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Streszczeni e

Kl eszczel o,d esl zaljgwosdzecsz arnaclieni do kl uczowy
patogen-w 0 znaczeniu medycznym i weterynar
par kach i obszaraolbhserkowamyjchwpa o i dayn a
odkl eezeyoawN je istotnym paybzlwiacnzineengod| aPopd ra
Krajobrazowy (PPK), ze wzglndu na walory pr
stanowi obszar potencjalnie sprzyjajNcy kont
przez nie drobnoustroj ami

Celem pracy byga o cylnxao dneyssntani gcaavnansii & kKlogps 2
Par ku Krajobrazowego, I dentyfikacja patogen
ocena seroprewal lehgpyi pr g eBgprwzedlaiijav ksbeunrsgud ol raft eor
wSr - d mieszkaz@cgowomdgizeley. rekreacyjne parku
warunkami sprzyjaj Ncymwi ks ywnyp 8 cundnzkihsmtc & knt
z nimi, co moUe przekgadal sin na podwyUszon
os-b odwiedzaj Ncych Par k.

Badania terenplwie- obll en®w@dy nnae twydzNn afcl zaognoyw
ScieUkach turystycznych i edukWcypbpcht onr icr
przeprowadzono i denzelin domyogbini e wk @ maagedlcizmyN
mol ekul arne owekne$auinkuwybranych czynni k- w
odkl eszezawWych em PCR/nested PCR.asBrwhobéegklkaea

mi eszka® -w regionu: test przesiewowy ELI SA,
Bl ot . Anal i z y a ssttoastoywsatnyoc z rde oceny zwi Nz k- w
patogen-w/ przeciwciag a wybranymi zmiennymi

Uzyskane wyni kil .p otiwyisehrtppaun §ey evwe tReo @r ad z ki m
Parku Krajobrazowym, takUe na trasach intens
kl eszczy wykryto patogkaly obsetcwibeSriaddzkalneos zvw zro
stadiach rozwoj owych, przyB duymdoddimr nowe
a w mni ej szyma bywgrp-nwnuBe bd e crmi corroakin apl as ma
phagocytdophkhkbdolad@mni @ ser ol ogienza emaptrezreiparloewaw z
surowi cy krzwig apazcajjeNcty-cvh si i do dabagaj Nceéegm
obszarze PPK wykazagy ®bedbmuo §idwphfaedarn evjc i map wp
|l udzkd eyskazuje na ryzyko tedk shppkz yeajiiN Inwad zdia dra:
PPK
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Znaczenie uzyskanych wynik-w ma charakt er
dostarcza danychpawtsenejrwmlj Wegale mice ndizjowi ek a
oraz odkleszczpwiNogafBakbjuji giddkifmhago oytaephi |

nwaBz | fmiwc o retgii oni e or az @ioMdngoagdtaglombecnom&$§ i
t awonog- - w WP rSzreopdroow asdkzue R eNr @ jwanhi &edJp o twr z e b i st
ziaga®&® edukacyjnych adresowanych do mieszk
ormy profilaktyki (odpowi edaxnybkiibd -ir ,prsa wisddwm
| eswchgdanym Kk@Myind rkiie bRalasE mogN zostal wyko

o X —H o o

ziaga® edukacyjnych majNcych na celu podni

zwi Nzanych z obecnoSci N kleszczy na terenach
Sgowa kluczowe

| xodes, rPepmadzKki Pacrhio r Kby | coodBa® zecswyciza we ur g d

sensuBalbaetso,gAmaglra@s ma phagocytophil um

TOEW | Y U ¢



Rozprawa doktor sk

Syl wia Koczanowic

Abstract

| xodesi si thpusmost widespread tick speci es:s

of nume rbousnet ipak hogens, posing a growing p
Landscape Park (PLP), with its rich biodivVe
a potenti al htoit cskp o & n Tf lvoer n heummsam f this study
occurrkexceéenifni teheuPoprad Landscape Park anct
of sel ebcotrende tpiacckhogens in ticks, as well as
agaBostelia sbeunrsgud olraftear ii n t heTiloksal wehruenamo Iploe

flagging along tourist and educat i oBharlr etlriaa |
burgdeeheuBdbaesoi,a dahntca pltasma phagoaowgh @&fEdRd | um
met hods. Il n parallel, serum samples from pat
PLP were analyzed by ELI SAlI .anrdwvasomfdaurnmde dt hwi ot ul
t he PLP, including intensively visited recr
presence of several Bpathhio gsel 3. fBempirictrdotdii nant |
phagocytoeghiirlrumg | ess frequently. SerBl ogi ce
burgder. il ., indicating human exposur dhesomet

findings highl ilgxhotd etsheaen drit@iaomskec eoadfhogens i n

Landscape Park and indicate the i mportance
monitoring, as well as educational activit
recreational | andscapes.

Keywords
| xodes, rRPap maid L an dbsocranpee dBiasreked datsa, cdkeurr gud olr d tea
Babesi aAmaglrasma phagocytophil um
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1. Wstnp

Choroby przenoszone przez wektory stanow
wsp-gczesnego zdrowia publicznego i odpowi ac
zakaTne 1fVdaHOSwi)O¥2clost at ni ch dekadach obser wuj
czfiistodwiiNzaoe zmeahamie kIl i matycznymi, pr zek:
urbanizacjN oraz intensyfikacjN turystyki i
przyr o(Rmindodjph 2010; Medl| #elfai i i de 2@&l3Fueld
W sftire kl i matu wumiarkowanego szczeg-lne zna
odkl eszczowe, kt-re coraz c=z2mécijajbgmé&r giShagne
Pfaffle i in. BO013; Rizzoli i in. 201

Kl eszcze odgrywaj N istotnN rolfi w transm
i pierwotniaczych. Wysoka skutecznoSi transnm
wjaSci woSci Sliny, =zawierajNcej substancj e

sprzyjajN przeamywaniu odpoé etdai FueSnueol og

Boul anger )i Zinmcz@e0il®8 zdrowotne kl eszczy W)
przenoszenia chor-b, jak i z faktu, Ue wiele
kr Ng Uyowi cdredbnych ssak-w i pt aki ek &mpr ochuwgUe
i .2m18)

Kl eszcze (lxodida) stanowi N jednN z naj we
Znaczeniu medycznym i weterynaryjnym, bnd
chorobotw-rczych @1 ay | WRNDwLlBwi @ar 201t 3 ; Jon
[ Uil enherW--Fa2dka) WOBRGr opi e, a zwgaszcza W
umi ar kowanego, domi nuxNdgsn, gRrowmEks emnijee swy s

na obszarach | eSnych, parkowyMeddomak W $modoc
W Pol sce odnyocthocvweaanso odoe c no Si 19 patumleswuk] ¢
najcznSciej spotykanym i (MayZlkmurd. PG &i@braala n
ten zasiedla wifdnkszoSI terytorium kraju, [
i umi arkowanym zacienieniu, a jego aktywnoS$S
wi osenny oNew&lhensuirenmry 13

| xodesodgcywaskl uczowN r dBloif rwe | ti raasbeaumsgsjoir f
| a tbofi d Nccyzcyhn n iektiieom mgbiocrzenlyi ozy z Ly me, kt-ra
di agnozowanN chor ob N, oaktl &k &tzamdlo Iwis Eirnr.o pad el
202 8zacuje sin, NUe Sredmlls vyWstBtbeuk mygtdksanie r i

w populacjach kleszczy w Europie wynosi 13, 7

diflh | Y U ¢
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wyUsze i -38ppiaguaric dh7 i i n. 20)L6;a Kusbwetk5 @2 % n
w zal eUnoSci o0d.204d@22®nu (Asman i in

DrugN powsmbeNkinN eghaozynnj &p tezt éonmoysozgpi rczzenzy
kl eszcze jest klesXKZ¥pbwe f a2@dbe Roé smez gur us
wykrywany jesosd @,RR&8&dozadaghczym w wielu | oka
wy krywa aLie ¢ r2 0i1 5i;n Dr2e0 li4c;h Al biedrOtlybE&sdkna ciz eiSm i «
wy kr iKZ Mie k| elsxzocdzeyswr i egnhasach wczeSniej klasy
od tego wirusa moUe wskazywal na moUli woSiI
stopni owz@rozamiza zasingu geograficznego kIl es
[ i na 20}k owskaPoinaidno a0XH)eeszczach wykrywa
patogen-w, Anail &@$ma aph,aBaobceystpog® h,c k ashptps.i ac zy
Candi datus Neoehrkichyah miktiseaSi swystfipowan
od |l okalnych warunk-w Srodowi skowych, strul
rezer wu@Buawye® PE3sitnfPeedilaa i ).in. 2014

Wsp-gczesne badania wskazuj N, Ue dynamik

odkl eszczowych determinowana | est przez zgdgo

[ bi otycznych, a takUe presjn antropogenicz
temperatur [ wydguUenie okresu wegetacyjneg
kl eszczy, zwi nkszeniu i ch przeUywal nzonSec i or

i winksze wysokoSdqRamdal plo zd ®Ime;m Medlzac k i i
T2l l ekl int KhdtaehsbhnptWeifrkc2@lkl eszcze cor
w Srodowi skach dotychczas uznawanych za mni e

[ rekreacyjnych, co zwinksza pr @wadotpoosd okbiie E

20 Ri zzol i [ in. 2014; Didyk i in. 2017
Szczeg- Il ne Zznaczeni e w kontekScie ryzyk
chroni one, takie jak parki krajobrazowe i N
z intensywnym ruchem turystycznym. Obszary
ze wzglndadu na obecnoSi licznych UOywicieli,
ograniczonN ingerencjfi antropogenicznN, a | e

| udrRiizzol i1, i Es-Pe @ OiI1 de 4 aZéemamtic) BOAeng ypd0 1 3
wi ele obszarwwkEwrhompine osniwryadk owe j pozostaje na

pod kNtem wystfpowania kleszczy i czhistoSci
Popradzki Park Krajobrazowy (PPK), pogoU
SNdecki m, stanowi obszar o szczeg-lnym znacz

N®EW | Y U ¢
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odkl eszczowych ze wzglndu na Jjednoczesne w
sprzyjajNcych bytowaniu kleszczy oraz inten
ponatt§5ha i charakteryzuje sifn mozai kN sied!|
uznawanych za optymalne Sr ¢.dbwigdgkavnklgn wexkwa
patogen-w odkleszczowyverd|wcEuUrn opine $2rO0old3k o wRef|
Rizzolil.i in. 201

Obszar PPK cechuje sifn wysokN bior-Unorod

ssak-w i ptak-w pegni Ncych roln Uywicieli r
natural nych ogni sk patogen-w odkleszczowych
intewenisg uUyt kowapygprekresclhaki epi eesdzuek a cSycji neel
oraz infrastrukturfi turystycznN, w tym obi ek
co skutkuje zwinkszonN czistoSci N koretsalthu
szczytowej aktywnoSci tych pajnczak- -w
Ryzyko chor:-b odkleszczowych ma jednak c
wygNcznie do obecnoSci kleszczy w Srodowi sk
pat ogenami w popul aciji kl eszczyz ombliekwd iopi e

przez kl eszcza moUe, paozoaskalemiieezpumwalioagal
skNpoobjawowo, co utrudnia idenStydn &k cij ni rF.r -
Wil king i) SZ atr&kg@ OvtzA4gl ndu r zetel na oycreangga z a g |
podej Scia integrujNcego dane Srodowi skowe z

l udzkiej z patogenem.

Pomi mo |I'icznych bada® prowadzonych w pogu
chronionych, kt - re jednoczeSnie pegdgni N fur
rekreacyjnych, pozostaj N fragmentaryczne. Sz
si Aimidej sc bezpoSredniego i powt arzal nego kot
szl aki turystycznedukd&cxyjeridk.i Brakujodni cwmi e
ocenn Srodowi skowN 2z analizN rzeczywastej
cajgoSciowe oszacowanie ryzyka zdrowotnego.

