ naj-
lepiej poznana, cho¢ wciaz nie jest wykorzystywana
w rutynowej praktyce lekarskiej. CXCL13 jest waz-
nym czynnikiem humoralnej odpowiedzi immunolo-
gicznej. Jej podwyzszone stezenia w ptynie mézgowo
rdzeniowym (PMR) wywotuja naptyw limfocytow B
do osrodkowego uktadu nerwowego, co skutkuje we-
wnatrzoponowym wytwarzaniem przeciwciat (30).
Stezenie CXCL13 w plynie mozgowo rdzeniowym jest
podwyzszone w neuroboreliozie zarowno u dorostych,
jak 1 u dzieci (31-34). Co cickawe, stezenie CXCL13
moze by¢ rowniez wysokie u niektoérych pacjentow
cierpigcych na inne choroby odkleszczowe, a mianowi-
cie kleszczowe zapalenie mézgu (35). Dodatkowo spa-
dek jej stgzenia moze $wiadczy¢ o skutecznosci wdro-
zonej antybiotykoterapii (36). Ponadto spekulowano
rozwazano réwniez, ze inna chemokina komdrkowa
CCLI19 pochodzaca z limfocytow T (37) czy tez IFN —
alfa (38) moga by¢ czynnikami ryzyka rozwoju zespo-
tu poboreliozowego. Zespot ten charakteryzuje obec-
nos$¢ nawracajgcego, uporczywego bolu i zmeczenia
po leczeniu, a jego immunologiczny charakter nie jest
do konca poznany. Nalezy zauwazy¢, iz zespot pobore-
liozowy niezwykle rzadko wystgpuje u dzieci. Innym
nowatorskim podejsciem wspomagajacym diagnosty-
ke wczesnego stadium choroby w Lyme jest identyfi-
kacja biosygnatur metabolicznych w surowicy pacjen-
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idea of diagnosing the disease in children based on the
clinical symptoms was put forward (42).

DIAGNOSIS BASED ON CLINICAL
SYMPTOMS

Erythema migrans is an expanding rash often
seen in the early stage of Lyme disease and the most
common symptom of the disease in children. It is
widely believed that erythema migrans, due to its key
features such as location, size and appearance, enables
the diagnosis of Lyme disease without additional
laboratory tests. Unfortunately, this characteristic skin
lesion does not occur in every patient, and even if it
does, it often goes completely unnoticed. In children,
erythema migrans is even more difficult to observe
than in adults. In shorter children tick bites are more
common on the head and neck than on the limbs (43-
44). Nymphs and even adult ticks can be barely visible
on the scalp, so a tick bite in this area may not be
recognized for a long time. Moreover, sometimes the
skin lesion’s shape does not resemble the typical “bull’s
eye”. Thus, it makes it more difficult to diagnose the
disease. The diagnosis of Lyme disease requires for
the erythema’s diameter to be is at least 5 cm (45),
although this minimum size should be regarded only as
a clue. Erythema migrans also requires differentiation
from a local allergic reaction to a tick bite, which
appears immediately after the bite, does not increase
in diameter and may be accompanied by itching.
Moreover, a significant percentage of children have
multiple erythema migrans, defined as multiple skin
lesions appearing outside the tick bite site (46). These
patients need accurate differential diagnosis. Multiple
erythema migrans requires careful differentiation
from other erythematous changes found in children,
such as hives, erythema multiforme or serum sickness.

SUMMARY

We need a breakthrough laboratory technique
in the diagnosis of Lyme disease that will support
clinicians in making treatment decisions. While
significant progress has been made recently, there
is still room for further development in this area.
A sensitive diagnostic test that confirms only an active
infection is still not available in clinical practice and
remains every clinician’s dream. In doubtful cases, the
solution seems to be to combine the various techniques
available, for example a new serological technique with
advanced direct testing. Individualized diagnostics
may be required for children with different symptoms
of Lyme disease. It would be very difficult to develop
a universal diagnostic protocol for every child with
Lyme disease.
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tow. Profil metaboliczny organizmu zmienia si¢ pod
wptywem réznych czynnikow, w tym infekcji i chorob
zakaznych. Co za tym idzie zmiany w nim mogg od-
zwierciedla¢ stan choroby i1 by¢ wykorzystywane do
diagnostyki réznych choréb. Badania Bryna i wspotau-
torow przeprowadzone metoda chromatografii cieczo-
wej polaczonej ze spektrometrig mas (LC-MS) u osob
z wezesng faza boreliozy wykazaty zmiany w szlakach
metabolicznych niektorych lipidow zwigzanych mig-
dzy innymi z odpowiedzig zapalna i funkcjonowaniem
mitochondriow (39). W przysztosci metabolomika
moze pomdc zidentyfikowaé biomarkery wskazujace
na skuteczne leczenie choroby z Lyme (38-40). Kolej-
nym nowym pomystem na przysztos¢ diagnostyki bo-
reliozy moze by¢ znalezienie typowej sygnatury eks-
presji gendw w organizmie gospodarza (41). W bada-
niach transkryptomu metodg sekwencjonowania nowej
generacji (next generation sequencing - NGS) pacjen-
tow ze $wiezo rozpoznang borelioza zauwazono, ze
zmiana ekspresji niektorych genow jest unikatowa dla
tej jednostki chorobowej. Sposrod ponad 1200 genow
o ekspresji zmienionej wzgledem grupy kontrolnej, nie
wiecej niz 44% pokrywato si¢ z sygnaturg zmian w in-
nych jednostkach chorobowych. Identyfikacja trwatej
sygnatury transkryptomu we wczesnej fazie boreliozy
moze staC si¢ w przyszlosci pomocna w czulej dia-
gnostyce klinicznej, w ,, oknie serologicznym” jeszcze
przed pojawieniem si¢ odpowiedzi w postaci produkcji
przeciwcial (41).

Majac na uwadze niedoskonatos$ci diagnostyki
choroby z Lyme opartej na wynikach badan labora-
toryjnych wysuni¢to pomyst rozpoznawania choroby
u dzieci bazujgc na objawach klinicznych choroby (42).

DIAGNOZA OPARTA NA OBECNOSCI
CHARAKTERYSTYCZNYCH OBJAWOW
KLINICZNYCH

Rumien wedrujacy to stopniowo powickszajaca si¢
zmiana skorna, wystepujagca we wcezesnym stadium
boreliozy, najczestszy objaw choroby u dzieci. Po-
wszechnie uwaza sie, iz rumien wedrujacy ze wzgledu
na swoje kluczowe cechy takie jak lokalizacja, rozmiar
i wyglad, pozwala na rozpoznania choroby z Lyme bez
koniecznosci wykonywania dodatkowych badan labo-
ratoryjnych. Niestety nie u kazdego pacjenta na skorze
pojawia si¢ ta charakterystyczna zmiana skorna, nie-
jednokrotnie tez pozostaje kompletnie niezauwazona.
U dzieci zaobserwowanie rumienia wedrujacego moze
by¢ nawet trudniejsze, niz u dorostych. U tych dzieci,
ktore sg nizszego wzrostu, uktucia kleszczy spotyka
si¢ czesciej w okolicy glowy 1 szyi niz na konczynach
(43-44). Nimfy, a nawet doroste kleszcze moga byc¢
ledwo widoczne w skorze owtosionej glowy, dlatego
uktucie kleszcza w tej okolicy moze by¢ dtugo nieroz-
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Due to the lack of uniform diagnostic protocols,
which makes it difficult to provide appropriate
therapeutic recommendations, the prevention of
Borrelia infections is important. As immunization is
currently unavailable, the only way to prevent Lyme
disease is to avoid tick bites. Thus, avoiding risk areas,
using tick repellents and wearing appropriate clothing
is recommended. In addition, early tick removal is of
great importance, because it prevents the transmission
ofinfection from an infected tick. If a child is exposed to
Borrelia, the history of recent antibiotic therapy should
be carefully examined. Many children are treated for
respiratory infections with beta-lactam or macrolide
antibiotics several times a year. Thus it possible that
no additional treatment is required after the diagnosis
of Lyme disease, because the patient already receives
medication for another infection. Although there are
numerous problems with the diagnostics of Lyme
disease in children, there is also good news: children
respond well to early treatment, and therefore long-
term effects of the disease or the development of its
chronic forms are unlikely in properly treated patients
in this age group.
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PODSUMOWANIE

W diagnostyce choroby z Lyme oczekuje si¢ na
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By¢ moze konieczne bedzie stosowanie diagnostyki
zindywidualizowanej dla dzieci z r6znymi objawami
choroby z Lyme. Opracowanie uniwersalnego proto-
kotu diagnostycznego dla kazdego dziecka z choroba
z Lyme moze by¢ trudne do osiagniecia.

Brak jednolitych protokotow diagnostycznych
utrudniajacych wydanie wlasciwych zalecen terapeu-
tycznych sprawia, ze istotna pozostaje profilaktyka
zakazen kretkami Borrelia. Poniewaz obecnie nie jest
dostepne szczepienie ochronne, jedynym sposobem
zapobiegania chorobie z Lyme jest unikanie ukgszen
przez kleszcze. Oznacza to omijanie obszarow za-
grozonych, uzywanie srodkow odstraszajacych paje-
czaki i stosowanie odpowiedniej odziezy. Nie mozna
pominac¢ roli, jaka przypisuje si¢ wczesnemu usuwa-
niu kleszczy, co zapobiega przeniesieniu zakazenia
nawet w przypadku uklucia przez zainfekowanego
kretkami kleszcza. W przypadku narazenia dziecka
na zakazenie Borrelia nalezy doktadnie zbadaé wy-
wiad odno$nie niedawno stosowanej antybiotykotera-
pii. Duza czg¢$¢ dzieci kilka razy w roku jest leczona

659



Marta Wozinska-Klepadto, Kacper Toczytowski, Artur Sulik

10.

11.

12.

13.

14.

15.

16.

17.

18.

660

burgdorferi from whole blood of patients with
early Lyme disease. PLoS ONE. 2012;7(5):e36825.
doi:10.1371/journal.pone.0036825

Nocton JJ, Bloom BJ, Rutledge BJ, et al. Detection
of Borrelia burgdorferi DNA by polymerase
chain reaction in cerebrospinal fluid in Lyme
neuroborreliosis. J Infect Dis. 1996;174(3):623-
627. doi:10.1093/infdis/174.3.623

Liveris D, Schwartz I, McKenna D, et al
Comparison of five diagnostic modalities for
direct detection of Borrelia burgdorferi in patients
with early Lyme disease. Diagn Microbiol
Infect Dis 2012;73(3):243-245.  doi:10.1016/].
diagmicrobio.2012.03.026

Branda JA, Lemieux JE, Blair L, et al. Detection
of Borrelia burgdorferi Cell-free DNA in Human
Plasma Samples for Improved Diagnosis of Early
Lyme Borreliosis. Clin Infect Dis Published online
June 25, 2020. doi:10.1093/cid/ciaa858

Steere AC, McHugh G, Damle N, Sikand VK.
Prospective study of serologic tests for lyme
disease. Clin Infect Dis. 2008;47(2):188-195.
doi:10.1086/589242

Stricker RB, Johnson L. Let’s tackle the
testing. BMJ. 2007;335(7628):1008. doi:10.1136/
bmj.39394.676227.BE

Cook MJ, Puri BK. Commercial test kits for
detection of Lyme borreliosis: a meta-analysis
of test accuracy. Int J Gen Med. 2016;9:427-440.
doi:10.2147/1JGM.S122313

Halperin JJ, Baker P, Wormser GP. Common
misconceptions about Lyme disease. Am J Med
2013;126(3):264.¢1-7.doi:10.1016/j.amjmed.2012.10.008
Strobino B, Steinhagen K, Meyer W, et al
A Community Study of Borrelia burgdorferi
Antibodies among Individuals with Prior Lyme
Disease in Endemic Areas. Healthcare (Basel).
2018;6(2). doi:10.3390/healthcare6020069
Gomes-Solecki MIC, Meirelles L, Glass J,
Dattwyler RJ. Epitope length, genospecies
dependency, and serum panel effect in the IR6
enzyme-linked immunosorbent assay for detection
of antibodies to Borrelia burgdorferi. Clin Vaccine
Immunol 2007;14(7):875-879. doi:10.1128/
CVI1.00122-07

Branda JA, Linskey K, Kim YA, Steere AC, Ferraro
MJ. Two-tiered antibody testing for Lyme disease
with use of 2 enzyme immunoassays, a whole-cell
sonicate enzyme immunoassay followed by a VIsE
C6 peptide enzyme immunoassay. Clin Infect Dis.
2011;53(6):541-547. doi:10.1093/cid/cir464

Branda JA, Aguero-Rosenfeld ME, Ferraro MJ,
Johnson BJB, Wormser GP, Steere AC. 2-tiered
antibody testing for early and late Lyme disease
using only an immunoglobulin G blot with the
addition of a VISE band as the second-tier test. Clin
Infect Dis. 2010;50(1):20-26. doi:10.1086/648674

antybiotykami beta-laktamowymi lub makrolidowy-
mi z powodu zakazen drog oddechowych. Moze si¢
zdarzy¢, ze w momencie rozpoznania boreliozy nie
bedzie potrzebne dalsze leczenie, poniewaz zostato
ono juz zrealizowane wtasnie w ramach leczenia innej
infekcji. Chociaz napotykamy tak wiele probleméw
diagnostycznych boreliozy u dzieci, jest tez dobra
wiadomo$¢: dzieci dobrze reaguja na wezesnie zasto-
sowane leczenie i tym samym wystgpienie odlegtych
nastepstw choroby lub rozwdj postaci przewlektych,
co u prawidtowo leczonych pacjentow jest mato praw-
dopodobne w tej grupie wiekowe;.

