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1. Uvod

Volné Zijici prezvykavci jsou nedilnou soucdsti nasi prirody a jejich Uspésny chov
a nasledny lov je vyznamnou slozkou mysliveckého hospodareni (Hanzal, 2000). Myslivost
ma v Ceské republice staré a bohaté tradice. Ceska republika je svym klimatem, rozmanitosti
krajiny a bohatstvim zvére idealni pro jeji dobry chov. V soucasnosti jsou prevladajicimi
volné Zijicimi prezvykavci ve stfedni Evropé, véetné Ceské republiky, srnec obecny (Capreolus
capreolus) a jelen evropsky (Cervus elaphus), danék evropsky (Dama dama), muflon
evropsky (Ovis orientalis musimon) a jelen sika (Cervus nippon) (Cermak & Mrkva 2003;

Kamler et al. 2010; Galuppi et al. 2011; Machacek et al. 2014).

Zajistovani dobrého zdravotniho stavu zvére, veterinarni prevence a lécba patii
k zakladnim ukonim péce o zvéf. U volné Zijicich prezvykavcl zplsobuji nejvétsi pfimé
i  nepfimé ztrdty parazitarni onemocnéni. Gastrointestindlni nematoddzy patfi
V zavislosti na intenzité infekce zhorsuji nutri¢ni stav zvirat. Je prokazano, Zze kromé zjevné
nemocnych zvifat jsou to i asymptomatické stavy, které mohou podstatné zhorSovat
a urychlovat onemocnéni jiné etiologie. PfedevSim u mladat mohou nepfiznivé ovliviiovat

zakladni fyziologické procesy a odolnost organizmu ve stadiu jeho vyvinu a ristu.

Vyzkumem parazitdl u volné Zijicich pfezvykavcil na Gzemi Ceské republiky se zabyvala
fada autorll, napfiklad Erhardovd et al. (1953), Kotrly & Tarczynski (1958), Kotrly & Krul
(1961) a Kotrla et al. (1984). Volné Zijici zvifata maji ¢asto pfistup na pastviny a parazitarni
choroby divokych prezvykavcll se mohou prenaset na domaci zvifata a naopak (Erhardova
& Kotrly, 1955). Mohou se vSak stat zdrojem nebezpedi i pro zdravi lidi (Kotrly & Kotrl3,
1972). Jednim zparaziti s rizikem prenosu z volné Zijicich prezvykavcl na domadci

prezvykavce jsou hlistice rodu Trichuris, kterymi se zabyva tato prace.

DalSim hostitelem téchto hlistic u nas je nutrie ficni (Myocastor coypus). Je to
hlodavec plvodem z Jizni Ameriky (Woods et al. 1992). V roce 1924 byly nutrie dovezeny
z Argentiny do Ceské republiky na farmu v Jablonném nad Orlici jako prvni v Evropé. Zhruba
od 70. let minulého stoleti se v pfirodé zacaly objevovat nutrie uniklé z farmového chovu.

Posledni mapovani vyskytu nutrii ve volné prirodé probéhlo v roce 2011 a jejich staly vyskyt



je hlddeny na 16,2 % Uzemi CR (Andéra 2011). Parazitdrni onemocnéni jsou jednim
z hlavnich veterinarnich problém( ve farmovych chovech téchto hlodavcl. Na farmach Ziji
nutrie v tésné blizkosti riznych domacich zvifat, zejména malych prezvykavci. Dobrovol'skii
(1952) uvadi, zZe Trichuris ovis byl nalezen u ondatry pizmové. Nicméné, studie o parazitech
nutrii jsou sporadické a zaméruji se hlavné na volné Zijici nutrie (Babero & Lee 1961, Gayo
et al. 2011; Martino et al. 2012). ZatiZeni parazity je ovlivnéno mnoha faktory, jako jsou
specifita hostitele, pfitomnost mezihostitelt nebo vyskyt jinych zvifat, od kterych by mohlo
dojit k pfenosu parazita. Z téchto dlivod(i mize dochdzet k rozdilnému vyskytu jednotlivych

endoparazitl u volné Zijicich nutrii a nutrii chovanych ve farmovych chovech

(Martino et al. 2012).



2. Soucasny stav problematiky
2.1 Kmen hlistice (Nematoda)

Hlistice jsou jednou z nejpocetnéjSich a nejrozsifenéjSich skupin Zivocichu
a predstavuji evolu¢né Uspésnou skupinu. Bylo popsano témér 23 tisic druhl nematodl
(Blaxter & Koultsovoulos 2015). Parazituji v obratlovcich, bezobratlych nebo rostlinach.

Mnoho dalsich Zije volnym zplsobem Zivota a vyskytuji se ve vSech biotopech.

Pro hlistice je charakteristické protdhlé nesegmentované télo. Povrch je tvoren
odolnou vicevrstevnou kutikulou. Primarni télni dutina, zvana pseudocel, oddéluje télni
sténu a vnitini organy. Télo hlistic se da rozlisit na tfi zakladni ¢asti: predni (hlavovou),
stfedni ¢ast a zadni (kaudalni) ¢ast. Hlavova ¢ast je vybavena organy k pfijmu potravy
(Usta, pysky a jicen) a organy smyslovymi. Tato ¢ast ma nejvySsi pohyblivost a zajistuje
hlisticim orientaci v prostfedi. Ve stfedni ¢asti se nachazi stfevo, gonady se samicimi vyvody,
exkrec€ni a osmoregulacni soustava. V zadni ¢asti Usti stfevo a sam¢&i pohlavni orgdny. Hlistice
jsou vétsSinou gonochoristé, maji oddélené pohlavi a projevuje se u nich vyrazny pohlavni
dimorfismus. Existuji vSak i druhy hermafroditni nebo partenogenetické, nebo druhy
stfidajici sexudlni strategie. Samci jsou mensi, kaudalni ¢ast jejich téla je €asto zahnuta
a opatrend slozitymi strukturami podilejicimi se na pareni (Jira 1998). Samci pohlavni
soustavu tvofi neparové varle, velkd a mala ejakulatorni Zlaza a pohlavni vyvod vyustujici
do kloaky. Zadni konec téla samce mUze byt pretvoren v kopulacni burzu (bursa copulatrix)
s pocetnymi Zebry a papilami (Hordk & Scholz 1998). Kopulacni burza spolu
se sklerotizovanymi spikulami a guberndkulem tvofi pomocné kopulacni organy. Spikuly jsou
vétSinou parové jehlicovité Utvary umisténé na dorzalni strané kloaky ve spikulové pochvé.
Gubernakulum se podili na spravném pohybu spikul pfi kopulaci. Usporadani kopulaéniho
aparatu u samcl se vyuZiva pri charakterizaci a druhové identifikaci hlistic (Jira 1998).
Samice jsou oproti samclm vétsi, zadni konec jejich téla neni zahnuty (Horak & Scholz 1998).
Zakladem samici soustavy je trubicovity vajecnik, ze kterého usti déloha. Soustava
je zakoncena vaginou, Casto se svalnatou sténou a z téla vyustuje vulvou (Hordk & Scholz

1998).