Wyb-r Popr adkzkaijeogoar aaorwkeuyo |j ako terenu bac
doktorskiej wynikag zpwmatemzgipy neamnphekhSoewehp
na infestacjn przez kleszcze oraz ekspozycjn
atrakcyjnoSci turystyczne,j i sprzyjajNcych
badania prowadzone na wyibradylcdc yjrmysalt hPPR K ki
obechoBtionag i st otcehg k a de @&tBebkuirt gkdaenri f evrsik az uj Nc

NRELy | Y Uec
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na realne zagroUenie epi demi ol ogi cjzanke iz a0 s\
odwi edzaj Nc yPautb | ti Efpauclyj lei2k @ ¢ | a

Niniejsza rozprawa opi er a sin na cyklu
kompl ementarny odnoszN sifi do problematyki |
rekreacyjnych Popradzkiego Par ku Krajobraz
patogen:- wowgklhe svzigp o g Hnuabsl jidk)a,c jaanal i zn ryzyka
edukacyjnych i szl akach turystycznych |jako
z kl esRulzlai@hla djbaadani a seroepidemi ol ogiczne n
na odniesienie danych Srodowi skPowy c¢¥k)adprasez s |
przegl Nd aktual reogo c sNagmgoUwiEe dzhyor o b a mi od
na obszarach turystyRwehlyidiha pjogudni owej Pol sk

Zestawienie wynik-w bada® Srodowi skowych

identyfi kowane w Srodowi sku naturalnym Pop

przekgadal sin na rzeczywi stN ekspozycjn (
w miejscach intensywnie uUytkowanych rekreat
przeci wci ag u cznSci badanych o0s - b, potw

uki erunkowanych na obszar yklresalduaghe kB acjt akt
JednoczeSnipodkyriSkiaj Ne znaczenie dziagaE& pr
skierowanmeslz kédEc - wdiwi edezREB Pwyd hi IkRuch laik)ac | a

oraz wskazujN na potrzebnin systematycznego m
(Publ idkacj a

Badani a nad kl eszczami, i ¢h bi ol ogi N,
przenoszonymi odgrywaj N kluczowNi r méedy ow nd cel
weterynaryjnej. UmoUl i wiajN ocenhn ryzyka
prewencyjnych oraz rozw-j strategii ogaranicz
w obliczu dynami cznych zmi an Srodowi skow:

[ rozmi eszcfPefrtifef Iwvedg. kitWoirReow 208 pgdebstEtaj e gat ul
domi nuj Ncyamda pdpobwansmisji najwaUniejszych
prowadzone w Srodowi skach rekreacyjnych stan
ludzi iNeawiLhk maNg. 2018
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2.Ceel, hipotezy i zadania badawcze

Celem gg-wnym przeprowadzonych bkadeas@E byga
ricnusna terenie Popradzkiego Parku Krajobrazo
pat ogenami chor-b odkleszczowgendawywt ppoowam@ica
z a k aBOreelE burgdorferis ensu | at o wSr - d miBeasdzakna Ec -twe trei
charakter kompl eksowy i I ch zagoUeni em
epidemiologicznego wynikaj Ncego z obecnoSci
pat ogen- w n gsokihgalrach preyrodniczych, intensywnie wykorzystywanym
rekreacyjnie i turystycznie, a jednoczeSnie

Pierwszym celem szczeg-gowym bada®& bygo o
l udzi na kontakt =z kleszczami : B bukgdotenisly mi pa
Anaplasma phagocytophilupraz Babesia microtina terenach rekreacyjnych Popradzkiego
Par ku Krajobrazowego. Obszary t e, ze wz gl
mi eszka@c- -w I turyst- -w oraz dogodne warunk
[. ricinus, stanowi N me miejsta gkspdzycji ledzi haspatogeny o znaczeniu
medycznym. Cel t e nPublikasjitlagwz kealegodakpynawno ¢
wystfipowania patogen- w odKk |edegzrciaugpozyskanychw p o p L

z og-l nodostnpnych obszar - w rekreacyjnych
obejmuj Ncych §gNKki oraz trasy spacerowe zlo
i mieszanychor a z przeanali zowano z a | zbidip st&dwim p o mi
rozwojowym i pgci N Kkl eBadaryi aa todbestnabSecwiNg yz a
wystnpowania kleszczy oraz wybranych patogen
Par ku Krajobrazowego i wskazagy na potrzebhn
i rekreay j ny c h, co stago sifn podstawN do konty:
turystycznych i Sci e Uk(KocZanowiak uitk 2084).j nych t ego

Drugim celem szczeg-gowym bada® bygdga ocen
z ak aUoBn pungdorferisl. na szl akach turystyczny-ch or a
przyrodniczych Popradzkiego Parku Krajobrazo
w Srodowi sku naturalnym oraz stagN obecnoSi
potencjalnego kontaku pomi ndzy [ ud¥ mi a kleszczami, (
odrnbnej analizy. Real i z acHuldikatjie,g ow cred ma zlo sk ta
analizN objnAnto szl aki t pmryodniczecaistomymelenentenSci e U
badbhyo okreSlenie realnego zagroUenia zdro

obszar-w oraz wskazanie tr aéoceganqwica in.\20P§ zony m
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Trzecim celem szczeg-gowym bada®E& byga oc
pr z e c t kiesyilgMa IgG przeciwkoB. burgdorferis.l. w surowicy losowo wybranych
mi eszka® -w Popradzki ego Par Rublikakjir3aWy rarbacha z o we ¢

tego etapu bada®&® przeprowadzono analizy se
z i nf or macj) ami pozyskanymi w kr - -tkiej anki
dekl arowany kontakt =z k|l eszczami oraz wczeSr
umoUl i wi o wskazanie obecnoSci Swoi steych pr

odnotowano wczeSniejszej di agnozy <choroby.
zakaUonych kleszczy w Srodowi skuogpeznawstao
zakaUe® u ludzi, dlatego badania serologiczn
[ pozwoli gy na ostroUne rozszerzenie interpr
ludzkiej na patogeny odkleszczo@eoczanowicz i in. 2025).

Uzupegnieniem bada®E terenowych i mol eku

przegl Ndowym, kt-rej cel podsuntowadiektualrejowiedzy i e i

na temat wystnpowania kleszczy [ przenoszo
turystycznych pogudniowe] Pol ski . W pracy t.
wzrost aktywnoSci rekreacyjnej oraz niedost e
nar yzyko ekspozycji na choroby odRubl&ajzds z owe .
przygotowane,] w formie pracy przegl Ndowej ,
wystfipuj Nce w pogudni owe | Pol sce, spektrum
dziaga® edukacyjnych i p r o f azdrbveothytichyKozamgwch w 0 g
i in. 2026)

-

Ostatnim cel em szczeg-gowym badaCE by ge
epidemiologicznego zwi Nzanego z chorobami od
Krajobrazowego poprzez powi Nzanie wynik-w bz:
serologicznych. Cet en zostagd osi Ngnifnty poprzez synt
wyni k- w uz ysbkkacachd-B, wo pozwoligo na kompl eks

ekspozycji ludzi na patogeny odkleszczowe w badanym regioezanowicz i in. 2026).
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N a podstawi e przeprowadzonych badaEE S
i serologicznych, a takUe w oparciu o anali z
wystnpowani a kl eszczy [ chor - b odkl eszczow
przyrodniczych i turystycznych, podj nto p |
odnowaeMNc sin do zagroUeni a epidemi ol ogi czne
Krajobrazowego. Kompl eksowy charakter pracy
zakaUonych kleszczy w Srodowisku, jak i an
ludzkiej,a poswalwiignne hipotez dotyczNcych s
odkl eszczowe oraz znaczenia wybranych obszar
ryzyka. Sformugowane hipotezy stanowi gy ©pod
szczeg-gowyabhyizweryfi kowane w ramach -badaEE
4:

1. Na terenie Popradzkiego Par ku Kr xgdesbr az ow
ricinus zakaUone pat ogenami chor - b odkl eszcz
CO stanowi potencjalne zagroUenie epidemi
0 b s z §Publikacja 1)

2. 0soby widruj Nce po szlakach i ScieUkacl
Krajobrazowego powi nny zachowal ostroUno
przenoszN bakterie wywogduj Nce borelioz
epidemi ol ogi czne dbsza(Pabtkacjag)d zaj Ncych t en

3. W popul aciji mi eszka® -w Popradzkiego Par
pr zecizwiadgygh dlub IgG przeciwkoB. burgdorferi sl., zar -wno u o
dekl aruj Ncych kontakt =z kleszczami, |jak i
(Publikacja 3)

4. ObecnoSi swoi st yc hB.lpurgdodecis|.wpdpalagji ludzkiej aie i wk o
zawsze | est bezpoSrednio zwi Nzana z wcz
boreliozy(Publikacja 3)

5, Obszary turystyczne pogudni owegotengaing s k i S
ekspozyciji ludzi na kleszcze i chorobglkleszczowdPublikacja 4)

6. Zintegrowanie wynik-w bada® Srodowi skowy

umoUl i wi a kompl eksowN ocenit zagroUeni a
z chorobami odkleszczowymi na terenie Popradzkiego Parku Krajobrazowego
(Publikacje 13).
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Weryfi kacja postawionych hipotez badawczyc
met od badawczych, obejmujNcych badania tere
a takUe syntetycznN anPalziyzZit ea npyocdhej ISict @r autm

wystnpowania kleszczy oraz patogen-w odkl es:

anal iz wyst fnBomelasurgdarfers @ kha Ue Eat o wSr - d mieszk
obszaru. Pozwol i go t o n a |l epsze schar ak
epidemiobgi cznego na badanym terenie. W zwi Nzku

nastfipuj Nce zadania badawcze:

1. Przeprowadzeni e bada@E tixedes mciousy wybranyclz bi or u
obszar - w rekreacyjnych, szl ak- - w turysty
Popradzkiego Parku Krajobrazowego metodN

2. ldentyfikacp gatunkova, o k r e S| eni e stadium rozwoj oweg
kleszczy(Publikacje 11 2).

3.l zolacja materiagu genetycznego z pojedy
wybranych pat og e nBomweliaobdrgdbrierssensuzlaiofyapldsma(
phagocytophilum Babesia micro)i z zastosowaniem metod PCR i nested PCR
(Publikacje 1 i 2).

4, Analiza czhistoSci wystnipowania patogen-w
wzal eUOnoSci abtbry, | osktaa diizuanc j r 0ZwWO0j owego or

(Publikacje 1 i 2).

5. Pobrani e mat er i aga mii @4 Dlga Ez nwgoPopradz
Krajobrazowego oraz oz nakagy@gMilgG pazécevkon o Sc i
B. burgdorferis.l. metodami ELISA i Western Blot (Publikacja 3).

6. Analiza zal eUnoSci pomi ndzy wy ni kami serolog
dotyczNcymi kontaktu z kleszczami i wczed¢
3).

7. Przeprowadzeni e analizy l'iteratury naukc

[ chor - Db odkl eszczowych w obszarach t

z uwzglndnieniem wpgywu zmian kIl i matyczny
(Publikacja 4)

8. Synteza wynik-w bada®& terenowych, mol ek u
|l iteraturowych w celu kompl eksowe | oce
zwi Nzanego z chor obami odkl eszczowy mi

KrajobrazowegdPublikacje 13).
NRFL | YV Uc
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3Materiagy i met ody

3.Bladanie obecnoSci patogen-w chxordrelscobdlds es z

T Wlatac20201®rzeprowadzono zbi - r kl eszczy
| okali zacjach Popradzkiego Parku Krajobr
IXxodreisc{ numfy i postacie dorosge), kt-re n;:
w celu Bykretia duwmsadAanaitpdr asma phagocytc
Babesi alPmbkcrkpacja 1

T WIl atacf#02pr2z0e pr owadzono zbi -r kw etszzeggh m
|l okal izngy ewsditakr y ijyecd3noai ap Uk y r ceddhu keaooy j n
w Popradzkim Parku Krajobrazowylm.i cGNMazni e
kt - re nastnpnie poddanavy&m®Bloiraieé¢ i molbek glda
sens uAlphtagocytBgphe diualPmbkrkpacja 2

32Badanie serologiczne surowicy kr wi

1 Materiag badawczy stanowi ga surowica uzys
wybranych pacjent-w zggaszaj Ncych si i na

Zdr oj u. Badanie zostago przeprowadzone z
bada®® yalwkowa podstawie opinidi Komi sj i B
Lekarski e]j w Krakowi e, kt - ra zapoznaga si
moUl i woSIi jego realizacji i publikacji wy

16 czerwca RiO24urmowi.cyPrprmhzebadano pod kN
przeciwciag | gBorr ¢élgiGa pdhrazregul ovik e 0 i KaOdy
badania wypegni g autorski kwestionariusz
historin kont aktu z kl eszczami or az i nf
odkl esz@Pauadbwy klacj a 3

33Zast osowane metody | aboratoryjne i terenowe

33. Metody terenowe

f Zast osoowanmo kzl eszczy zmetidkagpwaniSai 060864di
kt -prod ega na zbiorze kleszczy z roSlinnoS
(flagi) o wymi aria cjlhand@es zccnz onnaa 4n0a cdm N UK u .
omi atano niskN roSlinnoSi do ok 1lanonetra v

kl eszcze zbierano za pomocN pRiAsety i umi
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i podpi sanych prob-:-wkach, wypegnionych 7
dokonany na terenie Popradzkiego Par ku Kr
Kl eszcze przekazano do bada@® mol ekul arnyc

33. Metody | aboratoryjne

T Rozpoznawani e gatunk - w i .sPtraadcie- wl arboozrwactjo
przeprowadzono w Katedrze Zool ogi i | nst
Edukacj i Nar odowe ] w KrakeoegreegZsedir@pni em:é

okazy kloesdgpzzapzayc zone pod wzglndem gatunku,
przy uUyciu l upy stereoskopowe|j Ol ympus
systematyczne] kl eszczy uUygtaot uknl ku cyecylz adwoa rot
w praca¢@m®isSiNe@h knu(2 @ L 3

T | zol ac.raz eDfNrAoovreedt zoodnfN amoni akal n N

T Wy krywanie.Zaatogewawo PCRe istneerptéeerddnP€CRnNny m
dl a fragmdeBBu bgwerngudodr herigermu phIgoRBRNMNAoOpPhHI
oraz g nruBMAd e(si aB anb esspipad i),, Produkty amplif
el ektrofwr t% clGeli ®&c h agarozowych bar wi on
wi zuali zowano w Swietle UV.