19.

20.

21.

22.

23.

24,

25.

26.

Bacon RM, Biggerstaff BJ, Schriefer ME, et al.
Serodiagnosis of Lyme disease by kinetic enzyme-
linked immunosorbent assay using recombinant
VIsEl or peptide antigens of Borrelia burgdorferi
compared with 2-tiered testing using whole-
cell lysates. J Infect Dis. 2003;187(8):1187-1199.
doi:10.1086/374395

Wormser GP, Schriefer M, Aguero-Rosenfeld ME,
et al. Single-tier testing with the C6 peptide ELISA
kit compared with two-tier testing for Lyme
disease. Diagn Microbiol Infect Dis. 2013;75(1):9-
15. doi:10.1016/j.diagmicrobio.2012.09.003
Nigrovic LE, Bennett JE, Balamuth F, et
al. Diagnostic Performance of C6 Enzyme
Immunoassay for Lyme Arthritis. Pediatrics.
2020;145(1). doi:10.1542/peds.2019-0593

Philipp MT, Bowers LC, Fawcett PT, et
al. Antibody response to IR6, a conserved
immunodominant region of the VISE lipoprotein,
wanes rapidly after antibiotic treatment of Borrelia
burgdorferi infection in experimental animals
and in humans. J Infect Dis. 2001;184(7):870-878.
doi:10.1086/323392

Philipp MT, Wormser GP, Marques AR, et al.
A decline in C6 antibody titer occurs in successfully
treated patients with culture-confirmed early
localized or early disseminated Lyme Borreliosis.
Clin Diagn Lab Immunol. 2005;12(9):1069-1074.
doi:10.1128/CDLI.12.9.1069-1074.2005

Feder HM, Gerber MA, Luger SW, Ryan RW.
Persistence of serum antibodies to Borrelia
burgdorferi in patients treated for Lyme disease.
Clin Infect Dis. 1992;15(5):788-793. doi:10.1093/
clind/15.5.788

Fallon BA, Pavlicova M, Coffino SW, Brenner C.
A comparison of lyme disease serologic test results
from 4 laboratories in patients with persistent
symptoms after antibiotic treatment. Clin Infect
Dis. 2014;59(12):1705-1710. doi:10.1093/cid/ciu703
Bransfield RC, Wulfman JS, Harvey WT,
Usman Al The association between tick-borne
infections, Lyme borreliosis and autism spectrum



Diagnostics of Lyme disease in children

Diagnostyka boreliozy u dzieci

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

disorders. Med Hypotheses. 2008;70(5):967-974.
doi:10.1016/j.mehy.2007.09.006

Ajamian M, Kosofsky BE, Wormser GP,
Rajadhyaksha AM, Alaedini A. Serologic markers
of Lyme disease in children with autism. JAMA.
2013;309(17):1771-1773. doi:10.1001/jama.2013.618
Lloyd VK, Hawkins RG. Under-Detection of Lyme
Disease in Canada. Healthcare (Basel). 2018;6(4).
doi:10.3390/healthcare6040125

Dattwyler RJ, Volkman DJ, Luft BJ, Halperin
JJ, Thomas J, Golightly MG. Seronegative
Lyme disease. Dissociation of specific T- and
B-lymphocyte responses to Borrelia burgdorferi. N
Engl J Med. 1988;319(22):1441-1446. doi:10.1056/
NEJIM198812013192203

Irani DN. Regulated Production of CXCL13 within
the Central Nervous System. J Clin Cell Immunol.
2016;7(5). doi:10.4172/2155-9899.1000460
Markowicz M, Schotta A-M, Kundi M, et al.
CXCL13 concentrations in cerebrospinal fluid of
patients with Lyme neuroborreliosis and other
neurological disorders determined by Luminex
and ELISA. Ticks Tick Borne Dis. 2018;9(5):1137-
1142. doi:10.1016/j.ttbdis.2018.04.008

Pietikdinen A, Oksi J, Hytonen J. Point-of-care
testing for CXCL13 in Lyme neuroborreliosis.
Diagn Microbiol Infect Dis. 2018;91(3):226-228.
doi:10.1016/j.diagmicrobio.2018.02.013

Remy MM, Schobi N, Kottanattu L, Pfister S,
Duppenthaler A, Suter-Riniker F. Cerebrospinal
fluid CXCLI3 as a diagnostic marker of
neuroborreliosis in children: a retrospective case-
control study. J Neuroinflammation. 2017;14(1):173.
doi:10.1186/512974-017-0948-9

Barstad B, Tveitnes D, Dalen I, et al. The
B-lymphocyte chemokine CXCL13 in the
cerebrospinal fluid of children with Lyme
neuroborreliosis: associations with clinical and
laboratory variables. Infect Dis (Lond). 2019;51(11-
12):856-863. doi:10.1080/23744235.2019.1671988
Toczylowski K, Grygorczuk S, Osada J, et
al. Evaluation of cerebrospinal fluid CXCLI13
concentrations and lymphocyte subsets in tick-
borne encephalitis. Int J Infect Dis. 2020;93:40-47.
doi:10.1016/}.1jid.2020.01.023

Yang J, Han X, Liu A, et al. Chemokine CXC
Ligand 13 in Cerebrospinal Fluid Can Be Used
as an Early Diagnostic Biomarker for Lyme
Neuroborreliosis: A Meta-Analysis. J Interferon
Cytokine Res. 2017;37(10):433-439. doi:10.1089/
jir.2016.0101

Aucott JN, Soloski MJ, Rebman AW, et al. CCL19
asa Chemokine Risk Factor for Posttreatment Lyme
Disease Syndrome: a Prospective Clinical Cohort
Study. Clin Vaccine Immunol. 2016;23(9):757-766.
doi:10.1128/CVI1.00071-16

39.

40.

41.

42.

43.

44,

45.

46.

. Jacek E, Fallon BA, Chandra A, Crow MK,

Wormser GP, Alaedini A. Increased IFNa activity
and differential antibody response in patients with
a history of Lyme disease and persistent cognitive
deficits. J Neuroimmunol. 2013;255(1-2):85-91.
doi:10.1016/j.jneuroim.2012.10.011

Fitzgerald BL, Molins CR, Islam MN, et al. Host
Metabolic Response in Early Lyme Disease. J
Proteome Res. 2020;19(2):610-623. doi:10.1021/
acs.jproteome.9b00470

Molins CR, Ashton LV, Wormser GP, et al.
Development of a metabolic biosignature for
detection of early Lyme disease. Clin Infect Dis.
2015;60(12):1767-1775. doi:10.1093/cid/civ185
Bouquet J, Soloski MJ, Swei A, et al. Longitudinal
Transcriptome Analysis Reveals a Sustained
Differential Gene Expression Signature in
Patients Treated for Acute Lyme Disease. mBio.
2016;7(1):¢00100-00116. doi:10.1128/mBi0.00100-16
Lyme Disease 135, 136 | Red Book® 2018 | Red Book
Online | AAP Point-of-Care-Solutions. Published
September 6, 2020. Accessed September 6, 2020.
https://redbook.solutions.aap.org/chapter.aspx?
sectionld=189640125&bookld=2205&resultClick=1
Cull B, Pietzsch ME, Gillingham EL, McGinley
L, Medlock JM, Hansford KM. Seasonality
and anatomical location of human tick bites in
the United Kingdom. Zoonoses Public Health.
2020;67(2):112-121. doi:10.1111/zph.12659

Hiigli D, Moret J, Rais O, et al. Tick bites in a Lyme
borreliosis highly endemic area in Switzerland.
Int J Med Microbiol. 2009;299(2):155-160.
doi:10.1016/j.ijmm.2008.06.001

Vig DK, Wolgemuth CW. Spatiotemporal
Evolution of Erythema Migrans, the Hallmark
Rash of Lyme Disease. Biophys J. 2014;106(3):763-
768. doi:10.1016/j.bpj.2013.12.017

Glatz M, Resinger A, Semmelweis K, Ambros-
Rudolph CM, Miillegger RR. Clinical spectrum
of skin manifestations of Lyme borreliosis in
204 children in Austria. Acta Derm Venereol.
2015;95(5):565-571. doi:10.2340/00015555-2000

Received:30.11.2020 1.

Accepted for publication:14.12.2020 r.
Otrzymano: 30.11.2020 r.

Zaakceptowano do publikacji: 14.12.2020 r.

Address for correspondence:

Adres do korespondencji:

Dr hab. n. med. Artur Sulik

Klinika Obserwacyjno-Zakazna Dzieci, Uniwersytet
Medyczny w Biatymstoku,

ul. Waszyngtona 17, 15-274 Biatystok

telefon: 85 745 06 85

e-mail: artur.sulik@umb.edu.pl

661



vaccines

Article

Knowledge, Attitudes, and Behaviors Regarding Lyme
Borreliosis Prevention in the Endemic Area of
Northeastern Poland

Marta Wozinska, Kacper Toczylowski

check for
updates

Citation: Wozinska, M.; Toczylowski,
K.; Lewandowski, D.; Bojkiewicz, E.;
Sulik, A. Knowledge, Attitudes, and
Behaviors Regarding Lyme
Borreliosis Prevention in the Endemic
Area of Northeastern Poland.
Vaccines 2022, 10, 2163. https://
doi.org/10.3390/vaccines10122163

Academic Editor: Pedro
Plans-Rubié

Received: 10 November 2022
Accepted: 14 December 2022
Published: 16 December 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Dawid Lewandowski, Ewa Bojkiewicz and Artur Sulik *

Department of Pediatric Infectious Diseases, Medical University of Bialystok, Waszyngtona 17,
15-274 Bialystok, Poland
* Correspondence: artur.sulik@umb.edu.pl; Tel.: +48-857450685

Abstract: (1) Background: The incidence of Lyme borreliosis (LB) is increasing in Europe. The
new LB vaccine is still in clinical development, thus the dissemination of knowledge about the
disease is essential. We assessed the knowledge, attitudes and preventive practices (KAP) against
tick-borne diseases (TBDs) of people living in the endemic area in northeastern Poland. (2) Methods:
We surveyed 406 adults using a 37-item anonymous paper survey. The data were analyzed with
regression models. (3) Results: The two most popular knowledge sources were the Internet and
doctors, selected by 77.8% and 53.4%, respectively. Respondents felt moderately knowledgeable about
TBDs and tick bite prophylaxis (median scores 5/10, and 6/10, respectively), considered TBDs to be a
significant health threat (median 8/10), attributed high risk to tick mouthparts remaining in the skin
after tick removal (median 10/10), and shared multiple misconceptions regarding LB transmission,
symptoms, and management. General knowledge scores (GKS) about TBDs and tick protection
practices scores (TPS) were moderate (65.0%; IQR, 55.8-71.7%, 63.6%; 54.5-72.7%, respectively). Only
48.0% had a positive attitude towards TBE vaccination. A recent tick-bite was associated with higher
GKS (OR, 2.55; 95% CI, 1.27-5.10; p = 0.008), higher TPS (OR 4.76, 95% CI, 2.0-11.1; p < 0.001), and a
positive attitude towards TBE vaccine (OR 2.10, 1.07-4.10, p = 0.030). A positive vaccine attitude was
also associated with obtaining TBD knowledge from doctors and other verified sources (OR, 2.654,
1.66—4.23; p < 0.001). Age, place of residence, and frequent exposure to ticks in green areas were
not associated with GKS, TPS, nor vaccine attitude. (4) Conclusions: Increased risk perceptions are
associated with adoption of behaviors preventing TBDs. Medical professionals play an important
role in communicating knowledge about TBDs. There is a need to revise current communication
strategies with respect to tick bites and prevention of LB and other TBDs.