Vyvojové cykly hlistic mohou byt pfimé bez nutnosti mezihostitele, anebo nepfimé,
uskutec¢néné za spolutcasti mezihostitele. Velka ¢ast hlistic ma vyvoj pfimy. Tyto hlistice
obvykle plsobi zdvaznd onemocnéni ¢asto s vysokou mortalitou a to zvlasté v podminkach
velkochovu z divodu jejich schopnosti velmi rychlé reprodukce a dosazeni vysoké pocetnosti
(Hordk & Scholz 1998). Vyvoj hlistic se uskutec¢riuje sviékanim kutikuly (ekdyse, podobné jako
u ostatnich skupin linie Ecdysozoa) u nékolika larvalnich stadii, ktera byvaji ¢tyfi (L; — Ls)

az pét (Ls). U jednotlivych larvalnich stadii dochazi k preméné vnitfnich orgdna (Jira 1998).

Systematika hlistic, jejich fylogenetické vztahy a zarazeni v ramci ostatnich
mnohobunécénych organism( jsou predmétem dlouhodobé diskuse a doposud nejsou
uspokojivé vyreseny (Volf et al. 2007). V minulych dobdach byl systém ZivocichG budovan
spiSe na morfologické podobnosti a skutecna pribuznost byla pouze odhadovdna. Mnohé
taxonomické omyly jsou dnes odhalovany pouzitim metod moderni molekularni genetiky,
ale hlavné kombinaci téchto metod s kladistickou (fylogenetickou) analyzou morfologickych
znakd. U molekuldrnich znakl nesmirné zalezi na metodickém pfistupu a interpretaci
vysledk(l. Obcas tak dochazi k velmi rozporuplnym zavérim a s témér kazdou novéjsi studii
se objevuji dodatecné zmény. Navic realné pribuzenské vztahy byvaji mnohdy natolik
komplikované, Ze z didaktickych a pragmatickych divodl se nadéle uvadéji zjednodusujici
tradi¢ni  klasifikace, byt evidentné neodpovidaji skutecnosti (KlimeS 2009).
Nezpochybnitelnym faktem vsak je, Zze kmen Nematoda patfi do velké skupiny Zivocich(
charakterizovanych periodickym svlékdanim kutikuly v pribéhu vyvoje, ktefi nesou nazev

Ecdysozoa.

Skupina Ecdysozoa predstavuje asi nejslavnéjsi produkt molekularni fylogenetiky
konce 20. stoleti. Zaroven poukazuje na nékteré paradoxni aspekty tohoto fenoménu.
Spojeni ,svlékajicich se zvifat” (pfedevsim hlistic a ¢lenovcl) do jedné skupiny je v jasném
rozporu se starobylou, plvodné cuvierovskou (francouzsky zoolog a prikopnik srovnavaci
anatomie George Cuvier, 1769 — 1832) predstavou blizké pribuznosti segmentovanych
¢lenovcl a krouzkovcl. Na druhé strané ovSem existence vicevrstevné, obvykle chitinové
a pravidelné svlékané kutikuly (a ekdysteroidnich hormon fidicich cely svlékaci cyklus) byla
jiz znama. Po letech polemik mame dnes potvrzeno, Ze Ecdysozoa jsou monofyleticka

skupina, ale jeji vnitini fylogeneticka struktura neni stale uplné jasna (Zrzavy 2015).



Prikopnikem ve vyzkumu systematiky kmene Nematoda je prof. Mark Blaxter, ktery
se spolupracovniky konstruovali molekularné fylogeneticky systém kmene Nematoda
na zakladé sekvenci DNA pro malou podjednotku ribozomdlniho genu (SSU rDNA, small
subunit ribosomal DNA) a dalSich genll. Kmen Nematoda je tvoreny tfemi hlavnimi liniemi
Enoplia, Dorylaimia a Chromadoria (De Ley & Blaxter 2002, 2004; Blaxter & Koutsovoulos
2015). Parazitické skupiny hlistic se fadi do rdznych skupin v rdmci Chromadoria
a Dorylaimia a nemaji spole¢ny historicky ptvod. Naopak objevovaly se v prlibéhu evoluce
mnohokrdt nezavisle. Fylogenetické analyzy parazitickych taxonl a jejich volné Zijicich
pfibuznych dokazaly, Ze skupiny hlistic cizopasicich u rostlin vznikly tfikrat. Az desetkrat
vznikly skupiny parazitl bezobratlych a pétkrat paraziti obratlovc(i (Blaxter & Koutsovoulos

2015).

Dalsi studie uvadély i alternativni systém. Napriklad Van Megen et al. (2009) rozdélili
hlistice do péti vétvi, tzv. kladl (,clade”). Dva z nich jsou totozné sliniemi Enoplia
a Dorylaimia, daldi tfi (Spirurina, Tylenchina a Rhabditina) tvofi linii Chromadoria

(Blaxter & Koutsovoulos 2015). Lze konstatovat, Ze oba systémy se v podstaté shoduiji.

2.2 Rod Trichuris

2.2.1 Systematické zarazeni rodu Trichuris

Systematické zarazeni (podle De Ley & Blaxter 2002)

Rige: Animalia

Skupina: Ecdysozoa

Kmen: Nematoda

Tfida: Enoplea

Podtfida: Dorylaimia

Rad: Trichinellida Hall, 1916

Nadceled: Trichinelloidea Ward, 1907
Celed: Trichuridae Railliet, 1915
Rod: Trichuris Roederer, 1761
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4413787/#ref23
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4413787/#ref23
https://www.google.sk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwiL3KGckKDaAhWCOSwKHc8ZCfAQFgg4MAI&url=http%3A%2F%2Fwww.marinespecies.org%2Faphia.php%3Fp%3Dtaxdetails%26id%3D22845&usg=AOvVaw0UJdTptPNb8npE_7zn0ycj

2.2.2 Morfologie hlistic rodu Trichuris

Rod Trichuris je celosvétoveé rozsifen. Je to vyhradné paraziticka skupina hlistic, jejichz

zastupci cizopasi u rfady zvifat i clovéka.

