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Streszczenie

Charakterystyka patogennosci mikroorganizmow bytujacych w organizmie czlowieka
oraz zwierzat towarzyszgcych na terenie Polski wschodniej— aspekty epidemiologiczne,
molekularne i Srodowiskowe

Infekcje odkleszczowe, jak 1 zakazenia grzybicze stanowig rosngce wyzwanie
epidemiologiczne, zwlaszcza w kontekscie ich zmieniajacej si¢ czgstosci wystgpowania oraz
roznic regionalnych. Celem niniejszej pracy bylo zintegrowane scharakteryzowanie
mikroorganizméw o potencjale patogennym bytujacych w organizmach ludzi oraz zwierzat
towarzyszacych (gléwnie psow) na terenie Polski wschodniej, z uwzglednieniem ich znaczenia
epidemiologicznego, molekularnego i srodowiskowego. Badania koncentrowaly si¢ na dwéch
gléwnych grupach patogendéw: drobnoustrojach przenoszonych przez kleszcze, takich jak
Borrelia burgdorferi 1 Anaplasma phagocytophilum oraz grzybach z rodzaju Candida,
zasiedlajacych btony $luzowe jamy ustnej cztowieka. Zwierzeta towarzyszace, takie jak psy i
koty, stanowig istotny element zycia spolecznego ludzi, zwlaszcza w warunkach miejskich oraz
podmiejskich. Jednoczes$nie pelniag role potencjalnych rezerwuarow lub wektorow licznych
patogendw o znaczeniu zoonotycznym. W dynamicznie zmieniajacym si¢ srodowisku pod
wplywem zmian klimatycznych, urbanizacji i migracji zwierzat wzrasta ryzyko wystepowania
i transmisji chordb odzwierzgcych, w tym tych przenoszonych przez kleszcze (tick-borne
diseases) oraz zwigzanych z mikroflorg endogenng. Wsrdd najczesciej spotykanych patogenow
przenoszonych przez kleszcze znajduja si¢ bakterie z rodzaju Borrelia (czynnik etiologiczny
boreliozy) oraz Anaplasma phagocytophilum, powodujaca anaplazmozg¢ granulocytarng u ludzi
1 zwierzat. Choroby te stanowig narastajace zagrozenie nie tylko dla zdrowia publicznego, ale
réwniez dla medycyny weterynaryjnej i ochrony srodowiska. Udziat zwierzat towarzyszacych
w cyklu biologicznym tych patogendw oraz rola lokalnych populacji kleszczy w ich transmisji
wymagajg stalego monitorowania i analizy molekularnej. Rownolegle, coraz wigksze znaczenie
przypisuje si¢ grzybom drozdzopodobnym z rodzaju Candida, ktére w warunkach
prawidtowego funkcjonowania organizmu czlowieka stanowig element fizjologicznej
mikrobioty bton S§luzowych, gltownie jamy ustnej, przewodu pokarmowego oraz drog
moczowo-plciowych. Jednakze w sytuacjach zaburzenia homeostazy m.in. w wyniku
antybiotykoterapii, ostabienia odpornosci, stresu oksydacyjnego czy powstawania biofilmow
Candida moze przeksztalca¢ si¢ w patogen oportunistyczny, zdolny do wywotania
powierzchownych oraz uktadowych zakazen kandydozowych. W badaniach nad zjadliwoscia
Candida albicans coraz wigkszy nacisk ktadzie si¢ na wlasciwo$ci nanomechaniczne komorek
takie jak sztywnos$¢ btony komorkowej czy zdolnos¢ do adhezji, ktére moga odgrywac istotng
role w kolonizacji gospodarza 1 formowaniu biofilmow. Wykazano takze, Zze formy
planktoniczne 1 biofilmowe wykazuja roézne cechy strukturalne 1 odpornosciowe.
Zrdéznicowanie genotypowe w obrebie izolowanych szczepow wplywa zardwno na ich fenotyp,
jak 1 zdolno$¢ adaptacji do Srodowiska gospodarza. Te witasciwosci fizyko-chemiczne i
genetyczne Candida stanowig nowe pole badan nad mechanizmami patogenezy i potencjalnymi
celami terapeutycznymi. Zrozumienie lokalnego wystgpowania i zmiennosci patogenéw na
poziomie molekularnym, ekologicznym i fenotypowym jest kluczowe dla skutecznej prewencji
1 leczenia zakazen o znaczeniu zdrowia publicznego.



Stowa kluczowe: Candida, biofilm, kleszcze, Borrelia burgdorferi, Anaplasma
phagocytophilum, zoonozy, infekcje grzybicze



Abstract

Characterization of pathogenicity of microorganisms inhabiting the human body and
companion animals in eastern Poland — epidemiological, molecular and environmental aspects

Tick-borne infections and fungal infections constitute a growing epidemiological challenge,
especially in the context of their changing frequency of occurrence and regional differences.
The aim of this study was to provide an integrated characterization of microorganisms with
pathogenic potential inhabiting the bodies of humans and companion animals (mainly dogs) in
eastern Poland, taking into account their epidemiological, molecular and environmental
significance. The studies focused on two main groups of pathogens: microorganisms
transmitted by ticks, such as Borrelia burgdorferi and Anaplasma phagocytophilum, and fungi
of the Candida genus, inhabiting the mucous membranes of the human oral cavity. Companion
animals, such as dogs and cats, are an important element of human social life, especially in
urban and suburban conditions. At the same time, they act as potential reservoirs or vectors of
numerous pathogens of zoonotic importance. In a dynamically changing environment, due to
climate change, urbanization, and animal migration, the risk of occurrence and transmission of
zoonotic diseases, including those transmitted by ticks (tick-borne diseases) and those related
to endogenous microflora, is increasing. The most common pathogens transmitted by ticks
include bacteria of the genus Borrelia (the etiological factor of Lyme disease) and Anaplasma
phagocytophilum, which causes granulocytic anaplasmosis in humans and animals. These
diseases pose a growing threat not only to public health, but also to veterinary medicine and
environmental protection. The participation of companion animals in the biological cycle of
these pathogens and the role of local tick populations in their transmission require constant
monitoring and molecular analysis. At the same time, increasing importance is attributed to
yeast-like fungi of the genus Candida, which, under conditions of normal functioning of the
human body, are an element of the physiological microbiota of the mucous membranes, mainly
the oral cavity, the gastrointestinal tract, and the urinary-genital tract. However, in situations of
disruption of homeostasis, e.g. as a result of antibiotic therapy, weakened immunity, oxidative
stress or the formation of biofilms, Candida can transform into an opportunistic pathogen
capable of causing superficial and systemic candidiasis infections. In studies on the virulence
of Candida albicans, increasing emphasis is being placed on the nanomechanical properties of
cells, such as the stiffness of the cell membrane or the ability to adhere, which may play an
important role in host colonization and the formation of biofilms. It has also been shown that
planktonic and biofilm forms exhibit different structural and immune features. Genotypic
diversity within isolated strains affects both their phenotype and their ability to adapt to the host
environment. These physicochemical and genetic properties of Candida constitute a new field
of research on the mechanisms of pathogenesis and potential therapeutic targets. Understanding
the local occurrence and variability of pathogens at the molecular, ecological and phenotypic
level is crucial for effective prevention and treatment of infections of public health importance.



Keywords: Candida, biofilm, ticks, Borrelia burgdorferi, Anaplasma phagocytophilum,
zoonoses, fungal infections
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1. Wstep

Wspolczesna mikrobiologia zwierzat i ludzi coraz czg$ciej koncentruje si¢ na ztozonych
relacjach zachodzacych pomigdzy gospodarzem a kolonizujacymi go mikroorganizmami. W
szczegbdlnosci coraz wigksze znaczenie przypisuje si¢ mikroflorze oportunistycznej oraz
patogenom przenoszonym przez wektory, ktore nierzadko wystepuja jako czg$¢ fizjologicznego
mikrobiomu 1 w sprzyjajacych warunkach moga prowadzi¢ do powaznych infekcji, zarowno
miejscowych, jak rowniez ukladowych. Dynamiczne zmiany $srodowiskowe, postepujaca
urbanizacja, zmiany klimatyczne oraz intensyfikacja kontaktu czlowieka ze zwierzetami
domowymi 1 dzikimi sprawiaja, ze liczba zakazen o ztozonej etiologii mikrobiologicznej
systematycznie wzrasta. W tym kontekScie szczegdlnego znaczenia nabierajg drozdzaki z
rodzaju Candida oraz kleszcze, jako wektory groznych patogenéw bakteryjnych 1
pierwotniaczych [Blaszkowska i wsp., 2023; Caban 1 wsp., 2024].

Drozdzaki, a zwlaszcza gatunki nalezace do kompleksu Candida albicans, sa powszechnie
wystepujacymi organizmami zasiedlajagcymi btony Sluzowe przewodu pokarmowego, jamy
ustnej, pochwy oraz skory czlowieka i zwierzat. W warunkach prawidtowych funkcjonujg one
jako komensale, odgrywajac role w utrzymaniu réwnowagi mikrobiologicznej organizmu.
Niemniej jednak, zaburzenia odpornosci, przewlekta antybiotykoterapia, obecno$¢ cewnikdw,
protez lub innych ciat obcych, niedobory zywieniowe, modyfikacje w diecie, a takze zmiany w
sktadzie mikrobioty moga doprowadzi¢ do ich przeksztatcenia w formy patogenne [Pieczynska
1 wsp. 2020]. W takim stanie drozdzaki staja si¢ zdolne do aktywnego namnazania, inwazji
tkanek oraz wywotywania r6znorodnych objawow klinicznych — od powierzchownych infekcji
skory 1 bton §luzowych po cigzkie, potencjalnie Smiertelne zakazenia uogdlnione, znane jako
kandydozy inwazyjne [Cafarchia 1 wsp., 2024].

Wiasciwosci patogenne Candida spp. sa Scisle powiagzane z ich zdolnos$cia do przylegania do
powierzchni biologicznych 1 sztucznych oraz tworzenia biofilmow. Biofilmy te sktadaja si¢ z
gestej sieci komorek grzybiczych otoczonych macierza zewnatrzkomorkowa, ktéra chroni je
przed dzialaniem lekow przeciwgrzybiczych oraz ukladu immunologicznego gospodarza.
Organizmy te potrafia rowniez przeksztalca¢ si¢ morfologicznie, przechodzac z formy
jednokomoérkowej drozdzowej do formy strzepkowej lub pseudostrzepkowej, co stanowi
dodatkowy czynnik wirulencji. Co wigcej, niektore szczepy Candida wykazuja opornos¢ na
popularne leki przeciwgrzybicze, takie jak flukonazol czy amfoterycyna B utrudniajac leczenie
1 zwigkszajac ryzyko nawrotow infekcji. Obserwuje si¢ takze coraz wigksze znaczenie tzw.

gatunkow nie-albicans, takich jak Nakaseomyces glabratus (dawniej Candida glabrata), Pichia



kudriavzevii (dawniej C. krusei), C. parapsilosis czy C. auris, ktére wykazuja odmienne
wiasciwosci biologiczne i czesto wigkszg opornos$¢ na leczenie oraz trudnosci w diagnostyce
[Pristov 1 wsp., 2019; Borman i wsp., 2023].

Roéwnolegle z problemem zakazen grzybiczych, znaczace zagrozenie stanowig patogeny
przenoszone przez kleszcze bedace wektorami licznych drobnoustrojow chorobotworczych. Na
terenie Polski Wschodniej dominujagcymi gatunkami kleszczy sa Ixodes ricinus oraz
Dermacentor reticulatus, ktore ze wzgledu na sprzyjajace warunki srodowiskowe wystepuja
nie tylko w lasach 1 na terenach wiejskich, lecz coraz czesciej rowniez w parkach miejskich,
ogrodkach dziatkowych oraz bezposrednim sgsiedztwie ludzkich osiedli. Ekspansja terytorialna
tych pasozytow w ostatnich latach zwigzana jest z ociepleniem klimatu, wzrostem liczby
gospodarzy posrednich (np. gryzoni) oraz zwigkszonym ruchem zwierzat towarzyszacych
pomiedzy obszarami miejskimi i wiejskimi [Mierzejewska wsp., 2022; Stanczak 1 wsp., 2020].
Kleszcze przenosza szereg drobnoustrojow odpowiedzialnych za powazne choroby ludzi i
zwierzat. Wsrdd najwazniejszych patogendw znajduje si¢ Borrelia burgdorferi sensu lato,
wywolujaca borelioze z Lyme — najczestsza chorobg odkleszczowa w Europie. Inne istotne
patogeny obejmuja Anaplasma phagocytophilum, czynnik etiologiczny anaplazmozy
granulocytarnej, oraz Babesia spp., wywotujace babeszjoze — chorobe przypominajgca malarie.
Przebieg tych zakazen moze by¢ ostry lub przewlekty, czesto nieswoisty, co znaczaco utrudnia
diagnostyke kliniczng. W przypadku zwierzat towarzyszacych, takich jak psy i koty, objawy
moga obejmowaé goraczke, niedokrwisto$¢, apatie, utrate masy ciala oraz zaburzenia
neurologiczne, co ma powazne implikacje nie tylko zdrowotne, lecz takze zoonotyczne [Rizzoli
1 wsp., 2014].

Istotnym problemem w kontek$cie badan epidemiologicznych 1 molekularnych jest
wspotwystepowanie wielu patogendbw w obrgbie jednego kleszcza oraz mozliwosé
jednoczesnego zakazenia kilku organizmow gospodarzy. Koinfekcje takie moga prowadzi¢ do
interakcji  patogen-patogen oraz patogen-gospodarz o nieprzewidywalnych skutkach
klinicznych. Wspotczesne badania wykazuja, ze kleszcze sg nie tylko wektorami, ale takze
swoistymi ,,biologicznymi magazynami” patogenoéw, w ktérych moze dochodzi¢ do przemian
genetycznych, selekcji opornych szczepdw oraz adaptacji do nowych gospodarzy [Mierzejwska
1 wsp., 2022].

Zarébwno grzyby drozdzopodobne, jak 1 patogeny przenoszone przez kleszcze nalezy
rozpatrywa¢ w szerszym kontekscie ekologicznym 1 zdrowotnym, integrujacym zdrowie
czlowieka, zdrowie zwierzat oraz stan Srodowiska. Szczegélne znaczenie maja w tym

kontek$cie zwierzgta towarzyszace, ktére ze wzgledu na bliski kontakt z czlowiekiem moga



stanowi¢ zarowno wskazniki §rodowiskowe obecnosci patogenow, jak i rezerwuary infekcji
zoonotycznych [Mierzejewska i wsp., 2022].

Obecno$¢ mikroorganizmdéw oportunistycznych oraz wektorowo przenoszonych patogenow w
organizmach ludzi i zwierzat domowych wskazuje na potrzebe ich kompleksowego badania w
yjeciu epidemiologicznym, molekularnym i $rodowiskowym. Zrozumienie mechanizméow
patogennosci, zmienno$ci genetycznej, interakcji mikroorganizméw oraz ich wplywu na
zdrowie gospodarza jest niezbedne dla opracowania skutecznych strategii prewencji,
diagnostyki i leczenia chorob zakaznych. Niniejsza praca doktorska stanowi probe integracji
danych z zakresu mikrobiologii, parazytologii oraz ekologii zdrowia w celu poglebienia wiedzy
na temat zagrozen mikrobiologicznych wystepujacych na styku czlowieka, zwierzat

towarzyszacych i srodowiska naturalnego na obszarze Polski Wschodnie;.



2. Hipotezy badawcze, cel i zakres pracy

Postawiono nastepujace hipotezy badawcze:

1. Izolaty drozdzakéw z rodzaju Candida, pochodzace z jamy ustnej zdrowych osob
zamieszkujacych region Polski wschodniej, wykazujg istotne roznice w profilu genotypowym
oraz fenotypowym (w tym zdolnosci do tworzenia biofilmu, filamentacji i wzrostu w
podwyzszonej temperaturze) w poréwnaniu z danymi referencyjnymi dla populacji spoza tego
regionu.

2. Parametry nanomechaniczne $ciany komoérkowej szczepow Candida albicans (m.in.
sztywnos¢, adhezja powierzchniowa), oceniane za pomoca mikroskopii sit atomowych (AFM),
korelujg istotnie z ich wlasciwo$ciami patogenetycznymi, takimi jak zdolnos¢ do tworzenia
biofilmu i filamentacji.

3. Na obszarze Polski wschodniej odnotowuje si¢ wyzsze rozpowszechnienie patogenow
przenoszonych przez kleszcze (Borrelia burgdorferi sensu lato oraz Anaplasma
phagocytophilum) u psow domowych niz w populacjach referencyjnych z innych regionéw
kraju, co moze wskazywac na regionalne zroznicowanie ryzyka epidemiologicznego.

4. Gatunki kleszczy wystepujace u psoOw we wschodniej Polsce stanowig istotny rezerwuar 1
wektor Anaplasma phagocytophilum, niezaleznie od plci kleszcza oraz statusu socjalnego psa
(domowy vs bezdomny), natomiast jego rola w transmisji Borrelia burgdorferi sensu lato jest

ograniczona.

Celem glownym pracy jest kompleksowa charakterystyka patogennosci wybranych
mikroorganizmow kolonizujacych ludzi oraz zwierzeta towarzyszace (psy) na terenie Polski
wschodniej w odniesieniu do warunkow $rodowiskowych i kontekstu epidemiologicznego.
Praca ma na celu okre$lenie, w jaki sposdb mikroorganizmy oportunistyczne oraz patogeny
przenoszone przez wektory moga stanowi¢ zagrozenie zdrowotne zaréwno dla ludzi, jak 1
zwierzat domowych oraz zbadanie wptywu lokalnych uwarunkowan s$rodowiskowych na
wystepowanie 1 wilasciwosci tych mikroorganizmoéw, co pozwoli na lepsze zrozumienie

mechanizmow ich adaptacji i patogennosci w kontekscie regionu Polski wschodnie;.

Realizacja celu gléwnego zostala osiggnigta poprzez:
e izolacje¢ 1 identyfikacje wybranych mikroorganizmdéw z materiatu biologicznego ludzi 1

zwierzat,



ocen¢ ich cech fenotypowych i molekularnych (m.in. biofilm, filamentacja, analiza
DNA),

zastosowanie technik mikroskopii sit atomowych do oceny wlasciwosci
fizykochemicznych,

analiz¢ obecnosci patogendow wektorowych u psow z r6znych srodowisk,

integracje uzyskanych danych z analizami srodowiskowymi i epidemiologicznymi.



3. Materialy i metody

Publikacja 1 (P1) Ocena zroznicowania gatunkowego szczepow Candida kolonizujacych
jame ustng osob zdrowych oraz okreslenie relacji genotyp — fenotyp u Candida albicans

(Andrzejuk i wsp., 2025).

Grupa badawcza sktadata si¢ z 500 uczestnikéw (288 kobiet, 212 mezczyzn) w wieku 18-90
lat (Sredni wiek 39 lat; 6 = 16,79). Wymazy z jamy ustnej pobrano od zdrowych ochotnikow
bez objawoéw infekcji lub chordob wspotistniejagcych. Probki pobrano za pomocg jatowych
wymazowek z medium transportowym, pocierajac wewngtrzng strong policzka przez 15 s z
kazdej strony. Hodowlg przeprowadzono na podtozu Sabouraud dekstroza (Argenta, Poznan,
Polska) przez 24 h w temperaturze 35°C. Pozyskane szczepy bankowano (Mast Group,

Reinfeld, Niemcy) i przechowywano w temperaturze — 20°C.

Metody fenotypowe obejmowaty:

e hodowle¢ na podtozach chromogennych (CHROMagar, GRASO, Polska) temperaturze
35°C przez 48 godzin w celu wstepnej identyfikacji gatunku;

e analiz¢ asymilacji cukrow z wykorzystaniem testu kolorymetrycznego AUXACOLOR
2 (Bio-Rad, Warszawa, Polska), gdzie inokulum (standard McFarland 1,5, 100 pL)
przygotowano z 24-godzinnej hodowli 1 inkubowano w temperaturze 30°C;

e testy tolerancji temperaturowej, w ktorych probki inkubowano na podiozu statym
Sabouraud w temperaturze 42°C, a obserwacje wykonywano po 24, 48 1 72 godzinach;

e testy filamentacji — probki dostosowano do standardu McFarlanda 2 z dodatkiem 0,5 ml
surowicy ludzkiej, inkubowano w temperaturze 37°C przez okoto 2,5 godziny i

prowadzono obserwacje pod mikroskopem (Nikon Eclipse 801, Warszawa, Polska).