1 Badania seadtogowane testE BEorlrSeA i (aNobvuarLg dse

|l gM/ 1 gG) jako badanie przesiewowe, a wyni
met odN Western -RBNAGFda d ()EURIOLtl NfEpr et acj a wyn
z kryteri ami producent a.

3.4. Met ody statystyczne

f Analizy statystyczkwadorbaetj mbavadygenye st alcal
obecnoSci N przeciwciag |lub patogen-w a zn
z kl eszczami) . W przypadku wielokrotny
BonferroniegoanAnal ipzyogwwhkne e St atistica
Pal o Alto, CA, USA).

3.5. Analiza przegl Ndowa

Uzupegdgnieniem bada®& terenowych, mol ekul a
o charakterzektprepgt®demymydjo zebranie i syn
wiedzy dotyczNce,j wystniapowani a kl eszczy or

odkl eszczowych w obszarach zt wwyegtl yidanyeanh emo g
z PPK przedRBualwii lo#B.yjcdc w 1

NH®ELy | Y Uc¢
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Analiza przegl Ndowa zostaga przeprowadzona
obej muj Ncej artykugy oryginal ne, prace prze:
chor-b odkleszczowych. Przegl Ndem objiAato pub

T wystnpowania kleszczy w regionach atrakcy

T spektrum patogen-w odkleszczowych 0o znacz

1T czynnik-w Srodowi skowych i antropogeniczn
ludzi, w tym zmian klimatycznych oraz wzr
Wyszuki wani e ' iteratury przeprowadzono w

(m. i n. Pub Med, Web of Science, Scopus) zZ Wy

z kleszczami, chor obami odkl eszczowymi, tury
Anali zowane publ i kacj e zostagy poddane j ak
do realizacj. celu pracy, a nastnpnie zest:
z uwzglndnieniem implikacij. dl a zdr owi a p

(Publi kacja 4

N® | Y U ¢
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40pis bada® zrealizowanych w ramach poszczc¢
PublikXacj a
Tyt iibhe potenti al risk ofbohwmmani ndpds oine abty
burgdeehesuAnaplogs ma phag eBrayhteospihao (koirmczr conadwi ¢ z
i 204

Cel em pracy bygo okreSlenie potencj a
na zakaUenie tymi dhopaolkstroj ami na obszar a

Materiag badawczy stanowi gy kleszcze zebr
PPKrzech w 2018 roku i trzech w 2019 roku.
141 samc-w i 83 nimfy). |l dentyfi kacj. gatu
dokonano przy uUyciu mikroskopu stereoskopo\
a nastnpnie przeprowadzono detekcjn patogen-
specyficznfel 888 abgegddvr fle6rSAr RNMadqo ¢ ybo @BISI um
rRNB. ( m)crdtriodukty reakcji analizowano el el
statystyczni e zc {graszt oppoopmraanw keim Yaet setsua .

Zastosowane t esvykastagtyy dtryakznest(oOtnych r - U
mi ndzy ni mfami a postaci ami dorosgymi, |jedn:
pgciami dorosgpmhcesdblydiyk cB.NSbuegdrafkerdio 5@ m
cznSB.i emi GNotmna prewalencja patogém-iwi wusba:
z Popradzkiego Parku Krajobrazowego (PLP) |
obecn®Si burgsolrfer(ll, 8%B, miaG it gigpid) e nat om
A. phagoovwytkapyhiol umgl ko w jednym przypadku (0,
Om- wi eni e wyni k- w

Uzyskane wyniki wskRaoprjadzklegona Pab & narkze
i stnieje realne ryzyko kontaktu czgowieka z
sprzyjaj Noyah si 8dbi ednoSci NBardeasneineyy maki -dwo t pfNedt
pierwszN ocenii czfistoSci wysthnpowania wybr aj
.L.r i chauserenie Popradzkiego Parku Krajobrazo
epidemiologicznych dotyczNcych obszar-w chro

Odset ek zakaUwnPyocphr akd zeksjare zRgazrBwy mkKurag dbr f er
-11,8%) jest zbliUony do wartoSci stwierdzon
W Puszczy Ni epogomi cki e]j w Magopolsce odno
nat omi ast wyUsze odsetKki wykazanor awz2 ©&wicewsKk
Wol skim (88 EFZIRRRI W Tarnowskich G-rach w wo

Ml | Y U ¢
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zakaUonych byJgdaSpladujsssad ORBes zoay tereni e tywie
Krajobrazowego i W jego otoczeni uAsvmainnoSci t
201230,LWp- gnocnwpr PoBstcete byojdy 0z% awc zSngi oew i nGEslksi z
Narodowym do 12Asdntain® 0QHta aEEGEH akD 4

Zr - Unicowanie czhistoSci zakaUe@® pomindzy
Popradzkiego Par ku Krajobrazowego wskazuj e
odkl eszczowe nie jest jednorodne nawet na s
ObecnoSdnyzahk akll eszczy na gNkach, ScieUkach
mi ej sc rekreacyjnych podkreSl| a koniecznoSi
epi demiol ogicznego.

ZakaUB.nilmur g dwyrsftefrpcoowiaSjcyi ej u samic (20%),
(2 %) . Uzyskane wyni ki znajduj N potwierdzeni
przewagi samic w zalSrydsikdi e Oti@uds caik2. ik aUe E
Ki ewr 2.0 1Sipavis 220 PBanewstkeaz sjt Nt n N Ir.o | mj eskaomi sc
gg- wnycrh- wetkegpo patogenu.

CziistabbBle Gniwcrdpr adzkijmb rPaazdkwy nKrvay ni os § ¢

Zbl i Uone, chwlarnoéco wydsrewano w Woli Eskim
zakaUonych by g@AsImainE®DP1lkl eszczy
Na szczeg-IlnN wuwagi =zasgduguje fakt, Oe

zar 8Ue @byga@at por - wnywal na, a nawet bwydsiba freirl
co wskazuje na potencjaj aoare wiedbkceanacgpaych:z
pogudni ow@bechoolSikit.ego patogenu w ekosyst emi
Pol ski nean aicsztemtiree zwaUywszy na fakt, Ue ba
bezobj awowo l ub z ni especyficznymi obj awami
do cinUkich powi kgaC.

ZakaUé&ni aphagocygtwpkeirdamno w zal edwi e j
0,3%, <co stanowi wartoSi niUszN ,mip0 rla poolrds c
wW wojew-dztwie zachodniopomorskim <czy 2, 5%
W woj ew-dzt miAes maanmdid 2Rk ic hMat uszbh kSdaz a k.n
20D 4

Wysokarekwenojygsodwi edzat Baychobzswiairks z a
prawdopodobi e@E&stwo e s ptoyzmg c jsia mynm  &H cersalcyz e 0

co uzasadnia koniecznoSi dal szego monitorin

NEl | Y U ¢
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profilaktycznych, takich jak kampanie eduka
osobistej

Wy kiws k a,zurJal badanym obszarze ryzyko kont e
kleszczem jest wysokie, co moUe byl zwi Nz eé
obecnoSci N sprzyjajNcych siedlisk oraz bior-

te dostarczajN cennych danych do oceny zagro

i podkkroenSleacjzfno S dal szego monitoringu epide
profilaktycznych, takich jak kampanie eduka
osobiwtzyuNzk tym uzyskane wyniKki j ednoznac:

prowadzenia dgugoterminowego monitoringu epi
Parku Krajobrazowego. Szczeg:-I nie istotne |
na obszary na emss wkiojc i ruchu turystycznego,
Sci eUki pag zwk soadynjicez,o0 gdzie ryzyko ekspozyc]
naj wi nksze. Badania t,e WKtostarma@l Nblcdeknamlyhcenjr a
ocie@agnolde epi demi ol ogicznego w pogudni owe |

do pl anowani a dziaga®&® prewencyjnych, w o tyr
do uUytkownik-w szlak-w turystycznysclhbosazijp

przed ukguciami kleszczy.
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Publ iXacj a
Tyt @fiTgh:ec c ur r eBocrer eolfi a dam gu dirxdotedoeisi thrcikedi he st e d
fraencr eatriecansalof the Poprad LandéKaperaPRPawkcz S
i in.) 2025a

Celem pracy bygo okreSlenie ryzyka nar a
[ pat ogenami -Bdkl ek iz a zsbewysgud oleaptkoa 8 ma phagocyt
or 8abesgpna wybranych ScieUkach edukadanine ch
to stanowi odriibne i uzupegni aj Nce podej S«
prowadzonych na terenie Popradzkiego Par ku K
ScieUkach -@dukaoydjinnyxch oraz szl akach tury.
beafredni ego kontaktu czJowieka z kleszczami

Materiag zebrano w czerwcu 2020 i 2021
w Rytrze, ABarani e&cliaekdk iw pywtyk medynjocazjp ANa
Jaworzyny KrynZdkiMgporwl Kkwhi ewcji badawczyc
[ obejmowad wygdgNcznie trasy intensywnie u0
co pozwal ago na ocenn rzeczywistego ryzyka
kleszczami w trakci EGNakhywnpB8ezyskekoedddj Reék
59 amic, 93 nimfy) metodN f |zabgioomank a(d epjr ztyr ¢

Osobni ki oznaczano pod mi kroskopem stereos
amoni akal nN. Detekcjn patogen-w prowadzono
specyficznd,aBl 8Sge RN® i 18S r RNA.

Wyni ki wykaBagyuolgewn3dlgiroio badanych kl eszc
czym zakaUenia stwierdzono tyl-hajwydwzgh od st

wystNpi § w obszar ze ARomg atsehrBengigddizll aakkwo (wydn il-

31, 8%. W trzeci e]j |l okal i zacj.i ANa Stoku Ja
Zaobserwowane r-Unice mogN byl zwi Nzane 2z
badanych tras, w tym ich pogoUeniem wysokoS
siedlobekamuj Ncym obszary pog-rza i regla dol

i stotne zr - UOnicowani e ryzyka pomi ndzy posSzc
w obrnbie jednego parku krajobrazowego.