Télo trichur( je rozdéleno na dvé &asti. Cast jicnova je velmi dlouhd, tenka, vlaskovita
a zaujima pres dvé tretiny z celkové délky téla hlistice. Celou touto ¢asti probihd uzky jicen
(Erhardova & Kotrly 1955), ktery je pro trichury charakteristicky. Sklada se z kratké predni
svalnaté &asti a dlouhé zadni Zlaznaté &asti. ZIazové buriky (stichocyty) lemuji lumen v jedné
az trech fadach a utvéreji tak orgdn zvany stichosom. Jicnova ¢ast Cerva je zanofrena
do slizni¢niho epitelu stfeva hostitele. Sekrety stichosomu vyvolavaji tvorbu syncytia
epitelidlniho plvodu, které poskytuje parazitovi vyzivu (Volf et al. 2007). Za ukoncenim jicnu

se télo rozsifuje v Sirokou zadni ¢ast vyplnénou pohlavnimi organy.

Vsechny druhy rodu Trichuris jsou oddéleného pohlavi. Trubicovitou samci pohlavni
soustavu tvofi jedno varle, semenny vacek, chamovod a jedna spikula. Pohlavni systém
vyustuje na konci téla. Samice maji jeden trubicovity vajecnik, vejcovod, trubicovitou délohu
a vaginu. Samici pohlavni vyvod tvofi vulva ulozend ventralné v blizkosti prechodu jicnu

a zadni ¢asti téla (Volf et al. 2007).

Jednotlivé druhy rodu Trichuris se od sebe liSi velikosti téla a velikosti a tvarem
pohlavnich vyvodd, avSsak morfologické znaky vykazuji znacnou variabilitu (Kotrld et al.
1984). Vsoucasnosti byly nékteré druhy podrobnéji redeskribovdany na zdkladé
morfologickych a biometrickych znakl a na zadkladé druhu hostitele (Cutillas et al. 1995;
Robles 2011). Nicméné ani tyto podrobné udaje neumoziuji vidy jednoznacné identifikovat
jednotlivé druhy (Chandler 1930; Cutillas et al. 2009). Taxonomie rodu Trichuris je ve
skutecnosti velmi nejasnd. Mnoho popsanych druh(i mize predstavovat synonymum jiného
starsiho druhu. Hlavné v pfipadé, kdy neni prozkoumana potencidlni morfologickd variabilita
parazita zrlznych druh( hostiteld (Knight 1984), a neni kdispozici ani porovnavaci

molekuldrni analyza.

11



2.2.3 Vyvojovy cyklus hlistic rodu Trichuris

Hlistice rodu Trichuris jsou tzv. geohelminti. Ke svému vyvoji nepotiebuji
mezihostitele. Samicky, lokalizované v slepém a tlustém stfevé hostitele, kladou silnosténna
vajicka velikosti 70 - 80 x 30 - 42 um, citronového tvaru se dvéma pdolovymi zatkami. Vajicka
(3 az 10 tisic denné) vychazeji z hostitele s trusem a ve vnéjsim prostiredi se v nich formuiji
larvy do infekéniho stadia L; (Volf et al. 2007). Larva se vyviji ve vnitfni vaje¢né blané, kterou
neopousti. Z{stavad v ni az do té doby, dokud neni vajicko spolknuto dalsim hostitelem,
naptiklad zvéri (Kotrla et al. 1984). Infekéni larvalni stadium L; se ve vajicku vyvine béhem 1
— 2 mésicu, zalezi na teploté okoli. Za optimalnich podminek prostfedi mohou tyto larvy ve
vajickach preZit a zUstat Zivotaschopné po nékolik let. Po pozfeni hostitelem jsou tenké zatky
na podlech vajicek strdveny a larvy L; jsou uvolnény. Poté aktivné penetruji do epitelu
slizni¢nich krypt slepého stfeva a kycelniku. Nasledné zde probihaji Ctyfi svlékani, kdy
dospélé cervy vznikaji z larvy Ls. Dospélci zGstavaji prednim koncem zanoreni do strevni
sliznice. Zadni ¢ast Cerva je volné vysunutd do lumenu stfeva. Prepatentni perioda je 7 — 10

tydna (Zajac & Conboy, 2006).

2.3 Druhy hlistic rodu Trichuris vyskytujici se u volné Zijicich prezvykavcu
a nutrii
U volné Zijicich prezvykavcl byly v Evropé zjistény tyto druhy rodu: Trichuris ovis,

T. discolor, T. skrjabini, T. globulosa a T. capreoli. U nutrii se nachazi pouze druh Trichuris

myocastoris (Mehlhorn 2016).

2.3.1 Trichuris ovis (Abildgaard, 1795)

Podle literarnich udajd ma druh Trichuris ovis celosvétové rozsiteni a jeho hostitelé
jsou tur domaci (Bos taurus), ovce domaci (Ovis aries), koza domdci (Capra hircus), velbloud
jednohrby (Camelus dromedarius), velbloud dvouhrby (Camelus bactrianus), srnec obecny

(Capreolus capreolus), danék skvrnity (Dama dama), jelen evropsky (Cervus elaphus),
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los evropsky (Alces alces), axis indicky (Axis axis), danék skvrnity (Dama dama), muflon
evropsky (Ovis orientalis musimon), ovce stfedoasijska (Ovis ammon), ovce mexicka
(Ovis mexicana), goral vychodni (Naemorhedus caudatus), gazela dorkas (Gazella dorcas),
zirafa (Giraffa camelopardalis), kabar pizmovy (Moschus moschiferus), kozoroZec sibifsky
(Capra sibirica) a ovce kruhoroha (Ovis orientalis vignei) (Skrjabin et al. 1957; Mehlhorn

2016).

Samci

Spikula samcl je pokryta pochvou, kterd se prfed svym ukoncenim rozsifuje
v nepravidelny cylindricky valec (Obr. 1). Celd tato pochva i se svou rozsifeninou je pokryta
drobnymi ostny (Erhardovd & Kotrly 1955). Ostny se zmensuji smérem k distdlnimu konci
(Zajac & Conboy 2006). Spikula konc¢i ostrou Spickou (Erhardova & Kotrly 1955; Knight 1971).
V misté kde se spikula vysouva z pochvy je znatelné dvojité postranni srolovani kutikuly

(Eckert et al. 1992). Pfehled udaji o rozmérech morfologickych znak( udava Tabulka 1.