Analizy genotypowe uwzglednialy:

e izolacj¢ genomowego DNA z 24-godzinnej hodowli o standardzie okoto 1,5
McFarlanda przy wykorzystaniu zestawu Genomic MiniKit (A&A Biotechnology,
Gdansk, Polska);

e analiz¢ polimorfizmu dtugosci fragmentow restrykcyjnych (RFLP — restriction
fragment length polymorphism) regionu ITS charakteryzujacego si¢ stosunkowo

konserwatywnymi sekwencjami oraz wysoka zmiennos$cig z trawieniem restrykcyjnym



przy uzyciu enzymu restrykcyjnego Mspl (10 U/ul) (Thermo Scientific, Warszawa,
Polska);

genotypowanie na podstawie sekwencji 25S rDNA.

Po weryfikacji szczepow Candida albicans i okresleniu ich genotypow wykonano nastepujace

analizy:

badanie wrazliwosci na leki przeciwgrzybicze — okre$lajac minimalne st¢zenie
hamujace (MIC) anidula-funginy, amfoterycyny B, mykafunginy, posakonazolu,
worykonazolu, itrakonazolu i flukonazolu za pomoca testu SensititreYeastOne Thermo
Scientific, Warszawa, Polska;

analizy tworzenia biofilmow z 48-godzinnej hodowli 1 inkubacji w 35°C anem) przy
uzyciu mikroskopu optycznego Nikon (model Eclipse 80i) wyposazonego w kamerg

Nikon DS-Filc.

Publikacja 2 (P2) Ocena wlasciwosci nanomechanicznych Candida albicans (Teodorowicz

i wsp., 2023).

Material do badan stanowity wymazy zebrane z wewngtrznej czesci policzka od osob zdrowych

bez objawow infekcji jamy ustnej. Hodowle przeprowadzono na podtozu agarowym Sabouraud

z gentamycyng 1 chloramfenikolem (Oxoid) w temperaturze 35°C przez 48 godzin.

W celu identyfikacji i weryfikacji otrzymanych szczepow przeprowadzono:

analize asymilacji cukréw z wykorzystaniem testu kolorymetrycznego AUXACOLOR
2 (Bio-Rad, Warszawa, Polska), inokulum (standard McFarland 1,5, 100 pL) z 24-
godzinnej hodowli 1 inkubowanej w temperaturze 30°C;

okreslenie minimalnego stezenia hamujacego (MIC) przy uzyciu paskow

gradientowych MTSTM 1 podtoza agarowego RPMI (Liofilchem).

Analizy mikroskopowe:

skaningowy mikroskop elektronowy SEM - Hitachi model TM 3000 wyposazony w
spektroskopie rentgenowska z dyspersja energii (Oxford Instruments). Probki z
materialem biologicznym napylono cienka (kilka nanometréw) warstwa miedzi o

czystosci 99,999% (Testbourne, Wielka Brytania). Warstwe Cu osadzono za pomocg



systemu rozpylania magnetronowego DC (nano PVD, Moorfield) w atmosferze
czystego argonu (99,999%) przy ci$nieniu 1,8 . 10-2 mbar. Zastosowano obrazowanie
elektrondow wstecznie rozproszonych z napigciem przyspieszajacym 15 kV;

e technika mikroskopii sit atomowych AFM - NTEGRA Spectra C (NT-MDT)
obejmowata analize¢ probek w cieczy w temp. 21°C, w celu zapewnienie komorkom
warunkow fizjologicznych. wykonywano w cieczy, w temperaturze pokojowej (21°C).
Wszystkie obrazy uzyskano przy uzyciu bardzo migkkich, trojkatnych wspornikow
Si3N4 zaprojektowanych do obrazowania probek biologicznych (MSCT Bruker) o

nominalnej statej sprezystosci k~0,01 N/m i czestotliwosci rezonansowej fo~7 kHz.

Publikacja 3 (P3) Ocena wystepowania zakazen Borrelia burgdorferi i Anaplasma
phagocytophilum w Kleszczach Ixodes ricinus pobranych od psow we wschodniej Polsce

(Panczuk i wsp., 2024)

Material do badan stanowito 147 dorostych kleszczy Ixodes ricinus (81 samic 1 66 samcow)
zebranych z psoéw zywicieli lub nosicieli w pétnocno — wschodnich regionach wojewodztwa
lubelskiego. Gatunek kleszcza, ple¢ i stadium rozwojowe zostaty zidentyfikowane zgodnie z
kluczem opracowanym przez Nowak-Chmure. Kleszcze do czasu analiz przechowywano

pojedynczo w probéwkach Eppendorfa w 70% etanolu w temperaturze 6°C.

Analizy molekularne wykonano przy uzyciu testu AmpliSens TBEV, B.burgdorferi s.l.,
A.phagocytophilum, E.chaffeensis/E.muris-FRT (Ecoli Dx, Bratystawa, Republika Stowacka)
do swoistego wykrywania fragmentu genu 16S rybosomalnego RNA w B. burgdorferi s.l. i
fragmentu genu biatka powierzchniowego merozoitu 2 w A. phagocytophilum.
Badanie obejmowato etapy:

e izolacji materialu genetycznego — z wykorzystaniem zestawu RIBO prep

e reakcji odwrotnej transkrypcji w celu syntezy komplementarnego DNA (cDNA) przy

uzyciu zestawu REVERTA-L
e reakcji PCR w czasie rzeczywistym (TBEV, B. burgdorferi s.1., A. phagocytophilum,
e Ehrlichia chaffeensis/E. muris-FRT PCR kit).



Publikacja 4 (P4) Ocena wystepowania zakazen Borrelia burgdorferi i Anaplasma
phagocytophilum w Kleszczach Dermacentor reticulatus pobranych od psow we wschodniej

Polsce (Panczuk i wsp., 2022).

Materiat do badan stanowito 152 dorostych kleszczy Dermacentor reticuatus (71 samic i1 81
samcow) zebranych od 55 psow zywicieli lub nosicieli w pétnocno — wschodnich regionach
wojewodztwa lubelskiego. Gatunek kleszcza, pte¢ 1 stadium rozwojowe zostaty
zidentyfikowane zgodnie z kluczem opracowanym przez Nowak-Chmure. Kleszcze do czasu
analiz przechowywano pojedynczo w probéwkach Eppendorfa w 70% etanolu w temperaturze

6°C.

Analizy molekularne wykonano przy uzyciu testu AmpliSens TBEV, B.burgdorferi s.l.,
A.phagocytophilum, E.chaffeensis/E.muris-FRT (Ecoli Dx, Bratystawa, Republika Stowacka)
do swoistego wykrywania fragmentu genu 16S rybosomalnego RNA w B. burgdorferi s.l. i
fragmentu genu biatka powierzchniowego merozoitu 2 w A. phagocytophilum.
Badanie obejmowalo etapy:

e izolacji materialu genetycznego — z wykorzystaniem zestawu RIBO prep

e reakcji odwrotnej transkrypcji w celu syntezy komplementarnego DNA (cDNA) przy

uzyciu zestawu REVERTA-L
e reakcji PCR w czasie rzeczywistym (TBEV, B. burgdorferi s.1., A. phagocytophilum,
o Ehrlichia chaffeensis/E. muris-FRT PCR kit).



4. Omowienie gléwnych wynikow badan

Publikacja 1 (P1) Ocena zréznicowania gatunkowego szczepow Candida kolonizujacych
jame ustng osob zdrowych oraz okreslenie relacji genotyp — fenotyp u Candida albicans

(Andrzejuk i wsp., 2025).

Szczepy Candida spp. wykryto w probkach z wymazow jamy ustnej u 130 z 500 uczestnikow,
co wskazuje, ze 26% oso0b bylo nosicielami grzybow. Sposréd 130 probek Candida, 77%
(100/130) zidentyfikowano jako C. albicans, 12% (16/130) C. dubliniensis, 8% (10/130) P.
kudriavzevii, a 3% (4/130) N. glabrata. W tym badaniu nie wyizolowano wigcej niz jednego
gatunku od jednej osoby. C. albicans jest najczg$ciej wystepujacym gatunkiem w tym
srodowisku ze wzgledu na cechy takie jak wysoka patogennos¢, wirulencja i zdolno$¢ adaptacji
[Millsop i wsp., 2016].

Do dalszych analiz weryfikacji fenotypowej wybrano 100 prébek wstepnie okreslonych jako

C.albicans a ich wyniki zestawiono w Tabeli 1.

Tabela 1 Wyniki testow fenotypowych z wykorzystaniem testow AUXACOLOR na asymilacje

cukru, tolerancje¢ temperatury, filamentacje i lekowrazliwo$¢ Sensititre YeastOne.

C. albicans C. dublinensis
AUXACOLOR 97% (97/100) 3% (3/100)
Tolerancja temperaturowa 93% (93/100) 7% (7/100)
Testy filamentacyjne 97% (97/100) 3% (3/100)
Sensititre Yeast One 100% (100/100) 0% (0/100)

Identyfikacj¢ molekularng przeprowadzono na wszystkich wyizolowanych szczepach Candida.
Pierwszy etap stanowita reakcja PCR regionu ITS oraz trawienie enzymem restrykcyjnym Mspl
a otrzymane produkty charakteryzowaly si¢ rozmiarami od 510 do 870 pz. Wyniki
elektroforezy dla C. albicans i C. dubliniensis byly niemal identyczne. Nie jest to zaskakujace,
biorac pod uwage ograniczenia zwigzane z identyfikacjg fenotypowa. Wyniki te sugeruja, ze
szczepy sa silnie ze sobg powigzane [Zahir 1 wsp., 2012]. Drugi etap obejmowal
genotypowanie, szczepow zidentyfikowanych wstepnie jako C. albicans 1 watpliwych
C.dublinensis, oparte na sekwencji 25S rDNA, w ktorym pojedynczy produkt uzyskano dla
genotypow A (450 pz.) w przypadku 70% 1 B (840 pz.) 17%, a podwdjny produkt dla genotypu



C (450 pz. 1 840 pz.) 9%. Stwierdzono réwniez obecnos¢ C.dublinesis (1080 pz.) w 4%, co nie
pokrywa si¢ z wynikami uzyskanymi metodami fenotypowymi (Tabela 2).

Tabela 2. Wyniki analiz molekularnych produktow PCR regionu ITS1-5.8S-1T2 po trawieniu
restrykcyjnym Mspl oraz genotypowaniu opartym na sekwencji 25S rDNA.

region ITS1-5.8S-1T2 region 25S rDNA

ciezka 1 kontrola negatywna; $ciezka 2 C. albicans; | Sciezki 1, 2 1 4 genotyp A C. albicans; $ciezka 3
sciezka 3 C. dubliniensis; $ciezka 4 P. kudriavzevii; | genotyp C C. albicans; $ciezka 5 genotyp B C.

sciezka 5 N. glabrata; i $ciezka 6 C. tropicalis albicans; $ciezka 6 C. dubliniensis

Analize lekowrazliwo$ci wykonano na szczepach zidentyfikowanych molekularnie jako
C.albicans. Badane probki okreslone genotypem B i C wykazywaty wrazliwo$¢ na wszystkie
leki przeciwgrzybicze. Probki genotypu A okre$lono jako wysoce oporne. W 57% (40/70)
izolaty charakteryzowaly si¢ oporno$cia na anidulafunging, na posakonazol u 7,1% (5/70), na
itrakonazol u 21,4% (15/70) i na worykonazol u 5,71% (4/70). Oporno$¢ powszechnego
genotypu A C. albicans na leki przeciwgrzybicze azolowe i echinokandyny moze przyczyniac¢
si¢ do niepowodzenia leczenia. Wynika to z faktu, ze stanowig one podstawowe grupy lekow
stosowanych w potencjalnym zastosowaniu w terapii inwazyjnych chorob grzybiczych [Liu i

wsp., 2008]. Doktadne wyniki wraz z warto§ciami MIC przedstawiono w Tabeli 3.

Tabela 3. Wartosci MIC (mg/l) $§rodkéw przeciwgrzybiczych wobec badanych szczepow
Candida albicans (genotyp A, B lub C).

Candida albicans species

Genotype A Genotype B Genotype C
Number of isolates (n = 96) 70 (73%) 17 (18%) 9 (9%) MIC breakpoint

Antifungal agents used for testing MIC values (mg/L)
(mg/L)



FLUCONAZOLE min—max 0.12-1 0.12-0.5 0.12-1 S<2
SD 0.20 0.10 0.25 R>4
x 0.27 0.29 0.37
CV 0.76 0.34 0.67
POSACONAZOLE min—-max 0.15-0.8 0.015-0.3 0.008-0.3
SD 0.02 0.01 0 S <0.06
x 0.02 0.02 0.02 R>0.06
[a\Y 0.94 0.65 0.28
ITRACONAZOLE min—max 0.015-0.5 0.015-0.06 0.015-0.06
SD 0.02 0.01 0.02 S <0.06
x 0.04 0.03 0.04 R>0.06
CV 0.44 0.38 0.42
MICAFUNGIN min—max 0.008-0.03 0.008-0.015 0.008-0.015
SD 0.01 0 0 S <0.016
x 0.01 0.01 0.01 R>0.016
([\Y 0.51 0.29 0.25
VORICONAZOLE min—max 0.008-0.12 0.008 0.008-0.015
SD 0.11 0 0 S <0.06
x 0.04 0.01 0.01 R>0.25
CcV 2.95 0 0.25
ANIDULAFUNGIN min—max 0.015-0.06 0.015-0.03 0.015-0.03
SD 0.02 0.01 0,01 S <0.03
x 0.04 0.02 0,03 R>0.03
CV 0.52 0.29 0,41
AMPHOTERICIN B min—max 0.25-1 0.25-0.5 0.25-1
SD 0.24 0.10 0.23 S<1
x 0.45 0.29 0.44 R>1
(a\Y 0.54 0.36 0.52

Analiza tworzenia biofilmow po 24h inkubacji wykazata, ze izolaty C. dublinensis pozostaja w
formie planktonicznej. Najwigkszy potencjal do tworzenia biofilméw odnotowano w genotypie
A C.albicans (82%) 1 struktury te byty trwate. W przypadku genotypu B biofilmy wyksztatcito
11%, a genotypu C 7%.

Podsumowanie 1 wnioski

Wyniki z doswiadczenia potwierdzaja postanowig hipotezg 1 o tym, zZe izolaty drozdzakéw z
rodzaju Candida, pochodzace z jamy ustnej zdrowych os6b zamieszkujacych region Polski
wschodniej, wykazuja istotne roznice w profilu genotypowym oraz fenotypowym w
poréwnaniu z danymi referencyjnymi dla populacji spoza tego regionu. Dodatkowo
zaobserwowano, ze najwigkszy potencjal do patogenezy 1 mozliwo$¢ przetrwania
niekorzystnych warunkéw wykazuje genotyp A C.albicans, najczesciej izolowany szczep z

jamy ustnej 0s6b zdrowych.



Publikacja 2 (P2) Ocena wlasciwosci nanomechanicznych Candida albicans (Teodorowicz

i wsp., 2023).

Proces tworzenia biofilmu zalezy od rodzaju powierzchni i czynnikéw Srodowiskowych.
Tworzenie dojrzatego biofilmu obserwowano po 24-48 h na powierzchniach z polichlorku
winylu i po 38-72 h na powierzchniach z polimetakrylanu metylu [Ponde i in. 2021]. W tym
doswiadczeniu obserwacje C. albicans przeprowadzono w 24-godzinnych kulturach przy
uzyciu mikroskopu §wietlnego oraz SEM pokazaly tworzenie rusztowania biofilmu oraz sieci
komoérek i pseudostrzepek (ryc. 1/1A-1D). Srednica komérek C. albicans w tej strukturze
wynosita 5,75 um (min. 3,72 um, maks. 7,73 pm, SD 0,66), a dlugos$¢ pseudostrzgpek wynosita
17,08 um (min. 6,88 pm, maks. 40,40 um, SD 6,85). Srednice zmierzone przy uzyciu AFM
(Srednia wartos¢ 4,56 mm, SD 0,84, min. 2,73, maks. 6,61) byly podobne do tych uzyskanych
w SEM. Wysoko$¢ komoérek mierzono przy uzyciu sygnalu wysokosci w AFM; jego Srednia
warto$¢ wynosita 2,84 mm (SD 0,29, min. 1,98 mm, maks. 3,35 mm) (ryc. 1/1E-1F; rys. 2/2A-
2B). Ponadto wykryto obecno$¢ substancji zewnatrzkomoérkowej otaczajacej komorki C.
albicans. W preparatach powietrzno-suchych analizowanych w AFM nie jest mozliwe
uwidocznienie macierzy pozakomoérkowej, ktora wigze komorki tworzace biofilm. Tg strukture,
ktora jest niezwykle wazna dla stabilnosci biofilmu, mozna zaobserwowac tylko w probkach
cieklych [Algburi i in. 2017, Le i in. 2022]. Rycina 2 przedstawia komorke w tej strukturze o
wysokosci w zakresie 70-200 nm (rys. 2/2C-2D).
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Rycina 1. Tworzenie si¢ biofilmu przez C. albicans w 24-godzinnych hodowlach ptynnych.
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Rycina 2. Topografia komorek C. albicans w 24-godzinnych hodowlach z widoczng substancja pozakomodrkows.

W niniejszym badaniu stwierdzono, ze komoérki drozdzy przylegaja do powierzchni szkta po
24 godzinach, a obecno$¢ mikrokolonii oraz strzgpek stabilizujacych struktury zostata wykryta.
W SEM zaobserwowano zwarte, wielowarstwowe uklady komorek. Zdolnos¢ do tworzenia
biofilmu 1 wirulencja C. albicans sa zwigzane z przejSciem od drozdzy do morfotypu
strzgpkowego. Strzepki stabilizuja biofilm 1 maja wplyw na jego warstwowa strukture w
formach dojrzatych, podczas gdy warstwa podstawna odgrywa wazng role w przyleganiu
biofilmu do powierzchni [Sztajer 1 wsp. 2014, Gulati 1 wsp. 2016, Lohse 1 wsp. 2018, Nobile i
wsp. 2015, Ruszkowski 1 wsp. 2020].

Analizy AFM patogennych mikroorganizméow, w tym grzyboéw, mozna przeprowadzaé przy
uzyciu preparatow powietrzno-suchych i pltynnych. Ta ostatnia metoda umozliwia wizualizacj¢
komorek w $rodowisku zblizonym do ich naturalnych warunkéw wzrostu. W §rodowisku
ptynnym $ciana komérkowa C. albicans jest gtadsza i nie wykazuje zmian, ktore moglyby by¢
wywolane przez suszenie, a komorki zachowuja swoj naturalny turgor i elastyczno$¢ [Fiizik i
in. 2015]. W niniejszym badaniu zastosowano ten typ analizy AFM. Sygnat btedu AFM (ryc.
3/3B) dostarcza dodatkowych informacji jakosciowych o topografii ogladanej probki. Utatwia
on rozrdznianie malych elementow na tle duzych, stosunkowo gtadkich powierzchni. W
analizowanych probkach C. albicans zaobserwowano obszary o réznych wspoétczynnikach
tarcia (sita boczna, sygnat LF) (ryc. 3/3C). Jasne obszary o wigkszym tarciu (bardziej szorstkie)
byty widoczne w miejscach kontaktu migdzy komodrkami a szklanym podiozem. W bocznych i

wierzchotkowych obszarach komorek nie zaobserwowano jasnych stref, co §wiadczyto o ich



mniejszej szorstkosci (wigkszej gladkosci). Obszary o zwigkszonej twardosci (mniejszej
elastycznosci; sygnal FMM) znajdowano gltownie w strefach komoérek stykajacych sie ze
szklanym podlozem. Wierzchotkowe obszary komorek, widoczne jako ciemniejsze strefy,

charakteryzowaly si¢ wigksza elastycznoscig powierzchni (ryc. 3/3D).
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Rycina 3. Topografia i wtasciwosci nanomechaniczne C. albicans uwidocznione za pomocg AFM (ciecz).

Sity adhezji (Fa) wyznaczone dla komoérek C. albicans miaty w kazdym przypadku ten sam
rzad wielkos$ci, natomiast ksztatt poszczegdlnych krzywych roznit si¢ od siebie. Sugeruje to
stopniowe odrywanie si¢ koncoéwki mikroskopu od powierzchni probki (komoérki) 1 wskazuje
na ,,indywidualne” cechy powierzchni komoérek biofilmu tworzac mikrokolonie (ryc. 4).
Srednia warto$¢ sity adhezji (Fa) okre§lona dla komorek C. albicans obecnych w strukturze
biofilmu po 24-godzinnej hodowli wynosita 4,01 £ 1,64 nN (min. 2,56 nN, maks. 6,3 nN).
Srednia warto$¢ sity adhezji okreslona w niniejszym badaniu dla komérek C. albicans

tworzacych strukture biofilmu w hodowlach 24-godzinnych wyniosta 4,01+1,64 nN.
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Rycina 4. Sily adhezji (Fa) okreslone dla komorek C. albicans tworzacych biofilm w hodowlach 24-godzinnych.