Zar -AnophagodyytBamleispipam ni e stwierdzono w I
kl es@gzWBni eburgdobrfeaykryto we wszystkich sta
kl eszczy{2Dnssamc:-w, nlidmfs)ami@z fistdBI wystnpow

u kleszczy dorodpoveihe dniilo u3 2ni5mMé i 2 9ia o, al e
QFl | Y Ue
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rozwoj owy mi i pgci ami ni e bygy i stotne st
nie wykazaga istotnych r-Unic w czfistoSci zz¢
a strefN regla dolnego (>600 m n.p.m.), gdzi
i 30, 4 %.
Om- wi eni e wyni k- - w

Uzyskane wyni ki dowodzN, Ue obszary r ek
Srodowi sko dla obecnoSci kleszczy. |Istnieje
szczeg-lnie w kontekScie rosnNcej l'iczby prz

WartoSi zakaU®dBny dhurlgldes angznyosz ga (31, 0%) .
Pol damse wahaj N sifn ¢Sd alinod® 9Dtawzaili aZ39k 6
Zbl i Uony poziom -28,rio5p%)ewaylazqano (W2badani ac
w g-rskich i podg- owéjod Klendgi§ikad®mBa pildgrudni
2023 a t ak Uewsa hpo dmioecjn 0e2z5h, SI4)o kE hdaiv@ @2 Z aj
ii 2023

ZakaUenia stwierdzono we wszystkich stadi

Ue zar - -wno nimfy, jak i osobni ki dorosge mog
Najwinksze ryzyko kontaktu z Kkl eszczami z ak
ARogasiowy Szlako, co moUna wiobzeadnoSce¢ Narl al

bukojwodowycheg-Inie istotne jeBt borgder mari

odnot owano na trasie o0 charakt er z es zecdzuaknaecjy |j

przez turyst-w, co bezpoSrednio przekgdada si
Analiza statystyczna nie wykazaga istotny
pog-rza a strefN regla dolnego, co nie pozwa

na ryzyko wystifipowania patogen- W.r i Winodl®ni ej s
zasiedl al znaczn-iod WwPYO0DHDz en wmy pd\kmcSenhi jPENPO3r wa C j
1250 m n.p. MatwiiGQRe@ 35 adJh po 1824 m (Mepzano we
ii.2024

). Uzyskane wyni ki ni e wskazuj N wi nc
a pegni ej sze Zzrozumieni e rel acji pomi ndzy
i liczebnoSci N kleszczy wymaga dal szych, wie

Z kol ei b rAa k pheatgelkciyR dobpesiplpu m mo Ue byl Wy
ograni czonej pr - by badawczej, sezonowoSci
rozpowszechnienia tych patogen-w w badanym

rozszerz®otgchada&owe analizy prowadzone w I

Ol | Y U e
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znaczniyedewitds antleilB® mi-TF5Wtw t yWaekki kr aj obr az
or az 58, 32% w powi(esmean i hiarn0dg2ir5a ki tmak Ue
A. phagocy®Wowhi Yy wmadkkui Kr aj obrazowym oraz 32,
w Beskidzi Astmaimnd2 & 12prkd | ei wczeSniejsze bad
w Popradzkim Parku Krajobrazowym potwierdzi q
patogen- w.

Przeprowadzone badania poatrwicdnmauzsiSgy eOlbac

pr zyr oceddhu kcazcoy j ny c h oraz szl akach turysty
Krajobrazowego, takUe na azdpo-zU noimeonwsin.gcki wy s
wskazuj N, Ue warunki Srodowi skowe panuj Nce \
a miejsca intensywnie wykorzystywane rekreac

czgowieka z kleBhroerzagdalr.zakiaUony mi

Uzyskane dane mogN miel znaczenie praktyec
prowadzonych na terenie parku, takich jak wu
ostrzegawczych na wucznszczanych trasach tur
wepieral podnoszenie SwiadomoSci turyst- -w i n

podst awowych zasad profil aktyki podczas kor z
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Tyt Wifssessmenfr e@d entchye of lagtM baordd e Bgo Grgal ina t
bur gdeenfdaut ioseirumresfi dents of the Poprad Lands
Pol adczanowi c2 i in. 2025hb

Celem bada@® byga ocena c znfzktloaSscyi IwyM t iii p ¢
pr zecB bmkrog delrw esruir owi cy pacjent-w Szpital nnegc
SPZz0OzZz Szpitala im.-Zdroj Jd, Dliekaéalai wmoWayegayna
Parku KrajPbrambivegna ocenn rzeczywistej e k
na kontakt z patogenem w obszarze o wysokim

Badani a serol ogiczne pr-raw ppbendgpap Haob
zastosowano test ELI SA, nat omi ast wyni Ki d «
West@d@rmoW sierpniu 2021 roku przebadano 99 os
zggaszagy sin na rutynowe-ZHUadFoon aad t loa buocrzaet soti
wypegni al i kwestionariusz zawierajNcy pytani
wczeSniejszej diagnozy boreliozy oraz czasu
aniazowano tevatdemtclzi uwzgl ndni en.i e@®d kwszksef ki
uczestni k-w pobrano krew, z Kkt - -rej pozyskano

Analizy serologiczne wykonano w dw-ch et e
t est ELI SA R.Novalk iglsigpM/flegrG) w celu przesiew
przeci wciag. Pr - bki pozytywne l ub byoani cz
(EUROI MMUBIoAnel i a -ENRRF@AdVNEgM/ | gG) .

Wyni ki bada® wykazagy, Ue 22, 2% badanych
testu ELI SA w co najmniejB,jeldmregd&kd fa’/n el psize
przeciwciaga stwierdzono u 16 os:-b (10 dodat
dodatnich, 2 graniczne). U czterech uczestni
bl ot wykonano dla 22 prbbegekamri cwzymyinkienwt ElolklB
potwierdzid obecnoSi przeciwenisazdy swkicoh nkag dna
prkdchlgM w 95, 4% przypadk: - w, a Il gG w 63, 6%.
Om- wi eni e wyni k- w

Przeprowadzone badani a pooztywijer dnz aejsN kias@Eco- tv

Popradzkiego Par ku Kr aj ob B.a zbouweggdoo rsf. d a i z
Wykrycie przeciwciag u czfniSci badan,yckt -orszyb,
nie deklarowali kontBGék@guei aimeg8iceeimst wsgaza
ni ezauwaUone, a zakaUenie przebapgwglUsbgzoldpae
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wyni k-w dodatnich odnoto®%anédatw, gcaoapime Usi &l
z wi nkszN aktywnoSci N rekreacyjnN t ej g
na terenach zi eloonwichhUei sliefiSnzyec hzwi ikszonym r )
oraz moUliwoSci N zakaUenW aa nckhioercoibea md U od&% erse
z

e wszystkich grup wiekowych zadekl|l arowago r

|l eSnych, co wskazuje na zwi.Redabnd& epibepbn
dnoatloiw Za F iws kazuj Nwy Userlys estteokt nrieeakcj i ser
os-b regularnie BrakbpwaedNicwchaigy Wagmaecpi e

c O

Uycia moUna interpretowal zar-wno jako wynik
i zmniejszonej reaktywnoSci ukgadu odpornoSc
Nie stwierdzono istotnych =zaleUnoSci POl
wi eki em, mi ej scem zamieszkani a, kontaktem z
boreliozy ani czfiistotli woSci ppbretdywasnibg
W przeszgoSci mi agy rozpoznanN boreliozn (n
potwierdzone w Western blot. Co istotne, u
stwierdzono Ueruj Ncego kleszcza na ciele.
Danlei t ewemtsukraonwaj Ni st ot ne zr - Unicowani e re(
zakaBle®ur gdwr Per sce. W popul acji og- 1l nej w
czinstoSI wystfApowania przeciwciag byga zdecy

(Machci Enk £2)0Na&3t omi ast W  wo | e wmadzzut rwai keigmwuapr anti h(Es

zawodowych o zwinkszonym ryzyku, zwgaszcza
singag naKkvedbac3h 1i% K.ocWyarcihk i20delge 2 k atpeg wavrye |
obejmujNce |l osowo wybranN grupin pacjent - - w

u rol ni KL-6w)8( D5 a2 os-b aktywnie spndzaj Ncyc
(Zaj N 201@o wskazuje, Ue ryzyko zakaUenia 1
zawodowych, | ecz ldaoctjyic zoyg -rl-nwenji eklb rpzoypsut aj Nc e |
badanego Zbégillome. obser wacj e odnot owano w
w kr aj ach, naNsS Jeodwnai ccj hi seroprewal encja przec
naraUonych kdia@skarztaankt wynosi ga 9, @%gdv.8 1 gM
2018 Rel atywnie wysoki odsetek wynik-w doda
badaniu moUe byl =zwi Nzanyl azt eanlyd é s enm opkor beisei re
aktywnoSci kl eszczy oraz czfAistym przebywani
[ rekreacwphywej .Ptzyymdnee wyni ki wskazuj N

obecnoSci przBbuwgidslgw ppaeaewmi asszka® - w or az
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odwi edzaj Ncych Popradzki Par k Krajobr
z wczeSniejszymi badani ami terenowymi dotyc
na tym obszarze, w kt-rych wylkaz anuor gWlys éleN i
ul.ti cin@ObecnoSi swoi stych przeciwciag u bad
stwierdzane w Srodowi sku naturalnym przekgad

Z uwagi na brak szczepie®& ochronnych w p
dzi agania prewencyjne, takie jak wunikanie si
odpowi edniej odzieUy oraz szybkie usuwBnie
r-wnieU, Ue testy przesiewowe w kierunku bor
w przypadku braku objaw-w Kklinicznych, a d
na kompleksowej ocenie kIl ilWzdyskiaere ikwaydniipk§n ovs
Ue eksp dBzbyucrjgad efrdfcetryiczy nie tyl ko grup zawod

ryzyku, lecz r-wnieOU populacji og-1Inej korzy
Par ku Krajobrazowego. Dane serologiczne mo
Srodowi skowego i eyl ze@omowinet eng 0o coebncit Nbheni a

krnt.ki em
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Tyt @lgoour i st aotft rsaccu ti hoersni skoloafndt i ck i nfestati
to bockseal(keszanowic)z i in. 2026
W pracy przedstawiono przegl Nd aktualnego

kl eszczy oraz patogen-w chor-b odkleszczowyc

pogudni owe|j Pol ski, obejmujNcych przede wsz
SIkNse go, podkarpackiego, opol skiego oraz S
na regionach intensywnie uUytkowanych przez
krajobrazowych i narodowych, szl akach pieszy
ooaz miejscach o szczeg:-Ilnym znaczeniu kul tu

pozwal a na ocenin zagroUg@& wWomtaksocachk Jowalka
Co ma istotne znaczenie z punktu widzenia zd

N a podstawi e analizy dostnpnej l i teratu
zestawienia danych dotyczNcych 1.0 miiocersazczen
Dermacentor aetakUéatmadszych gatunk-w zwi Nz
taki tkRodaek vecszyegtsl.r eWlimprxaisy uwzglndni ono b

na terenach zr - -Unicowanych pod :wag]|oibdsezma r k rwe

g-rskich i wyUynnychobej mejreag zar bwmo zbavda
i analizy | aboratoryjne, w tym badania mol el
serologiczne dotyczNce ekspozycj. czgowi eka
umoUl i wi go pogNczenie danych Sr od o wiSsrkeodwyicoh
doopul acj i l udzki ej

Szczeg-I nN uwagn poSwificono patogenom o0 z

BburgdsesrAmpmhagocy Borpihdrlomwm r us owi kl eszczowego
ri ketsjom oraz innym drobnoustrojom wykrywan
a takUe zjawidohychoipmaft elgejni- w chor-b odkl eszc
Analdaosat ignejratury wskazuje na znaczne zr - U
patogen-w w zaleUnoSci od regionu, typu si e
obszaru przez l udzi, co pot wierdza wi el o
odkl eszczowych.

Przegl Nd dostiipnych bada@® pokazuje, Ue ob
Pol ski stanowi N istotne Srodowisko kontaktu

odkl eszczowymi nie ogranicza sifn wygWkanie d
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Zgromadzone dane podkreSlajN znaczenie syst

kl eszczy [ patogen-w or az koniecznoSi uwz
kl i matycznych i antropogenicznych w ocenie z

W podsumowaniu wskazano, Ue dotychczaso
fragmentaryczne i koncentruj N sifi na wybrany
co utrudnia cagoSciowN ocenn ryzyka. Praca
badawczegNczNcego dane Srodowi skowe, wyniKki
dotyczNce ekspozycji czgowi ek a, szczeg- |l nie
rekreacyjnie.