'~k

Obr. 1 Samec hlistice Trichuris ovis

A Siroka kaudalni ¢ast
B detail kaudalni ¢asti se spikuldrni pochvou

(zdroj: orig. foto Nechybova, 2016)
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Tabulka 1: Biometrické parametry samcu Trichuris ovis (vlastni zpracovani)

Biometrické znaky [mm] Zdroj
Celkova délka téla 45,0 -68,0 Erhardova & Kotrly 1955
57,9 Noda 1955
60,0 — 80,0 Skrjabin et al. 1957
46,0 - 56,0 Andrews 1969
50,0-80,0 Soulsby 1982
32,0-75,0 Cutillas et al. 1995
46,8 — 88,6 Spakulové 1994
40,0-78,0 Aysha 2008
53,0-75,0 Kuchai et al. 2013
Délka predni jicnové ¢asti téla 39,8 Noda 1955
22,0-55,0 Cutillas et al. 1995
28,1 -66,6 Spakulové 1994
Délka zadni ¢asti téla 19,5 Noda 1955
10,0 -20,0 Cutillas et al. 1995
Délka spikuly 5,20-5,80 Erhardova & Kotrly, 1955
5,72 -6,48 Noda 1955
6,30-6,70 Skrjabin et al. 1957
4,00 - 6,00 Andrews 1969
5,00 -6,90 Knight 1971
4,40 -7,65 Gagarin 1972
5,00 - 6,00 Soulsby 1982
5,10 — 8,58 Spakulova 1994
4,67 -6,23 Cutillas et al. 1995
4,00 -6,00 Aysha 2008
5,72 -6,48 Kuchai et al. 2013
Samice

Samice maji vulvu umisténou v blizkosti konce jicnu (Obr. 2). Vulva je opatfena
malym kutikularnim vybézkem, ktery ma tvar malého valce a je obracen kaudalnim smérem.
Cely tento vystupek je pokryt malymi ostny (Erhardovd & Kotrly 1955). Vulvarni privések
je vejcity Ci tubularni a je Sirsi nez delsi. Na prechodné casti télni kutikuly a na vybézku vulvy
jsou kutikularni vybézky, tupé i ostrejsi, které vytvareji nepravidelné rfady (Barus et al. 1978).
Vagina je relativné dlouha (Skrjabin et al. 1957). Pfehled udaji o rozmérech morfologickych

znakl udava Tabulka 2.
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Obr. 2 Samice hlistice Trichuris ovis

A Cast jicnu, vulva a vagina; B detail vulvy s vaji¢ky a vagina s vajicky

(zdroj: orig. foto Nechybova, 2017)

Tabulka 2: Biometrické parametry samic Trichuris ovis (vlastni zpracovani)

Biometrické znaky [mm] Zdroj
Celkova délka téla 43,0-70,0 Erhardova & Kotrly, 1955
52,9 Noda 1955
55,0-70,0 Skrjabin et al. 1957
47,0-75,0 Andrews 1969
55,0 -80,0 Gagarin 1972
35,0-70,0 Soulsby 1982
40,0-78,0 Aysha 2008
32,0 Callején et al. 2012
32,0-70,2 Kuchai et a. 2013
32,0-34,0 Callején et al. 2015
Délka ptedni jicnové Casti téla 39,0 Noda 1955
36-52,0 Skrjabin et al. 1957
24,0 Callejon et al. 2012
20,0 Callejoén et al. 2015
Délka zadni Casti 13,9 Noda 1955
8,0 Callején et al. 2012
12,0-14,0 Callején et al. 2015
Vulvarni privések délka 0,07 -0,09 Skrjabin a kol., 1957
0,02 -0,06 Barus a kol., 1978
Vulvarni privések sitka 0,07 -0,08 Skrjabin et al. 1957
0,08 -0,10 Barus et al. 1978

Vejce

0,073-0,076 x 0,032 - 0,035
0,073-0,078 x 0,035 - 0,037
0,080 x 0,030
0,071-0,078 x 0,031 - 0,037
0,070-0,080 x 0,030 - 0,042
0,060 -0,070 x 0,030 - 0,040
0,080 x 0,030
0,070-0,082 x 0,034 — 0,046
0,050 - 0,060 x 0,030

Noda 1955
Skrjabin et al. 1957
Andrews 1969
Gagarin 1972
Soulsby 1982
Aysha 2008
Callején et al. 2012
Kuchai et al. 2013
Callején et al. 2015
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2.3.2 Trichuris discolor (Linstow, 1906)

Hostitelem tohoto celosvétové rozsifeného druhu jsou podle literarnich zdroja
tur domadci (Bos taurus), zebu indicky (Bos indicus), okapi (Okapia johnstoni), ovce mexicka
(Ovis canadensis mexicana), jak divoky (Bos mutus), japonsky serrow (Capricornis crispus)
a srnec obecny (Capreolus capreolus) Skrjabin et al. 1957; Lanferdi et al. 1995;
Itagaki et al. 2007; Martino et al. 2012; Callejon et al. 2012; Liu et al. 2012; Salaba et al.
2013; Mehlhorn 2016).

Samci

Samci maji proximalni konec spikuly trychtyrovité rozsifen. Distalni konec spikuly
je zaobleny a vycnivda ven z pochvy (Obr. 3). Pochva spikuly je husté pokryta trny
(Lanferdi et al. 1995; Callejon et al. 2012;). Kloaka vyustuje subterminalné. Na jedné strané
je opatfena velkymi koénickymi papilami (Knight 1971). Pfehled udaji o rozmérech

morfologickych znak( udava Tabulka 3.