Podsumowanie 1 wnioski

Na podstawie opisanych wynikéw nalezy potwierdzi¢ postawiong hipoteze 2. Zdolnos¢ do
tworzenia biofilmu i wirulencja C. albicans sa zwigzane z przej$ciem od drozdzy do morfotypu
strzgpkowego. Strzepki stabilizuja biofilm 1 maja wplyw na jego warstwowa strukture w
formach dojrzatych, podczas gdy warstwa podstawna odgrywa wazng rol¢ w przyleganiu
biofilmu do powierzchni. Na wczesny etap tworzenia biofilmu wptywaja oddziatywania
elektrostatyczne determinujgce proces adhezji komoérek do substratéw biotycznych lub
abiotycznych, sity van der Waalsa, sity ruchu Browna i oddziatywania hydrofobowe. Istotng
role w procesie powstawania i1 utrzymania struktury biofilmu odgrywa réwniez obecno$¢
macierzy zewnatrzkomorkowej. Macierz pozakomorkowa widoczna w AFM wigze sasiednie

komorki, a jej bezposredni kontakt z podtozem biofilmu ma wptyw na sity adhezji.

Publikacja 3 (P3) Ocena wystepowania zakazen Borrelia burgdorferi i Anaplasma
phagocytophilum w Kleszczach Ixodes ricinus pobranych od psow we wschodniej Polsce

(Panczuk i wsp., 2024).

W publikacji 3 celem badan byta ocena wystepowania zakazen w kleszczach Ixodes ricinus. W
omawianym badaniu zakazenie Borrelia burgdorferi s.l. wykryto u 10,9% (16/147), a A.
phagocytophilum u 12,9% (19/147) kleszczy I. ricinus. W jednym samcu kleszcza (0,7%)



wykazano, ze byt wspotzakazony obydwoma patogenami. Zakazenie co najmniej jednym z
patogenéw wykryto u 23,1% (34/147) kleszczy (Tabela 4). Obecno$¢ B. burgdorferi
wykrywano istotnie czesciej (wartos¢ P = 0,0103) u kleszczy samcow (18,2%) niz u samic

(4,9%).

Czestos$¢ wystepowania zakazenia A. phagocytophilum u samcow i samic byta podobna, z 1,5%
wiekszg czestos$cig u samic (13,6% w pordwnaniu z 12,1%). Wickszos¢ kleszczy nie byta
nape¢czniala, opita w momencie pobrania (29/34). Kazdy nape¢czniaty kleszcz (5/34) zostat
pobrany od innego bezdomnego psa przetrzymywanego w schronisku. Z tych pieciu kleszczy,
jeden byt zainfekowany przez B. burgdorferi, a cztery przez A. phagocytophilum. Zakazenie
Borrelia burgdorferi bylo istotnie czestsze (wartos¢ p = 0,0020) u kleszczy pobranych od pséw
bedacych w posiadaniu (18,7%) niz od psow ze schroniska (2,8%).W Polsce obecno$¢ kretkow
B. burgdorferi w kleszczach I. ricinus pobranych od psow jest bardzo zr6znicowana. Waha si¢
od 0%, jak wykazano w badaniach nad psami domowymi z Zakopanego w potudniowej Polsce
[Kocon i wsp., 2020] do 35,7% zgtoszonych w badaniach nad psami przyjmowanymi do klinik
weterynaryjnych w miescie Olsztyn w pdinocno-wschodniej Polsce [Michalski 1 wsp., 2020].
Natomiast czesto$¢ wystepowania zakazenia 4. phagocytophilum byta podobna w obu grupach
(odpowiednio 12,0% 1 13,9%). Czgstos¢ wystgpowania zakazenia A. phagocytophilum u
kleszczy I. ricinus pobranych od pséw lub psow 1 kotéw w Polsce wahata si¢ w zaleznos$ci od
regionu pobrania od 1,2% do 21,3%, przy czym najnizszy odsetek odnotowano u kleszczy
zebranych od psow przyjetych do klinik weterynaryjnych w mieécie Olsztyn [Kullberg i wsp.,
2020].

Podsumowanie 1 wnioski

Otrzymane w doswiadczeniu wyniki sugeruja czgSciowe odrzucenie postawionej hipotezy 3.
Odnotowano obecnos¢ B. burgdorferii A. phagocytophilum u kleszczy I. ricinus zebranych od
psow w Polsce wschodniej 1 czesto$¢ ich wystepowania jest podobna, ale poziom zakazen nie
jest znacznie wyzszy niz w innych regionach kraju.

Wykryta koinfekcja sugeruje mozliwo$¢ réwnoczesnego zakazenia obydwoma patogenami
poprzez pojedyncze ukaszenie kleszcza a dotychczasowe badania w Polsce rzadko zglaszaty
obecnos¢ tej koinfekeji u kleszezy 1. ricinus zarazajacych zwierzeta domowe.

Wskazana jest dalsza doktadna analiza wystgpowania koinfekcji, ktore staja si¢ coraz

powazniejszym problemem klinicznym i bardziej potrzebnym obszarem badan, poniewaz ich



ekologia 1 mechanizmy patologiczne sg nadal stabo zbadane w pordwnaniu z infekcjami

pojedynczym patogenem.

Publikacja 4 (P4) Ocena wystepowania zakazen Borrelia burgdorferi i Anaplasma
phagocytophilum w Kleszczach Dermacentor reticulatus pobranych od pso6w we wschodniej

Polsce (Panczuk i wsp., 2022).

Kleszcze pobrano od dziewigciu psow. Dziewigé kleszczy pochodzito od posiadanych psow
(po jednym kleszczu od trzech pséw, po dwa kleszcze od trzech innych psow), a pozostale
cztery kleszcze pochodzity od pséw bezdomnych ze schroniska (po jednym kleszczu od dwoch
psow, dwa kleszcze od jednego psa). Poza 13 kleszczami D. reticulatus zarazonymi A.
phagocytophilum, nie znaleziono zadnych innych gatunkow kleszczy u psow w momencie

pobrania. Obecno$¢ B. burgdorferi s.l. wykryto tylko u jednego z badanych kleszczy (0,7%).
Kleszcza tego pobrano od psa, ktory pochodzit ze schroniska. W potudniowo-wschodniej
Polsce wskaznik zakazenia u kleszczy zebranych od zwierzat wynosit zaledwie 6,7% (tylko
trzy okazy z 45 kleszczy - dwa kleszcze zebrane od kotow 1 jeden kleszcz od psa) byty zakazone

B. burgdorferi [Roczen-Karczmarz i wsp., 2018].

Ocena stopnia zakazenia analizowanych kleszczy Dermacentor reticulatus dwoma patogenami
(Borrelia burgdorferii s.l., A. phagocytophilum) wykazata, ze 14 (9,2%) ze 152 badanych
kleszczy bylo zakazonych jednym z patogenow. Nie stwierdzono wspotzakazen patogenami u
zadnego z kleszczy. Najwyzszy odsetek zakazen byt zwigzany z A. phagocytophilum. Jego
obecnos¢ wykryto u 8,6% (13/152) badanych okazoéw. Odsetek zakazen A. phagocytophilum
byt taki sam u kleszczy pici zefiskiej 1 meskiej, tj. odpowiednio 8,5% (6/71) 1 8,6% (7/81). Ma
to istotne znaczenie w konteks$cie ryzyka przenoszenia patogendéw, poniewaz samce D.
reticulatus pobierajg niewielkie ilosci krwi, aby zainicjowaé spermatogeneze, co wskazuje, ze
zarOwno samce, jak 1 samice tego gatunku mogg bra¢ udzial w przenoszeniu patogenow

[Bartosik i wsp., 2019; Foldvari i wsp., 2016].

Podsumowanie i wnioski

W przeprowadzonym badaniu oceniono stopien zakazenia kleszczy Dermacentor reticulatus
pobranych od dziewigciu psow, zaréwno domowych, jak i bezdomnych ze schroniska. Sposrod
152 analizowanych osobnikow 14 (9,2%) bylo zakazonych przynajmniej jednym z dwéch

patogendw: Anaplasma phagocytophilum lub Borrelia burgdorferi sensu lato, przy czym



czestos¢ wystepowania byta podobna u samcow 1 samic. Jedynie jeden kleszcz (0,7%),
pochodzacy od psa bezdomnego, byt zakazony B. burgdorferi s.l. Nie stwierdzono przypadkoéw
wspotzakazenia tymi patogenami. Wyniki wskazuja, ze D. reticulatus moze petnié rolg wektora
A. phagocytophilum w §rodowisku psdéw, natomiast jego znaczenie w transmisji B. burgdorferi
s.l. wydaje si¢ by¢ ograniczone. Obecno$¢ zakazonych kleszczy zaréwno u psow domowych,
jak 1 bezdomnych, sugeruje konieczno$¢ monitorowania ryzyka ekspozycji na patogeny

przenoszone przez kleszcze niezaleznie od warunkdéw utrzymania zwierzat.



Whioski

Przeprowadzone badania umozliwily charakterystyke wybranych mikroorganizméw
bytujacych w organizmie czlowieka oraz zwierzat towarzyszacych na terenie Polski
wschodniej, analizujac aspekty epidemiologiczne, molekularne 1 $rodowiskowe.
Doswiadczenia potwierdzily, ze zaréwno drozdzaki z rodzaju Candida, jak 1 patogeny
przenoszone przez kleszcze stanowig istotne zagrozenie mikrobiologiczne w regionie Polski
wschodnie;j.

Wykazano istotne zrdznicowanie genotypowe i1 fenotypowe szczepow Candida albicans
kolonizujacych jame¢ ustng zdrowych osob, z dominacja genotypu A, charakteryzujacego si¢
najwickszym potencjatem patogennosci, w tym zdolnoscia do tworzenia biofilmow i
odpornoscig na leki przeciwgrzybicze. Ponadto zastosowanie mikroskopii sit atomowych
ujawnito réznice w adhezji 1 wlasciwosciach nanomechanicznych komorek Candida, ktére
majg znaczenie w procesie kolonizacji i rozwoju infekcji.

Réwnoczesnie wykazano obecno$¢ patogendw wektorowych (Borrelia burgdorferi s.l.,
Anaplasma phagocytophilum) u kleszczy Ixodes ricinus i Dermacentor reticulatus pobranych
od pso6w domowych i bezdomnych. Czegsto$¢ zakazen byla istotna, a u kleszczy I ricinus
potwierdzono nawet przypadki koinfekcji. D. reticulatus okazal si¢ gtownie rezerwuarem A.
phagocytophilum, natomiast stwierdzono, ze jego rola w transmisji B. burgdorferi s.l. byta
znikoma.

Uzyskane wyniki podkreslaja konieczno$¢ prowadzenia statego nadzoru nad mikroflorg ludzi i
zwierzat towarzyszacych, ze szczegdlnym uwzglednieniem czynnikéw srodowiskowych, ktore
moga wptywac¢ na wystepowanie 1 patogenno$¢ analizowanych mikroorganizmow. Integracja
analiz molekularnych, fenotypowych i §rodowiskowych pozwolita na lepsze zrozumienie
mechanizmow adaptacji, kolonizacji 1 zakazen, co ma bezposrednie znaczenie dla zdrowia
publicznego, profilaktyki weterynaryjnej oraz strategii zwalczania zakazen oportunistycznych

1 wektorowych.



Literatura

1. Algburi, A., Comito, N., Kashtanov, D., Dicks, L.M., Chikindas, M., (2017) - Control of
biofilm formation: antibiotics and beyond. Applied and Environmental Microbiology 83(3),
€02508-¢02516. https://doi.org/10.1128/AEM.02508-16

2. Bartosik, K., Buczek, A., Buczek, W. et al (2019). Host feeding behaviour of Dermacentor
reticulatus males in relation to the transmission of pathogens. Ann Agric Environ Med

26(2):227-230. https://doi.org/10.26444/aaem/105402.

3. Blaszkowska, J., Goralska, K., Dzikowiec, M., & Kurnatowski, P. (2023). The increasing
role of non-albicans Candida species in human infections: molecular and clinical insights. Acta

Scientiarum Polonorum Zootechnica, 22(1), 13—22. https://doi.org/10.2478/aspr-2023-0006

4. Borman, A.M., Johnson, E.M. (2023). Changes in fungal taxonomy: mycological rationale
and clinical implications. Clinical Microbiology Reviews 36.4: ¢00099-22.

5. Cafarchia, C., Otranto, D., & Montagna, M. T. (2024). Pathogenic potential of yeast-like
fungi isolated from companion animals. Journal of Veterinary Research, 68(1), 53-61.
https://doi.org/10.2478/jvetres-2024-0015

6. Caban, J., Czopowicz, M., Kaba, J., & Rzewuska, M. (2024). Characterization of Candida
species isolated from the oral cavity of dogs and cats in Eastern Poland. Journal of Oral
Microbiology, 16(1), 2437335. https://doi.org/10.1080/20002297.2024.2437335

7. Foldvari, G., Siroky, P., Szekeres, S. et al (2016). Dermacentor reticulatus: a vector on the
rise. Parasites Vectors 9:314. https://doi.org/10.1186/s13071-016-1599-x

8. Fiizik, T., Ulbrich, P., Ruml, T., (2015) Institute of Chemical Technology Prague, Department
of Biochemistry and Microbiology, Technicka 5, Prague, Czech Republic, 166 28, Imaging of
biological samples in liquid environment. Application Note 080. [Cited 2023 March 10].
Available  from:  https://www.ntmdt-si.com/resources/applications/imaging-of-biological-
samples-in-liquid-environment

9. Gulati, M., Nobile, C.J., (2016) Candida albicans biofilms: development, regulation, and
molecular mechanisms. Microbes and Infection 18(5), 310-21.
https://doi.org/10.1016/j.micinf.2016.01.002

10. Kocon, A., Asman, M., Nowak-Chmura, M., Witecka, J., Kty§, M., Solarz, K. (2020)
Molecular detection of tick-borne pathogens in ticks collected from pets in selected
mountainous areas of Tatra County (Tatra Mountains, Poland). Sci Rep, 10, 15865, doi:

10.1038/541598-020-72981-w.



11. Kullberg, B.J., Vrijmoeth, H.D., van de Schoor, F., Hovius, J.W. (2020). Lyme borreliosis:
diagnosis and management. BMJ, 369, m1041, doi: 10.1136/bmj.m1041.

12. Liu, X.P., Fan, S.R., Bai, F.Y., (2008). Antifungal susceptibilityand genotypes of Candida
albicans strains frompatients with vulvovaginal candidiasis. Mycoses. 52(1):24-28. doi:
10.1111/j.1439-0507.2008.01539

13. Lohse, M.B., Gulati, M., Johnson, A.D., Nobile, C.J., (2018) Development and regulation
of single- and multi-species Candida albicans biofilms. Nature Reviews Microbiology 16(1),
19-31.

14. Michalski, M.M., Kubiak, K., Szczotko, M., Chajecka, M., Dmitryjuk, M.: Molecular
Detection of Borrelia burgdorferi Sensu Lato and Anaplasma phagocytophilum in Ticks
Collected from Dogs in Urban Areas of North-Eastern Poland. Pathogens 2020, 9, 455, doi:
10.3390/pathogens9060455.

15. Mierzejewska, E. J., Welc-Falgciak, R., & Bajer, A. (2022). Varroa destructor as a vector of
bacterial and fungal pathogens: implications for One Health. Experimental and Applied
Acarology, 86, 501-516. https://doi.org/10.1007/s10493-022-00700-3

16. Millsop, J.W., Fazel, N. (2016). Oral candidiasis. Clin Dermatol. 34(4):487-494. doi:
10.1016/j.clindermatol.2016.02.022

17. Nobile, C.J., Johnson, A.D., (2015) Candida albicans biofilms and human disease. Annual
Review of Microbiology 69, 71-92. https://doi.org/10.1146/annurev-micro-091014-104330

18. Pieczynska, M.D., Yang, Y., Petrykowski, S., Horbanczuk, O.K., Atanasov, A.G.,
Horbanczuk, J.O., (2020). Gut microbiota and its metabolites in atherosclerosis development.
Molecules 25(3), 594. doi: 10.3390/molecules25030594.

19. Ponde, N.O., Lortal, L., Ramage, G., Naglik, J.R., Richardson, J.P., (2021) - Candida
albicans biofilms and polymicrobial interactions. Critical Reviews in Microbiology 47(1), 91-
111. https://doi.org/10.1080/1040841X.2020.1843400

20. Rizzoli, A., Hauffe, H. C., Carpi, G., Vourc’h, G., Neteler, M., & Rosa, R. (2014). Lyme
borreliosis in Europe. Euro Surveillance, 19(27), 20835. https://doi.org/10.2807/1560-
7917.ES2014.19.27.20835

21. Roczen-Karczmarz, M., Dudko, P., Demkowska-Kutrzepa, M., I wsp.(2018) Comparison
of the occurrence of tickborne diseases in ticks collected from vegetation and animals in the
same area. Med Weter 74(8):484— 488. https://doi.org/10.21521/mw.6107

22. Ruszkowski, J., Kazmierczak-Siedlecka, K., Witkowski, J.M., quska-Slizier’l, A., (2020)
Mycobiota of the human gastrointestinal tract. Postepy Higieny i Medycyny Dos$wiadczalnej
74,301-313.



23. Stanczak, J., Zajac, Z., & Wodecka, B. (2020). Prevalence and molecular characterization
of tick-borne pathogens in ticks from Poland. Parasitology Research, 119(2), 489-500.
https://doi.org/10.1007/s00436-019-06581-4

24. Sztajer, H., Szafranski, S.P., Tomasch, J., Reck, M., Nimtz, M., Rohde M., Wagner-Dobler
I., (2014). Cross-feeding and interkingdom communication in dual-species biofilms of
Streptococcus mutans and Candida albicans. The ISME Journal 8(11), 2256-227I1.
https://doi.org/10.1038/ismej.2014.73

25. Zahir, R.A., Himratul-Aznita, W.H., (2012). Distribution of Candida in the oral cavity and
its differentiation basedon the internally transcribed spacer (ITS) regions ofrDNA. Yeast.
30(1):13-23. doi: 10.1002/yea.2937



--------------------------------------------

Data i miejsce

Patrycja Andrzejuk

Imig i nazwisko

Centrum Badan nad Innowacjami Akademii Bialskiej im. Jana Pawia 11

Afiliacja

OSWIADCZENIE WSPOLAUTORA

Odwiadezam, Zze w pracy:

Andrzejuk P, Tokarska — Rodak M, Dyrda A, Zargbska M. Phenotypic and genotypic
characterization of Candida species from the oral cavity of healthy individuals in Lublin
province, Poland. 2025. Journal of Oral Microbiology 17.1: 2437335. DOL
10.1080/20002297.2024.2437335

moj udzial polegal na:

zaprojektowaniu i prowadzeniu dodwiadezen, przygotowanie i opracowanie artykulu (70%
wkladu)



9200015 bigie Wdlgl

Data 1 micjsce

Malgorzata Tokarska - Rodak

Tmug 1 nazwisko

Zaklad Zdrowia Publicznego Akademia Bialska im Jana Pawda 11
Alihiacja

OSWIADCZENIE WSPOEAUTORA

Oswiadezam, ze w pracy:

Andrzejuk P, Tokarska — Rodak M, Dyrda A, Zarebska M. Phenotypic and genotypic
characterization of Candida species from the oral cavity of healthy individuals in Lublin
province, Poland. 2025 Journal of Oral Microbiology 17 1. 2437335, DOl
10.1080/20002297.2024.2437335

moj udzial polegal na:
analizie 1 interpretacji danych, ocenie | rewizji artykulu (20% wkiladu)

Podpis



.........................................................