Praca przegl Ndowa stanowi uzupegnieni e
zaprezentowanych w poprzednich artykugach
spojrzenie na problem chor-b odkleszczowych
syntetygamyMdkowani u aktualnej wiedzy, wskaz:
znaczenia dziaga® edukacyjnych i profilakty
z walor-w turystycznych i przyrodniczych bad
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5. Podsumowani e i wni os ki

7 Wys

(0]

T Pat

T Zak

(0]

tnpowani xoldlesszaeczy nus

Kl es zlcxzoedes <N cioblesne na terenie Po
Krajobr.azowégakt ywnoSi notowana byga w
siedliskach, w tym na ScieUkach turyst
Pot wier dvysen o pioavlani e zar -wno w strefie
bez istotnych r-Uninadz ploglmynetm and rwyas o

W innych regi onachorRal svki olpsomgyaurdend o we
intensywnoSci ruols ertwwr yest y¢2Zinegpodob
wystnpowan, ackl etz wrer dza, Oe Popradz

wpisuje sin w szersze trendy epidemiol
ogdmyodlk | eszwykwywhne w kleszczach

W badanych pr - bach stwierdz®wo r elbiex n
bur gdsesehn e pBialbaetso ao rmAimcarpolta s ma ph.agocytop
NajczfniSciej wykry®Bbhonymdpalfegekhemrbygpr
wahaga sin od 11,8% do 31, 0%

ZesaUe Bi a miwyrsottiipowady =z mniejszN czfist
zakaWBeniph ago sytwd pmidlpwm @ dpyrnzcyzpfadd, k3u%) .
ZakaUenia wystfnpowagy we wszystkich st

samc e, samice), przy czym samice czn$
samce.
Domi n8djua gdelrdreaczi wsp- gwystnpowanie in

zj awi skiem powszechnym w popul acjach Kk
koinfekcji stanowi i stotne wyzwanie di
aUenia wSr.-d mieszka®E - -w regionu

W badaniu serologicznym, przeprowadzo
pacjent iwjszcowmoSci pogoUonej na tere
Krajobr apawéga d2d2nd% os-b obecnoSi pr z
| gG pBahaacigwsr f eri

NajwyUszy odsetek dodatnich wyni-k-w ot
39 .1 at

Obecmpa&leci wciag u os-b, kt-re nie zgg:
sugermiwatauwal@dkne kluds zntozlplrizedbSlegu z ak:

bezobj awowych.
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o Nie stwierdzono istotnych zaleUnoSci p

wi ekiem, miejscem zamieszkania ani wcz

T Znaczenie epidemiologiczne i profilaktycz
o Popradzki Par k Krajobrazowy nal eUy (

potencjalnym naraUeniu na Kkl eszcze [

etiologhoznymiodkl|l eszczowych, co jest s
jego popularnoSci turystycznej

o Wyni ki bada@® potwierdzaj N koniecznoSi
monitoringu popul acj i kl eszczy i wystn

o OtrzymanewswwaniukN takUe na potrzebn
skierowanych do mi eszka@c:- w [ turys
skutecznych met o(do dopcohwi cendyn i eas oobdizsi teel, r
usuwanie kleszczy) .

o Wysoki odsetek wynik-w dodatnich w te
Ue ryzyko zakaUe® nie dotyczy wygNczni

popul acji aktywnie korzystajNcej z ter
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I Abstract
Introduction and Objective. Ticks (Acari:lxodida) are dangerous ectoparasites and, at the same time, vectors and/or
resevoirs of many pathogens, among others Borrelia burgdorferi sensu lato, Anaplasma phagocytophilum and Babesia
microti. These ethiological agents of Lyme borreliosis, anaplasmosis and babesiosis are transferred to humans mainly by
ticks during feeding. The aim of this study was to estimate the potential risk of human exposure to tick borne infection of
B.burgdorferis.l., A. phagocytophilum and B. microti in selected areas of Poprad Landscape Park in southern Poland [PLP].
Materials and Method. Ixodes ricinus ticks were collected from vegetation by the flagging method. Under a stereoscopic
microscope, specimens were determined to the species and developmental stage. In total, DNA was isolated from 363 ticks. To
detect B. burgdorferis.|, two pairs of primers specific to the flagelline gene were used. In turn, to detect A. phagocytophilum
and B. microti, two pairs of primers specific to the 16S rRNA gene fragment and 18S rRNA gene fragment were used,
respectively. The amplification products were separated electrophoretically in 2% ethidium bromide stained agarose gels,
and visualized under ultra violet light.
Results. Generally, pathogens were observed in 19.6% of ticks. Borrelia burgdorferi sensu lato was detected in 11.8% of
studied ticks. In turn, A. phagocytophlium and B. microti were presented, respectively, in 0.3% and 7.4% of examined
|. ricinus.
Conclusions. The study indicated a potentially high risk of human exposure to infection with tick-borne pathogens, mainly
B. burgdorferi s.l. and B. microti, in the areas of PLP. In turn, the presence of A. phagocytophilum in lower percentage was
shown in the studied ticks

1 Key words
Anaplasma phagocytophilum, Babesia microti, Ixodes ricinus, Borrelia burgdorferi sensu lato, tick-borne pathogens, Poprad
Landscape Park

INTRODUCTION trails, bicycle paths, recreation areas, a large number of rivers

and forests create perfect conditions for exploring these areas.

The area of southern Poland has a large number of attractive
places in which to spend free time close to nature, both for
residents and tourists from all parts of Poland and worldwide.
‘There are 6 national parks, eleven landscape parks, and 10
protected landscape areas within the region. Many tourist
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Tourist traffic in the Poprad Landscape Park (PLP), especially
in the season from early spring to late autumn, coincides
with the highest seasonal activity of ticks which are looking
for hosts. The area of the Province of Lesser Poland has been
monitored for over 60 years in terms of the occurrence and
activity of ticks (Acari: Ixodida), especially Ixodes ricinus
[1-5]. Moreover, 13 species of ticks have been registered in
the Lesser Poland region, from the Argasidae family: Argas
polonicus, Carios vespertilionis, from the Ixodidae family:
Ixodes trianguliceps, Ixodes arboricola, Ixodes crenulatus,
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Ixodes hexagonus, Ixodes lividus, Ixodes rugicollis, Ixodes
simplex, Ixodes vespertilionis, and Ixodes apronophorus, from
the family Amblyommidae: Dermacentor reticulatus [5-8].

Barcice (49°31'48”N, 20°38'50”E) and Barcice Dolne
(49°31'39"N, 20°39'06"E) are summer resorts located in the
Lesser Poland Province, in the commune of Stary Sacz, in
the Nowy Sacz county, 79 kilometers south-east of Krakow,
the regional capital. The resorts are located in the Poprad
Landscape Park, in the Poprad Valley (Fig 1). A certain
pressure is put on the occurrence of ticks on tourist trails
and the regions with conditions for the development of
agritourism. However, knowledge about the occurrence of
ticks in protected areas, national and landscape parks in
Poland, is not fully documented. Among the 19 species of
ticks, the common elements of the Polish tick fauna, I. ricinus
is still the most popular [6, 7, 9], and plays the most important
roleas a reservoir and carrier of pathogens of all transmission
diseases registered in Poland, which results in the number
of tick-borne diseases among people in Poland.

For this reason, the aim of this study was to estimate the
potential risk of human exposure to tick-borne infection of
B. burgdorferis.l., A. phagocytophilum and B. microti on the
selected areas of the Poprad Landscape Park.

Figure 1. Location of the studied area in Europe and in Poland.

MATERIALS AND METHOD

Ticks were collected from the 6 selected areas of the PLP
(3 in 2018 and 3 in 2019) by flagging and placed in plastic
tubes containing 70% ethyl alcohol. In 2018, ticks were
collected from areas I-III, and in 2019 from areas IV-VI
(Figs. 2-3). Next, specimens were identified to the species
and developmental stages under a stereoscopic microscope,
using keys by Siuda [5] and Nowak-Chmura [7].

DNA was isolated from 363 I. ricinus ticks - 139 females,
141 males and 83 nymphs, by the ammonia method [10]. The
concentration of DNA was measured spectrophotometrically
in a nanospectrophotometer PEARL (Implen, Germany) at
the 260/280 nm wave length. Next, DNA was frozen and
stored at -20°C for further analysis.

Pathogens in ticks were detected by the nested PCR
method. For the detection of B. burgdorferi s. 1. in ticks the
2 pair of primers specific to the flagelline gene were used
[11]. In turn, to detect A. phagocytophilum and B. microti,
the 2 pairs of primers specific to the 165 rRNA gene and 185
rRNA gene were used, respectively [12, 13]. The amplification
products were then separated electrophoretically in 2%
ethidium bromide stained gels, and visualized under ultra
violet light and photographed by an OMEGA 10 device
(UltraLum, USA). The obtained results were analyzed by
TotalLab software (TotalLab, UK).

To verify the important differences in the number of
infected and uninfected ticks in different comparison groups,
the x” test (Chi-square test) was used. In order to verify the
significance of differences in the number of tick infections
with the tested pathogens in different comparative groups,
the Yates correction to the x” test (Chi-square test with Yates
correction) was used. Calculations were conducted using
STATISTICA software.

Figure 2. Sites sampled for ticks in the selected areas of Poprad Landscape Park.
A-Areal;B-Areall,C—Arealll,D- ArealV,E-AreaV, F - Area VI

RESULTS

In total, pathogens were detected in 19.6% of studied ticks.
‘The spirochaetes B. burgdorferi s.l., were shown in 11.8 % of
studied I. ricinus. In turn, B. microti in 7.4% of studied ticks
was stated. Rickettsiae A. phagocytophilum was detected in
only 0.3% of ticks. The highest percentage of ticks infected
with B. burgdorferis.l. were found in areas IV (27.5%) and V
(21.1%), with the lowest percentage of ticks infected by this
spirochaete in area I (4.9%) was shown. The highest number
of ticks infected with B. microti was found in the area I
(16,7%) and the lowest in areas Il and V. None of the tested
ticks from the area IV were infected with this protozoan.
A. phagocytophilum was detected only in a single female
collected in area III (Tab. 1). No co-existence was found of
these 3 pathogens in the studied ticks.

B. burgdorferi s.l. and B. micorti were found in all
developmental stages of the studied I. ricinus ticks. The
highest number of B. burgdorferis.l. was discovered among
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Figure 3. Localities of the 3 studied areas in 2018 within the Poprad Landscape Park,
Area | - A meadow surrounded by a deciduous forest, where there is a combat
shelter. Geographic coordinates: 49°32'00.4"N 20°38°33.3"E.

Areall- Ameadow along a popular walking trail, surrounded by a deciduous forest,
mostly birch. Geographic coordinates: 49°31'58.3"N 20°38'25.5"E.

Area lll - A meadow next to a pine forest, near the Poprad River. Geographic
coordinates: 49°3134.9"N 20°39'41.5"E.

females (20%), and the lowest among males (2%). The
majority of females infected with this pathogen were in
Area IV (30.8%), and the smallest number in Area I (11.4%).
Infected males were found only in Areas IV and V (20% and
10%). In Areas [-III and VI, there were no males with this
pathogen. 11% of males were infected with B. microti and
only 5% of females. The largest number of infected males
was found in Area I (17.6%), whereas in IV and VI, no males
were carriers of the above-mentioned pathogen. In females,
this pathogen was detected only in Areas I and VI (13.6%
and 6.7%). This pathogen was not detected in females in
other areas (Tab. 1).

Results of the x* test - despite large differences in the
number of ticks collected in individual study areas (from
N=35 on study plot VI and N=102 on study plot I) - did
not show any statistically significant differences (p<.05)
between the proportions of the number of infected and
uninfected ticks in all tested pairs of study fields. This proved
the homogeneity of study areas (Tab. 2).

The number of tick infections in individual research areas
was characterized by high variability and ranged from 3 -
11 in the case of B. burgdorferi s.1, and from 0 - 17 in the
case of B. microti. Generally, the number of ticks infected
with B. burgdorferi s.l., was higher than the number of ticks
infected with B. microti. In 4 study areas, the number of
ticks infected with B. burgdorferi s.l., was higher than the
number of ticks infected with B. microti. In one plot the
number was the same (plot VI), and in the other plot, more
ticks were infected with B. microti than with B. burgdorferi
s.l. (Tab. 1).

ql

Aow N |

Legend

v Research Area No IV

v Research Area No YV l
v

Research Area No VI

Figure 4. Localities of the 3 studied areas in 2019 within the Poprad Landscape Park.
Area IV - A meadow surrounded by a deciduous forest, where there is a high
metal cross, visited by local processions. Geographic coordinates: 49°31"12.1°N
20°38'33.1"E.

Area V - A path covered with grass leading through a deciduous forest - mostly
birch and hornb . Geographic coordi 49°31"10.7"N 20°38'34.0°E.

Area VI - A meadow surrounded by a deciduous forest. Geographic coordinates:
49°31"10.0"N 20°38'36.1"E.

To sum up, the number of mature ticks and nymphs of
infected ticks was lower than the number of uninfected ticks
at these stages of development in all study areas (Tab. 1) The
proportions of the number of infected and uninfected ticks
in terms of 2 developmental stages (nymphs and mature
ticks) did not show statistically significant differences, x*
(1, N=363)=.099; p-value=.753. The situation was different
with regard to the number of infected and uninfected ticks
in terms of the gender of mature individuals. In this case,
there was a statistically significant difference (p<.01) between
females and males - comparably, there were more females
and fewer males, x* (1, N=280)=7.029; p-value=.008.