Keywords: Borrelia burgdorferi; Lyme borreliosis; tick bite; tick-borne diseases; Lyme vaccine

1. Introduction

Tick-borne diseases (TBDs) pose a great health risk to people living in endemic areas.
The most common TBDs include Lyme borreliosis (LB) and tick-borne encephalitis (TBE) [1].
In Europe, the main vector of LB is the tick Ixodes ricinus, and the most cases are reported
in the northern and central-eastern part of the continent [2,3].

LB is caused by Borrelia burgdorferi spirochetes of the Spirochaetaceae family, a part of the
Borrelia burgdorferi sensu lato complex [4]. The Borrelia burgdorferi sensu lato complex is a
very diverse group of bacteria. Based on various studies, numerous spirochete genospecies
have been identified, and more are expected to be discovered in the future [4]. Borrelia
burgdorferi sensu stricto, Borrelia afzelli and Borrelia garinii dominate among the species
commonly infecting humans [5]. The heterogeneity of Borrelia spirochetes is one of the
reasons for the diversity of clinical symptoms of the disease [6] that can affect skin, joints,
heart, or the peripheral or central nervous system [7]. The serological diagnosis of LB
is a great challenge due to the number of Borrelia species, their different geographical
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distribution, similarity to other pathogenic spirochetes resulting in the possibility of cross-
reactions, and the location of the infection in immunologically privileged sites [8-11].

The incidence of LB is increasing in many countries. One of the reasons is the observed
warming of the climate, which is conducive to the expansion of ticks to higher altitudes and
towards poles. There is, however, an observable decrease in tick populations in geographi-
cal regions that became too hot and dry due to the climate change [12]. Additionally, the
increase in LB incidence may be caused by the development of tourism, lifestyle changes
and popularization of outdoor sports as well as better knowledge and notification of the
cases by the physicians [1,13]. A similar increasing trend has been observed in Poland
in recent decades [14]. Only in the period from 2020 to 2021 there was a decrease in the
number of reported cases of LB, which could be related to the outbreak of the SARS-CoV-2
pandemic and the resulting limited access to diagnostics. This decrease in reported cases
resulted from the effects of the pandemic on TBD surveillance rather than an actual decrease
in the numbers of tickborne diseases. The data showed that incidence LB reduced compared
to prior years [15]. In Poland, the highest incidence is recorded in the northeastern part of
the country, where our research was conducted [14].

With increasing rates of LB all around the globe, as well as the challenging serodiag-
nostics and treatment, protecting people from the disease becomes more important than
ever. The undoubted success of the TBE vaccine in reducing the incidence of tick-borne
encephalitis in endemic areas indicates that it is the right way to reduce the incidence of
LB [16]. Researchers have been searching for an effective vaccine against LB since the 1970s.
A vaccine based on the outer surface protein A (OspA) lipoprotein was approved by the
US Food and Drug Administration (FDA) in the United States in 1998 [17]. A number of
unfavorable reports and the activity of anti-vaccine movements contributed to the with-
drawal of this vaccine [18,19]. Recently, a new attempt to develop a vaccine has been made,
for instance vaccine VLA15 which also targets the OspA of Borrelia burgdorferi [20,21] or LB
vaccine using mRNA to encode tick saliva proteins [22].

Final registration and public acceptance of vaccination against Borrelia will provide
real protection against the disease caused by the bacteria. Until then, tick bite prophylaxis
and its consistent application is the only method of protection against the disease [23].
Avoiding places with high grass, hiking in the middle of the trails, avoiding leaf litter,
wearing long-sleeved clothing, carrying out tick control on the whole body and removing
ticks promptly is included to taking steps to protect from getting a tick bite. Research shows,
that the use of repellent is one of the least frequently chosen methods of tick protection,
probably due to the high cost and the false perception that these products may be toxic to
the skin [24].

Assessment of knowledge, attitudes and practices (KAP) in the exposed population is an
important element in the prevention of infection with tick-borne pathogens [25,26]. Previous
studies pointed that TBD awareness among healthcare professionals [25,27], people living
in endemic area [26], and foresters [28] was inadequate. However, respondents had a
favorable attitude towards a future LB vaccine [25,28,29]. Increasing the knowledge through
appropriate educational activities could improve TBD awareness, reduce the exposure to
tick bites, and thus have a positive impact on public health.

Although exposure to TBDs is particularly high in our geographic region, little is
known about TBD awareness. The aim of our study is to assess the knowledge and
attitudes of respondents to TBDs, in particular LB, as well as to learn about behaviors
related to tick bites.

2. Materials and Methods
2.1. Study Design and Setting

The survey, based on an anonymous questionnaire consisting of 37 questions, was con-
ducted at the Department of Pediatric Infectious Diseases, Medical University of Bialystok
in 2019-2021. The participants of the study were recruited among parents of children hospi-
talized in the above-mentioned department. All respondents lived in northeastern Poland,
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which is endemic for TBDs. The research was conducted with the consent of the Bioethics
Committee of the Medical University of Bialystok (approval number R-1-002/489/2019)

The questionnaire assessed knowledge, attitudes, and preventive practices against
TBDs. In questions assessing knowledge, we used multiple choice questions. Attitudes and
practices were determined using a fully labelled 10-point Likert scale, ranging from “of
little importance” to “highly important”.

In the area of knowledge, we asked respondents to choose TBDs from a list of various
health conditions, identify a tick on an illustration, select correct tick bite management, and
also point symptoms, ways of transmission and methods of treatment of LB. The General
Knowledge Score (GKS) was calculated on the basis of the number of correct answers.
To assess the attitude towards TBDs we asked respondents to compare disease burden
that they associate with TBDs, cancer and cardiovascular disease (CVD). Additionally, the
respondents were asked if tick mouthparts remaining in the skin after tick removal pose
any health danger, and if they or their child received a postexposure prophylaxis with
antibiotics after a tick bite. Preventive practices were assessed by determining preferable
tick bite protection methods, and use of repellents. The responses were then rated, and the
tick protection score (TPS) was calculated by adding +1 point to a sum for every proper
method labelled by the respondent as important (7 points or more in the Likert scale) and for
every ineffective method or unimportant repellent characteristic labelled as nonimportant
(4 points or less). For instance, an individual receives 8 points if they reported buying a
repellent in the last year, and gives at least 7 out of 10 points in the Likert’s scale (interpreted
as important) for post exposure body inspection, washing clothes post exposure, using
proper clothing while outdoors, treating clothes with repellents and applying topical
repellents on skin, while gives 4 points or less (interpreted as “unimportant”) to use of
electronic repellants and oral supplements. For giving 4 points or less to pleasant smell,
natural ingredients and lack of DEET as qualities of a repellent, an additional 3 points
were added to a maximum score of 11. Additionally, we calculated a second index of
tick protection, named “poor repellent practice”, defined as answering two or more of the
following: not buying repellents, preferring products without DEET, preferring products
containing natural ingredients, and preferring products having a pleasant smell (defined
as rating 5 points or more in the 10-point Likert’s scale). We also assessed attitudes to the
tick-borne encephalitis vaccine, which is the only vaccine used in prevention of TBDs in
humans currently.

2.2. Information about the Interviewees

The collected data included: demographic data (gender, age, education level, place of
residence), frequency of staying in green areas, past and last year tick bites, history of tick
bites in the respondents’ children. Additionally, the participants of the study were asked
about the sources of knowledge about TBDs and the prevention of tick bites, as well as
about the occurrence of TBDs in the immediate family.

2.3. Data Analysis

The quality of this survey was asserted by two small (n = 20) pilot phases, during
which we distributed the first versions of the survey among the hospital staff. After
collecting the feedback, we improved the quality of the survey and prepared the final
version of the questionnaire. Data were collected with anonymous questionnaires printed
on paper. Subsequently, it was entered and compared by 3 independent people using
Microsoft Excel, which reduced the risk of errors. Vague responses were reviewed by the
principal investigator to determine the correct answer. We removed surveys that were
illegible or in which the majority of answers were missing. In the case of only a few key
answers missing we included this questionnaire but accounted for missing data in the
analysis. Before the analysis we checked if the proportion of missing data is below 5% in
each question.
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The multivariate binominal logit regression model with the backward stepwise method
was used to calculate factors associated with knowledge about TBDs, and tick protection
practices. The results are presented as odd ratios (OR) with corresponding 95% confidence
intervals (95% CI). Variables describing all personal factors (age, sex, place of residence,
education, exposure to tick bites) were included in these analyzes as confounders. The
relative disease burden assessed by the respondents was compared in one-way mixed-
effects ANOVA and Tukey’s multiple comparisons post hoc test. A p-value less than 0.05
was considered statistically significant. All analyses were performed using TIBCO Software
Inc. (2017) Statistica, version 13 (Palo Alto, CA, USA) and GraphPad Prism version 9.4.0
for Windows, GraphPad Software (San Diego, CA, USA).

3. Results
3.1. Characteristics of the Study Group

After removing 59 incomplete surveys, we included 406 questionnaires collected from
325 women (82%, 325/397), 72 men (18%, 72/397), and 9 people (2%) who did not specify
their gender. One hundred sixty-one respondents (41%) had been bitten by a tick in the
past at least once, and 66 (16%) of them were bitten within the last year. Moreover, 21 (5%)
respondents had been bitten by a tick more than once. Additionally, 123 (31%) respondents
answered that their child had been bitten by a tick at least once, and 40 (10%) more than
once (Table 1).

Table 1. Personal characteristics of the respondents.

Individual—Related Characteristic Number (%)
Gender 406 (100%)
Male 72/397 (18%)
Female 325/397 (82%)
400 (100%)
74/400 (18%)
A
o 235/400 (59%)
30-39 79/400 (20%)
4049 12/400 (3%)
>49 400 (100%)
Education 10/400 (2%)
Primary 88/400 (22%)
Secondary 37/400 (9%)
Vocational 267 /400 (67%)
Place g%%ggfdence 397 (100%)
Rural 165/397 (42%)
Urban 232/397 (58%)
Bitten by a tick in the past 161/388 (41%)

Bitten by a tick in the last year

at least once 66/402 (16%)
Bitten by a tick in the last year 21/405 (5%)
more than once
Respondent‘s child bitten by a tick 123/393 (31%)
in the past
Respondent’s child bitten by a tick 40/405 (10%)

more than once

Data presented as frequencies and percentages. Denominators lower than the study group indicate missing data.

3.2. Knowledge

The median GKS result was 65.0% (interquartile range (IQR), 55.8%, 71.7%). Using the
regression model, we analyzed the differences between the respondents with high level of
knowledge (GKS score above the median value) and the respondents with low levels of
knowledge (GKS below the median value) in order to identify variables correlated with
the knowledge levels. Respondents with high levels of general knowledge more often
graduated from a university (OR, 1.70, 95% CI, 1.01-2.85; p = 0.047), felt more confident
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about TBD and prophylaxis (OR, 2.62; 95% CI, 1.55—4.41, p < 0.001), were more likely to
be bitten by a tick recently (OR, 2.55; 95% CI, 1.27-5.10, p = 0.008), and were less likely
to have a poor repellent practice(OR, 0.58; 95% CI, 0.36-0.94). High level of knowledge
was also associated with not accepting unverified treatment for Lyme borreliosis, for
instance: supplementation with vitamins, homeopathy, hydrocolonotherapy, hyperbaric
chamber therapy, ozone therapy, bioresonance therapy, chelation therapy and therapy with
intravenous vitamin C. Unverified treatment for Lyme disease was more often suggested
by respondents with lower GKS scores (OR, 1.75; 95% CI, 1.04-2.95, p = 0.036). Knowledge
scores were not associated with sex, age, place of residence, and exposure to ticks in
green areas.