?."".(.'-‘u"': ey L Ay
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Obr. 3 Samec hlistice Trichuris discolor; * oznaceni pericloakalni papily
Sipka oznacuje A spikularni pochvu; B: konec varlete

(Zdroj: Callejon et al. 2012)
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Tabulka 3: Biometrické parametry samcu Trichuris discolor (vlastni zpracovani)

Biometrické znaky [mm] Zdroj
Celkova délka téla 45,0-47,0 Baer 1950
56,7 — 63,7 Noda 1955
54,6 — 69,1 Knight 1971
51,0-53,0 Callején et al. 2012
Délka pfedni jicnové ¢asti téla 43,0-48,0 Noda 1955
32,0-46,0 Knight 1971
34,0-39,0 Callején et al. 2012
Délka zadni ¢asti téla 21,1-26,4 Noda 1955
19,2 -25,0 Knight 1971
14,0-16,0 Callejon et al. 2012
Délka spikuly 1,7 Baer 1950
1,76 -3,0 Allen 1955
1,7-1,8 Noda 1955
1,5-2,02 Sarwar 1959
1,7-2,3 Knight 1971
1,75-1,99 Tenora et al. 1992
1,98 Callején et al. 2012
Samice

Vulva samic je umisténa pobliz prechodu jicnu a stfeva (Obr. 4) a nevystupuje
nad Uroven téla (Knight 1971; Lanferdi et al. 1995). Otvor vulvy je transversalné elipsoidni.
Kutikula kolem wvulvy je hladkd, v proximalni ¢asti s fidkymi a malymi trny. Vagina
ma smérem od vulvy 2 az 3 velmi jemné zdhyby. Pfed vyusténim do délohy, které
je opatfeno svératem, se meéni v ast svice zakfivenimi. Vulva je od délohy oddélena
svéra¢em. V zadni ¢asti téla prechazi déloha do uzkého vejcovodu. Ten obvykle v zadni ¢asti
téla vytvarfi smycku s mnoha klickami (Knight 1971). Prehled 0daji o rozmérech

morfologickych znak( udava Tabulka 4.
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Obr. 4 Samice hlistice Trichuris discolor

A Cast jicnu, vulva (Sipka), vagina s vajicky a ¢ast délohy, B detail vulvy (Sipka) a vagina s vajicky

(zdroj: orig. foto Nechybova, 2017)

Tabulka 4: Biometrické parametry samic Trichuris discolor (vlastni zpracovani)

Biometrické znaky [mm] Zdroj
Celkovd délka téla 50,0 -55,0 Baer 1950
56,7 - 63,7 Noda 1955
51,2 -65,0 Knight 1971
36,0-53,0 Callején et al. 2012
41,0-60,0 Salaba et al. 2013
Délka predni jicnové Casti téla 45,0-48,0 Noda 1955
35,0-50,0 Knight 1971
25,0-39,0 Callején et al. 2012
25,0-44,0 Salaba et al. 2013
Délka zadni ¢asti téla 11,7 -15,7 Noda 1955
9,86 -17,10 Knight 1971
10,0-17,0 Callején et al. 2012
13,0-19,0 Salaba et al. 2013
Vejce 0,065 — 0,068 x 0,025 Baer 1950
0,058 - 0,065 x 0,031 - 0,036 Noda 1955
0,062 - 0,067 x 0,032 — 0,033 Sarwar 1959
0,055 - 0,067 x 0,026 — 0,034 Knight 1971
0,070 - 0,080 x 0,020 — 0,040 Callejon et al. 2012
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2.3.3 Trichuris skrjabini (Baskakov, 1924)

Tento druh byl nalezen na rliznych kontinentech u hostitell tur domdci (Bos taurus),
ovce domdci (Ovis aries), koza domaci (Capra hircus), velbloud jednohrby
(Camelus dromedarius), velbloud dvouhrby (Camelus bactrianus), goral vychodni
(Naemorhedus caudatus), srnec obecny (Capreolus capreolus), danék skvrnity (Dama dama),
dZejran (Gazella subgutturosa), los evropsky (Alces alces), axis indicky (Axis axis), kozorozec
sibifsky (Capra sibirica), sajga tatarskd (Saiga tatarica) a koza domaci (Capra hircus)

(Skrjabin et al. 1957; Drézdz 1966; Callejon et al. 2009; Mehlhorn 2016).

Samci

Samci maji kratkou spikulu s tupym koncem. Spikula je kryta ostnitou pochvou
a byva Casto zasunuta dovnitf téla. Ve stfedni ¢asti je nepatrné rozsifena, ke konci se zuzuje
(Obr. 5). Na konci téla jsou v misté pocatku pochvy dvé malé bradavky (Erhardova & Kotrly
1955). Konec spikuly je zaobleny a nikdy nebyl nalezen vycnivajici ze spikulové pochvy
(Cutillas et al. 1996). Spikula je bez bulbusu (Gagarin 1972). Prehled udaji o rozmérech

morfologickych znak( uddva Tabulka 5.

Obr. 5 Samec hlistice Trichuris skrjabini — kaudalni ¢ast

(zdroj: Skrjabin et al. 1957)
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Tabulka 5: Biometrické parametry samcu Trichuris skrjabini

Biometrické znaky [mm] Zdroj
Celkova délka téla 36,0 Baskakov 1924
45,2 - 65,6 Magomedbekov 1957
41,0-46,0 Erhardova & Kotrly 1955
45,2 - 65,6 Skrjabin et al. 1957
33,9-50,6 Knight 1971
45,2 — 65,6 Gagarin 1972
36,7-59,5 Spakulové 1994
37,0-64,0 Cutillas et al. 1996
Délka pfedni jicnové ¢asti téla 24,0 Baskakov 1924
27,0-41,4 Magomedbekov 1957
25,0-36,0 Knight 1971
25,6 — 42,5 Spakulové 1994
27,0-47,0 Cutillas et al. 1996
Délka zadni ¢asti téla 12,0 Baskakov 1924
18,2 - 24,2 Magomedbekov 1957
7,9-14,6 Knight 1971
8,0-17,0 Cutillas et al. 1996
Délka spikuly 0,98 Baskakov 1924
0,84 -1,50 Magomedbekov 1957
1,20-1,40 Erhardova & Kotrly 1955
0,84 -1,50 Skrjabin et al. 1957
0,94-1,30 Knight 1971
0,80-1,50 Gagarin 1972
0,85 -1,30 Spakulova 1994
0,49-1,17 Cutillas et al. 1996
Samice

Vulva vystupuje nad povrch téla a je opatfena malym cylindrickym vystupkem
s drobnymi ostny (Erhardova & Kotrly 1955). Cylindricky vystupek je obvykle mirné kaudalné
stocen (Obr. 6). Je pokryt Spi¢atymi trny, které neprechazeji na télo hlistice (Skrjabin et al.
1957). VyvysSenina ma cylindricky, zvonovity ¢i tubularni tvar. Télo vyvyseniny je husté
pokryto kutikularnimi vybézky. Na tubuldrni éasti jsou tyto vybézky prstovité s tupym
koncem. Na okraji otvoru maji vyrlstky Sirokou bazi a trojuhelnikovity pldorys. Vyrlstky
nejsou zcela sklerotizované (Baru$ et al. 1978). Vulva prechazi do mirné stocené vaginy
se silnou svalovou sténou (Skrjabin et al. 1957). Pfehled udaji o rozmérech morfologickych

znakd udava Tabulka 6.
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Obr. 6 Samice hlistice Trichuris skrjabini
vlevo detail vulvy a vajicko, vpravo Cast jicnu, vulva a vagina