Generally, there were more tick infections caused by
B. burgdorferis.l., than by B. microti in nymphs, adults (both
females and males combined). On the other hand, in the case
of males, the number of ticks infected with B. microti was
higher than the number of ticks infected with B. burgdorferi
sl

Statistical analysis also did not indicate any statistically
significant differences in the number of ticks infected with
B. burgdorferis.l.,and B. microti between nymphs and mature
individuals (female and male together), x* (1, N=70)=.795;
p-value=.373. Highly statistically significant differences
(p<.001) were revealed in the comparison between the gender
of mature individuals, x*(1, N=53)=19.638, p-value<.0001,
where statistically significantly more males than females
were infected with B. microti and more females than males
were infected with B. burgdorferis.l.
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Table 1. Number of Ixodes ricinus males, females and nymphs infected with Borrelia burgdorferi sensu lato, Anaplasma phagocytophilum and Babesia
microti in the studied areas of the Poprad Landscape Park

Studied area Developmental stage No, of ticks No. of uninfected ticks Number of infected ticks
Borrelia burgdorferi Anaplasma Babesia microti Total
sensu lato phagocyto-philum
Areal Male 51 42 0 0 9 9
Female 44 33 5 0 6 n
Nymph 7 5 0 0 2 2
Total 102 80 5 o 17 22
Areall Male 28 24 0 0 4 4
Female 22 16 6 0 0 6
Nymph 26 25 0 0 1 1
Total 76 65 6 o 5 mn
Arealll Male 32 n 0 0 1 1
Female 38 27 10 1 0 n
Nymph 2 2 0 0 0 0
Total 72 60 10 1 1 12
Area IV Male 10 8 2 0 0 2
Female 13 9 4 0 0 4
Nymph 17 12 5 0 0 5
Total 40 29 mn o o n
AreaV Male 10 8 1 0 1 2
Female 7 6 1 0 0 1
Nymph 21 15 6 0 0 6
Total 38 29 8 o 1 9
Area VI Male 10 10 0 0 0 0
Female 15 12 2 0 1 3
Nymph 10 7 1 0 2 3
Total 35 29 o 3 6
Areas |-VI Male M 123 3 0 15 18
Female 139 103 28 1 7 36
Nymph 83 66 12 0 5 17
Total [n] 363 292 43 1 27 Al
%] 100.0 804 11.8 03 74 19.6

Area | - meadow surrounded by a deciduous forest, where there is a combat shelter.

Area |l - meadow along a popular walking trail, surrounded by a deciduous forest, mostly birch,

Area lll - meadow next to a pine forest, near the Poprad River,

Area IV - meadow surrounded by a deciduous forest, where there is a high metal cross, visited by local processions.
Area V - path covered with grass leading through a deciduous forest - mostly birch and hornbeam

Area VI - meadow surrounded by a deciduous forest

Table 2. Results of X tests between number of infected and uninfected  individual persons, including the choice of places for rest and

ticks representing every pair of studied areas of the PLP recreation. The places where ticks of this species are mostly
pvalue found are moist habitats, mainly deciduous and mixed forests,
Studied area . T T 7 7 7 bush thickets, and moist pastures. However, they avoid high

mountain areas, dry pine forests, coniferous forests, swamps

: A8 91 A2 J% o and peat bogs [7]. The percentage of infections with tick

I 1452 B9 089 229 .7 borne pathogens depends on the region of Poland. When
i 1087 019 M9 277 804 choosing places for outdoor activities, it is worth knowing
X W 567 2893 2434 700 285 the threats that occur in a particular area, which is important
v 93 A i@z e not only for resn@ents, but also for tourists whg frequ_ently
visit the area. It is commonly known, that I. ricinus is the
Vi 314 132 061 1142 477

most common tick in Poland which often feeds on humans
[7, 14]. The results obtained in this work confirmed this fact,
because all the ticks collected in the studied areas of the PLP
DISCUSSION belonged to the species I. ricinus. Moreover, in Poland as

in the rest of Europe, this tick species is considered one of
The potential risk of tick infestation and acquiring a tick-  the most important arthropod species in the epidemiology
borne infection may be influenced by the behaviour of  of the transmission diseases [15, 16]. The main pathogens
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transmitted by this tick are: spirochaete B. burgdorferis.l., the
tick-borne encephalitis virus (TBEV), protozoan B. microt,i
and the rickettsiae A. phagocytophilum.

For several years, Lyme boreliosis has been a growing
problem for infectious disease clinics, and a matter of
intensive research [17]. The total number of ticks infected
with B. burgdorferi s.L., in southern Poland ranges from 0%
in the Krakow-Czgstochowa Upland to 62% of ticks infected
with this pathogen in the Zywiec Beskids [18, 19]. In the
current research, of the 363 ticks tested in Barcice, 11.8% were
carriers of this pathogen. In the Niepolomice Forest in Lesser
Poland, a similar number of infected ticks was found - of 286
I ricinus, 11.5% were the carrier of B. burgdorferis.l.. A higher
percentage of infected ticks was observed in Ojcow National
Park (25%) and in Lasek Wolski (35.7%) [20]. In turn, in
Tarnowskie Gory in the Silesian District, the spirochaete
B. burgdorferi s.l., was found in 16.5% of the examined ticks
[21], while in the area of the Zywiec Landscape Park and its
vicinity - 1.7% - 26.92% [22, 23]. In Lower Silesia, western
Poland, the percentage of ticks infected with B. burgdorferi
s.l., was higher than in Barcice, ranging from 14% - 22.5%
[24, 25]. In the Lubelskie Province in eastern Poland, the
percentage of infected ticks varied from 6% - 24.3% [26, 27].
In northern Poland, however, B. burgdorferi s.1., infection
among ticks ranged from 0% in the Stowiniski National Park
to 12.4% in Gdansk [28, 29].

In the current study, the highest proportion of ticks
infected by B. burgdorferi s.1. was found in areas IV (27.5%)
and V (21.1%), in places covered with grass, surrounded by
deciduous forest. A large number of infections may be due to
the fact that these places are far from buildings and roads, and
are therefore inhabited by many wild animals that are hosts
to ticks and play an important role in the transmission of
tick-borne diseases. In turn, the lowest percentage of infected
ticks with this spirochaete (4.9%) was found in Area No. I,
a large meadow surrounded by deciduous forest. The site is
located near a railway line and a narrow road used by local
residents, the noise of which can deter, and therefore limit,
the number of animals living in this area. In areas Il and V1,
the number of ticks with B. burgdorferi s.I. was similar and
constituted 7.9% and 8.6%. Area Il is a small meadow located
next to a pine forest, where 13.9% of the above pathogen was
detected in ticks.

The results of the presented study reveal a large variation in
the percentage of infection with B. burgdorferis.1, spirochetes
in individual populations of I ricinus in tourist and
recreational areas in southern Poland, and clearly indicate the
circulation of pathogens for the transmission of diseases in
nature. Additionally, it is assumed that females transmit the
majority of tick-borne diseases, and are therefore one of the
most dangerous developmental stages of this tick species. This
fact was confirmed by the results concerning B. burgdorferi
s.l. in Barcice. Infections among females were established at
each of the examined sites and predominated in Areas I-IV
and V1. The largest number of infected females were found
at Area No. IV (30.8%), where the number of infected males
(20%) and nymphs (29.4%) was slightly lower. In Areas No.
ITand I11, there were 27.3% and 26.3% infected females, not
a single infected male or nymph tick was detected. In other
areas, the value of infections among females was similar and
ranged from 11.4% — 14.3%. The exception, where a different
developmental stage prevailed, was Area No. V, where as
many as 28.6% of B. burgforferis.l. were detected among the

nymphs. Atareas No. I-ITI, no infections were found among
the nymphs. Infected males lived only in Areas No. IV and
V, which constitute 20% and 10%, respectively.

To summarize, most infections with B. burgdorferi s.l.
were detected in females (20%), and the least in males (2%).
Sytykiewicz et al. [30] and Kubiak et al. [31] also showed that
females dominated the percentage of infections, from 23.6%
- 43.3%. Similar results were obtained by Kiewra et al. [24]
and Spausta et al. [21], where the highest number of infections
were among females, 27% - 26.8%, respectively. The above-
mentioned studies prove that female I. ricinus are one of the
main vectors of this pathogen. In turn, babesiosis is a disease
caused by protozoa of the genus Babesia, transmitted by ticks,
which can be asymptomatic, with flu-like symptoms, and a
severe course that leads to coma [32]. In the current study,
B. microti was detected in 7.4% of the tested ticks, while
slightly more of this pathogen was discovered in the study
byf Asman et al. [33] in the Wolin National Park in north-
western Poland. 10.65% of studied I. ricinus were infected
with this protozoa.

In Barcice, the majority of ticks infected with B. microti
were detected in Area No. I (16.7%), where infections
predominated among nymphs, while in the same area the
least B. burgdorferi s.l. infections were confirmed, where
nymphs were free from this spirochete. This is the only case
in which the percentage of B. microti infections was higher
than that of B. burgdorferi s.l.. Statistically in Barcice, the
number of ticks infected with B. burgdorferi s.1., was higher
than the number of ticks infected with B. microti. In turn,
in Area No. IV, no cases of ticks with B. microti were found,
and interestingly, the highest number of B. burgdorferi s.1.
infections were detected at the same site.

‘The above results may prove that the transmission of various
tick-borne diseases does not depend on one another. The
results also emphasize the importance of a broad spectrum
of tick examination. The fact that a particular area is free or
slightly infected with a given pathogen does not mean that
it is not a concentration of another, equally dangerous, tick-
borne pathogen. Moreover, in the current study, the greatest
number of B. microti was found in males, where at Area No. I
the infection rate was 17.6%, and at sites IT and V was similar:
14.3% and 10%. In Area No. III, only one male was infected
with this pathogen, and in Areas IV and VI, males were free
from B. microti. In females, this pathogen was found only in
Areas No. I and VI - 13.6% and 6.7%, respectively. Among
nymphs, the highest percentage of the pathogen was detected
at Areas [ and VI, similarly at 28.6% and 20%, and at Area
1T only 3.8% of infections. In turn, in Areas III - V, nymphs
were not infected with the above-mentioned pathogen.

To sum-up, highly statistically significant differences were
revealed in the comparison between the gender of mature
individuals, where statistics show significantly more males
than females are infected with B. microti, and more females
than males are infected with B. burgdorferis.l.

Anaplasmosis is a systemic infectious disease transmitted
by ticks and caused by A. phagocytophilum bacteria. The
frequency of anaplasmosis and the risk of a more severe
course of the disease increases among the elderly population
and in those with a weakened immune system. The disease
can range from a mild, even asymptomatic course, to a very
severe, life-threatening infection with high fever [34]. In
Barcice, A. phagocytophilum was detected in only 0.3% of all
tested ticks. This pathogen was confirmed in only one female
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tick in AreaIII, a small meadow located next to a pine forest.
A similar percentage of infected ticks was detected in West
Pomerania, north-western Poland - 1.01% [33]. More ticks
infected with this rickettsia were detected in western Poland
- 2.5% [25]. In the Pomeranian Province, the percentage of
ticks infected with the above pathogen was 14% [29].

CONCLUSIONS

This study is the first to have been carried out in the area of
the Poprad Landscape Park (PLP) of southern Poland. The
results obtained indicate the need to monitor places of the
natural occurrence of ticks and natural outbreaks of tick-
borne diseases. They also indicate a potentially high risk
of exposing people to infection with tick-borne pathogens,
mainly B. burgdorferis.l.,and B. microtiin the areas of PLP.
The zones of national and landscape parks, tourist trails, as
well as tourist and recreational places where many people
spend time, are especially important. Knowledge about the
occurrence of ticks and the risk of human exposure to tick-
borne diseases in these areas in Poland is still not sufficiently
widespread, and awareness of the inhabitants about the
potential threat is also very low. To reduce the risk of people
contracting tick-borne diseases in areas where ticks live,
especially in forest ecosystems, it is necessary to educate
people about the common occurrence of I. ricinus ticks.
It is important to popularize research on ticks and, more
importantly, spread knowledge about prevention methods
and the threats posed by tick-borne diseases.
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Abstract: Throughout Europe, including Poland, Ixodes ricinus ticks are the main vector of
numerous pathogenic agents that pose a serious threat to public health. Southern Poland
attracts many tourists with its scenic landscapes and abundant recreational opportunities.
These areas are ideal habitats for wild fauna, which serve as the main reservoirs and hosts
for these pathogens and ticks. The large population and biodiversity of these hosts facilitate
the proliferation of ticks. The aim of this study was to determine the potential exposure of
humans to ticks and tick-borne pathogens such as Borrelia burgdorferi sensu lato, Anaplasma
phagocytophilum, and Babesia spp., along the nature-educational and tourist trails of the
Poprad Landscape Park. From 2020 to 2021, ticks were collected using the flagging method
on three tourist trails and nature-educational paths within the Poprad Landscape Park.
DNA was isolated from 213 I. ricinus ticks using the ammonia method. To detect pathogens
in ticks, PCR and nested PCR methods were used. To detect B. burgdorferi s.1. and A.
phagocytophilum, two pairs of primers specific to the flaB gene fragment and 16S rRNA gene
fragment were used, respectively. For Babesia spp. detection, primers specific to the 185
rRNA gene were used. The amplification products were separated electrophoretically and
visualized under ultraviolet light. In total, among the 213 examined ticks, B. burgdorferi
s.l. was detected in 31% of the samples. Neither A. phagocytophilum nor Babesia spp. were
detected in the studied material. These results indicate a potentially high risk of ticks and
tick-borne B. burgdorferi s.l. infections for residents and tourists in the recreational areas of
the Poprad Landscape Park.