The majority of the respondents (77.8%) use the Internet as their source of information
on TBDs and tick bite prophylaxis. The second most popular knowledge source were
doctors selected by 53.4%. A total of 153 (37.7%) respondents relied on non-verified sources
of knowledge about TBDs only (the Internet, friends, popular science literature, other
people diagnosed with TBDs, TV and radio). Respondents who relied on verified sources of
knowledge (doctors, pharmacists, official medical websites and textbooks) were more likely
to be under 30 years of age (OR, 2.36, 1.21-4.61, p = 0.012), have a positive attitude towards
TBE vaccines (OR 2.82, 1.71-4.64, p < 0.001), have a child bitten by a tick (OR 2.12, 1.19-3.77,
p = 0.011), and were bitten by a tick anytime in the past (OR 2.50, 1.46-4.28, p = 0.001).

Common misconceptions and myths about the diseases and the principles of their
prevention were revealed by the survey. Lyme disease, tick-borne encephalitis, and babesio-
sis were the best-known TBDs, selected by 96.8%, 83.5%, and 26.1% of the respondents.
The least known TBDs were anaplasmosis (12.6%), tularemia (8.4%), rickettsiosis (7.1%)
and ehrlichiosis (5.9%). Other health conditions were commonly attributed to tick bites:
congenital LB was selected by 20.0%, autoimmune disorders by 9.1%, miscarriage by 4.9%,
toxoplasmosis by 4.7%, and malaria by 2.7%. Only 77% of the respondents properly iden-
tified a tick on a picture. A bed bug (Cimex lectularius) and a dust mite (Dermatophagoides
pteronyssinus) were mistaken for ticks by 10.6% and 5.9% of the respondents, respectively.
An orb-weaver spider was selected by 2.6%, and a louse by 2.8%. Only 38.9% of the re-
spondents were convinced that LB is curable, while 39.4% claimed that it is not, and 21.6%
responded “I do not know”. Although the majority of the respondents (87.5%) know that
LB is transmitted by tick bites, 12.5% are convinced that other means of transmission are
possible, such as breastfeeding or drinking unpasteurized milk (Figure 1A). The majority
of the respondents properly indicated common symptoms of LB such as arthritis (84.2%),
headaches (70.9%), erythema migrans (58.9%), and nerve paresis (20.4%), but there were
answers such as autism (2.5%) and hair loss (5.2%) (Figure 1B). A vast majority of the
respondents (91.9%) correctly responded that antibiotics are the treatment for LB. However,
40.6% of the respondents selected alternative treatment for LB as well (Figure 1C).

Figure 1. Respondents’ beliefs about the transmission (A), symptoms (B) and treatment (C) of Lyme
borreliosis. Data presented as percentages. Abbreviations: ACA, acrodermatitis chronica atrophicans;
CFS, chronic fatigue syndrome; EM, erythema migrans; IV, intravenous.
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3.3. Attitude

Using the 10-point Likert scale, the respondents classified cancer as a major contributor
to disease burden (median 10, IQR 9-10). Cardiovascular disease (CVD) was ranked second
(median 9, IQR 8-10), and TBDs—third (median 8, IQR 6-9) (Figure 2). The differences
were statistically significant with p < 0.001 in one-way mixed-effects ANOVA and Tukey’s
multiple comparisons post hoc test. Interestingly, TBDs were rated equal to or higher than
cancer and CVD by 39% and 46% of the respondents, respectively. Overall, 50% of the
respondents rated TBDs as equal to or more significant than cancer or CVD. Respondents
rating TBDs at least equally high to cancer or CVD did not differ in terms of age, sex, place
of residence, exposure to ticks, tick bite history, and GKS scores. There was a difference in
education levels. Having a university diploma was associated with perception of a lower
disease burden attributed to TBDs (42.6% with university diploma and 62.6% without it
ranked TBDs as at least equal to cancer and CVD; chi-square statistic 13.96; p < 0.001).

-

Cancer

}*
%
*
*
CcvD

2 4 6 8 10
Disease burden

LTS

LE L L]

Figure 2. The subjective disease burden assessed using the 10-point Likert scale ranging from 1—
“does not affect the human health” to 10—"poses significant public health burden”. Data presented
as medians (boxes) and interquartile range (whiskers). The annotations within the bars represent the
median values. **** represent p-value below 0.001 calculated with the one-way ANOVA followed
by Tukey’s multiple comparisons test. Abbreviations: TBD, tick-borne diseases; CVD, cardiovascu-
lar diseases.

After a tick bite, 50% of surveyed individuals remove the tick by themselves, 47%
wanted to have the tick removed by a healthcare professional, 2% want to do both, and
only 1% want to deter the tick by covering it with oil or butter. A total of 69% answered
that they would like to test the removed tick for pathogens. In addition, a total of 88.3% of
the respondents were convinced that mouthparts remaining in the skin after tick removal
pose a significant health danger (7 points or more in the 10-point Likert scale). The median
result was 10 (IQR 8-10). Surveyed individuals who attributed lower risk to tick fragments
in the skin were also more likely to remove a tick by themselves, without consultation with
a healthcare professional (OR, 2.67; 95% CI, 1.19-5.97; p = 0.018). Only 14.7% of respondents
believe that post-exposure prophylaxis with antibiotics should always be administered
after a tick bite, and 33.8% admit that they “do not know”. Post-exposure prophylaxis
with an antibiotic was not commonly used after tick bites. Out of those bitten by a tick
in the past, only 19 (12%) respondents and 10 (8%) of respondents’ children received a
prophylaxis with an antibiotic after a tick bite.

We also asked the respondents to assess their own knowledge about TBDs and the
principles of their prevention. As assessed with the 10-point Likert score, respondents
feel moderately knowledgeable with regard to general knowledge about TBDs (median 5,
IQR 4-6) and knowledge about tick bite prophylaxis (median 6, IQR 5-8). Thirty-six percent
of the respondents feel confident about the prophylaxis and TBDs (score 7 or higher). These
respondents tended to score higher results in GKS (OR, 2.5; 95% CI 1.5-4.1, p < 0.001) and
also tended to assign higher disease burden scores to TBD, in relation to CVD and cancer
(OR 1.7,95% CI 1.1-2.8, p = 0.02).
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3.4. Practice

The median TPS was 63.6% (IQR, 54.5%; 72.7%). Respondents with TPS below 25th
percentile (50% points or less out of 11) were categorized as having poor knowledge of tick
bite protection. Low TPS received 18.7% of the respondents. In the multivariate model,
poor tick bite protection was associated with the male sex (OR 2.36, 95% CI 1.10-5.09,
p =0.028) and lower education levels (OR, 2.48; 95% CI, 1.30-4.73; p = 0.006). On the
contrary, respondents whose child was bitten by a tick were less likely to score low TPS
(OR 0.21, 95% CI 0.09-0.50, p < 0.001). Place of residence, and spending time in outdoor
green spaces were not associated with tick protection practices.

Surveyed individuals with high TPS scored high GKS more often, indicating a connec-
tion between knowledge and good preventive practices in a univariate model (OR, 1.90;
95% CI, 1.12-3.25; p = 0.02). However, when the history of tick bites, exposure to ticks in
green areas and other confounders were included in the multivariate model, high GKS was
no longer a predictor of proper preventive practices expressed as high TPS.

The respondents recognized that post-exposure inspection of the body after returning
from green areas and using appropriate clothing and washing clothes were more important
methods of prophylaxis than the use of repellents on the body or clothing (Figure 3A).
The use of oral supplements and electronic repellants, which are considered substantially
less effective in tick protection compared to the other methods, was not preferred by the
respondents. Only 61% (248/406) of the respondents purchased a repellent in the last
year, and when choosing a product, 77% (304/394) of them were persuaded by its natural
composition (Figure 3B). Based on these responses, we calculated an additional index
regarding use of repellents. As mentioned before, individuals with high GKS were less
likely to have a poor repellent practice (OR, 0.58; 95% CI, 0.36-0.94).

Figure 3. The importance of tick protection methods (A) and characteristics of a tick repellent
(B) assessed using the 10-point Likert scale ranging from 1—“of little importance” to 10—"highly
important”. Data presented as medians (boxes) and interquartile range (whiskers). The annotations
within the bars represent the median values.

The attitude of the respondents to TBE vaccination was also assessed. A positive
attitude towards TBD vaccine (modeled as receiving a TBE vaccine in the past, vaccinating
a child with the TBE vaccine in the past, or an intention to receive this vaccine or to vaccinate
a respondent’s child in the future) was observed in 48.0% (191/398) and was more common
in respondents with a recent tick bite (OR 2.10, 1.07-4.10, p = 0.030), in respondents whose
child was bitten by a tick (OR, 1.69; 95% CI, 1.00-2.83, p = 0.049), and in respondents who
relied on verified sources of information (OR, 2.654, 1.66-4.23; p < 0.001).

4. Discussion

Our findings demonstrated that inhabitants of northeastern Poland, where TBDs
are endemic have moderate knowledge about TBDs, including symptoms, transmission,
treatment and prevention. Contrary to other studies [29-31], calculated scores were not
particularly low in our study, despite the fact that we surveyed general population, and
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not professionals working in green areas, who are usually better informed about TBDs.
However, we identified multiple gaps in knowledge and misconceptions regarding TBDs,
which might pose a real health risk.

Almost a quarter of the surveyed individuals incorrectly indicated a tick in an illustra-
tion. Additionally, the majority of respondents believed that leaving a tick fragment in the
skin is associated with a high health risk, which in turn was associated with the desire to
have the tick removed by a healthcare professional. Seeking medical advice, whether in
emergency care or general practice, extends the time the ticks remain in the skin, which
increases the risk of LB infection [32].

Alongside antibiotics, almost half of the study participants chose other non-verified
treatment options for LB. This possibly reflects a false belief, that LB patients often expe-
rience many persistent symptoms after infection with Borrelia burgdorferi, and as a result
require additional treatment. Accordingly, a minority of respondents in this study were con-
vinced that LB is a curable disease. It is not surprising then that the respondents perceived
TBDs as almost as dangerous as CVD and cancer. It was shown previously that patients
with chronic LB have significantly impaired quality of life and greater healthcare utilization
compared to the general population and patients with other chronic diseases [33]. However,
persistent symptoms are reported in a relatively small subset of treated LB patients [32].

The increasing problem with ticks and LB triggered efforts to develop vaccines protect-
ing from infections with Borrelia burgdorferi. Currently, while awaiting a widely accepted
vaccine against LB, the only method of protection against LB is avoiding tick bites through
the use of appropriate personal protection measures [34,35]. There is no single best measure
to protect from tick bites. A combination of two or more actions, such as wearing light-
colored clothing that cover legs and arms, changing clothes worn outdoors, checking body
for ticks and removing them promptly, and applying tick repellents on skin and clothes
provides the best protection against tick bites [36]. Not surprisingly, good tick protection
practices were more common in individuals whose child was bitten by a tick. Increased
risk perceptions are associated with adoption of behaviors reducing tick bites, what was
demonstrated in multiple previous studies [36]. In this study the use of tick repellents on
the body or clothing was considered less important than other personal protection measures
to prevent tick bites. Similar results were obtained in the Netherlands and the USA. These
studies showed that respondents preferred wearing appropriate clothing, body checking
and prompt tick removing over the use repellants on clothing or skin [28,29,37]. In addition,
our study showed that although the respondents live in an endemic area with high tick
activity, only 61% of them bought a repellent in the last year, and when choosing a product,
77% were persuaded by its natural composition and lack of N, N-diethyl-m-toluamide
(DEET). Research has shown that respondents are reluctant to use repellants, which may be
related to the commonly known side effects of using DEET [38]. Respondents mistakenly
choose natural repellants, not knowing that their deterrent effect is uncertain. Moreover,
such a choice may be dictated by the ignorance of the proper use of DEET preparations, as
discussed by the Center for Disease Control and Prevention (CDC) and the Environmental
Protection Agency, with detailed recommendations for use in children [38].

Prophylaxis with a single or multiple doses of doxycycline to prevent Lyme disease
after a tick bite remains controversial. Using antibiotic prophylaxis might be advantageous,
but further confirmation is needed [39]. According to the guidelines, post-exposure pro-
phylaxis should be considered in individual cases, taking into account multiple tick bites
during a stay in an LB endemic area [40].