(zdroj: Skrjabin et al. 1957)

Tabulka 6: Biometrické parametry samic Trichuris skrjabini (vlastni zpracovani)

Biometrické znaky [mm] Zdroj
Celkova délka téla 48,0 Baskakov 1924
40,0-75,4 Magomedbekov 1957
60,0—-75,4 Skrjabin et al. 1957
36,0-59,0 Knight 1971
60,0-75,0 Gagarin 1972
35,0-76,0 Cutillas et al. 1996
Délka predni jicnové Casti téla 40,3-50,1 Magomedbekov 1957
25,0-59,0 Cutillas et al. 1996
Délka zadni ¢asti téla 19,7 -25,3 Magomedbekov 1957
9,0-17,0 Cutillas et al. 1996
Vulvarni ptivések délka 0,035 -0,040 Skrjabin et al. 1957
0,037-0,130 Barus et al. 1978
Vulvarni privések Sitka 0,022 -0,032 Skrjabin et al. 1957
0,028 - 0,038 Knight 1971
0,033-0,044 Barus et al. 1978
Vejce 0,065 - 0,080 x 0,035 — 0,040 Magomedbekov 1957
0,065 - 0,080 x 0,035 — 0,040 Gagarin 1972
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2.2.4 Trichuris globulosa (Linstow, 1901)

Hostitelem tohoto Siroce rozsiteného druhu jsou tur domaci (Bos taurus),
ovce domadci (Ovis aries), koza domaci (Capra hircus), srnec obecny (Capreolus capreolus),
jelen evropsky (Cervus elaphus), jelen sika (Cervus nippon), muflon evropsky (Ovis orientalis
musimon), danék evropsky (Dama dama), kamzik horsky (Rupicapra rupicapra), velbloud
jednohrby (Camelus dromedarius), okapi (Okapia johnstoni) a Zirafa sp. (Giraffa sp.)
(Skrjabin et al. 1957; Haupt & Danner, 1980; Rehbein et al. 2001; Rehbein 2010;
Mehlhorn 2016).

Samci

Spikula samce vybihd v ostrou Spicku (Skrjabin et al. 1957). Je kryta dlouhou
valcovitou pochvou (Obr. 7), kterd se na svém konci rozsifuje v kulovity bulbus méftici
0,100 -0,110 x 0,057 — 0,060 mm. Cela pochva i s bulbusem je kryta malymi jemnymi ostny
(Erhardova & Kotrly, 1955). Spikula je ¢astecné uloZzena v pochvé pokryté trny (Popova

1954). Pfehled udajli o rozmérech morfologickych znakd udava Tabulka 7.

Obr. 7 Samec hlistice Trichuris globulosa

G kaudalni konec, H kulovity bulbus s trny (Sipka)
(zdroj: Callejon et al. 2015)
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Tabulka 7: Biometrické parametry samcu Trichuris globulosa (vlastni zpracovani)

Biometrické znaky [mm] Zdroj
Celkova délka téla 40,0 -50,0 Erhardova & Kotrly 1955
54,7 Noda 1955
40,0-70,0 Gagarin 1972
44,0-74,0 Cutillas et al. 1995
Délka predni jicnové casti téla 32,2 Noda 1955
30,0-60,0 Cutillas et al. 1995
Délka zadni ¢asti téla 22,5 Noda 1955
12,0-23,0 Cutillas et al. 1995
Délka spikuly 5,0 Baer, 1950
4,1-4,9 Erhardova & Kotrly 1955
4,3 Noda 1955
3,8-5,7 Skrjabin et al. 1957
3,8-5,7 Gagarin 1972
4,5-4,9 Cutillas et al. 1995
4,1-5,1 Callejon et al. 2015
Samice

Konec téla samice je Siroce zaoblen, na konci téla lezi subterminalni anus. Vulva
je umisténa blizko za ukoncenim jicnu. Vulva je jednoduchd bez kutikuldrniho vystupku
(Erhardova & Kotrly 1955). Vulva je postesofagedlni, nachazi se 0,093 — 0,17 mm od zadniho
konce jicnu a je okrouhld. Kutikula kolem ni je hladka nebo jen s malym poctem pfi¢nych
pruh(. V prméru méfi 0,042 — 0,048 mm. Ma pouze maly hemisféricky vulvarni privések,
ktery vycniva vulvarnim otvorem do Spicky — timto se odliSuje od druhu Trichuris discolor.
Tento otvor méfi 0,015 — 0,017 mm v priméru. Sténa tohoto vybézku je hladka nebo pokryta
jen malymi kutikularnimi vybézky (Barus et al. 1978). Vagina se nachazi hned za ostnatou
¢asti vulvy (Obr. 8). Je pomérné kratka a svalnatd, v distalni ¢asti ma 3 az 4 zakruty (Skrjabin
et al. 1970). Vulva ma kutikularni vybézek (Kaur & Duggal 2007). Prehled Udaji o rozmérech

morfologickych znak( udava Tabulka 8.
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Obr. 8 Samice hlistice Trichuris globulosa — A, B, Ca D

* oznacuje vulvu, Sipka oznacuje vaginu s vajicky

(zdroj: Callejon et al. 2015)

Tabulka 8: Biometrické parametry samic Trichuris globulosa (vlastni zpracovani)

Biometrické znaky [mm] Zdroj
Celkova délka téla 42,0-52,0 Erhardovd & Kotrly 1955
71,1 Noda 1955
31,0-40,0 Callejon et al. 2015
Délka predni jicnové ¢asti téla 56,0 Noda 1955
23,0-32,0 Callejon et al. 2015
Délka zadni ¢asti téla 13,0-15,0 Erhardovd & Kotrly 1955
15,1 Noda 1955
7,0-8,0 Callejon et al. 2015
Vejce 0,068 - 0,072 x 0,032 — 0,036 Baer 1950
0,068 x 0,036 Noda 1955
0,060 - 0,070 x 0,030 — 0,040 Callejon et al. 2015

24




2.3.5 Trichuris capreoli Artjuch, 1984

Hostitelem tohoto druhu, dosud zjisténého v Evropé a Azii, jsou srnec obecny
(Capreolus capreolus), jelen evropsky (Cervus elaphus), dzejran (Gazella subgutturosa) a tur

domdci (Bos taurus (Skrjabin et al. 1957; Mehlhorn 2016).