Keywords: ticks; Ixodes ricinus; Borrelia burgdorferi s.1.; Poprad Landscape Park

1. Introduction

Poprad Landscape Park is located in southern Poland, within the Lesser Poland
Voivodeship. Situated in the Western Carpathians, specifically the Beskid Sadecki range, it
encompasses the Poprad river valley. Itis the largest landscape park in the voivodeship and
one of the largest in Poland, covering over 53,000 hectares and spanning both Poland and
Slovakia. Thanks to its rich biodiversity and unique landscapes, the park attracts numerous
visitors, including local residents as well as domestic and international tourists. Frequent
visits by tourists increase their risk of exposure to ticks and tick-borne diseases. Most of
the park’s area is covered by mixed forests, and the presence of various species of wild
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animals serving as hosts for ticks makes it an ideal habitat for the development of Ixodes
ricinus ticks [1,2].

Ixodes ricinus is a tick species of significant medical and veterinary importance, widely
distributed in Poland, including its southern regions [3]. The primary reservoirs of tick-
borne pathogens are small mammals, such as mice and voles, various bird species, and
larger animals, including deer. These hosts sustain pathogens in the environment and
play a crucial role in the tick’s life cycle and disease transmission. Tick-borne diseases are
primarily transmitted through the bite of an infected tick. During feeding, ticks inject saliva
containing pathogens, including bacteria, viruses, or parasites, into the host’s bloodstream.
Tick saliva contains anticoagulants and immunosuppressants, which facilitate pathogen
transmission by evading the host’s immune response [4].

Both in Europe and specifically in Poland, I. ricinus serves as the primary vector of
Borrelia burgdorferi sensu lato, the etiological agent of Lyme borreliosis, which is the most
common tick-borne disease affecting humans in the Northern Hemisphere [5]. The increase
in Lyme disease cases observed in recent years may suggest the presence of favorable
conditions for spirochetes and their vectors [6]. Moreover, in 2023, a record number of
Lyme disease cases was recorded in Poland, totaling 25,285 cases, with an incidence rate
of 67.1 per 100,000 population, and 4.6% of the cases required hospitalization [7]. This
disease poses a significant health risk due to its widespread prevalence and potential for
severe complications. It can manifest with diverse symptoms, including erythema migrans,
fever, muscle and joint pain, and, in later stages, neurological or cardiac complications.
This is a multisystem disease that is difficult to diagnose and treat, often requiring a
multidisciplinary approach [8]. Another significant tick-borne disease, anaplasmosis, is
caused by Anaplasma phagocytophilum. This pathogen targets white blood cells, disrupting
the immune response and leading to symptoms such as fever, muscle pain, and fatigue. In
severe cases, particularly in immunocompromised individuals, anaplasmosis can result
in organ damage [9]. Babesiosis, another well-known tick-borne disease, is caused by
protozoa of the genus Babesia. These parasites infect and destroy red blood cells, leading
to symptoms such as fever, chills, anemia, and fatigue, which closely resemble malaria.
Severe cases are more likely to occur in individuals with weakened immune systems or
those lacking a spleen, potentially progressing to organ failure [10].

Although research has been conducted in southern Poland for years, sufficient infor-
mation on the occurrence of ticks in many tourist areas, including the Poprad Landscape
Park, is still lacking. It is crucial to conduct research on the presence of ticks in tourist areas
and analyze the pathogens of tick-borne diseases that these parasites carry, enabling the
identification of potential public health threats and contributing to the development of
effective prevention and treatment methods for tick-borne diseases [11-13]. Consequently,
the aim of this study was to assess the potential risk of human exposure to ticks and tick-
borne pathogens, including B. burgdorferi s.1., A. phagocytophilum, and Babesia spp., along
the selected nature-educational and tourist trails of the Poprad Landscape Park.

2. Materials and Methods
2.1. Sampling Area

The Poprad Landscape Park is predominantly covered with forests and holds signifi-
cant ecological importance, encompassing numerous protected areas, including 13 nature
reserves. In this study, the area is categorized into two distinct climatic altitudinal vege-
tation zones: the foothill zone and the lower forest zone. In the foothill zone, cultivated
fields, meadows, and pastures dominate, interspersed with larger patches of forests and
groves. This zone is characterized by the presence of xerothermic plants as well as alder
carrs and reed beds in river valleys. In contrast, the lower forest zone primarily consists of
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beech forests with mixtures of fir, sycamore, mountain elm, and spruce. In the spring, this
zone is rich with a variety of plants including snowdrops, glandular liverleaf, and wild
garlic. The park’s forests are home to a wide variety of wildlife, including lynxes, wolves,
deer, wildcats, and bears, as well as providing a habitat for mountain bird species such as
the golden eagle, Ural owl, ring ouzel, and rock thrush. Additionally, the valleys of the
Poprad and Dunajec rivers serve as habitats for otters and beavers, further reflecting the
park’s rich biodiversity and environmental significance. Area 1—the “Rogasiowy Szlak”
nature path in Rytro is 12.4 km long, with an elevation range from 443 to 1002 m above
sea level. The sampling in this area was conducted in 2020. It features 14 educational
boards along the route. This area is predominantly covered by beech and fir-pine trees.
Area 2—"Barani Szlak” in Rytro is 4.2 km long, with an elevation range from 569 to 827 m
a.s.l. The sampling in this area was carried out in 2021. This trail passes through mixed
forests, meadows, and fields. The trail begins at the castle and follows the path to the
mountain shelter. Area 3—"“Na Stoku Jaworzyny Krynickiej” nature-educational path is
4.5 km long, with an elevation range from 720 to 1100 m a.s.l. The sampling in this area
was conducted in 2021. It includes 14 thematic stops that describe the area’s flora, fauna,
and geology. The path leads through diverse landscapes, including beech-fir forests and
meadows (Figure 1).

Figure 1. Examples of tick collection sites within the Poprad Landscape Park.

2.2. Field Sampling

The collection of ticks from each research area (Figure 2) was conducted during spring,
specifically in June, of 2020 and 2021. In 2020, 72 ticks were gathered from the “Rogasiowy
Szlak” trail (6 males, 7 females, and 59 nymphs); in 2021, 110 ticks were collected along the
“Barani Szlak” trail (50 males, 41 females, and 19 nymphs), and also in 2021, 31 ticks were
collected from the nature-educational path “Na Stoku Jaworzyny Krynickiej” (5 males,
11 females, and 15 nymphs). Along each research area, 4 sampling points were designated,
with the first point marking the beginning of the trail and the last marking its end. The
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collection on each trail lasted 40 min, with 10 min at each sampling point. It was performed
using the flagging method by a single individual.
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Figure 2. Locations of studied trails and nature-educational paths in the Poprad Landscape Park.

2.3. Laboratory Analysis
2.3.1. Ticks

The collected ticks were placed in tubes filled with 70% ethyl alcohol. Subsequently, the
ticks were identified by species and developmental stage under a stereoscopic microscope
using the tick identification key by Siuda [3].

23.2. PCR

The DNA was isolated from the single ticks using the ammonia method [14]. Its
concentration was measured spectrophotometrically in a NanoPhotometer PEARL (Implen,
Munich, Germany) at 260/280 nm wavelength. Next, samples were frozen at —20 °C
and stored for further molecular analysis. To detect B. burgdorferi s.1. in ticks, two pairs
of primers specific to the flaB gene fragment were used (Table 1) [15]. For the amplifica-
tion, a DNA quantity of 200 ng and Maximo DFS Plus Tag DNA Polymerase (GeneOn,
Ludwigshafen, Germany) were used. In turn, for the re-amplification, 1 pL of PCR prod-
uct was added. Anaplasma phagocytophilum was detected in the studied material using
primers specific to the 16S rRNA gene fragment (Table 1) [16]. For the amplification of
200 ng of DNA, Taq DNA Polymerase (EURx, Gdarisk, Poland) was used. In turn, for the
re-amplification, 1 uL. of PCR product was added. Protozoan Babesia spp. were detected
in ticks using a pair of primers specific to the 185 rRNA gene fragment (Table 1) [17].
For the amplification, 200 ng of DNA and Taqg DNA Polymerase (EURx, Gdansk, Poland)
were used. The amplification products were separated electrophoretically in 2% ethidium
bromide-stained agarose gels and visualized under ultraviolet light. The presence of PCR
products with sizes of 774 base pairs [bp] and 605 bp for B. burgdorferi s.1., 932 bp and 546 bp
for A. phagocytophilum, and 620 bp for Babesia spp. were considered positive (Table 1). The
positive controls of studied pathogens were sourced from the collection of the Department
of Medical and Molecular Biology, Faculty of Medical Sciences in Zabrze at the Medical
University of Silesia, while the negative was DNA /RNA free water.
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Table 1. Oligonucleotide primers and PCR conditions used in the detection of Borrelia burgdorferi
sensu lato [8], Anaplasma phagocytophilum [9], and Babesia spp. [10] in ticks collected from the selected
tourist trails in the Poprad Landscape Park.

PCR Conditions

] Sequence Gene Size of % o :
Primer (5'-3") Detected ~ Amplification Lol Biat Cycles
Product [bp] Denaturation  Annealing  Extension
132f TGGTATGGGAGTTTCTGG 774 94/30 50/45 72/60 40
905r TCTGTCATTGTAGCATCTTT B
220f CAGACAACAGAGGGAAAT 605 94/30 54/45 72/60 40
824r TCAAGTCTATTTTGGAAAGCACC
w3z CACATGCAAGTCGAACGGAT
8 TATTC 932 94/30 55/30 72/60 40
gellr TTCCGTTAAGAAGGATCTAATCTCC 165 rRNA
cOf AACGGATTATTCTTTATAG
8 CTTGCT 546 94/30 55/30 72/60 30
ge2 GGCAGTATTAAAAGCAGCTCCAGG
Babfor GACTAGGGATTGGAGGTC 185 rRNA 620 94/60 53/45 72/90 35
Babrev GAATAATTCACCGGATCACTC

2.4. Statistics

To verify the significance of differences in the number of infected and uninfected
ticks, x? tests (Chi-square tests) were used. All the calculations were conducted using
TIBCO Software Inc. (2017, Palo Alto, CA, USA). Statistica (data analysis software system),
version 13.

3. Results

Altogether, 213 ticks (61 males, 59 females, and 93 nymphs) were collected from three
collection sites in spring of 2020 and 2021. In total, B. burgdorferi s.1. was detected in 31.0% of
studied I. ricinus ticks (n = 66) and the number of infected ticks was lower than the number
of uninfected ones (n = 147, 69.0%). The presence of this spirochete was shown in two out
of three studied tourist trails. The highest prevalence, 43.1%, was observed in [. ricinus
collected in Area 1. In turn, in ticks collected from Area 2, the prevalence of this bacterium
was lower, at 31.8%, while there were no ticks with B. burgdorferi s.l. detected in Area 3. The
presence of A. phagocytophilum and Babesia spp. was not detected in the studied material
(Table 2). Results of the x? test did not show statistically significant differences (p < 0.05)
between the proportions of the number of infected and uninfected ticks representing Area 1
and Area 2, x2 (1, N = 182) = 2.377; p-value = 0.123. Area 3 was excluded from the test
because the number of infected ticks was zero.

Generally, B. burgdorferi s.|. was found in all developmental stages of I. ricinus that were
studied (20 males, 19 females, and 27 nymphs). The prevalence was higher in adult ticks
than in nymphs, at 32.5% and 29.0%, respectively. The overall frequency of B. burgdorferi s.1.
in males and females of I. ricinus was only slightly different, amounting to 32.8% and 32.2%,
respectively (Table 2). The proportions of the number of infected and uninfected ticks in
terms of the two developmental stages (mature ticks and nymphs) did not show statistically
significant differences (p < 0.05), x2 (1, N = 213) = 0.295; p-value = 0.587. Similarly, no
statistically significant differences were observed between the sexes of mature individuals
(males and females), x2 (1, N = 213) = 0.005; p-value = 0.946.
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Table 2. The total number and percentage of Ixodes ricinus developmental stages infected with Borrelia
burgdorferi sensu lato collected from the selected tourist trails in the Poprad Landscape Park.