Data i miejsce

Andzelika Nazarewicz

Imig i nazwisko

Centrum Badan nad Innowacjami Akademii Bialskiej im. Jana Pawla Il

Afiliacja

OSWIADCZENIE WSPOLAUTORA

Oswiadczam, ze w pracy:

Andrzejuk P, Tokarska — Rodak M, Dyrda A, Zargbska M. Phenotypic and genotypic
characterization of Candida species from the oral cavity of healthy individuals in Lublin
province, Poland. 2025. Jourmal of Oral Microbiology 17.1: 2437335. DOL
10.1080/20002297.2024.2437335

mdj udzial polegal na:

wykonaniu doswiadczen, pomoc w przygotowaniu artykulu (5% wkladu)

............. A Waeareme,

Podpis



)
..... Oods  vodwoaWae. ... 4.9 20155,

Data i migjsce

Marta Zarebska

Imig i nazwisko

Centrum Badan nad Innowacjami Akademii Bialskiej im. Jana Pawla Il

Afiliacja

OSWIADCZENIE WSPOLAUTORA

Odwiadczam, e w pracy:

Andrzejuk P, Tokarska — Rodak M, Dyrda A, Zarebska M. Phenotypic and genotypic
characterization of Candida species from the oral cavity of healthy individuals in Lublin
province, Poland. 2025. Journal of Oral Microbiology 17.1: 2437335, DOL
10.1080/20002297.2024.2437335

mdj udzial polegal na:

wsparcie w wykonaniu poszezegolnych dodwiadezen (5% wkiadu)



JOURKAL OF ORI MICRCIESCH LY
3%, VDL 17, 3RS
it ps'dioLong 10,1 0B 0007797 0243733

e Taylor & Francis
Tupes ke Poarea: Croue

RESEARCH ARTICLE

B OPEN ACCESS | S e s

Phenotypic and genotypic characterization of Candida species from the oral
cavity of healthy individuals in Lublin province, Poland

Patrycja Andrzejuk -, Malgorzata Tokarska-Rodak®, Andzelika Dyrda® and Marta Zarehska®
WMMHHMIWM%FMEM%M Poland; "Faculty of Health Sdences, John Paul 1l

University in Biata Podlaska, Biala Podlaska, Pol

ABSTRALT
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Introduction

The human microbiome comprises fungal species in
addition to bacteria and includes the common genus
Candida. They have been identified in various host
habitats such as the oral cavity, gastrointestinal tract,
urogenital tract, and skin surface [1].

Candida spp.. a genus of fungi present in the oral
cavity under physiological conditions, are estimated to
account for 45%—65% of the oral microbiome in healthy
children and 30%-50% in healthy adults | 2]. This genus is
a core component of the microbiome, as it can cavse oral
candidiasis in the event of physiological imbalance (dys-
biosis) and, consequently, may lead 1o systemic infoc-
tions, especially in patients with immunodeficiencies.

Alss the mechanism of the effect of the use of
nicotine products on oral Candida is debatable.
Substances contained in cigarette smoke may affect
host immune responses, which may predispose smo
kers to oral infections [3]. In the literature, some
studies revealed that the rate of oral Candidal carriage
was higher among smokers compared with non-

MNokaseomyces
conflicting results.
to the identification of individual Candida spp.
Genotype A accounted for 70% (n =
nd O {C. dubiiniensis) accounted for 175,
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malecular methods for the effident typing

smokers [4]. No clear differences were noted between
female and male smokers.

Candida albicans, that canses local and generalized
infections, is the most frequently isolated fungal spe-
cies from the oral cavity. Its ability to occupy several
commensal niches is related tw its virulence factors.
These factors include the potential for morphological
transition between yeast and hyphal forms, strong
adhesion to host cells, and biofilm formation ability
[5]. As organized structures, biofilms consist of do-
sely adherent cells of one or several different species
of microorganisms that are bound to the substrate
and embedded in the extracellular matrix. In human
body, 80% of biofilm formation is presumably asso-
ciated with fungal or bacterial infections. given the
durability of these structures [1.5].

Surface colonization by Candide when accompa-
nied by biofilm formation is a multistage process.
The first stage involves the adhesion of the cells o
the substrate, providing structural stability. This pro-
cess depends on many factors, induding physicochem-
ical interactions between microbial cdls and the
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surface, reactions between specific fungal proteins and
polysaccharides, environmental factors, chemical com-
position of cell membranes, specific genes, and sub-
strate roughness [6]. The second stage is proliferation,
which invodves the formation of filaments, the use of
which elongates the yeast cells, forming filamentous
hyphae. . albicans fungi can form hyphae both in
planktonic cultures and at the biofilm formation stage.
During this process, the fungal cells alter their mor-
phology and become highly stable within the host cells.
Hyphal growth is also regulated by transcriptional

and structural proteins, and the deletion of
any of these dements reduces or diminates growth [7].
The next stage is the biofilm maturation phase, in
which the production of hyphae is accompanied by
the secretion of extracellular polymeric substances
[8.9]. The extracellular matrix, mainly composed of
glycoproteins (50%), acts as a physical protective bar-
rier W ensure the structural integrity of the biofilm.
Without a matrix, fungal cells become desiccated and
lose their nanomechanical properties [10]. Yeast-like
cells are released from mature biofilms, leading to the
formation of new structures in distant locations, lead-
ing to infection dissemination [11].

Biofilms formed by various Candida species differ in
the complexity of their extracellular matrix structures
and compositions. Mature . albicans biofilms are dis-
tinguished from those produced by other Candida spp.
becanse of their extensive hyphal networks. Both
(. albicans and C dubliniensis, which are difficult w
distinguish using a single biochemical test, produce
blastospores, hyphae, and psendo-hyphae. Blastospores
and pseudohyphae are also formed by C parapsilosis,
Pichia kudriavzevii (previously known as C krusei], and
C. tropicalis. The fungus Nakaseorryces glabrata (pre-
vious C. glabrata) produces only blastospores [7.12,13].

. albicans isolates are problematic as they were incon-
gstent in their ability to form biofilms when tested using
patient samples. There are five C. albicans genotypes, A,
E, C, I}, and E, and the identification of these isolates is
akso troublesome. Genotype A is considered  predomi-
nant, and genotype [ is considered o be associated
with C. dubliniensis [14]. Determining the genotype-
phenotype relationship could predict whether a specific
genotype is more likely 1o cause an infection. Therefore,
the present study focused on determining the relation-
ship between the C albicans genotype and its phenotypic

traits and biofilm-forming ability. We aimed to update
our knowledge on Camdida species colonizing the oral
cavity of a healthy population. We isolated the most
commaonly present species and characterized the intras-

ific diversity to determine the genotype-phenotype

Materials and methods
Sample collection

The study group consisted of 500 participants (288
fernales, 212 males) aged 1890 years (average age, 39
years; o = 16.79). Oral swabs were obtained from healthy
volunteers with no symptoms of infection or coexisting
discases from a local community. The samples were
collected between June 2021 and September 2022 in
Lublin province. A questionnaire was administered o
the participants to collect information on current and
past oral infections, treatment methods, use of nicotine
products (smoking cigarettes, e-cigarettes, and nicotine
gums), morbidities, and metric data (Table 1). The study
desigm was approved by the Bioethics Committee at Pope
John Paul IT State Higher School {(carrently John Paul 1T
University in Biala Podlaska) (consent No. 3/2021), and
all participants provided informed consent. The sample
was collected using sterile swabs with a transport med-
inm by rubbing the insides of the check for 15 s on each
{Argenta, Poznan, Poland) media for 24 h at 35°C. The
colonies were plated on chromogenic media for further
hanks (Mast Group, Reinfeld, Germany), a ready to use
system designed for the storage of bacterial and fungal
cultures and stored at — 20°C until recovery.

Phenotyplc methods

Chromogenic agar culfture

After the fungi grew on Sabourand medium, they were
cultured onio  chromogenic media (CHROMagar,
GRASO, Poland) and incubated at 35°C for 48 h. This
yeast-like fungi of the genos Comdida.  On
CHROMagar, C  albicans appears green, whereas
C tropicalis and C. krusei {carrently P. kudriavzevii)
appear metallic blue and pink, respectively. The color

Table 1. Participant charzcteristics.

Bumber of pa

18-30
Aed 3060 yea
Agndahung.r:n:
sz of nicobine: products
Country of crigin
Current oral infections
Existing diseases

Females Males
188 FA K
43 (121788 % (THI)
45% (138788} 4% (1027713)
T (I93ER) 8% (38212)
49% (141788) 5% (TIVED)
Poland Poland
12 [l
[ [



of C. glabrata (currently N. glabrata) ranges from violet
to pink to brown, and other species are seen in shades
of white to mauve-pink. Among the fungi that grew,
only € albicans was selected for further analyses wsing
other phenotypic methods. Because the final results of
the individual phenotypic tests were subject o unclear
interpretations, a variety of analyses were performed.
All results were reviewed by two independent
rescarchers.

Sugar assimilation test

To validate the identified species in all samples, we
used the AUXACOLOR 2 (Bio-Rad, Warsaw,
Poland) test, a colorimetric test based on sugar
assimilation. In this test, sugar utilization for
yeast growth is visualized by a color change in
the pH indicator from bloe to yellow. Test inocu-
lum (McFarland standard of 1.5, 100 pL), prepared
from a 24-h colture, was applied to all the wells in
the test apparatus and incubated at 30°C. Readings
were taken after 24 and 43 h and after 72 h in case
of doubt. Test results were interpreted according
to the manufacturer's recommendations.

Temperature tolerance test

For the temperature tolerance test, the cultures were
incobated on Szbourand solid media at 47°C, and
observations were made after 24, 48, and 72 h. The
test is useful to distinguish between C albicans and
C. dubliniensiz. While . albicans can grow at 42°C,
owing to their ability to survive unfavorable condi-
tions, C. dubliniensis cannot.

Fllamentation test

Fungal cells, adjusted to a McFarland standard of 2
by adding 0.5ml human serum, were incubated at
37°C for approximately 2.5 h. Subsequently, the mate-
rial was centrifuged for 3 min at 1006 = g. the super-
natant was removed, and the samples were observed
under a microscope (Mikon Eclipse B0i, Warsaw,
Poland). The presence of filaments, that is structures
characterized by non-septate cell expansion (as
opposed o pscudohyphae) and lack of constriction
from the mother cell, confirms the identification of
. albicans species (Gnat 2022).

Genotyplc methods
Genomic DNA extraction

DNA isolation was performed using a Genomic Mini
Kit (A& Biotechnology, Gdarisk, Poland) according
to the manufacturer's instructions. After 24 h of incu-
bation, an inoculum  with  approximately 15
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McFarland standard was prepared from Sabourand's
medium calture, transferred to Eppendorf tubes, and
placed in a thermoblock heated to 70°C for 12h to
facilitate cell lysis.

Restriction fragment length polymorphism
analysis

Molecular identification of the strains began with the
identification of the internal transcribed spacer (IT5)
region. The ITS1-5.85-TTS2 region is characterized
by relatively conserved sequences, which facilitate
correct sequence alignment, and high variability,
thereby ensuring the uwtility of non-homologous

sequences as restriction fragment length polymorph-
ism analysis markers. The following primers were

selected for amplification of the targeted ribosomal
DNA: ITS5-1 (5-TOOGTAGGTGAACCTGOGG-37
and ITS-4 (5-TOCTCOGCTTATTGATATGC-3').
The PCR was carried out in a total volume of 50 pl,
and the reaction mixture contained 2 pl. of template
DNA, 05ul of each primer (25pM), 1.25pL of
dANTPs, 5pl of 10x PCR buffer, and 0.5pl of Tagq
DNA polymerase (0.5U). Initial denaturation was
carried out for 5 min at 94°C, followed by denatura-
Hon at 94°C for | min, annealing at 567C for | min,
and chain elongation at 72°C for | min in 30 cycles.
The final elongation step was performed at 2°C for
7min. Subsequently, restriction digestion was per-
formed using the Mspl restriction enzyme (10 Ujfpl)
(Thermo  Scientific, Warsaw, Poland), in a total
volume of 25 pl; the digestion was achieved by incu-
bating 21.5 pL of the PCR products with 2.5 plL of the
buffer and 1pl of the Mspl enzyme. Restriction
fragments were separated using 2% agarose gel elec-
trophoresis in TBE buffer (EURx, Gdansk, Poland) at
100V for | h and stained with Gel Stin (Syngen,
Wroclaw, Poland) for visualization.

Genotyping using 255 rDNA

Tests for molecular  differentiation of  various
. albicans strains and between C albicans and
. dubliniensis were carried out based on the 258
rDNA sequence. The sizes and lengths of the 258
rDNA intronic regions were determined to identify
specific genotypes (A-E) of C albicans. The primers
CA-TNT-L.  {(5-ATAAGGGAAGTOGGCAMAATAC
CGTAA-3) and CA-INT-R (5 CCTTGGCTGTGE
TTTCGCTAGATAGTAGAT-3") were used for the
sequence detection. The amplification reaction was
carried out using 125pL of Hot Start MIX (A&A
Biotechnology, Gdansk, Poland), 2.5 pl. of each pri-
mer (20 pmol), and 5pl. of genomic DNA in a total
volume of 25 pl.. The following conditions were used
for FCR: initial denaturation at ™4°C for 3 min, 30
cycles of denaturation at 94%C for 305, annealing at
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&P for 15 s, extension at 72°C for | min, and final
clongation step at 72°C for 10min (Mashaly and
Zrid, 2022). The PCR products with expected sizes
(genotype A, 450 bp: genotype B, 840 bp; genotype C,
450 bp and &40 bp; genotype [, 1040 bp; genotype E.
1400 bp) were wvisualized using electrophoresis on
2 1.5% agarose gel, using TBE buffer and Gel Stain,
at 100V for | h.

Data were analyzed using Statistica 13 program
(Biala Podlaska, Poland). Mean, frequency, and stan-
dard deviation wvalwes, Chi-square statistic, critical
value, p-value were determined. p < 0.05 was consid-
ered statistically significant.

Downstream analyses
Drug susceptibility assessment

Antifungal susceptibility testing was performed on
isolates confirmed as C. albicans (genotypes A, B,
or C) to the commonly used antifungals anidula-
fungin, amphotericin B, micafungin, posaconazole,
voriconazole, itraconazole, and fluconazole. To
examine the drug susceptibility profile, minimum
inhibitory concentrations (MICs) of the selected
agents were determined using a microbroth dilu-
tion test in a dried 96-well microplate format Each
well contained antifungal agents at appropriate
dilutions and a calorimetric indicator (Sensititre
YeastOne; Thermo Scientificc,. Warsaw, Poland).
The plate was incubated at 35°C for 24 or 48h in
case of doobt The lowest comcentration of the
antifungal agent that inhibited fungal growth (as
evidenced by the lack of color change) was
recorded. Strains were considered sensitive or resis-
tant according to EUCAST recommendations [15].

Biofilm formation analysis

Coltures incubated at 35°C for 48 h were vsed for
biofilm observation. A microscope slide coated with
gelatin was placed in a sterile container and sup-
plemented with 2ml of the fungal inoculum (with
a McFarland standard of 4} and 2 mL of Sabourauwd
dextrose liquid medium (Oxoid, Pol-Aura, Warsaw,
Poland). After incubation, non-adherent and
planktonic cells were removed by washing with

PBS (phosphate-buffered saline) (1.5mL). Biofilms
were visualized and analyred using a Nikon optical
microscope (Eclipse 808 model) equipped with
a Mikon D5-Filc camera at 40« magnification.
Most biofilms formed under in witro laboratory
conditions have only a few layers and cells that
adhere well to the subsirate and are resistant to
repeated washing. The degree of biofilm formation
by cach isolate was determined as follows. After
rinsing. a hiofilm occupying more than 80% of
the field of view with complex structures was
defined as a strong biofilm; if it occupied 50% of
the area with few cells, it was described as am
intermediate biofilm, and a biofilm with an occn-
pancy below this value was identified as a weak
hiofilm.

Results

Candida spp. were detected in the oral swab samples
of 130 of the 500 participants, indicating that 26% of
individuals harbored the fungi (Table 2). Of the 130
Candida-positive samples, 77% (100V130) carried
. albicans, 12% (167130} contained C. dubliniensis,
8% (107130} contained P kndriovzevii, and 3% (4/
130) contained N. glabrata, as revealed by phenotypic
analyses such as the CHROMagar identification. In
this study, no more than one species was isolated
from a single individual.

Statistical analyses were performed used Statistica
13 to determine significant differences between male
and female participants who tested positive for
Candida spp. and used nicotine. The null hypothesis
assumed no significant difference in the distribution
of the number of individuals harboring Candida spp.
and nicotine use between men and women. The
values of the chi-square statistic (" =3.519) were
compared with the critical value (3.841) at df=1; at
the pre-determined significance level {a = 0.05), there
was no difference (p=0.061) in the prevalence of
Candida spp. and nicotine use between men and
WOIMETL.

Further phenotypic identification tests were per-
formed on the 100 isolates identified as C aibicans
using chromogenic media. Results are summarized in
Table 3.

Table 2. Characteristics of the 130 indiwviduals who harbored Condida spp.

Females
Samples harboring Candida spp 3% (B30
Aged 18-30 years IE% FLED
Aged 3050 years A% (44553
A.gudll:nu:E‘rm: % (TR
Use of nicotine products 17% (D453

Males Stapistical caloubitions

I7% TN

1% (1545

0% (T44E)

194 (5048

1M (1548 i = 1514
=1
o= 005

prvalue = 0061



Table 3. Phenotyplc test results using the AUXACDLOR sugar
assimilation, temperature tolerance, filamentation, and sarsk-
titre YeastOne tests for the 100 kolates inftially dlassified as
L. afbicans.

C albicans L. dubdiniereis

AUNACDLOR sugar assimillation test  97% (97100} % (31000
Temperabwre tolerance test QT (9300} Toe [T~
Filamentabion bt o (9TI100p 3% (R0
Zensititre Yeztlne test TO0% (1007100 0% (V10

"Results of theee ANCALOLOR tests considered; ™For one Bolate, the
results were validabed using temperature bolerance and ALACDLOR
tests as well.

5100 870 bp, specific for Candida spp. were identified by
analyring the I'TS region. After cleaving the ITS region
with the Mspl restriction enzyme, two polymorphic
bands were obtained for C albicans, C dubliniensis,
N. glabrata, and C. tropicalis, and one band was obtained
for P. kudrigvzevii. The similarity in the restriction pat-
terns of C albicans and C dubliniensis prevented proper
differentiation of the two strains (Figure 1)

All 100 strains that were isolated and tentatively
identified as C albicans andfor C. dubliniensis were
subjected to PCR analysis based on the 255 rDNA
sequence for genotyping: a single product was
obtained for genotypes A (450 bp) and B (840 bp),
and a double product was obtained for genotype
C (450 bp and 840 bp). The following genotypes
were identified (Figure 2): genotype A (70%),
B (17%), C (9%), and D (C. dubliniensis, 4%). All
analyses for genotype D yielded a band identical to
that of C. dubliniensis (1080 bp). which contradicted
the results obtained using sugar assimilation and
filamentation tests. Genotype E was not detected in
the present study. Further, the results revealed no
relationship between the occurrence of a given geno-
type and nicotine use.

The 96 isolates confirmed as C. albicans (genotype
A, B, or C) were tested for antifungal susceptibility.

Frgure 1.Band patterns of the PCR produds of the IT51-5.85
IT2 region after Mspl restriction digestion for Condida spp.
visuglized wsing gel electrophoresis; lane 1 negative comtrol;

lane 2, C albvoans; lane 3, O dubliniensis; lane 4
P. kudrigvzewh; lane 5, M. giebrafa; and lane &, C tropioais.

Fgure 2. Genotyping DNA band pattern profiles. Lanes 1, 2,

and 4, C. albicans A; lane 3 C albicans genotype C;
lane 5, L albicans genotype B; lane &, O dwhiininsis’
L. alblans genotype D

The results are summarized in Table 4, along with the
MICs of the agents used for testing. All samples
identified as genotypes B or C were susceptible to
all the antifungal drugs. Genotype A samples were
highly resistant, with 57% (40 of 70) of the isolates
showing resistance to anidulafungin. In addition,
resistance to posaconazole, itraconazole, and vorico-
naxole was observed in 5 (7.1%), 15 (21.4%), and 4
(5.71%) isolates, respectively. However, all the geno-
type A samples were susceptible to fluconazole, mica-
fungin, and amphotericin B.

Among the isolates cassified as C. albicans, 65%
(62 of 96) formed biofilms (Figure 3) and 35% (34 of
96) were present in the planktonic form. The geno-
type distribution of the isolates in the biofilm-
forming group was as follows: 82% (51 of 62) of
genotype A, 11% (7 of 62) of genotype B, and 7% (4
of 62) of genotype C.

Six strains, with five representing genotype
A (83%) and one representing genotype C (17%),
formed strong biofilms. Genotype ID isolates did not
form biofilms.