Samci

Samci maji distalni konec spikuly zuzeny. Spikuldrni pochva je kulovité rozsifena
a pokryta trny (Skrjabin et al. 1957, Obr. 9). Distdlni konec spikuly je klinovité zaostfen
(Popova 1954). Spikulu zakryva pochva, kterd je cylindrickd a na konci se rozsifuje
do cibulovitého tvaru (Rommel et al. 2000). Prehled udaji o rozmérech morfologickych

znakl udava Tabulka 9.
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Obr. 9 Samec hlistice Trichuris capreoli —kaudalni ¢ast

(Zdroj: Skrjabin et al. 1957)
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Tabulka 9: Biometrické parametry samcu Trichuris capreoli (vlastni zpracovani)

Biometrické znaky [mm] Zdroj
Celkova délka téla 53 Gagarin 1972
Délka predni jicnové casti téla 33,0 Skrjabin et al. 1957
Délka zadni ¢3sti téla 20,0 Skrjabin et al. 1957
Délka spikuly 2,3-3,5 Popova 1954
2,3-3,2 Skrjabin et al. 1957
2,3-35 Gagarin 1972
2,4-2,7 Eckert et al. 1992
Samice

Vulva samic (Obr. 10) je umisténa na pocatku rozSifujici se casti, nevystupuje
nad povrch téla a neni opatrfena kutikuldrnim vybézkem (Skrjabin et al. 1957; Rommel et al.
2000). Na hlavé jsou u vSech jedincl mald laterarni kiidélka, pravidelného tvaru, nepatrné

prouzkovana a méri kolem 0,03 mm. Erhardova & Kotrly (1955) nalezli pfi pitvach pouze

samice. Pfehled udaji o rozmérech morfologickych znakd uddva Tabulka 10.

Obr. 10 Samice hlistice Trichuris capreoli

1 konec jicnu a vagina s vulvou, 2 kaudalni ¢ast s vyusténim rekta

(zdroj: Skrjabin et al. 1957)
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Tabulka 10: Biometrické parametry samic Trichuris capreoli (vlastni zpracovani)

Biometrické znaky [mm] Zdroj

Celkova délka téla 27,0-37,0 Erhardova & Kotrly 1955
38,5—-54,6 Skrjabin et al. 1957
38,5—-54,6 Gagarin 1972

Délka predni jicnové casti téla 29,9 -40,5 Skrjabin et al. 1957

Délka zadni ¢asti téla 8,6—-12,2 Skrjabin et al. 1957

Vejce 0,031 -0,060x 0,034 Gagarin 1972

2.3.6 Trichuris myocastoris Enigk, 1933

Hostitelem tohoto druhu je nutrie Ficni (Myocastor coypus) jak ve svém puvodnim
aredlu v Jizni Americe (Eberhardt et al. 2019), tak i jinde na svété, kam byla nutrie zejména
v pribéhu 20. let minulého stoleti introdukovéna (vyjma kontinent( Austrdlie a Antarktidy)

(Carter & Leonard 2002; Woods et al. 1992; Guichdn et al. 2003; Andéra & Cerveny, 2007).

Samci

Spikula samcl je pokryta pochvou, kterd se pred svym ukonéenim rozsifuje ve valec.
Celd tato pochva i se svou rozsiteninou je pokryta ostny (Barus et al. 1975, Obr. 11). Prehled

udajli o rozmérech morfologickych znakd udava Tabulka 11.
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Obr. 11 Samec hlistice Trichuris myocastoris — kaudalni ¢ast

(Zdroj: orig. foto Nechybova, 2016)

Tabulka 11: Biometrické parametry samct Trichuris myocastoris (vlastni zpracovani)

Biometrické znaky [mm] Zdroj
Celkova délka téla 27,9-39,8 Enigk 1933
38,0—-46,0 Petrov 1941
30,0-38,0 Skrjabin et al. 1957
22,9-35,3 Barus et al. 1975
Délka predni jicnové ¢asti téla 19,0 -26,7 Enigk 1933
23,7-25,9 Petrov 1941
18,0-24,0 Skrjabin et al. 1957
13,3-19,7 Barus et al. 1975
Délka zadni casti téla 9,69 — 15,60 Barus et al. 1975
Délka spikuly 2,96-4,5 Enigk 1933
3,7-3,9 Petrov 1941
2,7-3,2 Skrjabin et al. 1957
3,5-3,7 Barus et al. 1975
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Samice

Vulva samic je umisténa u konce jicnu, ma tvar pfi¢né Stérbiny se zaSpi¢atélymi okraji.
Kutikula kolem ni je hladkd. Vagina ma silné svalnaté stény, je smérovana dozadu a tvofi
2 — 4 malé viny (Barus et al. 1975, Obr. 12). Pfehled udaji o rozmérech morfologickych znak(

udava Tabulka 12.

Obr. 12 Samice hlistice Trichuris myocastoris — ¢ast jicnu, vagina a déloha

(zdroj: Rylkova et al. 2015)

Tabulka 12: Biometrické parametry samic Trichuris myocastoris

Biometrické znaky [mm] Zdroj
Celkova délka téla 30,3-45,2 Enigk 1933
46,0 - 55,0 Petrov 1941
43,0-50,0 Skrjabin et al. 1957
38,4-43,1 Barus et al. 1975
Délka predni jicnové Casti téla 22,3-31,8 Enigk 1933
27,0-34,0 Petrov 1941
26,0-32,0 Skrjabin et al. 1957
24,6 — 28,1 Barus et al. 1975
Délka zadni ¢asti téla 16,0 -18,0 Skrjabin et al. 1957
13,1-15,0 Barus et al. 1975
Vejce 0,050 - 0,065 x 0,024 — 0,030 Enigk 1933
0,060 - 0,063 x 0,030 -0,033 Petrov 1941
0,052 -0,060x0,030-0,034 Barus et al. 1975
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2.3.7 Porovnani druhovych morfologickych charakteristik

Pfehled zdkladnich morfologickych znakd samcl a samic uvedenych druhd rodu

Trichuris, ktery zohledrfiuje minimo-maximadlni hodnoty uvddéné v dosavadni literature,

je sumarizovan v Tabulkach 13 a 14.