Respondents of our study rarely receive antibiotics after a tick bite and are not con-
vinced that antibiotic prophylaxis should always be used after being bitten by a tick. They
commonly, however, wanted to seek medical advice either to have the tick removed from
the skin or to test it for infections. Therefore, health care professionals play an important
role in communicating proper tick bite management. In the previous study conducted in
the USA, assessing the knowledge and challenges in the diagnosis and treatment of TBDs
among doctors, it was found that emergency care and emergency medicine specialists
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prescribe treatment incompatible with the guidelines for the prevention of tick bites [41],
and healthcare providers from areas with low incidence of LB in the USA too often use
post-exposure prophylaxis in the form of antibiotic therapy [42]. Moreover, clinicians from
the United States complained about difficulties in communicating with patients, result-
ing from the patients’ misconceptions derived from sources other than guideline-based
resources and evidence [41].

Our study showed that the acceptance of the TBE vaccine is low in general population.
A positive attitude towards this vaccine was more common in respondents with a recent tick
bite, what may be associated with a higher risk perception of TBDs. Other studies also show
that people at risk of the disease most often express the willingness to be vaccinated [43,44].
Therefore, communicating risks of LB might increase the public acceptance of the future LB
vaccine. In one study assessing tick-related KAP among people living in the endemic areas
of Connecticut and Maryland, the respondents were asked about preventive behaviors for
LB, including a desire to receive a vaccine against LB if one was available. Eighty- four
percent of the respondents declared that they were moderately (35%) or very (49%) willing
to accept the LB vaccine, but they claimed that body checking and bathing after coming
from green areas is more important [26]. A recent survey conducted in the USA showed
that willingness to receive a Lyme disease vaccine was high [45]. The results of our research,
as well as the data from the literature, suggest that as the work on the development of
vaccines progresses, further research is needed to determine the causes of negative attitudes
towards vaccination in part of the population living in endemic areas. This will allow for
the preparation of optimal educational activities promoting vaccination against both TBE
and LB, if a vaccine for the latter is registered and approved for use.

Previous studies on TBD knowledge, attitude and practice have produced mixed re-
sults. Some of them showed that the society is well educated in the field of TBD threats [46],
while others, just like in our study, showed that the knowledge in this area is insuffi-
cient [30,47]. We should acknowledge several limitations of our study. Firstly, it should be
noted that women are overrepresented in this study, thus our results should not be general-
ized to the entire population. Secondly, correlations we calculated do not necessarily mean
causation, as there might be other undiscovered factors that have an impact on preventive
behaviors and attitudes. However, knowledge gaps we identified and associations we
found might be addressed in future educational campaigns. Previously it was shown that
recognizing the gaps in knowledge may be helpful in planning an appropriate educational
program, raising awareness of LB and tick bite prevention among the general population. A
study conducted in France in 2016-2019 showed that the implementation of a national plan
against tick-borne infections resulted in a greater proportion of the population applying
protective measures against tick bites and tick-borne diseases [24].

5. Conclusions

The respondents living in the endemic region of northeastern Poland with high tick
activity consider TBDs a significant threat to the health of themselves and their families.
People who have been bitten by a tick personally or whose children have experienced it
know the most about TBDs. Gaps in knowledge and misconceptions regarding the preven-
tion of LB require the implementation of educational activities. Additionally, understanding
gaps in knowledge and practice will allow for proper planning of educational activities,
which could contribute to inhibiting the increase in the incidence of LB, in anticipation of
an effective and socially acceptable vaccine.

Modification of educational activities should take into account the use of the mass
media and the Internet, which are currently the main information channels for the respon-
dents. The information campaign should also include facts about TBD immunoprophylaxis
with both the registered TBE vaccine and the future LB vaccine.
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Abstract: (1) Background: Lyme borreliosis (LB) is a tick-borne disease known for its diagnostic
challenges. Conventional two-tiered testing (CTTT) for antibodies is time-consuming, has low
sensitivity in the early stages of disease, and sometimes generates false-positive IgM immunoblots.
To tackle this issue, modified two-tiered testing (MTTT) was introduced, incorporating recombinant
VIsE and C6 antigens to enhance diagnostic accuracy. (2) Methods: In this prospective study, we
enrolled children exhibiting symptoms indicative of LB. We collected serum samples at various
intervals and subjected them to analysis using standard enzyme immunoassays. We then compared
these results with the outcomes from the VIsE and C6 assays. (3) Results: In our study, all 33 patients
displaying erythema migrans (EM), a characteristic symptom of LB, exhibited positive responses
to the C6 antigen. This finding underscores the potential utility of the C6 antigen as a reliable
diagnostic tool for LB. Additionally, we observed a significant reduction in anti-VIsE antibody levels
following antibiotic treatment in EM patients. (4) Conclusions: The utilization of recombinant VIsE
and C6 antigens in LB diagnostics and monitoring has yielded promising results. Nonetheless,
it is imperative for clinicians to exercise caution and interpret results in conjunction with clinical
findings, considering the dynamic nature of medical guidelines. Even with recombinant antigen
tests, some children with EM tested negative, highlighting the importance of clinical diagnosis for
treatment decisions. Furthermore, clinicians should be mindful of the possibility of persistently
positive VISE/C6 test results during LB treatment monitoring.

Keywords: Lyme borreliosis; Borrelia burgdorferi; pediatric diagnosis; recombinant antigens; prevention;
diagnostic precision

1. Introduction

Lyme borreliosis (LB) is a tick-borne illness caused by the bacteria Borrelia burgdorferi
sensu lato (s.1) complex [1-3]. This complex includes several genospecies, such as B. garinii,
B. afzelii, and B. burgdorferi sensu stricto (s.s), which are prevalent in different parts of the
world [3,4]. The multitude of clinical symptoms in both adults and children is related to
the heterogeneity of B. burgdorferi [5-7].

LB is transmitted through the bite of an infected tick [8,9]. The distribution of tick
bites varies between adults and children, with children being more likely to experience
bites on their head and neck [8]. This poses a significant challenge because ticks can
be hard to detect in these areas, especially on the scalp. Unfortunately, these areas are
strongly associated with a heightened risk of Lyme neuroborreliosis (LNB) development in
children [10]. Moreover, the presence of erythema migrans (EM), which is a characteristic
rash associated with LB, in the hair may be overlooked [9].

Conventional two-tiered testing (CTTT) is often used to determine the level of antibod-
ies in the blood [11]. This involves performing a first-tier tests that often utilize peptides,
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recombinant proteins, or whole-cell sonicate preparations (WCS) derived from Borrelia, and
frequently employ enzyme immunoassay (EIA) techniques, followed by a supplemental
immunoblot (Western blot—WB).

The sensitivity of EIA may be lower in the early stages of the disease and may result in
false-negative results during this time [12,13]. In addition, WB is a more specific test, but it
can be time-consuming and expensive and has a lower sensitivity compared to EIA. It may
also give false-negative results during the first weeks of infection, and its interpretation
using specific criteria can be challenging [14,15]. Another disadvantage of the serological
diagnosis of LB is the persistence of specific IgM and IgG antibodies, despite the use of
effective treatment [16].

Due to the limitations of CTTT, modified two-tiered testing (MTTT) has been proposed.
MTTT uses two different sequential EIAs without the inclusion of WB but with the use
of recombinant proteins or synthetic peptides unique to Borrelia burgdorferi, such as the
surface lipoprotein E (VISE) antigen [17,18]. This can lead to minimal cross-reactivity with
foreign antigens and can improve the specificity of the test [17,19]. Moreover, the Food
and Drug Administration (FDA) approved the use of EIA as a confirmatory test, making
immunoblots optional and incorporating enzyme immunoassays into a two-tiered testing
approach [20].

The ability of Borrelia burgdorferi to induce illness relies heavily on its capability to
avoid detection by the immune system when infecting mammals. A known strategy
employed by B. burgdorferi to evade the immune response involves altering the antigenic
properties of a protein known as the lipoprotein VIsE, which shares similarities with the
variable major protein (VMP)-like sequence [21]. Among the known antigens, VISE stands
out as the sole antigen that exhibits ongoing variation of its surface epitopes. It consists of
six variable regions (VRs) and six low variability invariant regions (IR) [22]. It is believed
that recombination in the VRs can impede an effective response from the host immune
system, leading to the development of a chronic infection and the survival of spirochetes in
humans [23]. Among the six IRs of VISE, IR, also known as the C6 region, is commonly
targeted by the antibody response in infected individuals [24]. The detection of anti-C6
antibodies may be helpful in the serologic diagnosis of LB in humans [25-27]. Studies
report that tests utilizing the VISE and C6 peptides show higher sensitivity compared to
CTTT [25,28]. Moreover, anti-VIsE and anti-C6 antibodies exhibit a dynamic response to
infection, swiftly appearing in the patient’s serum shortly after infection, and typically
diminishing following successful treatment [29,30].

Although the utilization of highly specific antigens in the diagnosis and treatment
monitoring of LB in adults has shown promise [31], there remains a notable gap in the
available data regarding the application of these antigens within the pediatric population.
In light of Poland being endemic to LB and considering the unique aspects of LB in children,
it is of paramount importance to conduct comprehensive studies tailored to this specific
demographic. Our study thus aims to address this gap by assessing the diagnostic and
treatment monitoring potential of VIsE and C6 tests in early-stage LB within the pediatric
population, focusing on erythema migrans and neuroborreliosis. Furthermore, we aim
to investigate whether children initially diagnosed with erythema migrans by family
doctors, who are later referred to specialists in infectious diseases, exhibit positive antibody
responses. This aspect of our study not only contributes to understanding the effectiveness
of these serologic assays but also sheds light on the diagnostic outcomes for children who
initially seek care from general practitioners.

2. Materials and Methods
2.1. Study Design and Setting

In this prospective study, we recruited children who displayed symptoms suggestive
of Lyme borreliosis. The study included children under 19 years of age, and enrollment
took place between October 2019 and September 2022. The Medical University of Bialystok
Children’s Clinical Hospital, Poland, served as the study setting, providing a suitable
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environment for the evaluation and management of pediatric cases. We aimed to collect
serums samples at the time of consultation and then 3, 6, and 12 months later to monitor
the treatment of LB.

Only children with symptoms of early LB, i.e., EM and Lyme neuroborreliosis (LNB),
were included. The diagnosis of EM in the enrolled children followed the gold standard
criteria established for EM diagnosis. The characteristic EM lesions observed exhibited a
round, erythematous appearance and could present with warmth and rare instances of
pain or itchiness. These lesions gradually expanded over several days, often exceeding
5 cm in diameter. In some cases, central clearing occurred as the rash enlarged, occasionally
resulting in a bull’s-eye pattern. These defined criteria were crucial in ensuring accurate
and consistent identification of EM cases among the study participants [32-35]. The history
of a skin lesion meeting the criteria for EM diagnosis, along with the description provided
by the parents or a photograph of the skin lesion, was used to confirm the presence of
EM in these children. This approach ensured that the diagnosis of EM is consistent and
accurate based on the established standards.

The diagnosis of LNB was made according to the Polish Society of Infectious Dis-
eases 2015 guidelines [36]. The following criteria were used: (I) neurological symptoms
suggestive of LNB (with other causes excluded), (II) CSF pleocytosis, and (III) specific
antibodies in the CSF (produced intrathecally). Patients with positive serology, but other
manifestations of LB and non-specific symptoms such as fatigue, headaches, muscle pain,
and recurrent fevers were excluded from the study.

2.2. Assays

Standard LB EIAs were carried out in the Department of Pediatric Laboratory Diag-
nostics of the recruiting setting. Borrelia IgM and IgG ELISA Recombinant Antigen assays
were used (Biomedica Medizinprodukte GmbH & Co KG, Divischgasse, Wien, Austria). In
the IgM class, p21 OspC (B. afzelii), p21 OspC (B. garinii), p41/1 (B. bavariensis), and VIsE
(fusion protein of different Borrelin genospecies) were used. In the IgG class, p21 OspC
antigens (B. burgdorfei s.s., B. garinii), p18 (B. afzelii), p100 (B. afzelii), and VIsE (fusion protein
of different Borrelia genospecies) were used. The results were interpreted according to the
manufacturer’s instructions and cut-off points: >11 Biomedica Borrelia units (BBU)/mL
(positive), 6 to 11 BBU/mL (equivocal), and <6 BBU/mL (negative).

Standard LB EIAs were compared with the Immunetics C6 Lyme ELISA Kit (Immu-
netics, Norwood, MA, USA), with them detecting both IgM and IgG antibodies. The
results were interpreted according to the manufacturer’s instructions and cut-off points:
>1.1 Lyme Index LI (positive), 0.91 to 1.09 (LI) (equivocal), and <0.9 LI (negative). The
specific anti-VLsE antibodies were detected using anti-B. burgdorferi VISE ELISA IgG assays
(Euroimmun, Seekamp, Luebeck, Germany), according to the instructions provided by the
manufacturer. The results were interpreted according to the manufacturer’s instructions
and cut-off points: >22 relative units (RU)/mL (positive), 16 to 22 RU/mL (equivocal), and
<16 RU/mL (negative).