Discussion

The development and recurrence of fungal infections
of the oral cavity are closely associated with the pre-
sence of Candida spp. in the microbiome. The pre-
sent study revealed Camdida yeast colonization in the
oral cavity of 26% of the examined participants,
which is approximately 13% lower than the preva-
lence reported by Gerds-Mesquita et al. [16] in
a similar study with healthy participants. In the
study by Szymanska et al. [17]. the incidence of
yeast in the oral cavity of healthy participants
was M.

. albicans is the most common species in this
environment owing to its features such as high patho-
genicity, virulence, and adaptability [2.18.19]. Our
findings re-affirmed this result, with C albicans still
being the most frequently (77%) isolated species of
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Table 4. MC values (mg/Y of the antiungal agests aganst the tested Candido albicans straims {genotype A, B, or Q.

Genotype A
Number of solates (n = 96) N (3%
Anttfungal agents used for testing
FLUCONAZOLE min-max 012-1
sD 0.0
x 027
o 0.76
POSACONAZOLE min-max 0.15-08
D 0.02
x 0.02
) 094
ITRACONAZOLE min-max 001505
D 0.02
) 0.04
0.44
MICAFUNGIN min-max 0.008-0.03
D 0.0
x 0.01
) 051
VORICONAZOLE mie-rmax 0.008-0.12
b)) on
x 0.04
v 295
ANIDURAFUNGIN min-max 0015-0.06
D 0.02
x 0.04
a) 052
AMPHOTERICIN B min-max 025-1
sD 024
x
v

Gandida albicans spedes
Genatype B Genotype €
17 (18%) 9 (9%} MIC beeakpoint
MIC values (mgl) (mght)
0.12-05 01241 S=2
010 025 R>4
029 037
034 067
0015-03 0008-03 Sz 006
o0 0 R > 006
002 002
065 028
0.015-0.06 0.015-0.06 Sz 006
on 002 R > 006
003 004
038 042
0.008-0015 0.008-0015 S = 0016
0 0 R 0016
001 001
029 025
0.008 0.008-0.015 Sz 006
0 0 R=>025
on 00
0 025
0.015-0.03 0.015-0.03 Sz003
o0 001 R >002
002 003
029 041
0.25-05 0.25-1 S5=1

R>1

Figure 3 Images of biofiims formed in witro by C. albvcans genotype a Isolates. {A) Strong biofilm, (B) intermediate biofilm, (O

weak biofilm.

this genus. The high prevalence in healthy partici-
pants who declared no oral infections indicates that
its presence in patients with compromised immunity
or chronic inflammation in the oral cavity may lead
to the development of infection and colonization of
other niches in the body.

Our research hypothesis assumed a significant
influence of external factors on colonization in the
oral cavity but in research we did not observe
a correlation between increased yeast colonization of
the oral cavity and the use of nicotine
Among people without C. albicans colonization, the
majority of participants smoked across all the age
groups. In addition typically, the functions of the
innate immune system are impaired in elderly

individuals aged >60years. Surprisingly, in our
study, C. albicans isolates were mostly identified in
samples collected from participants aged 30-60 years,
with a slight predominance in females.

Proper identification of the pathogen is important
for the implementation of appropriate treatment and
antibiotic therapy. Different methods have been
described for Candida spp. identification and geno-
typing [14,20.21]. The choice of typing method
depends on the nature and aims of the molecular
study, and the effidency of the technique is deter-
mined by its discrimination power, repeatability,
accuracy, ease of performance, and interpretability
of results. In the present study, phenotypic methods,
even when using multiple techniques, may yield



ambiguous results and cannot be performed selec-
tively. We demonstrated that a single method is
insufficient for the identification of Candids fungi.
especially to discriminate between O albicans and
C. dubliniensis, owing to their common phenotypic
traits. However, microbiological methods have limita-
tions. Often, the interpretation of results is visual
(based on color readings), and the results may be
subjective. These disadvantages of phenotype-based
techniques for Candida spp. identification were con-
firmed in the present study. Results must be repro-
ducible and interpreted identically, regardless of the
handling team. and hence. molecular methods, sach
as PCR-based methods, are currently used to comple-
ment microbiological methods and provide accurate
results. In our study, the species identified as
C_ albicans using microbiological techniques was re-
assigned as C dubliniensis on genomic analysis.

Progress in mobecular biology has facilitated its use
in pathogen typing. The distinction of Candida spp. in
the oral cavity based on the ITS region and digestion
of PCR products with the Mspl restriction enzyme
revealed patterns for the ecasy identification of
P kudriavzevii, N. glabrata, and C. tropicalis. The

i results  for 0 afbicams  and
. dubliniensis were almost identical. This is not sur-
prising considering the limitations associated with
the strains are strongly interrelated, as confirmed by
other researchers such as Zahir and Himratul- Axnita
[22]. In the present study, ITS method proved efficient
for the analysis of strains in the microbiome of healthy
participants, as it revealed the interspecific differentia-
tion of P. kudriavzevii, C tropicalis, N. glabrata, and
. albicansAZ  dubliniensis. However, the drawback
with respect to the identification of C albicans and
. dubliniensis could have been overcome by the selec-
tion of a different restriction enzmyme, for example
Elnl, as shown by Shokohi et al. [23].

Genotypic methods also facilitate the identification
of the same or dosely related strains in independent
isolates, assessment of their micoevolution and
varighility, and recognition of unrelated strains.
A relatively casy, quick, and reliable genotyping
method was wsed to analyze changes in the length
of the 255 rDNA transposable intron, which allowed
interspecific and  intraspecific  differentiation  of
. albicans based on band patterns. The high varia-
bility and intraspecific diversity of C. albicans was
evidenced by the presence of genotypes A, B, and
C. The findings from the present study showed that
the oral cavity of most healthy participants were
colonized by genotype A (70%), followed by geno-
types B (17%), C (9%). and occasionally genotype
I identified as . dubliniensis (4%). Further, no two
genotypes were simultaneously identified in any par-
ticipant. Similar results have been reported by
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Mashaly and Zeid [24] and She et al [25].
Compared with the results of our research, other
results were obtained by Tantivitayakul et al. [14].
In this report found that genotype B was the most
common genotype in 2 pool of participants from
Thailand. Researchers sugpest the influence of geo-
graphical location on the distribution of genotypes.

C. albicans isolates dassified as genotypes B and
C were susceptible to all the antifungal agents used
for testing, including all the echinocandins, whereas
genotype A was resistant to anidulafungin, posacona-
zole, itraconazole, and voriconamole. This may be
related to the prevalence of genotype A in the healthy
population and its higher adaptahility than those of the
less common genotypes B and C, leading w acquired
resistance. Resistance of the common C. albicans gen-
otype A to azole and echinocandins antifungals may
contribute to treatment failure [26]. This is due to the
fact that they constitute the basic groups of drogs wsed
in potential use in therapy of Invasive fungal disease.
Fuarther, our findings differ from those of Kumar et al.
[27]. in which C. albicans genotype B was resistant to
most echinocandins. A low percentage of C. afbicans is
reportedly resistant to antifungal drogs by Kessler et al.
[28]. The highest resistance rates were observed
against miconazode and econarole, regardless of the
presence of systemic discase. Comparing this with
the results of our study, the differences may be caused
by the geographical region of the carriers (Brazl/
Poland) or the genotypes of the individual strains.
This may also be attributed to the diversity of micro-
organisms colonizing the oral cavity.

rDNA analyses, in combination with the assess-
ment of other pathogenic traits such as filamenta-
tion, colony morphology, and drug sensitivity,
revealed that high intraspecific diversity was
related to the ability to form biofilms. As con-
firmed in the present study, cach genotype was
characterized by different biofilm-forming ahil-
ities. Biofilms were formed by 43% (highest pro-
portion) of genotype A, 11% of genotype B, and
7% of genotype C isolates, with strong substrate
adhesion exhibited by biofilms formed by the first
and third genotypes. Additionally, genotype
A exhibited the highest filamentation ability
among all genotypes, which could be associated
with the extreme ease of creating complex struc-
tures by these microorganisms. Nevertheless, iso-
lates that could not form biofilms were also
observed, even those belonging to genotype A,
which might be related to the individual charac-
teristics acquired from the host.

Conclusions

The present study showed that microbiological meth-
ods have limitations and that they should be
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combined with molecular methods for efficient typ-
ing of Candida spp. ABC genotyping revealed that
the predominating genotype is A among the
. albicans strains isolated in our study, which is
probably associated with its other traits: extensive
colonization of the oral cavity of healthy people,
ease of biofilm formation, strong adhesion to the
substrate, high resistance to antifungal drugs, intense
filamentation, and high adaptability. The importance
of the genotype-phenotype relationship in Candida
albicans genotype A is well known complemented by
studies that have provided deeper insight into the
pathogenicity and development of fungal infections
with the strains most commonly found in the oral
cavity, even in healthy individuals.
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Im a healthy physiclogical state, the mmcon: membrame of the oral cavity creates a smitable
mmnmntinrﬂumlnmahnlnf Candida spp. yeasis. Theumufthshdvnstnm]_ﬁe
ﬂuumnecln:xﬂpmput&uifnﬂumm:ﬂlsﬂunﬂhuthuﬂﬂmfﬂhuﬂlwm
in a bicflm prodoced in laboratory conditions. Camdide spp. were sampled from the oral cavity
of healihy individwals. The process of bioflm formaton was amalyzed wang classic microscopic
observation enriched with SEM (scanning electron microscope) and the nanomechamical properiies
of the cells were assessed with the mse of the atomic force microscopy techmiqme (AFA). From
all isolated straims inm the samples collected of the oral cavity healthy people was detected T894
C. albfeans Other isolated species belomged to the gronp , non-albicans™. The observations of C
aibicans carried out in 24-h ooltures revealed a tendency of the cells to form a biofilm strwcture

*Comesponding anthor: rodsk mslsorzatai zmEil com
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with mmltilayer cell systems. The diameter of C. albrears cells in this stroctore was 575 pm, and the
lenzth of the psendohyphae was 17.08 pm. The presence of an exivacellular sub:stance surTonnding
the . afbicans cells was detected. The mean valoe of the adbesion force determined for . albicans
cells was 4.01 oN. Areas with increased hardness (Force Moduolation Mode signal; FAA sznal)
were found mainly in the zones of cells in condact with the glass subsirate. The analy=is of Comdidia

cell: im hguid zamples gives satisfactory results, as it prevenis unfavorable chamze: in the cell
surface and thus provides more reliable results. The quality of the bioflm is probably related to the
nanmechanical properties of C. albicans cells and may consequenily contribuote to the stability of
ihe bioflm strociures and their smsceptibility or resistance to antifungal droes.

The presence of Candida spp. especially in companion animals (degs, caifs) poses a risk of their
irammissicn o the human orgamism. For this reason, it is advisable to wodertake additional
research to analyze the ability of zoonofic-origin Cardida spp. to form bicflms with comparison of
ithe biofilm-formation capacity of species iselated from homans.

EEY WOEDS: veast / mycobiota f AFM / healthy sabjects

The composihon of the microbiota of the slan, oral cavity, and gastromfestinal and
urogemtal tracts vanes, as these remons are colomzed by a varymg number and species
composition of bacteria, archaea, bactenophages. and fimm. The oral cavity 1s a unigque
environment for the growth and persistence of many of these microorgamisms due to
the specific possibility of contact with the external environment. It 15 charactenzed by
a highly diversified nmmerobial composiion as the bactenal and fumgal microbiocenoses
of the dental plaque, tongue surface, and saliva may differ substantially between each
other. In healthy people, elements of the microbiota and mycobiota exhubit a delicate
balance [Nobile et al. 2015, Gulati ef al. 2016, Malinowska efal 2017 . Vesty eral 2017,
Puszkowski ef al 2020). Funm present in the oral cavity of healthy individuals have
been most often 1dentified to represent the genera Candida, Alternaria, Cladosporium,
Aspergilllus, Cryptococecus, Fusarium, Auerobasidium, ..iu.re?abm:'dmm, and Malassezia
[Nobile ef al 2015, Fuszkowski ef al. 2020, Ponde et al. 2021, Pnstov ef al 2019].
Species from the genera Saccharomyces, Penicillium, Scopularis, and Geotrichum are
mportant elements of oral mycobiota as well [Malmowska et al. 2017].

Candida albicans, 1e. the most frequent representative of the oral mycobiota,
can asymptomafically colomze the oral cavity mn healthy people. Simultanecusly, thus
opportumstic pathogen can cause infections of varying seventy in certain condibons
[Sztajer ef al 2014, Lohse et al 2018, Pnstov ef al. 2019, Ponde ef al 2021). In
addition to £ albicans, the other opportumstic species identified in healthy mdividuals
mclude C. glabrata, C. tropicalis, C. lousei, and C. parapsilosis [Pnstov eral 2019].
Trammume disorders associated with infections and cancer diseases, stress, freatment with
immunosuppressive drugs and broad-spectrum antiblofics. post-surgical treatment
conditions, changes in diet, nutritional deficiencies [Pieczynska ef al. 2020, Yeung
et al. 21}21, 2022], and changes m the oral environment (temporary changes m pH,
changes in oxygen levels) can cause an imbalance within the microbiome and promote
Candida pmhfenlhun. This, consequently, may lead to development of vanous fungal
infections from mucous memhrane mfections {cand.ldlaslsj to candidemia [Nowak et
al. 2009, Lohse er al. 2018, Prnstov er al. 2019, Ponde et al. 2021].
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The ability of microorganisms to form biofilms is therr adaptation to colomize
specific environmental mches and, from the medical pomt of view, a virulence factor
leading to the development of mfechon. Biofilms can form on vanous bofic (oral

cavity, respiratory fract, gemtounnary tract) and abiotic (denfures, dental mmplants,

catheters) surfaces [Lal ef al. 2008, Gulati e al. 2016, Pnistov et al. 2019, Jafn ef al.

2020, Ponde et al. 2021). They are formed by many Candida species (C. glabrata,

C. krusei, C. parapsilesis, and C. fropicalis); however, C. albicans 15 the most
common biofilm preducer in clhimeal setings [Pnstov ef al 2019]. These fimg can
form mixed biofilms with bactenal nueroorgamsms mvelved m the development of
mflammatory changes m the oral cawvity and pencdontiim, e.g. Strepiococcus group
oralis - Steptococcus mufans, Sirepfococcus gordonii, Staphylococcus aureus,
Actinomyces viscosus, and Fusobacterium spp. [Gulat er al 2016). Together with 5.
mutans, C. albicans can form dental plaque. A synermistic parmership was observed
between 5. oralis, 5. sanguinis, and C. albicans, where the fimgus promoted biofilm
formation by the streptococel on abiotic surfaces and on the mucesa [Jafn ef al 2020].
Candida biofilms are a senous climcal problem, as the fimg are resistant to anhfungal
drugs and envirommental factors [Sztajer ef al 2014]. They are also a challenge to
the host defense mechamsm and can be a source of mfection spreading through the
bloodstream [Sztajer ef al 2014, Gulah ef al. 2016, Lohse ef al 2018].

The aum of the study was to analyze the nanomechamcal properties of C. albicans
cells derived from the oral cavity of healthy people in a biofilm produced in laboratory
conditions. The process of biofilm formation was analyzed using SEM (scanning
electron mucroscope) observations and the nanomechanical properties of the cells
were assessed with the use of the atonue force microscopy techmique (AFM).

Material and methods
Origim of samples, identiication of Candida spp., and determination of the MIC value

Candida spp. were sampled from the oral cavity of healthy people as part of the
research projects: “Occurrence of Candida spp. fingi in the oral cavity microflora in
physiclogical balance conditions™ and “Analysis of the genetic relationshup of Candida
spp. strams found in the oral microbiota of healthy individuals under physiological
balance conditions™ (consent of the bioethics committee; Pope John Paul II State
School of Higher Education in Biala Podlaska No. 9/ 2018 and No.3/2021/current
name of the vmiversity: John Paul IT University of Apphed Sciences).

In laboratory conditions, swabs from the buccal surface were taken (once for each
person) from adults declanng the absence of oral cavity mfections. The cultures were
carmied cut on Sabouraud agar medium with gentanuemn and chloramphemcol (Oxoid)
at 35°C for 48 h- The strams were preserved until analysis m Viabank™ for long-term
storage of microorganisms at low temperatures (Medical Wire & Equapment Co). The
strams were then revived mm Sabourand medmm (imcubation for 24 h, 35°C).
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Candida spp. species were identified using the Auxacolor™ 2 kit (Bio-Rad). A
24-hour culture on sohd Sabouraud medinm with gentamicmn and chloramphenicol
(O=ord) was used for the assays. A suspension with McFarland turbndity of 1.5 was
transferred with 100 pl of moculum fo each microplate well, sealed with adhesive
tape, and incubated at a temperature of 30°C. The readings were carned out every 2
h 1 accordance with the mamufactorer’s mstructions, and the final interpretation was
performed after 72 h

The MIC values (mummmum mhbitory concentration) for fluconazole (FLU),
ifraconazole (ITC), posaconazole (POS), voncenazole (VO), amdulafimgin (ANDY),
micafingin (MYC), and amphotenicin B (AMB) against the analyzed Candida spp.
strams were determuned using MTSTM gradient sinps and BPMI agar medium
(Liofilchem®). In accordance with the manufacturer’s mstmactions, the MIC values
were read i 24-h cultures (35°C). The values were referred to the EUCAST gindelines
[EUCAST 2023].

. glbicans preparations for ight, SEM and AFA microscopy

50 ml of C. albicans culture {35°C; 48h) m Sabouraud hqumd medmm with
dexirose (Oxoid) was cenmmfuged (3 nun 2000 x g). The supematant was decanted
and 30 ml of PB5 was added, nuxed by mversion, and centnfuged agam (8 min 2000
x g). Next, 30 ml of PBS was added to the precipitate, and the suspension was adjusted
to 4 McFarland turbidity. Four 1-cm® sterile slides were placed on the bottom of a
100-ml sterile contaner, and 16 ml of the C. albicans suspension in PBS was added to
obtam a 1-cm layer of the liquud above the shde [Fiizk ef al. 2015]. The samples were
mcubated to mduce adhesion (37°C; 90 mun; 75 EPMI rocking shaker), and the shdes
were nnsed gently by immersion m PBS (10 ml) [Lal ef al. 2008]. The shdes were
then placed m hqud Sabouraud medium (16 ml) and incubated at 37°C with 75 EPML
After 24-h mcubation, the shdes were removed with stenle tweezers, nnsed three
fimes with PBS (1 ml), and viewed using a hight microscope (Nikon, Eclipse Ni-U
model; Nikon D5-Filc camera; NIS Elements D software; x40 magnification), SEM,
and AFM. SEM measurements were performed on a scanming electron microscope
Hitachn model TM 3000 equupped with an energy - dispersive X-ray spectroscopy
(Oxford Instruments). We used backscattered electron magmg with accelerating
veoltage of 13kV. Candida samples were prepared on 23 x 25 mm quartz coated glass
substrates (Ossila, UK) and dned Then a thin (fiew nanometers) layer of 99.999%
pure copper was sputtered onto them (Testbourne, UK). The Cu layer was deposited
with a DC magnetren sputtening system (nane PVD, Moorfield) in an atmosphere of
pure argon (99 999%;) at a pressure 1.8 - 10-2 mbar.

AFM techmique was used to determune m nanoscale local mechamcal properties
of the samples (based on the force-distance curve) and their 3D topography. Images
were collected using a NTEGFA Spectra C mucroscope (NI-MDT) operating m
contact mode (Height, Lateral Force, Emmor Signal, Force Modulation Mode). In
order to provide the samples with physiclogical conditions, all measurements were
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performed 1n haud, at room temperature (21°C). All images were acquired using very
soft, nangular 51 N, cantilevers designed for imaging of biological samples (M5CT
Bruker) with a nomimal spring constant of k~0.01 N/m and resonance frequency £ ~7
kHz. Force measurements were conducted by posibomng the tip through AFM images
over individual Candida cells. The data analysis of the 2D surface topograplues as
well as the 3D representation of the AFM mmages were performed with the aid of
NOVA 1.1.0.1824 software.

The results were analyzed statistically (Statistica v.10 software). The maximum
and mimmum values. anthmetic average and standard deviations (SD) were calculated.