Number and Percentage of Ticks

Collection Site * Developmental Stage glt::‘i:ilr;ifcks yf“ll;:\ l::;:::: dl’:_:‘:::tage Infected with Borrelia burgdorferi
sensu lato

Male 6 0(0.0%) 6 (100.0%)
Female 7 6 (85.7%) 1 (14.3%)

1 Nymph 59 35 (59.3%) 24 (40.7%)
Total 72 41 (56.9%) 31 (43.1%)
Male 50 36 (72.0%) 14 (28.0%)
Female 41 23 (56.1%) 18 (43.9%)

Z Nymph 19 16 (84.2%) 3 (15.8%)
Total 110 75 (68.2%) 35 (31.8%)
Male 5 5 (100.0%) 0(0.0%)
Female 11 11 (100.0%) 0(0.0%)

3 Nymph 15 15 (100.0%) 0(0.0%)
Total 31 31 (100.0%) 0(0.0%)
Male 61 41 (67.2%) 20 (32.8%)
Female 59 40 (67.8%) 19 (32.2%)

133 Nymph 93 66 (71.0%) 27 (29.0%)
Grand total 213 147 (69.0%) 66 (31.0%)

* Explanations: 1—Rogasiowy Szlak; 2—Barani Szlak; 3—Na Stoku Jaworzyny Krynickiej.

The entire tick collection (N = 213) was also divided into two groups representing two
different climatic altitudinal vegetation zones: the foothill zone, to 600 m a.s.1. (n = 32), and
the lower forest zone, from 600 m a.s.l. (n = 181), in which the percentage of ticks infected
with B. burgdorferi s.l. was 34.4% and 30.4%, respectively. Results of the x* test did not
show statistically significant differences (p < 0.05) between the proportions of the number
of infected and uninfected ticks in these zones, x* (1, N = 213) = 0.202; p-value = 0.653.

4. Discussion

Ixodes ricinus ticks are more commonly found at lower elevations, where populations
of their primary hosts are more abundant. In our study, ticks were found in both the
foothill and lower forest zones. The highest potential risk of human tick infestation was
observed along the Barani Szlak in Rytro. This trail is characterized by the smallest
elevation difference between its starting and ending points. Additionally, the surveyed
area ends at a relatively low altitude of 827 m above sea level, whereas other trails reach
heights exceeding 1000 m. A slightly lower tick count was observed along the educational
Rogasiowy Szlak in Rytro, which is notable for its relatively low altitude, especially at its
starting point. Conversely, the lowest number of ticks was found on the highest trail Na
Stoku Jaworzyny Krynickiej. Ixodes ricinus ticks have previously been recorded at similar
or higher elevations. In Croatia, they were observed at an altitude of 1000 m above sea
level [18], in the Czech Republic at 1250 m [19], and in Italy up to 1824 m [20]. Further
detailed research in subsequent years will be necessary to understand the relationships
between altitudes, zones, and tick prevalence.

Borrelia burgdorferi sensu lato is the most frequently studied and detected pathogen in
southern Poland. The prevalence of this pathogen in southern Poland varies significantly,
ranging from 0% to as high as 75% [21,22]. High prevalence values of this spirochete were
also detected in the selected recreational regions of Beskid Zywiecki, reaching 62% [23].
In this study, these bacteria were detected in 31% of examined I. ricinus ticks, confirming
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their presence in all studied developmental stages of this ectoparasite. The prevalence of B.
burgdorferi s.1. was found to be higher in adult ticks compared to nymphs, with respective
infection rates of 32.5% and 29.0%. The proportions of infected and uninfected ticks across
the two developmental stages—adult ticks and nymphs—did not show a statistically
significant difference. Among adult I. ricinus ticks, the frequency of infection exhibited
minimal variation between gender, with males and females showing infection rates of
32.8% and 32.2%, respectively. A similar overall prevalence (22-28.75%) for B. burgdorferi
s.l. was demonstrated in a study conducted in the mountainous and foothill regions of
southern Poland [24,25] and even recreational areas in northeastern and eastern Poland
(20-25.2%) [26,27]. Additionally, previous studies conducted in other selected recreational
areas of the Poprad Landscape Park in the years 2018-2019 showed the presence of B.
burgdorferi s.l. in nearly three times fewer ticks—11.8%, with the bacteria confirmed in
all studied developmental stages—males, females, and nymphs of I. ricinus. Moreover,
differences in the prevalence of B. burgdorferi s.1. were observed between the studied
areas, ranging from 4.9% to 27.5% [28]. In this study, the differences between studied
areas were greater, ranging from 0—43.1%. The highest prevalence of B. burgdorferi s.1.
(43.1%) was recorded in ticks collected from the “Rogasiowy Szlak,” an area covered with
beech-fir forest. Furthermore, the study revealed that 100% of male ticks from this location
carried the pathogen. A slightly lower prevalence (31.8%) of B. burgdorferi s.1. was detected
along the “Barani Szlak”. B. burgdorferi s.1. spirochetes were not detected only on the “Na
Stoku Jaworzyny Krynickiej” nature-educational path in Krynica-Zdréj. Additionally, the
infection rates of B. burgdorferi s.1. were 34.4% and 30.4%, respectively, in these zones. No
statistically significant differences were demonstrated between the proportions of infected
and uninfected ticks. These differences in the prevalence of B. burgdorferi s.1., between
the studied areas may be due to, among other factors, the high number and biodiversity
of hosts in this area contributing to maintaining a higher infection level within the tick
population [29]. Moreover, the study conducted by Taragel'ova et al. [30] showed that
the number of ticks infected with B. burgdorferi s.1. decreases with altitude. This fact may
also explain the differences in tick infection with this spirochete on the studied nature-
educational and tourist trails in the Poprad Landscape Park. A high percentage of ticks
infected with B. burgdorferi s.1. indicates the need to conduct further, more detailed studies
on the occurrence of genospecies of this bacterium in the studied areas. So far, nine
genospecies of this bacterium have been detected both in I. ricinus and its hosts in Poland:
Borrelia afzelii, Borrelia bavariensis, Borrelia burgdorferi sensu stricto, Borrelia garinii, Borrelia
lusitaniae, Borrelia spielmanii, Borrelia valaisiana, Borrelia bissettii and Borrelia turdi [31,32]. In
addition to these, Borrelia miyamotoi has also been detected in this tick species [33]. In Poland,
the dominant genospecies is B. afzelii, the main reservoir of which are rodents [34,35]. This
genospecies of spirochete is among those responsible for causing specific skin symptoms in
humans. In addition to this genospecies, two other genospecies of this bacterium cause
characteristic symptoms in humans: B. burgdorferi s.s. causes joint symptoms and B. garinii
causes neurological symptoms [36]. Such in-depth analysis, including a larger number of
ticks as well as their hosts, would be important to assess the actual threat of Lyme disease
in these areas, allowing for the development of more effective prevention and intervention
strategies. It would also help to adapt local health programs to combat this growing public
health problem.

In the current research, A. phagocytophilum and Babesia spp. were not detected in I.
ricinus ticks. The lack of detection of these pathogens due to the limited number of ticks
studied does not mean that they are absent from the area, but rather that the research
should be expanded and continued on a larger scale. In other mountainous areas, studies
on ticks collected from vegetation have reported Babesia microti prevalence rates of 35%
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in the Zywiec Landscape Park and 58.32% in the Tarnowskie Géry District [23,37]. For A.
phagocytophilum, the prevalence rates were 5% in the Zywiec Landscape Park and 32.7%
in the Jelesnia Municipality in the Zywiec Beskids [23,38]. Moreover, previous studies
conducted in other selected recreational areas of the Poprad Landscape Park revealed a
low overall prevalence of 0.3% for A. phagocytophilum and a higher prevalence of 7.4%
for B. microti [28]. The results obtained in this study may confirm a low potential risk of
human infection with A. phagocytophilum in the surveyed areas of the Poprad Landscape
Park. I ricinus ticks at higher altitudes encounter additional challenges, such as lower
temperatures and shorter snow-free periods. These conditions shorten their active period,
reducing the likelihood of locating a host and ultimately resulting in lower population
densities [39]. Furthermore, limited access to reservoirs in the form of hosts may restrict
the spread of pathogens carried by these ticks. Nonetheless, the occurrence of pathogen-
infected ticks in recreational urban and suburban areas poses a direct threat to human and
animal health [40,41].

5. Conclusions

This study confirmed the presence of I. ricinus ticks at various altitudes. Furthermore,
the obtained results indicate a high risk of potential human exposure to tick-borne infections
with B. burgdorferi s.1. The park’s environment provides favorable conditions for the
presence of ticks. Both humans and animals are at risk of tick exposure and tick-borne
diseases. Given that Lyme disease is becoming an increasingly common illness, it is essential
to raise awareness among tourists and residents about the potential health risks and to
promote the importance of adhering to preventive measures. These findings underscore
the need for further studies and long-term monitoring of additional areas to understand
the distribution of ticks and the mechanisms of pathogen transmission. The results may
help to define educational and preventive measures aimed at people visiting these areas.
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I Abstract
Introduction and Objective. Borreliosis, also known as Lyme disease, is a chronic, multi-organ iliness that s very difficult to
diagnose. Itis caused by the spirochete Borrelia burgdorferi sensu lato and transmitted to humans as a consequence of being
bitten by a tick, mostly of the Ixodes genus, infected with the pathogen. The aim of the study is to assess the frequency of
B. burgdorferi s.|.infections among a randomly selected human population living in the Poprad Landscape Park in southern
Poland.
Materials and Method. Serum for the study was obtained from 99 randomly selected patients who reported for routine
testing at the medical diagnostic laboratory in Krynica-Zdréj. The presence of IgM and IgG antibodies against B. burgdorferi
s.l. spirochetes in the sera were defined using the ELISA method. Western Blot test verified positive and doubtful results.
Results. In total, positive or borderline results for at least one class of anti-Borrelia antibodies were found in 22.2% of human
sera. Only in two samples were the positive results in anti-Borrelia IgM and 1gG shown. Antibodies against the spirochete
B. burgdorferi s.|. were detected both in people who had found a tick on their body, and in people who claimed they never
had.
Conclusions. Studies have shown a high percentage of people with antibodies against detected B. burgdorferi s.|. This
may indicate frequent bites of the inhabitants of the Poprad Landscape Park by ticks, during which transmission of the

B. burgdorferi s.|. spirochete occurs.
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INTRODUCTION

‘The Poprad Landscape Park, located along the Poprad River
in the southern Beskid Sadecki mountains, is one of Poland’s
largest landscape parks. It features diverse forest ecosystems
and rich biodiversity, valuable for both conservation and
tourism. Within its boundaries lies Krynica-Zdréj, a well-
known spa town with mineral springs and a developed tourist
infrastructure that attracts visitors all year round.

Lyme disease is the most prevalent vector-borne disease in
Poland and in Europe, caused by Borrelia burgdorferi sensu
lato transmitted by Ixodes ticks. The spirochete circulates in
nature via complex cycles involving birds and rodents as key
reservoir hosts. Of the 11 known genospecies in Europe, six
are commonly detected in Ixodes ricinus ticks, with B. afzelii,
B. garinii, and B. valaisiana most frequently isolated in

[ Address for correspondence: Sylwia Koczanowicz, Department of Zoology,
Institute of Biology and Earth Sciences, University of the National Education
Commission, Podchorazych 2, 30-084 Krakow, Poland

E-mail: sylwia.koczanowicz@doktorant.uken.krakow.pl

Received: 13.04.2025; accepted: 10.07.2025; first published: 23.07.2025

Central Europe [1]. Three genospecies of this spirochete
are responsible for developing Lyme borreliosis in humans:
B. burgdorferii s.s., B. afzelii, and B. garinii. The spread
of spirochetes in the body takes place through the blood,
lymph and peripheral nerves [2, 3]. Lyme disease is a chronic,
multi-system infection that progresses through distinct
stages. Early localized disease often presents with erythema
migrans and flu-like symptoms. In the early disseminated
stage, complications such as arthritis, neuroborreliosis,
and carditis may occur. Without treatment, the disease can
advance to chronic forms, leading to cognitive impairment,
joint damage, and persistent neurological symptoms. Some
patients experience post-treatment Lyme disease syndrome
(PTLDS), marked by fatigue, joint pain, and cognitive issues.
Early diagnosis and antibiotic therapy are essential to prevent
severe outcomes [4, 5]. In Poland in 2024, nearly 30,000
borreliosis cases were detected in humans [6].

The diagnosis of the early stage of Lyme disease by the
appearance of erythema migrans, together with confirmed
contact with a tick, can be established based on the clinical
picture. The remaining stages of Lyme disease require careful
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