2.3. Statistical Analysis

First, we assessed the percent agreement between the standard EIA and EIA with the
C6 antigen results. Next, using the Jonckheere-Terpstra test, we performed a trend analysis
for the decline in anti-VISE antibodies after appropriate treatment at 3-, 6-, and 12-month
intervals. All analyses were carried out using TIBCO Software Inc. (2017) Statistica,
version 13 (Palo Alto, CA, USA), GraphPad Prism version 9.4.0 for Windows (GraphPad
Software, San Diego, CA, USA), and R Project version 4.2.2 (The R Foundation for Statistical
Computing, Basel, Switzerland).

2.4. Ethical Considerations

This research was carried out with the consent of the Bioethics Committee of the
Medical University of Bialystok (approval number R-I-002/489/2019).
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3. Results
3.1. Patient Characteristics

A total of 354 children were screened for study inclusion. Two-hundred and eighty
four patients were excluded from the analysis because of: unconfirmed LB (1 = 108),
nonspecific symptoms (n = 106), missing clinical information (1 = 24), and a lack of follow-
up examinations (n = 39). Furthermore, we excluded five Lyme arthritis and two Lyme
carditis patients from our study due to their small numbers and the fact that they were
unable to return for follow-up at 3, 6, or 12 months because of the COVID-19 pandemic.

After applying the exclusion criteria, a total of 70 children were included in the
analysis: 49 children diagnosed with EM and 21 children diagnosed with LNB. The median
age of the patients was 8 years, and 43 (61%) of them were female. The age range of the
patients varied from a minimum of 12 months (1 year) to a maximum of 18 years.

All of the EM cases were clinically diagnosed according to the guidelines. Children
diagnosed with LNB were hospitalized due to symptoms such as meningitis and/or facial
nerve palsy. Among these cases, six children exhibited isolated facial nerve palsy, five had
lymphocytic meningitis along with facial nerve palsy, and ten children presented with
meningitis without facial nerve involvement. For the majority, these symptoms developed
within a week before their hospitalization. Remarkably, six children diagnosed with LNB
(29%) were admitted to the hospital one month after the initial onset of neuroborreliosis
symptoms. Importantly, all LNB patients tested positive for specific anti-Borrelia burgdorferi
antibodies in both enzyme immunoassays and confirmatory Western blotting.

Unfortunately, our ability to comprehensively assess the diagnostic efficacy of the EIA
test with C6 in the entire study group was hindered due to the discontinuation of C6 test
production by the manufacturer. Consequently, 16 patients with erythema migrans (EM)
and 6 with Lyme neuroborreliosis (LNB) were not tested with the C6 antigen.

Despite the unavailability of the C6 test, we successfully identified the presence of
anti-Cé6 antibodies in a subgroup of 48 children, which included 33 with EM (Table 1) and
15 with LNB (Table 2). The LNB subgroup consisted of four children with facial nerve palsy
along with meningitis, five with facial nerve palsy but without meningitis, and six patients
with meningitis only.

Table 1. Demographic and clinical characteristics of children with erythema migrans undergoing C6
and VLsE Lyme ELISA testing.
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9. 9 F AMX 21 35.0 20.7 235.0 100.0
10. 3 M AMX 21 19.6 2.8 49.5 5.7
11. 7 F AMX 21 114 5.6 42.8 12.9
12. 6 F AMX 21 14.7 38.6 18.6 114
13. 4 M AMX 21 54.8 54.4 250.0 100.0
14. 4 F AMX 21 7.8 15.2 77.1 100.0
15. 6 M AMX 21 15.7 114 106.3 100.0
16. 11 M AMX 21 6.8 23.8 4.1 10.8
17. 17 F AMX 21 1.3 32.1 24 4.8
18. 6 F AMX 21 14.3 12.8 250.0 15.7
19. 5 F AMX 21 4.7 14.2 11.0 17.6
20. 17 F AMX 21 13.1 4.0 11.9 20.3
21. 10 M AMX 21 13.6 51.4 29.5 24
22. 9 F AMX 21 57.0 1.3 59 3.3
23. 7 M AMX 21 3.0 15.6 8.0 9.1
24. 10 F AMX 21 19.9 60.6 72.6 100.0
25. 3 M AMX 21 319 18.0 204.9 100.0
26. 8 F AMX 21 19.3 30.3 414 23.2
27. 8 F AMX 21 18.7 60.1 50.0 13.9
28. 6 F AMX 21 12.8 18.7 55 45
29. 3 M CEX 14 12.4 14.7 62.5 100.0
30. 3 F AMX 21 52 83.1 39 154
31. 7 M AMX 14 19.2 16.4 15.1 20.3
32. 17 F DOX 21 42.3 299 96.3 13.3
33. 6 F AMX 28 29 17.3 4.6 22

F—female; M—male; AMX—amoxicillin, DOX—doxycycline; CFX—ceftriaxone; ELISA—enzyme-linked immunosor-
bent assays; ELISA ratios: >11 BBU/mL—positive result; 9-11 BBU/mL—equivocal result; <9 BBU/mL—negative
result; C6 ratios: >1.10 (LI)—positive result; 0.91-1.09 (LI)—equivocal result; <0.90 (LI)—negative result; VISE ratios:
>22 (RU/mL)—positive result; 16-22 (RU/mL)—equivocal result; <16 (RU/mL)—negative result.

Notably, almost half of the children with EM who were tested with both C6 and VIsE
assays were recruited approximately one month after the appearance of the skin lesion
(15/33, 45%). A significant proportion of these children had already received treatment
from their family doctors before study recruitment (29/33, 88%, Table 1).

Among the LNB subgroup tested with C6, 40% (6 out of 15) were hospitalized one
month after the onset of neuroborreliosis symptoms, with meningitis being the most
common clinical presentation. In terms of treatment, the majority of these children received
a 21-day course of ceftriaxone antibiotic therapy (12/15, 80%) (Table 2).
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Table 2. Demographic and clinical characteristics of children with Lyme neuroborreliosis undergoing
C6 and VLsE Lyme ELISA testing.
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1. 9 F FP CEX 21 7.3 15.4 5.4 1.6
2. 11 M FP CFX 21 2.0 15.6 5.2 0.9
3. 11 F FP CEFX 21 25.6 2.6 18.2 09
4. 6 M FP CEX 21 47.5 11.2 47.4 15.1
5. 14 F FP DOX 21 1.3 30.0 3.7 0.9
6. 17 M FP + M DOX 21 66.0 6.0 15.8 4.7
7. 10 M FP +M CEX 21 9.0 24 156.0 100.0
8. 15 M FP + M CFX 21 7.0 98.5 7.4 16.2
9. 16 F FP + M CFX 21 31.0 499 27.6 23.5
10. 13 M M CEFX 21 2.0 200.0 15 9.7
11. 4 F M CFX 21 9.0 61.0 3.6 7.7
12. 17 F M CFX 21 53.4 27.2 217.0 5.6
13. 8 M M CEFX 21 32.5 10.1 87.6 16.4
14. 15 F M CFX 21 3.0 23.9 46.5 100.0
15. 7 F M CEFX 21 22.6 1.4 4.6 1.2

Abbreviations: F—female; M—male; DOX—doxycycline; CEX—ceftriaxone; ELISA—enzyme-linked immunosorbent
assays; FP—facial nerve palsy; M + FP—facial nerve palsy with meningitis; M—meningitis only; ELISA ratios:
>11 BBU/mL—positive result; 9-11 BBU/mL—equivocal result; <9 BBU/mL—negative result; C6 ratios: >1.10
(LI)—positive result; 0.91-1.09 (LI)—equivocal result; <0.90 (LI)—negative result; VIsE ratios: >22 (RU/mL)—positive
result; 16-22 (RU/mL)—equivocal result; <16 (RU/mL)—negative result.

3.2. Evaluating the Diagnostic Efficacy of the Immunetics® C6 Lyme ELISA Assay in Pediatric
Lyme Disease Diagnosis

There was no correlation between EIA IgG and C6 and between C6 and EIA IgM. C6
correlated with anti-VLsE IgG well (Spearman’s R = 0.59, p < 0.001).

All 33 patients in the EM group had a positive antibody response to the C6 antigen
(Table 3). Among them 27/33 (82%) had positive IgM, and 23 (70%) had positive IgG in the
standard EIA assays.

A positive antibody response to the C6 antigen was observed in 12 out of 15 (80%)
patients diagnosed with LNB. In these cases, positive IgM or IgG responses in the standard
EIA assays were found in all 15 patients. Notably, all four (100%) children presenting with
both facial nerve palsy and meningitis, as well as all six (100%) patients with meningitis
alone, exhibited positive antibody responses to the C6 antigen.

However, only two out of five (40%) children with facial nerve palsy without meningi-
tis displayed positive results in the C6 assays (Table 3). Among these three LNB patients
without a positive antibody response to the C6 antigen, all had an equivocal C6 test result.
All of these patients underwent a Western blot test to confirm the diagnosis of Lyme bor-
reliosis, and all of them tested positive. This subgroup included one 11-year-old boy and
two girls, aged 11 and 14.



Diagnostics 2023, 13, 3547

7 of 13

Table 3. Percentage agreement between the Immunetics® C6 Lyme ELISA kit, Euroimmun ® VIsE
ELISA IgG, and standard Borrelia IgM and IgG enzyme immunoassays.

Results EM n (%) LNB 1 (%)
Positive anti-VISE 25/49 (51%) 7/21(33%)
Equivocal VISE 3/49 (6%) 1/21 (5%)
Positive anti-C6 33/33 (100%) 12/15 (80%)
Equivocal C6 0/33 (0%) 3/15 (20%)
Positive IgG EIA 30/49 (61%) 11/21 (52%)
Positive IgM EIA 40/49 (82%) 14/21 (67%)
+IgM EIA and +C6 27/33 (82%) 8/15 (53%)
+IgG EIA and +C6 23/33 (70%) 5/15 (33%)
—IgM EIA and +C6 6/33 (18%) 7/15 (47%)
—IgG EIA and +C6 10/33 (30%) 10/15 (67%)

+ indicates positive test result; — indicates negative test result. Abbreviations: C6, Immunetics® C6 Lyme ELISA;
EIA, Euroimmun ® VISE ELISA IgG standard Borrelia enzyme immunoassay; EM, erythema migrans; LNB,
Lyme neuroborreliosis.

3.3. Assessment of Anti-VISE 19G Assays in Treatment Monitoring in Pediatric Lyme Disease

The usefulness of the anti-VISE IgG assays in treatment monitoring was assessed
in a group of 70 patients. Anti-VLsE IgG levels correlated with standard EIA IgG well
(Spearman’s R = 0.72; p < 0.001).

A positive antibody response to the VISE antigen was observed in 25/49 (51%) patients
diagnosed with EM. Equivocal results were recorded for three (6%) patients. The median
VISE level in the EM group was 27 RU/mL (interquartile range; 8-84 RU/mL). In the EM
group, we found a significant decrease in the level of anti-VIsE antibodies after antibiotic
treatment after 3, 6, and 12 months from the start of therapy (Figure 1). However, this anti-
VISE antibody titer diminished by a factor of at least four, as suggested by the manufacturer
to be the proof of successful treatment, in 13 (50%) patients only.

Figure 1. Anti-VIsE and standard Lyme EIA IgG antibody levels in monitoring erythema migrans
and Lyme neuroborreliosis treatment.

In the LNB group, 7/21 (33%) tested positive in the VIsE assay, and 1 (5%) had an
equivocal result. The median VISE level was 13 RU/mL (interquartile range; 5-47 RU/mL).
There was a non-significant decreasing trend (p = 0.07; Figure 1) in the level of anti-VISE
antibodies in this group. After treatment, none of the LNB patients displayed a decrease in
antibody titers by a factor equal to or higher than four.
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Subsequent tests for patients initially negative for C6 (or VIsE) showed no instances of
seroconversion; all negative results remained negative, ambiguous results either remained
unchanged or decreased, and the majority of initially positive results exhibited a decline.

The levels of Lyme EIA IgG did not change over time in both EM and LNB groups.