Reszults and discussion

The composition of the oral mycobiome vanes depending on the analyzed mche.
As reported by Vesty, the dental plaque mycobiome was dominated by Candida
species (~99% of sequences), with the highest proportion of C. albicans. In tum,
C. dubliniensis and C. itropicalis were detected less frequently. In saliva, the analysis
of sequences revealed the presence of =30% of Candida, 6-19% of Penicillium,

=10% of Saccharomyces, and <1% of Malassezia; 14-20% of the sequences were
not 1dentified tuthegeuus level [Vesty et al. 2017]. Other studies of the oral mucosa

identified C. albicans m 40% of healthy subjects, whereas non-C. albicans species
were represented by C. parapsilosis (13%), C. repicalis (13%), C. khmerensis, and C.
metapsilesis (3%) [Ghannnum et al. 2010). The presence of C. albicans was detected
i supragingival plaque in 12% of children [Ruszkowski ef al. 2020] and on the buccal
and palate surfaces i 56.5% of healthy adults [Kimsa e al. 2020]. The presence of
26 (79%) C. albicans stramms, 4 (12%) C. glabrata strams, 2 (6%) C. lrusei strams,
and 1 (3%) C. dublinensis strain was detected i the samples collected from the oral
cavity of the healthy subjects. The MIC values of the tested antifungal agents are
presented i Table 1. The results were interpreted in accordance with the EUCAST
recommendations. All C. albicans strains were susceptible to fluconazole (FLU),

vonconazole (VO), amdulafimgin (AND), muicafumgin (MYC), and amphotenicin B
(AMB). Based on the susceptbility to echimocandins, 1t can be concluded that all strains
were also sensiive to caspofungin. Fesistance to ifracenazole (ITC) and posaconazole
(POS) was exhibited by 3 strauns (11.5%) and 1 (3.8%) strain, respectively.

All the . glabrata strains were classified as susceptible to the exposure to
fluconazele (FLLT). The species 15 charactenzed by naturally reduced susceptibility
to fluconazole, and the present results mdicate that the stramns do not exlubit acqured
fluconazole resistance mechanisms. All the C. glabraia strams were sensitive to
echinocandins and amphotericin B (AMB). The EUCAST and CLSI recommendations
do not provide mterpretation of the susceptibility of C. glabrafa to the other azoles.

C. krusei fungl are naturally resistant to fluconazole (FLLU); therefore; regardless
of the MIC walues, all strams were considered resistant. In the case of this species,
the susceptibility to only amdulafungin (AND) and amphotenncm B (AMB) can
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Table 1. MIC vales (mgL) of the tested Candida spp. saims

Species C.aibicans C. plabrata . krusal C. dulblimensis
Fumber 55:;’;;"5 B(70%)  4(12%) 1 (6%) 1(3%)
Aonfmmn MIC
Ly Mma 016 D758 705 038

median 03 7 52 0.38
c  minmaw 00160063  UOSH15 03603 0.047
median .03 0.75 0.44 0.047
o5 mnmm 001600 CUSA0Ts 01003 IRE]
median  0.048 0.625 0.22 0.023
vo  mmma 0000016 0033013 015033 0.008
median  0.003 0.004 0.188 0.008
p | TOman 00060033 0051008% 00320068 0015
AND pegian 0018 0.054 0.048 0.014
vyc Dnman 00040008 0.006-0.006  0.062-0.064 0.008
: median__0.006 0.006 0.064 0.008
oy mmma 019038 01505 051 0.047
A padian 025 0.38 0.75 0.047

FLU - flucopazole; ITC - imacomazols; POS — posacomazels; W0 — voriconazale;
AND — anidulafungin: MYC — micafimein: AMB — amphotericin B.

be mterpreted using EUCAST. Both strams were sensitive fo these amtibiotics:
additionally, their susceptibility to amdulafingin can evidence therr suscepibality to
caspofingin. Furthermore, the CLSI gmdelines facihitated mterpretation of the values
for micafungin (MYC) and veniconazole (VO): the analyzed C. krusei strams were
sensifive to these antibiotics. No interpretation was possible in the case of the other
antibiotics.

The C. dublinensis strain was sensitive to azoles and amphotenicin B (AMB). No
interpretation was possible i the case of the other drags.

Azoles, polyenes, echinocandins, and nucleoside analogs are the main classes of
anhfungal drmgs used m clinical practice. However, biofilms formed by C. albicans
are often resistant to their achion due to the properties of the extracellular mairix the
existence of metabolically mactive “persister” forms, and the upregulation of efflux
pumps. These factors hamper effective elimimation of Candida biofilms [Nobile ef al.
2015, Gulati ef al. 2016, Perln ef al. 2017, Lohse ef al. 2018, Gao ef al. 2018]. Azoles
are the largest group of antifimgal drags widely used mn climcal practice. However, the
resistance of Candida to dmgs from this group has been reported to increase, hence
the mncreasing importance of echinocandins m the treatment of Candida mfections
[Postov et al. 2019]. Mature C. albicans biofilms are highly tolerant to amphotencin
B, fluconazole, and caspofingin, which are effective mn elimination of planktonic cells
[Ponde ef al. 2021]. One of the compenents of the extracellular matnx of C. albicans
biofilms, 1.e. the polysacchande p-1 3-glucan, 1s mvolved in fluconazole resistance n
this fungus. Hence, the use of -1, 3-glucanase mcreases the sensiivity of the biofilm
to this dmug. It 15 also suggested that f-1.3-glucans present m the biofilm extracellular
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matnx can bind specifically to amphotericin B, thereby offermg protection to Candida
cells [Gulati ef al 2016). Species that are unable to produce B-1,3-glucan are sensifive
to fluconazole [Ponde ef al. 2021]. Our study demonstrated that all the C. albicans
strains were sensitive to fluconazele, vonconazole, amdulafingin,. nucafumgin, and
amphotericm B; i tum, 50% of the strams showed resistance to itraconazole and
16.6% were resistant to posaconazole. Since mixed biofilms can be detected m
clmical practice, the presence of other Candida species in the oral cavity (C. glabrata,
C. krusei, C. dublinensis) may affect on effectiveness of elimination such biofilms.

Analysis of C albicans biofilm in lizht, SEM, and AFM microscopy

As specified m the aim of the study, only C. albicans strains were used m further
analyses. In laboratory condifions, biofilm formation on a glass subsirate was mduced
for 24 h. The observations of C. albicans camed out m 24-h cultures with the use
of the hight microscope revealed a tendency of the cells to form a biofilm structure
with nmlhilayer cell systems. The SEM visualizations showed the formahon of biofilm
scaffolding and a network of cells and psendohyphae (Fig. 1/1A-11)). The diameter
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Fig. 1. C. albicans biofilm formation on glass plates in 24-h liquid cultures.

of C. albicans cells m this structure was 5,75 pm (mun. 3.72 pm max 7.73 pm 5D
0.66), and the length of the psendohyphae was 17.02 ym (mm. 6 28 pm_ max 4040
um, 5D 6.85). The diameters measured with the use of AFM (mean value 4.56 pym, 5D
084, mun 273 max 6.61) were similar to those obtamned mm SEM. The height of the
cells was measured using the Height Signal m AFM; its average value was 2.84 ym
(5D 0.29, min. 1.98 ym_ max. 335 pm) (Fig. 1/1E-1F; Fig. 272A-2B); sumilar values
were reported by El-Baz (2.33 pm) [El-Baz et al 2021] and Tyag (2.00 pm) [Tyag
et al. 2010]. Addihonally, the presence of an exiracellular substance surrounding the
C. albicans cells was detected. Figure 2 shows a cell in thas structure with a height m
the range of 70-200 nm (Fig. 272C-2D)).
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Fig. 2. Topography of C. albicans cells in 24-h cultures on glass with a visible extracellular substance.

The biofilm formation process 1s influenced by the surface type and environmental
factors. The formation of a mature biofilm was observed after 24-48 h on polyvinyl
chlonde surfaces and after 38-72 h on polymethyl methacrylate surfaces [Ponde ef al.
2021]. In the present study, the yeast cells were found to adhere to the glass surface
after 24 hours and the presence of microcolonies as well as hyphae stabilizing of the
structures was detected. Compact, mmlti-layered cell arrangements were observed m
SEM. The biofilm formation ability and virulence of C. albicans are associated with
the transition from the yeast to hyphal morphotype. Hyphae stabilize the biofilm and
have an mmpact on its layered structure in mature forms. whereas the basal layer plays
an mmportant role in the adhesion of the biofilm to the surface. Dispersion of yeast-like
cells from the mature biofilm formed on biotic surfaces to other areas in the orgamsm
has been reported [Sztajer ef al. 2014, Gulati ef al 2016, Lohse ef al. 2018, Nobile ef al.
2015, Ruszkowski ef al. 2020, Ponde ef al. 2021]. Therefore, the ability of C. albicans
to form hyphae is mportant for the development and maintenance of the biofilm and
strams that do not produce hyphae have an mmpaired ability to form biofilms [Ponde ef
al. 2021]. The early stage of biofilm formation 1s influenced by electrostatic interactions
determining the process of cell adhesion to biotic or abiofic substrates, van der Waals
forces, Brownian movement forces, and hydrophobic mteractions. A number of
adhesins, e.g. the agglutinin-like sequence (Als) family, the hyphal wall protein (Hwp)
family, and others, are expressed in the process. They contnbute to effective adhesion of
fungal cells to the surface, thereby ensuring biofilm stability [Ponde ef al. 2021].

172



Nanomechanical properties of Candida albicans

AFM analyses of pathogenic microorganisms, including fungi. can be performed
using air-dry and liquud preparations. The latter method allows visualization of cells
in an environment similar to their natural growth conditions. We employed this type
of AFM analysis in the present study. In the liquid environment, the C. albicans cell
wall 1s smoother and does not exlubit changes that might be induced by drying, and
the cells retain their natural turgor and elasticity [Fizik ef al. 2015].

The AFM Emror Signal (Fig. 3/3B) provides additional qualitative information about
the topography of the viewed sample. It facilitates discimination of small elements
against the background of large, relatively smooth surfaces. Areas with different frichon
coefficients were observed (Lateral Force, LF signal) in the analyzed C. albicans
samples (Fig. 3/3C). Bnght areas with greater fnction (rougher) were visible at the sites
of contact between the cells and the glass substrate. No bnght zones were visible in the
lateral and apical cell areas, which proved their lower roughness (greater smoothness).
Areas with increased hardness (less elastic; FMM signal) were found mainly in the
zones of cells in contact with the glass substrate. The apical areas of the cells, visible as
darker zones, were characterized by greater surface elasticity (Fig. 3/3D).
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Fig. 3. Topography and nanomechanical properties of C. albicans visualized by AFM (liquud).
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Changes i the natural roughness of the surface of C. albicans cells and a decrease
m their height were observed m AFM upon treatment with essential oils exlibiting
antifungal properties (cinnamon oil - MIC 64-500 pg/ml, clove oil - MIC 64-2000
ug/ml, jasmine and rosemary oils - MIC 16-2000 pg/ml). The exposure to clove,
cmmmnu,]asnnue,andmmmmjrmlsremltedmadﬁmmﬂmmﬂhﬂghtm
381+30 om_ 438480 nm 117=25 nm and 1287+190 nm, respectively, versus the
height of 2332+450 nm of confrol cells. The study conducted by El-Baz also showed
that the adhesive capacity of cells mcreased with the increasing roughmess of their
surface [El-Baz ef al. 2021].

The adhesion forces (F) determined for the C. albicans cells had the same order
of magmtude in each case, while the shape of individual curves differed from each
other. This suggests gradual detachment of the microscope fip from the sample (cell)
surface and mdicates “mdividual™ features of the surface of cells of the biofilm-
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Fig. 4. Adhesion forces (Fa) determnined for bicfilm-formiing C. albicans cells in 24-h coltures.
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forming microcolomies (Fig. 4). The mean value of the adhesion force (F ) determined
for C. albicans cells present m the biofilm structure after 24-h culture was 4.01 =
1.64 nN (mun 2 536 nN, max. 6.3 nN). The nanomechanical properties of cells change
under the imfivence of anhfungal substances, although they may also be associated
with the charactenstics of a given strain. Wild-type Candida cells were reported to
have greater surface elashcity than cells of two mutants {(chol A/A; kel A/A) or
caspofingin-treated cells [Hasim ef al. 2017). The adhesion force (force sufficient to
detach the AFM tip from the cell surface) may mdicate biofilm stability and damage to
the biofilm caused by such degrading factors as antifungal agents. The average value
of the adhesion force determuned i the present study for C. albicans cells formung the
biofilm structure i the 24-h cultures was 4.01=1.64 nN. In a study conducted by Ma
et al._ the adhesion force of C. albicans cells was 7.3520.77 nN; after Srrepiococcus
sanguinis bactenocin treatment, 1t decreased to 5.69£0.62 nN [I'uia et al. 2017).

In am-dry preparations analyzed m AFM, it 15 not possible to wisualize the
extracellular matrix that binds cells consttutmg the biofilm. This structure, which 13
extremely mportant for biofilm stability, can only be observed m hiquid samples. The
presence ‘of the extracellular matrix around the C. albicans cells was shown by AFM

mn the 24-h cultures. The exfracellular matrix visible m AFM binds ne1g]1b~u-nng cells,

and 1ts direct contact with the biofilm substrate has an impact on adhesion forces.
Our observations are consistent with other published data showmg that exiracellular
polysacchandes (EPS) are mvolved m processes of cell adhesion to the surface where
biofilm structures are formed and ensure biofilm stability [Algbumn ef al 2017, Le ar
al. 2022]. An AFM stody conducted by Lal et al. demonstrated the presence of EPS
mn C. albicans biofilms [Lal ef al. 2008]. It has been proved that EPS m planktone C
albicans cells contains mamly carbolrydrates, proteins, hexosamine, and phosphorus,
while the EPS composition m C. albicans biofilm structures has significantly lower
amounts of carbohydrates and proteins. The differences m the composition of matrix
EPS exert an effect on the process of diffusion of antifungal drugs into the biofilm
structure [Lal ef al 2008]. The extracellular matrix protects microorgamsms m smgle-
species and muxed biofilms agamst mechamcal stresses, effects of environmental
factors, and elements of the host immune defense [Ponde ef al. 2021]. The presence of
glucans m the extracellular matnx may mhibit the acivation of neutrophuls, and thus
protect Candida cells agamst host defense mechamsms. In tum, hyphae are able to
damage phagocytic cells mechanically and penetrate epithelia during invasion [Nobile
et al. 2015, Gulat et al. 2016). Natural products can also mteract with biofilms. The
study conducted by Ansan et al mm AFM and SEM showed that Jujube (Zizyphus
spina-christi) hunE],r affects biofilms by decreasing the size of mature biofilms and
by disruphion of thewr structure. This type of honey affected the cellular morphology
of C. albicans [Ansan ef al. 2013]. The anhmicrobial pephide (AMP) Psdl 1solated
from Pisum sativum seeds degraded biofilms and planktomic cell C. albicans. Surface
alterabions, with membrane disnuption and leakage of cellular contents, were observed
[Gongalves ef al. 2017].
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Candida spp. infechions may also affect warm-blooded amimals, e g poultry,
horses, cows, dogs, and cats. C. albicans, C. glabrata, C. krusei, C. tropicalis,
and C. parapsilosis as well as C. guilliermondii and other [Seyedmousav ef al
2018, Fozansk er al 2019]. Candida spp. species are 1solated from these amimals
most often. Many of these species are potenhally pathogeme to humans, especially
immunocompronused patients, the elderly. and subjects with chronic health problems.
The presence of Candida spp. especially in compamon ammals (dogs, cats) poses
a nsk of their fransmission to the human orgamsm Additionally, the increased use
of anfifungals mn susceptible patients may lead to a hugher meidence of candichasis,
especially caused by rare species (e.g. Candida bovina) [Brunet ef al 2020]. For
this reason. 1t 15 advisable fo undertake additional research to amalyze the ability
of zoonotic-origin Candida spp. to form biofilms with comparison of the biofilm-
formahon capacity of species 1solated from umans.

Conclusions

In conclusion, yeasts as opporfunistic pathogens can canse endogenous mfections
mn certain condiions. The first stage mvolves colomizaton of the surface and
biofilm formation, and the key colonization processes take place within 24 h. This
15 evidenced by the arrangement of cells and pseudchyphae I compact structures
visible in SEM. The extracellular matrix visualized by AFM binds neighboring cells,
and its direct contact with the biofilm subsirate has an impact on adhesion forces. The
nanomechameal properties of cell walls, e g. shffness, roughness and, consequently,
susceptibility to deformation and perforation, as well as adhesion forces may have an
mmpact on the quality of the biofilm.

The analysis of Candida cells m hqmd samples gives satisfactory results, as i
prevents unfaverable changes in the cell surface and thus provides more reliable
results. The quality of the bicfilm 15 probably related to the nanomechamical properhies
of C. albicans cells and may consequently confmbute to the stability of the biofilm
structures and their suscephibihity or resistance fo anfifimgal dugs. This requares
further analyses on a larger number of strains with companson of such parameters as
elasticifty, roughness, and adhesion force with consideration of the impact of anhfungal
substances on the biofilm formation process and on mature biofilms.
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Introduction: fxodes ricinus ticks are an important vector and reservorr of pathogenic microorganisms causing dangerous

miectious discases in humans and anmmals. The presence of ticks in urban greenery = a particularly important public health concern
due to the potentmal for bumans and companson anmmals to be exposed to tick-bome discases there. The study assessed the
prevalence of Sorredia burgdorferi and Araplasma phagocytophilum infection m £ ricinus ticks feeding on dogs. Material and
Methods: The study consasted in analyses of [ ricinws ticks collected 1n 20182020 from owned and stray dogs in the north-castern
part of Lubelskze province (eastern Poland). An AmpliSens PCR kst was used for qualstative detection and dafferentiation of tick-
bome mfections. Results: Infections of 8. burgdorferi and A. phagocytopihilum were detected in 10.9% and 12.92% of the exanuned
ticks, respectively. One tick (0.7%%) was co-infected by both pathogens. Infection with 8. burgdorfer: was sigmificantly moce highly
prevalent m taicks collected from the owned dogs than from the strays (18.7% and 2.8%, respectively), whereas the prevalence of
A. phagocytophilum was ssmilar i both groups (12.0% and 13.9°%4, respectively). Cenclusion: The co-infection observed in the
sty suggests the possibelity of smultaneous mfection by both pathogens from a single tick bite. The presence of pathogens in
ticks collected from dogs 5s a factor i assessing infection risk not only to companzon animals but also fo their owners, who are m

close contact with their dogs and visat the same green areas recreationally.

Keywords: ticks, tick-borne infections, canine borreliosis, anaplasmosis, castern Poland.

Introduction

Ixades ricinus is the most widespread tick species
in Europe. Its geographic range has expanded considerably
in recent decades. The species can now be found in arcas
and habitats located further north and at higher altitudes
than several decades ago (5. 10, 12). These ticks prefer
habitats with deciduous and mixed (or less often
coniferous) forests with a thick litter layer. As a result of
changes in land use and wildlife management, ticks can
also be found in urban and suburban areas in many
European countries (9, 19, 24, 26, 36). In urban habitats,
small, medium-sized and larger mammals (roe deer and
wild boar), birds, and companion animals (dogs and
cats) contribute to the maintenance of tick populations
and are reservoirs of tick-borne pathogens. The presence
of ticks in urban greenery is of particular concern in
respect of public health, due to the potential exposure of
visiting humans and companion animals to tick-borne

discases (26) and the commonality of major tick-borne
infectious diseases to humans, dogs and cats. feodes rictus
is one of the most important vectors and reservoirs of the
pathogens which cause dangerous infectious diseases in
humans and animals (11). Borreliosis, anaplasmosis,
chrlichiosis and nckettsiosis are the most important
bacterial discases transmitted by /. ricinus (30), the first
of these being the most common vector-borne disease in
the northern hemisphere (16). Spirochetes from the
complex Bovrelta burgdorfert sensu lato (s.1) transmitted by
ticks are the actiological agents of the disease. Although
most dogs exposed to Borrelia infections remain
clinically asymptomatic (4, 18). cases of clinical canine
borreliosis have been reported in almost all European
countries, Poland being no exception (17). Canine
borreliosis most often has an arthritic form, manifesting
as inflammation in the extremities, usually of the carpal
or tarsal joints. These symptoms are accompanied by
malaise (fever. lack of appetite and fatigue) and

£ 2024 A. Parczuk et al. This is an open access article distributed under the Creative Commons Attribution-
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(L] A Pancxuk et @] Vet BesGH (2024) 1WE-114

lazness developing after a few days, Myocarditis is
rarely diagnosed in canine borreliosis; howewver, the
renal form of the discase and neurological dysfunctions
miay appear in older dosgs (29). Araplema phegocitopbiilisg
is the actiological agemt of human granoloeytic
anaplasmosia (1) Granulocytic amaplasmosis has been
diggnosed i various species of wild and domestic
animals, including dogs (34). The clinical spectrum of
the discase ranges from subclinical and self-limiting to
subscute, chronic or severe disease in mmunscompromised
paticits. The clinical signs of the discase vary in severity
but are usually non-specific, eg fever, lethargy and
anorexia (2), the first two of these being the most
common clinical signs in infected dogs, and ones
appearing after an incubation peried of 1-2 weeks (3).
Most dogs naturally infected by A phagocitoplilum
will probably remain healthy (3 The concoritant
occurmence of anti-4. phapocymphifom and anti-B. burgdosien
antibodics was observed in two healthy dogs (27100)
from the Lubelskic province and two healthy dogs
(21000 from the Mazowicckie provinee (Poland) (6).
Since A phagocyiophilum is transmitted by the same
frodes species as B, Burgdorferd and is maintained in
sylvatic cyeles with the same rodent rescrvoirs, co-
infections by these pathogens are possible, which may
result i moutual enhancement of the pathogenicity of
these microonganisms (21).

The study conducted by Dziggiel er al (6} in 40
healthy dogs showed that tick control was imgsortant as
a profective factor against A phagocyrophilum  and
B burgdarfert, while the breed (pure) was a risk factor
for 8. Birgdorfert infection. In Euwrope, the prevalence
of 8. bhurgdorfert spirochetes in £ ricinus ticks varies
considerably. A meta-analysis of European studics from
[ 9843003 pevealed & 13.7% prevalence of B, hurgalon@ a L
{25} A later pan-European meta-analysis based on data
published i 20010-2016 showed the presence of
8 burgdasfers 2l in 14,134 {12.3%) of the 115028
examined ticks (330 In terms of Ewropean regions, the
highest B Burgalorfer prevalence was found in Central
Euwrope (19.3%). In this region, the data for the meta-
analysis were provided by Austria, the Czech Republic,
Geermany, Hungary, Slovakia, Switzerland and Poland
{33). While the meta-analyses did not reveal an upward
trend in the prevalence of B burgdosfest infection in
I ricimes ticks (25, 33), this does not exclude possible
changes in the prevalence in individoal regions. A study
of I scimus ticks collected from vegetation in Lublin
province (castern Poland), the north-castern part of
which was the rescarch arca in the present study,
reported a significant incrcase in B bargdorferd sl
infection rates. Two periods separated by a five-year
interval were analysed in that study. The meidence of
8. burgdorferi 1. infection was 6.0% m 200582009 and
[5.3% in 2013-2014 (37). The increase in the
prevalence observed in the Lublin region mmost likely has
a focal character. As emphasised by the authors, the
prevalence of tick infections recorded at the end of the
study 18 similar to the Ewropean mean value and is mwot
alarming., but the high rate of the ncrease in this

parameter may indicate a potential risk. One of the
posaible canses of the rise in the infection rate suggested
by the authors is the growing recreational sctivity in the
analysed arca and the presence there of greater numbers
of humans and companion animals, Le potential tick
hosts (3T Given the great homasn aid veterinary medical
importance of the 1. ricinies tick problem, the ever-higher
abundance of these ticks in whan and suburban srcas,
and the close contact between humans and dogs, it was
regarded as worthwhile to make an attempt o assess the
prevalence of mfection of £ sieius tieks feeding on dogs

with B. burgdorfert .. and A, phagocyiophiliom,

Marerial and Methods

Sindy area. The study was carried out in Biala
Podlaska county (51°38°20°M, 23°0°1 2*E) located in the
north-castern part of Lubelskic province. The northem
and north-castern regions of Lubelslae are characterised
by the highest percentage of grassland cover in the entire
region. A large percentage of the land in this area is also
fallows, wasteland and island forests (38). In 2018, the
forest cover in Biala Podlaska county was 27.6%,
comparcd with 23.4% in Lubelskic provines as a whole
(32). Ticks were collected from host or carrier dogs in
Eegi (532°10'03°W, 23°28'11"E), Biala Podlaska
(32°001'56"M, 231"06°50°E), Porosiuki (52°0176"M,
23703'2R8"E), Mokre (51°5101°N, 23°0438"E) and
Janfarka (51°58°08M, 23°04°567E).

Tick collection. The smdy imvolved 147 adult
Teodes Hetrus ticks (B females and 66 males) collected
from dogs in 200 8-2020. Ticks attached to the skin or
present on the coat of the dogs were collected once
a year. Almost half of the specimens, T2 ticks (49.0%),
wiere collected from 33 homeless dogs kept in a shelter.
The other 75 ticks (51 .0%) were collected from T ownied
dogs. Ticks were collected twice from two owned dogs
and six times from one owned dog after a walk in
different locations in the study arca, none of which were
engorged. Among the 147 collected ticks, 33 (22.4%)
specimens were engorged: 30 of them from 21 shelter
dogs (3 or fewer engorged ticks per dog) and 3 from
2 pwned dogs (with po recarrent infestation). The ticks
wiene collected by the dogs” owners and delivered to the
laboratory. The tick species, sex and developmiental
stage were identified in sccondance with the key
developed by Mowak-Chiwuea (23). The ticks were kept
individually in Eppendorf tubes in 70% cthanol at §5C.

DA analysis. AmpliScrns TBEY, B g a1,
A phiagocytophilus, EchaffeensiaE muris-FRT (Ecoli
Do, Bratislava, Slovak Republic) for specific detection
of a fragment of the 165 ribosomal RMNA gene in
B, burgdorfers sl and a fragment of the meroeoite surface
protein 2 gene in 4. phagocyrophilum was used in the
study. The analyses consisted of several steps. The first
step was based on the use of the RIBO-peep kit (Ecoli
D, Bratislava, Slovak Republic) for isolation of genetic
material from tick tisswes. The next step involved the
reverse  iranscription  reaction, which allowed the
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synthesis of complementary DNA (¢cDNA) with the use
of the REVERTA-L reagent kit (Ecoli Dx, Bratislava,
Slovak Republic). The samples prepared in this way
were directly subjected to a real-time PCR reaction using
the TBEV, B. burgdorfert s\, A. phagocyiophilim,
Ehrlichia chaffeensis/E. muris-FRT PCR kit (Ecoli Dx,
Bratislava, Slovak Republic), which contained the
following reagents: PCR-mix-1-FRT tick-borme
encephalitis virus (TBEV), A. plagocytophilon, E. chaffeensis/
E. murnis, PCR-mix-1-FRT B. burgdorfert s.1/intemal
control (IC). RT-PCR-mix-2-FEP/FRT. polymerase (TagF),
c¢cDNA TBEV, B. burgdorfert s1., A. phagocytophilim,
E. chaffeensis/E. muris positive control, DNA buffer and
IC. The real-time PCR reaction was performed in
a Rotor Gene Q 2 Plex HRM thermal cycler (Qiagen,
Hilden, Germany). The specificity of the apparatus,
which is equipped with two fluorescence detection
channels, was sufficient for identifying a smaller number
of tick-borne pathogens than that facilitated by the kit.
The reaction also included three checkpoints for each
fluorescence channel: a positive control of amplification.
a negative control of extraction (C—), and a negative
control of amplification. The following amplification
procedure was used: 1 cycle at 95°C for 15 min
5 consecutive cycles at 95°C for 10 s, 60°C for 30 s and
72°C for 15 s: and 40 consecutive cycles at 95°C for
10 s, 56°C for 30 s and 72°C for 15 s. The test used in
this study has high specificity confirmed in laboratory
clinical studies. The primers and probes were checked
for potential homology to all sequences deposited in
GenBank using comparative sequence analysis.

The ¥ test was usad to test the significance of differences
it the number of infected and non-infected ticks between
the differest groups. The statistical analysis was
performed in the STATISTICA 3.0 program (StatSoft)
at a significance level of P-value < 0.05.

Results

Borrella burgdorfert s.1. infection was detected in
109% (16/147) and A. phagocyrophilum in 12.9%
(19/147) of the 1. ricinus ticks (Fig. 1). One male tick
(0.7%) was co-infected by both pathogens and was
a specimen collected from an owned dog after a walk in
Legi. Infection by at least one of the pathogens was
detected in 23.1% (34/147) of the ticks (Table 1). The

presence of B. burgdorferi was detected significantly
moee frequently (P-value = 0.0103) in male ticks (182%) than
in females (4.9%) The prevalence of A. phagocysopinifum
infection in the male and female specimens was similar,
with a 1.5% greater peevalence in females (13.6% compared
with 12.1%). Most of the ticks were not engorged at the
ume of collection (29/34). Each engorged tick (5/34)
was collected from a different homeless dog kept in the
shelter. Of those five engorged ticks, one was infected
by B. hwgdorferi and four by A. phagocytophilum. Bovvelia
burgdorferi infection was significantly more frequent
(P-value = 0.0020) in ticks collected from the owned dogs
(18.7%) than from the shelter dogs (2.8%). In contrast,
the prevalence of A. phagocyrophilum infection was
similar in both groups (12.0% and 13.9%, respectively).
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Fig. 1. Examples of PCR results positive for complimentary DNA of
Anaplasma phagocyopiiiuw (A ph ) and Borrelia hwgdorfert sensa
lato (85 sl)y C- - negative extraction comtrod; NCA - negative
amplification. comtrol; €+ — positive amplification. control;, C—~ — positive
amplification control and mternal comtrol; NCAIl - negative
amplification coatrol and meemal controk C4++ - positive
amplfication comtrol and insernal control; Ct - theeshold cycle

Table 1. Borrelia burgdorfers sensa lato {s1.) and Anaplasma phagocytophilum mfection in bondes ricinus ticks collected from dogs i the north-

castern part of Lubelsoie provisce, eastem Poland

Total number (%) of  Number (%) of positive ticks for each pathogen Total number (%)

collected ticks B. burgdorfert s.1. A phagocytaphilum of infected ticks

Ticks Femle $1{54.1) 4(4.9) 11{13.6) 13(18.5)
Male 66(44.9) 12(18.2) 8(121) 19 (28.8)*

Esgorped 13(24) 1(3.0) 4(121) 5(152)
Non-cagorged 113(77.6) 15(13.2) 15413.2) 29254

“Dogs Sty 72 (490) 2(28) 10(139) 12(16.7)
Cwned 73 (310) 13(18.0) 9(120) 22 (29.3)"

*  the infected ek 1otal is lower by one than the sum of the per-pathogen infected tick numbers because A4 phagocyrophitum and B. burgdorferi s 1

were present sinukancously in one of the ticks
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DMiscussion

Comypanion andmals are more susceptible to contact
with ticks than humans are, as they tend to spend more
tiee ptdoors at a closer distance to the ground and vegetation
and havie a coat which ticks setach to easily (31 Investigation
of the prevalence of pathogen infection in ticks infesting
domestic animals allow sssessment of the risk of tek-
borme discases in these animals and of the potential risk
of infection posed to animal owners. Dogs can carry
infected ticks from the natoral environment o luman
habitats, as dogs and hunsass share the same living space
and visit the same outdoor areas (7). Studics on F ricimes
ticks collected from domestic animals in different Evropean
countrics showed a varied prevalence of B, burgdorfen
and A. phagocytophilum infections. A higher percentage
of mfections with B, burgadosfer than with A phagocimphiliom
was reported  from  Geemany  (11.6% anmd 6.5%,
respectively) (28) and the Netherlands (72% and 1.6%,
reapectively) (22). In contrast, a higher prevalence of
A phagocyiophilin infection was observed in ticks
collected from dogs and cats in Belgivm. The presence
of 4. plhagocyiophilus and 8. Burgdorferd was detected
in 19.0% (127/668) and 11.1% (83/745) of [ mAcimus
ticks, respectively (4). A higher prevalence of
A. plargocyiophilien was also reportad in studies conducied
by Greurden er ol (8) on £ ricimes ticks collected feom
dogs in Hongary, France, Belgium and laly, where the
1 5% of ticks infected by these bacteria was remarkably
higher than the 1% of ticks mfected by 8. burgdosfes.
Among the analysed countrics, Hungary alone provided
an instance of B, hurgdosfer! infection. This country also
had the highest level of A. phagocyrophium mfoction in
ticks at 20%. France with a 14% rate having the next
highest. The pathogen was not detected m ticks collected
in Belgium or Italy (8). The low prevalence or absence
of infections reported in these studies, especially in the
case of 8. burgdarfers, may be associated with the small
number of ticks analysed in cach of these countrics,

Within Poland, the presence of B hwrgdorferd
spirechetes in { ricinus collected from dogs alse varied
greatly, It ranged from 0%, as shown in studies on
domestic dogs from Zakopane in southern Poland
{the Polish town at the highest altitude) (13) w0 35.7%
reported i studics on dogs admitted to velerinary clinics
in the city of Olsztyn in north-castern Poland (20). The
prevalence of these pathogens was estimated at 6.2% m
studies conducted in the Warsaw agglomeration in
central Poland (39) and 22.5% in analyses of ticks
colloctod from dogs and cats in the Wreclaw agolomeration
in south-western Poland {14). These investigations did
mot reveal statistically significant differences in the
infection prevalence between ticks collected from dogs
and those eollected from cats.

I the present study of ticks collected from dogs in
the north-castern part of Lubelkic provines in castem
Poland, B, burgdonfer infection was detected in 10.9%
(16/14T) of the analysed specimens. This percentage is
very similar to the resulis reported in a study on ticks

collected from domestic animals in several veterinary
clinics in Lublin in the central part of the proviance,
where 11.8% {167136) of I rcims ticks collected from
dogs and cats were infected by B burgdorfert (27
The 4 phogocyiophilion infection rate was 12.9%
(19147). Male tcks had B burgdosfer  infection
significantly more frequently (P-value = 0.0003) than
females (15.2% compared with 4.9%%). The prevalemee
of A. phagocyiophilnm mfection in the male and feimale
specimens was  similar, males being  slighily  less
frequently infected (12_1% compared with 13.6%). In
todal, infection by at least one of the pathogens was
detected in 23 1% (34/147) of the tcks (Table 1)
Borrelia bicrgdorfers infoction was significantly more
fregueit {P-value = 000207 in ticks collected from the
owned dogs (18.7%) than from the homeless animals
(2.8%); howewver, the prevalence of 4. phagocytophilim
infiection was similar in both groups (12.0% and 13.9%,
respectively). The prevalence of A, phagocytophilum
inficction in £, ricimes ticks collected from dogs or dogs
and cats in Poland ranged by region of collection from
2% po 21 3% {16), the lowest percentage having been
reported in ticks from dogs admitted to veterinary clinics
in the city of Olaztyn. Noteworthily, a different study
showed the highest rates of 8 brgdorfert infections in
ticks collected from dogs (35.7%) in this regon of
Poland {20). In mam, the highest prevalence of
A phagocyviophium infections (21.3%) was reported in
a study of ticks collected from dogs and cais in the
Wrockrw agglomeration in south-western Poland. It is
wiorth poting that the study did aot show statistically
significant differences between the pathogen positivity
rate in ticks infesting cats and in those infecting dogs
(13). Low A phagocviophilus infection rates were
reported  in other  studies  conducted in Poland.
Anaplasma  phagoctophiium DNA was detected in
29% of I rlcimus ticks collected from dogs in the
Warsaw agglomeration and in 3.4% of ticks infesting
domestic dogs and cats from Zakopanc i southem
Poland (13). In the present analyses of ticks collected
from dogs m the north-castern part of Lubelskie
provimee, 12.9% of the specimens were infected by
A. phagocywrephilum. This result was higher than the
valwe reported from the central part of the province,
which showed A, phagocyiophilvm infection in §.8%
(12'136) of I ricinus ticks collected from dogs and cats
in several veterinary clinies in Lublin (27). This finding
was an inferesting difference from the near-parity of
B Burgaorfer] mfoction rates across the provimce.
Ticks can serve as a reservoir and vector of more
than onc  pathogen. Co-infections are  becoming
an incressingly serious clinical problem and a more needfial
reacarch area becanse their ecology and pathological
mechanisms are still pooely explored in comparison with
single-pathogen infections. The best-known co-infecton
in ticks and humans is that caused by the pathogens of
current interest, A, phagoctophiien amd B, hegdorfer sl
(21, 35). Previous studies in Poland rarely reported the
presence of this co-infection in £ #icinus ticks infesting
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domestic animals. No such co-infection was reported in
studies from north-eastern (20) or southern Poland (13).
However, the present study focused on castern Poland
revealed this co-infection in one 1. ricinus tick (0.7%).
This low prevalence contrasts sharply with the high
prevalence  of the co-infection reported in
a study conducted by Roczen-Karczmarz er al. (27) in
south-castern Poland, je. a region neighbouring the
present study arca. The authors examined ticks collected
with A, phagocytophilum and B. burgdorfert was
detected in 14.0% of the analysed [ ricinus specimens.
These results indicate a high risk of simultancous
transmission of both pathogens through a single tick bite
and concurrent development of Lyme disease and
anaplasmosis.

Conclusion

The results of the present study confirm the
presence of B. burgdorfert and A. phagocytophilum in
I ricinus ticks infesting dogs in eastern Poland and
indicate the prevalence of infection caused by these
pathogens to be similar. The co-infection detected in
an examined tick suggesss the possibility of simultancous
infection by both pathogens through a single tick bite.
With the knowledge of the presence of B, hwrgdorferi
and A. phagocytophilum in ticks collected from dogs,
more accurate assessment is possible of the risk of
infection posed to companion animals, and by extension
to their owners who are in close contact with their pets
and visit the same green arcas recreationally.
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Abstract

In recent years, the distnbution of Dermacentor reticulatus ticks has expanded into new
territories in many European countries, including Poland, with increased population densi-
ties in areas of their regular occurrence. The spread of D. reficulatus enhances the risk of
exposure of domestic animals and their owners to tick-borne diseases. The objective of
this study was to assess the prevalence of infection of D. reficulatus ticks feeding on dogs
with the pathogens Borrelia burgdorferi sensu lato and Anaplasma phagocytophilum. The
study matenal comprised 152 D reficularus ticks collected from dogs in the northeastern
part of Lublin Province (eastern Poland). A readyv-made AmpliSens® TBEV, B.burgdorfari
s, A phagocytophilum, E_chaffeensis/E muris-FRT PCE kit was used for qualitative detec-
tion and differentiation of tick-bome infections. The assessment of the degree of infection
of the analyzed ticks with the two pathogens revealed that 9 2% (14/152) of the examined
ticks were infected with one of the pathogens. No co-infections with the pathogens were
detected in any of the ticks. The highest specific percentage of infections (8.6%, 13/152)
was associated with 4. phagocyrophilum. The presence of B. burgdorferi s.1. was detected
in only one of the examined ticks (0.7%). The spread of D. reficulatus to new territories
and the increase in population density in areas of their regular occurrence implies the need
for further studies of the prevalence of pathogens with medical and veterinary importance
in order to assess the nsk of tick-borne diseases.

Keywords Dermacentor reficulatus - Borrelia burgdorferi - Anaplasma
phagocytophilum - Dogs - Poland
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Introduction

Dermacentor reficulatus (Fabricius) 1s the second (after Ixodes ricinus) most important res-
ervoir and vector of infectious diseases in Europe. In comparison with I ricinus, the role of
this species in the risk of infection by transmitted pathogens has insufficiently been recog-
mized (Grochowska et al. 2020).

Dermacentor reficulatus is characterized by a wide host range, a high reproduction
rate, a rapid (typically annual) developmental cycle, and high rates of survival in adverse
conditions. The high adaptability of D. reficularus has been confirmed by new data on its
occurrence range (Foldvan et al. 2016). In recent vears, the distnbution of these ficks has
expanded into new ternitories in many European countries, including Poland, with increased
population densities in areas of their regular occurrence Bullova et al. 2009; Dautel et al.
2006; Foldvan et al. 2016; Karbowiak 2014; Kiewra and Czulowska 2013; Kubiak et al.
2018; Mierzejewska et al. 2015, 2016:; Namina et al. 2019: Nowak 2011: Paulauskas et al.
2015; Rubel et al. 2016: Sreter et al. 2005 Siroky at al. 2011; Zajac et al. 2020b).