4. Discussion

In this study, we assessed the utility of serological tests employing C6 and VIsSE
antigens for the diagnosis and treatment monitoring of early LB in children. Prior research
in the United States has demonstrated that enzyme immunoassays using C6 antigens can
enhance the sensitivity of serological LB tests [17,37-39]. The usage of the VIsE peptide
streamlines the process by requiring only a single test, while traditional whole-cell EIAs
necessitate four separate tests. However, it is important to note that the specificity of the
VISE/C6 test may not match that of CTTT [25,40,41]. Furthermore, it is worth considering
regional variations in test efficacy. In Europe, for instance, the C6 EIA is sometimes
considered less sensitive than traditional EIAs because not all patients exhibit a response to
the C6 peptide [42-44]. While the IR6 region is conserved, variations in four—five amino
acid sequences have been observed among Borrelia genospecies [45]. Consequently, the
sensitivity of the VIsE/C6 test tends to be higher in the USA, where B. burgdorferi sensu
stricto predominates as the primary pathogenic species, in contrast to Europe, where there
are at least three pathogenic species present. This regional variation may account for the
differences in sensitivity observed [3,42,43].

Serological testing is recommended for the diagnosis of LB due to the diverse clinical
picture, anatomical differences in the incidence of tick bites in children and missing ery-
thema in the clinical picture [8,9]. Moreover, EM should be differentiated from bacterial
cellulitis, eczema, mycosis, and allergic reactions to substances contained in tick saliva [46].
Although serological testing is not advocated for patients with EM, in the case of clinical
uncertainties about a rash in LB, serological tests based on EIAs may be performed. In
the case of positive and equivocal EIA results, the guidelines recommend WB, which is a
time-consuming and expensive procedure that may give a false-negative result in the first
weeks of infection [14,34,35]. All of this involves duplicating the visits of small patients,
subsequent injections, and collecting serum for re-examination.

The results of our research indicate the usefulness of highly specific antigens in the
diagnosis of early LB in children. All patients with EM who had a positive response in
the standard EIA were also positive in the C6 antigen test. However, 12 out of 15 patients
with LNB had a positive antibody response to the C6 antigen. Therefore, protocols using
EIA with C6 could be used for the clinical practice of diagnosing LB in children, especially
in patients with a high clinical suspicion of LB (i.e., with tick bites and a rash) [17,47].
Jansson et al.’s research proposed an algorithm with the two-EIA strategy for equivocal
cases, where a test with the C6 antigen could be performed after performing a standard EIA
on the remaining serum [47]. The authors suggest that if this algorithm had been applied to
the 151 sera originally tested using the traditional two-tier strategy, it would have reduced
the number of sera requiring WB by 50%, saving reagent costs and staff time. Additionally,
it would allow routine laboratories to perform their own testing and confirmation for
the majority of their LB patients, reducing turnaround times and the testing burden for
reference laboratories, which can then focus on more complex cases [47].

Traditional serological detection of B. burgdorferi antibodies, such as EIA and WB,
is not recommended for monitoring treatment response or resolving infection because
IgG and IgM antibodies can remain elevated for years after infection, despite successful
treatment [16,48]. This can lead to repeated unnecessary antibiotic treatment until the
serological response is no longer observed. Moreover, for children in endemic areas,
previous tick bites might be responsible for positive test results, as the antibodies against
B. burgdorferi can persist for years even after successful treatment [16,49]. Therefore, a
specific marker should be used to assess the effectiveness of LB therapy. The use of specific
anti-VIsE antibodies as a marker to assess the effectiveness of LB therapy has been suggested
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by several researchers [29,30,42,44]. There are several important features that such a marker
should possess in order to be effective. It should have high specificity for the pathogen
causing LB, should reflect the dynamics of the infection, and should be detectable soon after
the infection occurs, allowing for early diagnosis and treatment initiation. Additionally, as
the therapy progresses and becomes effective, the marker should decrease in concentration,
indicating a positive response to treatment [50]. According to researchers, quantitative
measurement of specific anti-VISE antibodies, fulfills these criteria. These antibodies are
highly specific to the pathogen causing LB, and their measurement can indicate the presence
and intensity of the infection. Additionally, they have shown potential in reflecting the
dynamics of the infection and responding to effective treatment [30,44]. In one of the first
publications on this subject, Philipp et al. examined antibody titers against the Vlse/C6
peptide in rhesus monkeys and dogs that were infected with B. burgdorferi. The study
included seven adult rhesus monkeys, and the researchers observed that there was a rise in
anti-C6 IgG antibody titers for 12 weeks after the infection occurred. After the initiation of
antibiotic therapy, a decrease in anti-C6 IgG antibody levels was observed in six out of the
seven rhesus monkeys. This decrease occurred during a 9-week period of antibiotic therapy
and continued until the antibodies completely disappeared 13 weeks after the end of the
therapy (specifically, the 34th week after infection) [29]. In 2005, researchers examined the
dynamics of anti-VIsE/C6 IgG antibodies in 120 patients with LB, and antibiotic therapy
was implemented. Between 4 and 15 months after the treatment, 59.0% of the patients
had a total decrease in anti-C6 IgG antibodies and 32.4% of the patients showed at least a
four-fold drop in their level [30].

The current study found that there was a statistically significant decrease in the titers
of anti-VIsE antibodies among children with EM after effective therapy. In the group of
patients with LNB, a decrease in the level of antibodies was also observed after successful
therapy, but it was not a statistically significant decrease (p = 0.07). In one of the studies
also conducted in children with Lyme arthritis, the results revealed that that the decline in
antibodies to IR6 does not appear to be useful in assessing Lyme arthritis treatment, as most
patients were still positive for IR6 four years after diagnosis [51]. In addition, the results of
our study may be influenced by the different clinical course of LB in children and adults.
In adults, radicular pain and paresis are more common symptoms, whereas in the pediatric
population, facial nerve palsy and subacute meningitis are more frequently observed.
Additionally, atypical symptoms such as fatigue, loss of appetite, and mood changes may
occur in both children and adults. [52,53]. It is important to be aware of these various clinical
features in children with suspected LNB in order to accurately diagnose and manage the
disease [32,54]. Generally, the clinical outcome is significantly better in children compared
to adults, and long-term neuropsychological disorders are not commonly seen in the
pediatric population. In contrast, adults may experience cognitive disorders and persistent
or recurrent neurological symptoms [55,56]. Additionally, regarding diagnostic testing, the
sensitivity of the test using the VISE/C6 antigen for neuroborreliosis in children may vary.
In Europe, where B. afzelii and B. garinii are dominant in LNB and in the United States,
where B. burgdorferi sensu stricto is dominant, the results in monitoring treatment may
differ. This suggests that the specific Borrelia species present in the region can influence the
sensitivity of the test and subsequently impact the diagnosis and monitoring of treatment
efficacy [3,57,58].

Most of the previous research on the decline in anti-VISe/C6 antibody levels primarily
focused on adults, and the assessment of the decrease in the level of anti-VISE /C6 antibodies
in children with early LB has not been specifically investigated. It was later recognized that
as the infection progresses, the quantitative C6 test used to assess response to treatment
becomes less sensitive. Consequently, a decline in VIsE/C6 antibody titers was observed
only in successfully treated patients with early localized or early disseminated LB and not in
patients with late-stage LB [30]. This observation has clinical implications since information
about the decline in VISE/C6 antibody levels would be more useful in cases of late-stage
LB. Late-stage LB refers to cases where the infection has progressed and potentially caused
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more severe symptoms or complications. However, due to the reduced sensitivity of the C6
test in these cases, assessing treatment response or disease progression based on antibody
titers becomes less reliable [30].

It is indeed important to note that while the decline in VISE/C6 antibodies shows
promise, the persistence of positive VISE/C6 test results does not necessarily equate to an
ongoing infection. It is possible for a significant proportion of patients to have persistently
positive VISE/C6 tests even after successful treatment. Therefore, a single VISE/C6 antibody
titer alone is not informative enough to determine the status of the infection after therapy.
Instead, it should be considered as part of a longitudinal assessment of the patient’s
condition over time [59].

While our study provides valuable insights into the diagnostic potential of serologi-
cal tests in pediatric Lyme borreliosis, we acknowledge several constraints that warrant
consideration. Firstly, the discontinuation of C6 tests by the manufacturer limited our
ability to comprehensively assess the diagnostic utility of the EIA test with C6 across the
entire study group. This circumstance underscores the need for caution in interpreting
the findings related to the C6 assay. Secondly, the ongoing COVID-19 pandemic posed
logistical challenges, with parents facing difficulties in attending follow-up visits, thus im-
pacting the completeness of data and reducing the sample size available for analysis. This
limitation may influence the generalizability of our results, given the potential selection
bias introduced by the constraints of the pandemic. Moreover, the nature of our study
design, with follow-up dependent on parental attendance, led to missing data and limited
our ability to conduct extensive follow-up examinations. This absence of long-term data
may affect the depth of our understanding of the progression and outcomes of LB in the
pediatric population. Lastly, the observation that nearly half of the patients with erythema
migrans did not exhibit increased VISE IgG levels poses a limitation on the potential use
of this assay in treatment monitoring for this particular subgroup. Acknowledging these
limitations is crucial for a nuanced interpretation of our findings, ensuring a balanced
understanding of the scope and potential impact of our study.

5. Conclusions

The majority of children meeting the clinical criteria for Lyme disease, based on the
evident presentation of erythema migrans, received appropriate treatment from family
doctors. Nevertheless, these children were referred to specialist clinics for further care.
Some children with erythema migrans tested negative for Lyme disease in serologic tests,
even when using recombinant antigen-based assays. Clinical diagnosis at this disease stage
should remain the gold standard for diagnostics and the basis for treatment initiation. A
significant decrease in anti-VIsE antibody titers was observed during erythema migrans
treatment, along with a decreasing trend in neuroborreliosis. This suggests the potential
use of these antibodies in monitoring Lyme disease treatment in children. In summary;,
our study underscores the need for optimizing the diagnostic pathway for pediatric Lyme
disease, especially in cases of erythema migrans, which can be accurately diagnosed
clinically. The challenges posed by serologic tests in detecting Lyme disease in children,
despite the use of recombinant antigens, highlight the importance of clinical diagnosis
as the primary criterion for treatment initiation. Additionally, our findings suggest that
anti-VIsE antibodies may serve as a valuable tool for monitoring the effectiveness of Lyme
disease treatment in pediatric patients. These insights contribute to the ongoing efforts to
improve diagnosis and care for pediatric Lyme disease cases.
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11. Streszczenie w jezyku polskim

Borelioza z Lyme (LB) to choroba wystepujaca gtdwnie na obszarze Euroazji oraz Ameryki
Pétnocnej, przenoszona przez kleszcze, wywotywana przez kretki Borrelia burgdorferi sensu lato. W
Europie chorobe najczesciej wywotujg genogatunki B. garinii, B. afzelii oraz B. burgdorferi sensu
stricto. Jej rozprzestrzenianie sie dynamicznie wzrasta, co wigzane jest ze zmianami klimatycznymi,
sprzyjajacymi ekspansji kleszczy. Choroba moze przybierac rézne formy, a jej rozpoznanie bywa
trudne ze wzgledu na zréznicowany obraz kliniczny i czesto niespecyficzne objawy.

Okres wylegania boreliozy wynosi zwykle od 3 do 30 dni, cho¢ objawy mogg tez pojawic sie
po kilku miesigcach od zarazenia. We wczesnym stadium choroby moze pojawic sie na skérze
zamiana okreslana jako rumien wedrujgcy. Nastepnie choroba moze przechodzi¢ do stadium
rozsianego, z objawami ze strony uktadu nerwowego, kostno-stawowego lub serca. Diagnostyka
kliniczna boreliozy wspierana jest przez wyniki badan laboratoryjnych. Wyjatkiem jest rumien
wedrujacy, ktdrego obecnosc na skdérze pozwala na rozpoznanie choroby w oparciu o obraz kliniczny.
Metody diagnostyczne stosowane w przypadku boreliozy to testy immunoenzymatyczne (EIA),
Western blot (WB) oraz, w mniejszym stopniu, techniki biologii molekularnej. Metody te rdznig sie
czutoscig, swoistoscig oraz kosztem wykonania. Ograniczenia konwencjonalnej dwuetapowej metody
diagnostycznej (CTTT ang .Conventional Two-Tiered Testing), polegajacej na wykonaniu testu EIA, a
nastepnie, w drugim etapie, testu WB, zainicjowaty wprowadzenie zmodyfikowanego badania
dwuetapowego (MTTT ang. Modified Two-Tiered Testing Method), wykorzystujgcego testy z
antygenami rekombinowanymi (VISE i C6). Oznaczanie miana przeciwciat anty-VIsE oraz anty-C6
okazato sie takze obiecujgce w monitorowaniu skutecznosci leczenia LB u dorostych.