In contrast to I ricinus, the occurrence range of D. reficulatus does not concern the enfire
area of Poland. Before the 1990s, D. reficulatus localities were found mainly in the north-
eastern part of the country. The regions between the Vistula River and the western border
of the country were considered free from D. reficulatus. These areas were part of the gap
in the geographical range of D). reficulatus in central Europe. It divided the D. reficulatus
population into the western and eastern macroregions. However, an expansion of D. reficu-
lafus has been observed in Poland for over 2 decades. Currently. the eastern population
of this species covers areas from the eastern border of the country to central Poland and
spreads further west. In turn, the western population is expanding eastwards (Kiewra and
Czulowska 2013; Krol et al. 2016; Kubiak et al. 2018; Mierzejewska et al. 2015a, 2016;
Nowak 2011; Opalinska et al. 2016; Zajac et al. 2020b). The expansion of D. reficulatus is
s0 intense that, in some regions of eastern and central Poland, this species dominates over
I ricinus (Mierzejewska et al. 2015b; Pafdczuk et al 2021; Zajac et al. 2020a, 2021; Zygner
and Wedrychowicz 2008).

Dermacentor reficulafus have a wide host range, as > 60 wild and domestic animal spe-
cies have been identified as hosts for the three active developmental stages (larvae, nymphs.
and adults). This tick species 1s referred to as burrow-questing non-nidicolous. 1.e., the larval
and nymph stages are associated with the burrows of their hosts. Larvae and nymphs usually
ingest blood from the same host, usually a small mammal Typical hosts for D. reficulatus
larvae are voles, mice, hedgehogs, shrews, moles, hares. and rabbits (birds are occasional
hosts). In tum, in addition fo the larval hosts, nymphs feed on weasels, polecats, cervids,
goats, and dogs. Adult stages have a wider range of hosts, e g, a variety of cervid species,
wild boars, foxes, wolves, hedgehogs, hares, and rabbits from the wild fauna Domestic
animals, mainly dogs. horses, donkeys, catile. sheep, goats, and pigs, are equally impor-
tant and somefimes domuinant tick hosts in cities or agrnicultural areas. Domestic animals
are infested almost exclusively by adult ticks. Exceptionally, animals that explore burrows
may be attacked by juvenile D. reficulafus stages (Foldvar et al. 2016; Mierzejewska et al.
2015b; Nowak-Chmura 2013; Paziewska et al. 2010; Pfiffle et al. 2015).

Studies of the species composition of ticks feeding on dogs in Poland report a more
frequent presence of D. reticulatus than I ricinus. Dermacentor reficulatus were reported
to dominate (64.6%) among ticks collected from dogs near Warsaw (central Poland) in

@ Springer



Experimental and Applied Acarology 3

2003-2005 (Zygner and Wedrychowicz 2006). Even greater dominance of this species
(86.1%) was observed in ficks collected from dogs in the Mazovia and Mazunia regions
(central and northern Poland) in 2012-2013 (Mierzejewska et al. 2015b). As shown by
an 8-year study (2009-2016) conducted in the urban agglomeration of Olsztyn (northern
Poland), although I ricinus (60.1%) dominated over D. reficulatus (39.7%), there was a
gradual increase in the prevalence of the latter species in the subsequent vears of the study
(10 2016, D. reficulatus accounted for 57 9% of ticks collected from dogs) (Michalsk: 2019).
In a 3-year study (2017-2019) camed out in the northeastern part of Lublin Province (east-
ern Poland), D. reficulafus accounted for 55 5% of all collected specimens (Panczuk et al.
2021). The high percentage of D. reficulatus ticks infesting dogs implies the necessity to
investigate the prevalence of pathogens with medical and veterinary importance in order
to assess the nisk of tick-borne diseases. As both I ricinus and D. reficulatus infest dogs in
their co-occurrence range, there mayv be a higher probability of co-infection with several
pathogens and, consequently, a more severe or atypical course of diseases complicating the
diagnosis and therapy.

Dermacenior reticulafus are involved in the transmission of pathogens with medical and
veterinary importance. Undoubtedly, the most important pathogen transmitted by these ticks
to animals 1s the protozoan Babesia canis (Féldvan et al. 2016), and canine babesiosis 15
one of the most dangerous infectious diseases of dogs in endemic areas. Besides B. canis,
genetic matenial of other pathogens has also been detected 1n D. reficularus, e g. bactenia of
the genus Rickeftsia, A. phagocytophilum. Borrelia burgdorferi s 1., Francisella tularensis,
or TBEV (Ben and Lozynskyi 2019; Biernat et al. 2014; Bonnet et al. 2013; Dziegiel et al.
2014: Karbowiak et al. 2014; Mierzejewska et al. 2015a: Namina et al. 2019; Reye et al.
2013; Roczen-Karczmarz et al. 2018; Rybafova and Eimkj‘ 2017; Schreiber et al. 2014;
Szczotko et al. 2019; Tomanovi€ et al. 2013; Wojcik-Fatla et al. 2011, 2015; Zajac et al.
2017). Two of these tick-borne pathogens, 4. phagocytophilum and B. burgdorferi s.1., have
now been reporied in dogs in nearly all European countries, including Poland (Kramer et al.
2014). Studies on seroprevalence in European dogs have reported that 3—57% of dogs were
carniers of 4. phagocytophilum (Sainz et al. 2015). In Poland, analyses of 3,094 samples
of serum collected from dogs from all 16 Polish provinces showed the presence of anti-4.
phagocytophilum antibodies m 12 3% of dogs, and the presence of anfi-B. burgdorferi anti-
bodies in 3.8% of dogs. The study demonstrated nationwide occurrence of 4. phagocyro-
philum and B. burgdorferi s.1. in the studied population of dogs. The highest percentages of
dogs (>20%) infected with 4. phagocytophilum were reported in Lesser Poland, Silesia and
1.odz Provinces (southern and central regions of Poland). For B. burgdorferi s 1., the highest
prevalence (>10%) was noted in dogs from L.odz Province (central Poland) (Krimer et al.
2014). In Europe, I ricinus 15 a known vector of 4. phagocyiophilum (Sainz et al. 2015) and
B. burgdorferi s.1. (Skotarczak 2002), but these pathogens have also been detected in other
tick species, e.g.. D). reficulafus (Ben and Lozynskyi 2019; Bonnet et al. 2013; Dziegel et
al. 2014; Karbowiak et al. 2014; Michalski et al. 2020; Mierzejewska et al. 2015a; Rar et
al 2005; Reve etal 2013; Roczen-Karcrmarz et al. 2018; Rybarova and .‘?imkj;' 2017 Szc-
zotko et al. 2019; Zajac et al. 2017).

The aim of the study was to assess the prevalence of infection of D. reficulatus ticks feed-
ing on dogs with the pathogens B. burgdorferi s.1. and 4. phagocytophilum.
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Materials and methods
Study area

The study was carried out in the northeastern part of Lublin Province (eastern Poland).
The northern and northeastern regions of Lublin Province are characterized by the highest
percentage of grasslands in the entire area. A significant percentage of land in this area i1s
also covered by fallow, wasteland, and forest patches. The mosaic character of the landscape
provides D. reficulatus populations with favorable conditions. Forest areas are associated
with the presence of hosts for adult ticks. whereas rodents. 1.e.. hosts for juvenile stages.
inhabit grasslands and wastelands. The area of Lublin Province 1s characterized by a high
density of D). reticulatus populations. As reported by Zajac et al (2020b) in a study con-
ducted in 2019, the mean mumber of ticks collected 10 Lublin Province amounted to 968
specimens/100 m*, with the highest density noted in the northern part of the province.

In the present study, dogs were examined as hosts or carriers of ticks mainly in the fol-
lowing localities: Biala Podlaska (52°01°56"N, 23°06°59"E), Janow Podlaski (52°11738"N.,
23°12°43"E), Konstantynow (52°12°28"N. 23°05°07"E), Mokre (51°51°017N.
23°04°387E), Legi (52°10°037N, 23°28°117E), Porosmka (52°01°00"N, 23°03°287E).
Zakalinki (52°12°55"N, 23°02°557E). Bereza (51°56°14"N, 22°46397E). Malaszewicze
(52°01°337N. 23°31'517E). Styrzymiec (52°01°23"N, 22°59°35"E). and Janowka
(51°587087N, 23°04°56"E).

Tick collection

The study material comprised 152 D. reficulartus ticks (71 females, 81 males) collected
from 55 dogs in 2018-2020. Seventy-eight ticks (51.3%) were collected from stray dogs
coming from shelters, whereas the remaining 74 ticks (48.7%) were collected from owned
dogs. The ticks were collected on a yearly basis. Maximum nine ticks collected from one
dog were used for the analyses (average number of ticks per dog: 2.76). Ticks aftached to
dog’s skin and those present on the coat were collected by dogs’ keepers and delivered to
the laboratory. All ticks analvzed were non-engorged. The species. sex, and developmental
stage were identified based on morphological traits with the use of an identification key
(Nowak-Chmura 2013). The ticks were stored individually in Eppendorf tubes in 70% etha-
nol at 6 °C.

Molecular identification of pathogens
DNA analysls

A readv-made AmpliSens® TBEV, B .burgdorferi si, A phagocyfophillum, E_chaffeensis/E.
muris-FRT PCR kit (InterLabService, Russia) was used for qualitative detection and dif-
ferenfiation of tick-borne infections. The target of the PCR reaction was the cDNA of
B burgdorferi 51 and 4. phagocytophilum. The detection concerned a fragment of the
16 5 RNA gene in the case of B. hurgdorferi s1. and a fragment of the msp2 gene in 4.
phagocytophilum.
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DNA Isolation

DNA was 1solated from tick fissues with the use of an AmpliSens RIBO-prep kit. The DNA
was stored at 28 °C for 24 h or at — 16 °C for a longer time.

DNA amplification

A ready-made kat contained the following reagents: PCR-mux-1-FRT TBEV, 4. ph._ E. ch./
Em., PCR-mix-1-FRT .B. b. 5.1/1C, RT-PCR-mix-2-FEP/FRT, polyvmerase (Tagl), positive
control cDNA TBEV. B. b 5.l A ph_ E ch/E m/STI, DNA buffer, and internal control
(IC). The Real Time PCR was performed in a Rotor Gene Q 2 Plex HRM thermal cycler.
Due to the specificity of the available device. which is equipped with two fluorescence
detection channels, the present analyses detected fewer tick-borne pathogens than offered
by the kit. Fluorescent signal detection 1s assigned in the channels for the FAM (Green) and
HEX (Yellow) fluorophores respectively for Internal Control (IC) and B. burgdorferi s.1.
and 4. phagocytophilum. The reaction also included three checkpoints for each fluorescence
channel: positive amplification control (C+), negative control of extraction (C-), and nega-
tive control of amplification (NCA). The amplification parameters are shown 1n Table 1.

Interpretation of results

Results are considered reliable only when the extraction and amplification controls are cor-
rect. Negative controls are absent and positive controls take values<27 Ct value for both
pathogens. Clinical samples are considered positive for 4. phagocyrophilum, and B. burg-
dorferi s 1 infection at Ct values< 38 1n all defection channels.

The analytical specificity oftest AmpliSens® TBEV. B. burgdorferisi A.phagocytophillum,
E chaffeensis/E muris-FRT PCR kit 1s ensured by selection of specific primers and probes
as well as by selection of strict reaction conditions. The primers and probes were checked
for possible homologies to all sequences deposifed in gene banks by sequences comparison
analysis. The clinical specificity of test was confirmed in laboratory clinical trials and no
false-positive results were observed during examination of DNA. Due to the high specificity
of the test, we assume the high authenticity of the research results obtained.

Table 1 Real Time PCE amph-  Sgep Tempera-  Time Detection of No.
fication parameters ture (°C) fluorescence Y-
cle:
Hold a3 15 mun - 1
Cycling a5 10s - 3
&0 30 =
72 15s
Cycling 2 ] 105 - a0
56 303 FAM/Green, HEX/
Vellow
72 15s
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Results

The assessment of the degree of infection of the analyzed ticks with the two pathogens (Bor-
relia burgdorferii s.1., A. phagocytophilum) revealed that 14 (9.2%) of the 152 examined
ticks were infected with one of the pathogens. No co-infections with the pathogens were
detected in any of the ticks. The highest percentage of infections was associated with A.
phagocyiophilum. Its presence was detected in 8. 6% (13/152) of the examined specimens.
The percentage of 4. phagocytophilum infections was the same in female and male ticks,
1e, 8.5% (6/71) and B.6% (7/81), respectively. The ticks were collected from nine dogs.
Nine ticks were from owned dogs (one fick each from three dogs, two ticks each from
another three dogs) and the remaining four ticks were from stray dogs from a shelter (one
tick each from ftwo dogs, two ticks from one dog). Apart from the 13 D. reficulatus ticks
infected with A. phagocytophilum, no other tick species was found on the dogs at the fime
of collection. The presence of B. burgdorferi s1. was detected in only one of the examined
ticks (0.7%). This tick was collected from a dog that came from a shelter (Table 2). Two I
ricinus ticks were also collected from this dog Studies revealed that B. burgdorferi s 1 and
A. phagocytophilum were not detected in any of these ticks.

Discussion
Anaplasma phagocytophilum

Anaplasma phagocytophilum 1s the cavsative agent of human granulocytic anaplasmosis
(HGA) (Bakken and Dumler 2015). The disease has been diagnosed in various species of
wild and domesfic animals. including dogs (Stuen et al. 2013). In Europe. I ricinus 1s a
known vector of 4. phagocyfophilum (Sainz et al. 2015), but this pathogen has also been
detected in other tick species, e.g.. D). reficulatus. The present assessment of the infensity
of pathogen infection of ticks collected from dogs demonstrated the highest prevalence
of 4. phagocytophilum. Tlus pathogen was detected in 8.6% (13/152) of the ticks, which
confirmed the risk posed to ammals. Similar rates of 4. phagocytophilum infection were
determined in female and male specimens. This 15 important in terms of the risk of pathogen
transmission, as D. reficulafus males ingest small amounts of blood repeatedly to initiate
spermatogenesis, wWhich indicates that both male and female D. reticulatus can be involved
in pathogen transmission (Bartosik et al. 2019; Féldvan et al. 2016).

Table 2 Eates of infection with Anaplasma phagocytophilum and Borrelia burgdorferi 51, m Dermacenior
reficulatis ticks removed from dogs

No. ticks MNo. (%) positive for each pathogen Total
collected A phagocytophilum B burgdorferi  10. (%)
al infected
ficks
Ticks Female 71 6(8.5) 000.0) 6(8.3)
Male 81 7(8.6) 1(1.2) 8(9.9)
Dogs Ommed 7 9(12.2) 000.0) 9(12.2)
Stray 78 4(5.1) 1(1.3) 5(64)
Total 152 13 (8.6) 1(0.7) 14(9.2)
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Previous studies on D. reficulatus tick populations from Poland showed highly diverg-
ing percentages of infections with this pathogen In studies on D. reficulatus ticks infesting
dogs in urban areas of northeastern Poland. no 4. phagocytophilum DNA was detected at
all (Michalski et al. 2020). A low infection rate was also observed 1n ficks collected by flag-
ging in the area of Leczynsko-Wlodawskie Lakeland (eastern Poland), where the presence
of A. phagocytophilum was detected in only 1.1% (7/634) of ticks (Zajac et al. 2017). In
turn. high mumbers of ticks infected with 4. phagocytophilum (30.4%) were reported in a
study of D. reficulatus ticks collected from vegetation and animals in southeastern Poland.
Concurrently, the study did not show the presence of 4. phagocytophilum in any of the ticks
collected from animals (1ncluding dogs) (Roczen-Karcrmarz et al. 2018). A high prevalence
of A. phagocytophilum (32.7%) was detected in D. reticulatus 1solated from wildlife ani-
mals (deer and roe deer) shot during huntfing in some districts of Warmia-Mazury Province
(north-eastern Poland) (Szczotko ef al. 2019).

Low percentages or absence of A. phagocytophilum infections were most often observed
in countries neighboring Poland No 4. phagocytfophilum was detected in D reficulatus
ticks in studies conducted in Latvia (ticks collected from dogs; Namina et al. 2019). Belarus
(ticks collected from the vegetation and from cows; Reve et al. 2013), or western Siberia
in Russia (ticks collected by flaggmng: Rar et al. 2003). In tumn, the presence of 4. phago-
cytophilum DNA was confirmed only in 3.6% (18/500) of ticks tested in a study conducted
in the Czech Republic (ticks collected by flagging; Rybafova and Siroky 2017). Different
results were reported in studies of D. reficulatus ticks from western Ukraine, where the 4.
phagocytophilum infection rate was estimated at 15.9% (ticks collected by flagging; Ben
and Lozynskyi 2019). Even higher infection prevalence was detected m a study of ticks
conducted in the Chernobyl exclusion zone, which reported 25 4% prevalence of A. phago-
cytophilum infection (ticks collected by flagging; Karbowiak et al. 2014).

Borrelia burgdorferi sensu lato

In the present study, only one of the analyzed ticks (0.7%) was infected by B. burgdorferi
s.1. spirochetes. In previous studies on D. reficulatus conducted in Poland, vaned levels of
B. burgdorferi s.1. infections were reported, 1.e., from 0.09% (Mierzejewska et al. 2015a) to
22 8% (Roczen-Karczmarz et al. 2018), as in the case of A. phagocytophilum.

Investigations conducted by Michalski et al (2020) on ticks collected from dogs (north-
eastern Poland) showed a substantially higher percentage of B. burgdorferi s.1. infections
than in the present study. The presence of B. burgdorferi DNA was detected in 14 1% of
analyzed ticks. These results were opposite to the estimated levels of 4. phagocytophilum
infection. as the present study showed that 8 6% of the ticks were infected, whereas no DNA
of the pathogen was detected by Michalski et al. (2020). An even higher B. burgdorferi
infection rate (22 8%) was found in D reficulatus collected from vegetation and animals in
southeastern Poland. However, the infection rate in ticks collected from animals was just
0.7% (only three specimens of the 45 ticks collected from the amimals—two ficks collected
from cats and one tick from a dog were infected by B. burgdorferi. Roczen-Karczmarz et
al. 2018).

In studies of ticks collected by flagging in various parts of Lublin Province (eastern
Poland), Borrelia DNA was detected 1n only 0.6% of D. reficulafus specimens (Dziegiel
et al. 2014). In other studies conducted in this province, B. burgdorferi s.1. infection was
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detected in 1 6% of the analvzed D. reficularus (Zajac et al. 2017). Even lower values were
reported in studies on ticks from other areas of Poland, where the prevalence of B. burgdor-
Jferi s.1. was estimated at 0.09% (1/1107) (Mierzejewska et al. 2015a). A low prevalence or
absence of B. burgdorferi s.1. in D. reficulaius ticks was also noted in other countrnies. No
B. burgdorferi s 1. spirochetes were defected in ficks mm Latwa (ticks collected from dogs;
Namina et al. 2019), Serbia (ticks collected by flagging: Tomanovic et al. 2013). Germany
(Richter et al. 2013), and Great Britain (ticks collected by flagging; Tijsse-Klasen et al.
2013). and their low prevalence was reported from France {1.5%) (ticks collected by flag-
ging; Bonnet et al. 2013), Belarus (2.7%) (ticks collected from vegetation and cows; Reye et
al. 2013), and western Siberia in Russia (3.6%) (ticks collected by flagging; Raret al. 2003).
As in the case of the 4. phagocytophilum infection analyzed here, sigmificantly higher rates
of B. burgdorferi infection were reported in Ukraine In studies of ticks collected by flag-
ging in 2009-2014 in western Ukraine, the pathogen was detected in 31 9% of D reficulatus
(Ben and Lozynskvi 2019). Despite the higher percentages of D). reficulatus infections by
B burgdorferi, albeit rarely observed, it has been indicated that this species is unable to
serve as a competent vector of B. burgdorferi s 1. (Grubhoffer et al. 2005). As demonstrated
by Matlova et al. (1996), in contrast to [ ricinus (a competent vector), a gradual decline
and loss of B. burgdorferi s1 was noted in D. reficulatus shortly after infection. Rudolf
and Hubalek (2003) analyzed the impact of extracts from tick salivary glands and midguts
on B. garinii growth in in vifro conditions. It was found that the extract originating from [
ricinus exerted a considerable stimulatory effect on the growth of the spirochetes, whereas
D. reticulatus-denived extracts did not stimulate, but rather inhibited the in vifro growth of
the pathogen.

Conclusions

The rapid spread of D. reficulafis to new territories in many European countries (including
Poland) and the increase in population density in areas of their regular occurrence enhance
the risk of exposure of domestic animals and their owners to tick-bome diseases. The large
number of dog infestations by D. reficulafus ticks implies the need for studies of the preva-
lence of pathogens with medical and veterinary importance in order to assess the risk of
tick-borne diseases. The assessment of the degree of infection of the analyzed ticks with
the two pathogens revealed the highest prevalence of 4. phagocytophilum_ It is necessary to
carry ouf further investigations of the role of D). raficulatus as a vector of pathogens posing
a threat to humans and animals.
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