W kontekscie powyzszych wyzwan, przeprowadzono badania majace na celu zrozumienie
skutecznosci profilaktyki oraz doskonalenie diagnostyki boreliozy u dzieci. Celem pracy byta ocena
wiedzy, postaw i praktyk profilaktycznych wsrdd respondentéw z pétnocno-wschodniej Polski
dotyczacych boreliozy oraz zidentyfikowanie czynnikéw wptywajacych na postawy i praktyki ludzi w
zakresie profilaktyki przeciwko chorobom przenoszonym przez kleszcze. Ponadto poréwnano
powszechnie zaakceptowany dwuetapowy algorytm diagnostyczny LB wykorzystujacy testy EIA i WB
z proponowanym, alternatywnym algorytmem z uzyciem testédw EIA wykrywajacych antygeny
rekombinowane (VIsSE i C6), biorgc pod uwage rowniez zastosowanie tych testéw w monitorowaniu
skutecznosci leczenia LB.

W pierwszej pracy oryginalnej z cyklu prac oceniano wiedze, postawy i praktyki profilaktyczne
mieszkancow obszaru endemicznego w Polsce. Do badania zakwalifikowano 406 uczestnikow z
poétnocno-wschodniej Polski. Okoto 41% respondentéw zostato uktutych przez kleszcza w przesztosci,
16% w ciggu ostatniego roku, a 31% potwierdzito uktucie swoich dzieci. Uczestnicy czesto korzystali z
Internetu i porad lekarzy. Ponad pofowa badanych uznata choroby przenoszone przez kleszcze za co
najmniej tak niebezpieczne, jak choroby uktadu sercowo-naczyniowego czy nowotwory.
Zdecydowana wiekszos¢ ankietowanych oséb stosowata prawidtowe metody ochrony przed
uktuciami i stusznie nie oczekiwata poekspozycyjnej profilaktyki antybiotykowej, ktdra zostata
zaordynowana jedynie u 12% oséb po uktuciu przez kleszcza. Ujawniono jednak istotne braki w
wiedzy i liczne btedne przekonania na temat choroby. Prawie co czwarty ankietowany nieprawidtowo
zidentyfikowat kleszcza na ilustracji. Az 20% byto przekonanych o wertykalnej transmisji boreliozy z
matki na dziecko, a prawie 60% uwazato, ze borelioza jest chorobg nieuleczalng. Ponad potowa



respondentdw obawia sie fragmentdw kleszcza pozostajacych w skdrze po jego usunieciu,
jednoczesnie uwazajac, ze nie nalezy usuwac kleszcza samodzielnie. Niespetna potowa respondentow
byta pozytywnie nastawiona do szczepien przeciwko kleszczowemu zapaleniu mdézgu (KZM). Obecnie
nie ma dostepnej i zarejestrowanej szczepionki przeciwko LB, dlatego w naszym badaniu zadalismy
pytania oceniajgce nastawienie do szczepienia przeciwko innej chorobie odkleszczowej, jaka jest
KZM. Prace nad szczepieniem przeciwko LB ciaggle trwaja, a sukces szczepionki przeciwko KZM
sugeruje, ze moze to by¢ efektywne podejscie do zmniejszenia czestosci wystepowania LB. Ponadto
nasze badanie pozwolito ustalié, ze niedawne uktucie przez kleszcza byto powigzane z wyzszym
poziomem wiedzy, prawidtowym postepowaniem profilaktycznym i pozytywnym nastawieniem do
szczepionki przeciwko KZM.

Drugie praca dotyczyta diagnostyki LB, zwracajgc uwage na mozliwe modyfikacje w
dwuetapowym tescie serologicznym. tacznie przebadano 354 dzieci, z czego 70 wigczono do analizy
(49 z rumieniem wedrujagcym i 21 z neuroboreliozg). Wykorzystanie antygenow rekombinowanych,
takich jak VISE i C6, zdaje sie by¢ obiecujacg alternatywa, szczegdlnie we wczesnych stadiach choroby.
Badanie przeprowadzone na dzieciach z objawami sugerujgcymi LB podkresla potencjalng
przydatnos¢ antygenu C6 jako narzedzia diagnostycznego. Przedstawione wyniki analizy przeciwciat i
ich zmian w czasie leczenia rzucajg Swiatto na potencjalne zastosowania tych testéw w
monitorowaniu skutecznosci terapii. Jednakze, wazne jest ostrozne interpretowanie wynikéw w
kontekscie klinicznym, gdyz przeciwciata mogg by¢ wykrywane przez dtugi czas po skutecznym
leczeniu zakazenia.

Sformutowano nastepujgce wnioski:

1. Respondenci mieszkajgcy w pétnocno-wschodniej Polsce uwazajg choroby przenoszone przez
kleszcze za istotne zagrozenie dla zdrowia swojego i swoich rodzin, zblizone do chordb
nowotworowych i sercowo-naczyniowych.

2. W wiekszosci przypadkéw respondenci stosowali rekomendowane sposoby ograniczenia narazenia
na uktucia kleszczy oraz zapobiegania zachorowaniu na borelioze. W niewielkim odsetku stosowano
profilaktyczng antybiotykoterapie u respondentéw lub ich dzieci.

3. Wiekszos¢ respondentdw czerpata swojg wiedze na temat chordb przenoszonych przez kleszcze z
Internetu oraz od opiekujgcych sie nimi lekarzy i te Zrédta nalezy wykorzystaé, aby poszerzy¢ wiedze
populacji na temat tych chordb.

4. Wiekszos¢ dzieci spetniajgcych kryteria kliniczne rozpoznania boreliozy z uwagi na oczywisty obraz
rumienia wedrujgcego byto adekwatnie leczonych przez lekarzy rodzinnych. Pomimo tego dzieci te
zostaty skierowane do poradni specjalistycznej celem objecia dalszg opieka.

5. Czes$¢ dzieci z rumieniem wedrujgcym ma ujemne wyniki badan serologicznych w kierunku
boreliozy pomimo uzycia testow z antygenami rekombinowanymi. Rozpoznanie kliniczne w tym
stadium choroby powinno pozostawac ztotym standardem diagnostyki i podstawg wtaczenia
leczenia.

6. Zaobserwowano istotny spadek miana przeciwciat przeciwko rekombinowanemu biatku VISE w
trakcie leczenia rumienia wedrujgcego oraz trend spadkowy w neuroboreliozie co moze wskazywac
na potencjat wykorzystania tych przeciwciat w monitorowaniu leczenia boreliozy u dzieci.



12. Streszczenie w jezyku angielskim

Lyme disease (LD) is an illness primarily found in the regions of Eurasia and North America,
transmitted by ticks, and caused by the Borrelia burgdorferi sensu lato spirochetes. In Europe, the
disease is most commonly caused by the genospecies B. garinii, B. afzelii, and B. burgdorferi sensu
stricto. Its spread is dynamically increasing, linked to climate changes that favor the expansion of
ticks. The disease can take various forms, and its diagnosis is often challenging due to the diverse
clinical presentation and frequently nonspecific symptoms.

The incubation period of Lyme disease typically ranges from 3 to 30 days, although
symptoms may also appear several months after infection. In the early stage of the disease a rash
known as erythema migrans may appear. The infection can then progress to a disseminated stage,
with symptoms involving the nervous system, musculoskeletal system, or heart. Clinical diagnosis of
Lyme disease is supported by laboratory test results. An exception is erythema migrans, whose
presence on the skin allows for diagnosis based on the clinical picture. Diagnostic methods used in
Lyme disease include enzyme immunoassays (EIA), Western blot (WB), and to a lesser extent,
molecular biology techniques. These methods vary in sensitivity, specificity, and cost. Limitations of
the conventional two-tiered diagnostic method (CTTT), which involves first-tier EIA test followed by a
WB test in the second step, have led to the introduction of a modified two-tiered testing method
(MTTT), utilizing tests with recombinant antigens (VISE and C6). Measuring the titers of anti-VIsE and
anti-C6 antibodies has also shown promise in monitoring the effectiveness of LB treatment in adults.

In the context of the aforementioned challenges, current research was conducted to
understand the effectiveness of prevention and to refine the diagnostics of Lyme disease in children.
The aim of the study was to assess the knowledge, attitudes, and preventive practices among
respondents from northeastern Poland regarding Lyme disease, and to identify factors influencing
people's attitudes and practices in the prevention of tick-borne diseases. Additionally, the commonly
accepted two-tiered diagnostic algorithm for LB using EIA and WB tests was compared with the
proposed alternative algorithm using EIA tests detecting recombinant antigens (VISE and C6), also
considering the application of these tests in monitoring the effectiveness of LB treatment.

In the first original study of the series, the knowledge, attitudes, and preventive practices of
residents in an endemic area in Poland were evaluated. A total of 406 participants from northeastern
Poland were included in the study. About 41% of respondents had been bitten by a tick in the past,
16% within the last year, and 31% confirmed their children had been bitten. Participants frequently
used the Internet and doctors' advice. Over half of the respondents considered diseases transmitted
by ticks to be at least as dangerous as cardiovascular diseases or cancers. The vast majority of
surveyed people applied correct methods of protection against tick bites and rightly did not expect
post-exposure antibiotic prophylaxis, which was prescribed only to 12% of individuals after a tick
bite. However, significant gaps in knowledge and numerous misconceptions about the disease were
revealed. Nearly one in four respondents incorrectly identified a tick in an illustration. As many as
20% believed in vertical transmission of Lyme disease from mother to child, and almost 60% thought
that Lyme disease is incurable. Over half of the respondents feared fragments of the tick remaining in
the skin after its removal, while believing that the tick should not be removed independently. Just
under half of the respondents were positively inclined towards vaccinations against Tick-Borne
Encephalitis (TBE). Currently, there is no available and registered vaccine against LB, so in our study,



we asked questions evaluating the attitude towards vaccination against another tick-borne disease,
TBE. Efforts to develop a vaccine against LB are ongoing, and the success of the TBE vaccine suggests
that it may be an effective approach to reducing the incidence of LB. Moreover, our study
established that a recent tick bite was associated with a higher level of knowledge, correct
preventive behavior, and a positive attitude towards the TBE vaccine.

The second study focused on improving the diagnostics of LB, with an emphasis on
modifications in the two-tiered serological test. A total of 354 children were examined, of which 70
were included in the analysis (49 with erythema migrans and 21 with neuroborreliosis). The use of
recombinant antigens, such as VISt and C6, appears to be a promising alternative, especially in the
early stages of the disease. The study conducted on children with symptoms suggestive of LB
highlights the potential usefulness of the C6 antigen as a diagnostic tool. The presented results of the
antibody analysis and their changes during treatment shed light on the potential applications of
these tests in monitoring the effectiveness of therapy. However, it is important to interpret the
results cautiously in a clinical context, as antibodies can be detected for a long time after successful
treatment of the infection.

The following conclusions were formulated:

1. Respondents living in northeastern Poland consider diseases transmitted by ticks as a significant
health threat to themselves and their families, comparable to cancer and cardiovascular diseases.

2. In most cases, respondents applied recommended methods to reduce exposure to tick bites and to
prevent Lyme disease. In a small percentage, prophylactic antibiotic therapy was prescribed for
respondents or their children.

3. Most respondents obtained their knowledge about tick-borne diseases from the Internet and from
their doctors, and these sources should be utilized to expand the population's knowledge about
these diseases.

4. Most children meeting the clinical criteria for the diagnosis of Lyme disease, due to the obvious
picture of erythema migrans, were adequately treated by general practitioners. Despite this, these
children were referred to specialist clinics for further care.

5. Some children with erythema migrans have negative serological test results for Lyme disease
despite the use of tests with recombinant antigens. Clinical diagnosis at this stage of the disease
should remain the gold standard of diagnostics and the basis for initiating treatment.

6. A significant decrease in the titer of antibodies against the recombinant VIsSE protein during the
treatment of erythema migrans and a downward trend in neuroborreliosis were observed, which

may indicate the potential of using these antibodies to monitor the treatment of Lyme disease in

children.
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