Tabulka 13: Morfologické znaky samca Trichuris spp.

_ Trichuris Trichuris Trichuris Trichuris Trichuris Trichuris
Morfologické znaky . . o . .
ovis discolor skrjabini globulosa capreoli myocastoris
Celkova délka téla 32,0-88,6 | 450-69,1 33,9-65,6 40,0-74,0 53,0 22,9-46,0
Délka jicnové ¢asti téla | 22,0-66,6 32,0-48,0 24,0-47,0 30,0-60,0 33,0 13,3-26,7
Délka zadni ¢asti téla 10,0 -20,0 14,0-26,4 7,9-24,2 12,0-23,0 20,0 9,7-15,6
Délka spikuly 4,0-8,6 1,5-3,0 0,5-1,5 3,8-5,7 2,3-3,5 2,7-4,5
Tabulka 14: Morfologické znaky samic Trichuris spp.
L, Trichuris Trichuris Trichuris Trichuris Trichuris Trichuris
Morfologické znaky . . L . .
ovis discolor skrjabini globulosa capreoli myocastoris
Celkova délka téla 32,0-80,0 36,0—-65,0 35,0-76,0 31,0-71,0 27,0-54,6 30,3-55,0
Délka jicnové ¢asti téla | 20,0-52,0 25,0-50,0 25,0-59,0 23,0-56,0 29,9 -40,5 22,3-34,0
Délka zadni ¢asti téla 8,0-14,0 9,9-19,0 9,0-25,3 7,0-15,1 8,6—-12,2 13,1-15,0
Délka vulvy 0,02 -0,09 neni 0,035 -0,04 neni neni neni
Délka vajicka 0,05-0,08 0,06 -0,08 0,06 -0,08 0,06 - 0,07 0,03 -0,06 0,05 -0,07
Sitka vajicka 0,03-0,05 0,02-0,04 0,03-0,04 0,03-0,04 0,03 0,02 -0,03

Z uvedeného prehledu vyplyvd, Ze celkova délka téla a délka morfologicky se liSici

predni a zadni ¢asti téla nejsou pouzitelné k druhové diferenciaci. LepSimi znaky jsou délka

spikuly u samcl a morfologie vulvy samic, i kdyz i tyto znaky jsou variabilni a neposkytuji

moznost jednoznacné identifikace (Spakulova, 1994). Avsak i nejkvalitn&jsi diferenciaéni

znak — délka spikuly samcl — se prekryva u druhl T. ovis a T. globulosa (nejdelsi spikuly),

u druhl T. discolor a T. capreoli (stredné dlouhé spikuly) a T. skrjabini (nejkratsi spikula).

Délka spikuly T. myocastoris vSak svoji variabilitou zasahuje do kategorii stfednich a dlouhych

spikul.

a zaroven o druhu hostitele (Skrjabin et al. 1957).
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2.4 Vyskyt hlistic rodu Trichuris u vybranych hostitel(

2.4.1 Vyskyt v Evropé kromé Ceské republiky

V Evropé byly u volné Zijicich prezvykavci zaznamenany jen c¢tyfi druhy rodu
Trichuris, paty druh T. discolor je zmifiovan jen u hovéziho dobytka (Bos taurus) v publikaci
Callején et al. (2012). U srnce obecného byly zjistény druhy T. ovis (Drézdz 1966; Kutzer
& Knaus 1969; Haupt & Stubbe 1973; Bitner 1978; Nickel et al. 1978; Kutzer et al. 1987,
1988; Borgsteede et al. 1990; Jansen 1992; Rehbein et al. 2000; Cisek et al. 2003; Shimalov
& Shimalov 2003; Balicka-Ramisz et al. 2003; Pilarczyk et al. 2005; Rehbein 2010;
Kuzmina et al. 2010; Bolukbas et al. 2012; Pato et al. 2013), T. skrjabini (Drézdz 1966; Barth
& Schaich 1971; Haupt & Stubbe 1973), T. globulosa (Drézidz 1966; Kutzer & Knaus 1969;
Haupt & Stubbe 1973; Nickel et al. 1978; Bitner 1978; Spellmeyer 1996; Rehbein et al. 2000;
Rehbein 2010), a T. capreoli (Drézidz 1966; Kutzer & Knaus 1969; Barth & Schaich 1971;
Dollinger 1973; Nickel et al. 1978; Kutzer et al. 1987, 1988; Bernard et al. 1988; Rommel
et al. 2000; Schwarz et al. 2011; Pato et al. 2013). U jelena evropského byly nalezeny druhy
T. ovis (Drozdz 1966; Rehbein et al. 2002; Cisek et al. 2003; Shimalov & Shimalov 2003;
Pilarczyk et al. 2005; Rehbein 2010), T. globulosa (Rehbein et al. 2002; Rehbein 2010),
a T. capreoli (Bernard et al. 1988). U jelena siky byl nalezen pouze druh T. globulosa (Rehbein
& Visser 2007; Rehbein 2010). Tfi druhy byly zaznamendny u muflona evropského,
a to T. ovis a T. globulosa (Haupt & Danner 1980), a T. capreoli (Bernard et al. 1988).
U darika evropského se vyskytuji dva druhy, T. ovis (Cisek et al. 2003) a T. globulosa (Rehbein
et al. 2001). Prehled udaji o prevalenci rliznych druht rodu Trichuris, nalezenych u srnce
obecného, jelena evropského, jelena siky, muflona evropského a danka evropského uvadi

Tabulka 15.
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Tabulka 15: Prevalence hlistic rodu Trichuris u vybranych hostitelGi v Evropé kromé Ceské

republiky (vlastni zpracovani)

Hostitel Trichuris sp. Prev[;l)t]ence Zemé Zdroj
srnec obecny Trichuris ovis 8,0-9,1 Madarsko Kutzer et al. 1988
4,7 Némecko Rehbein et al. 2000
8,1 Polsko Balicka-Ramisz et al. 2003
8,1 Polsko Cisek et al. 2003
7,0 Polsko Pilarzyk et al. 2005
18,5 Ukrajina Kuzmina et al. 2010
5,6 Némecko Rehbein 2010
5,9 Rakousko Rehbein 2010
13,3 Turecko Bolukbas et al. 2012
10,4 Spanélsko Pato et al. 2013
Trichuris skrjabini 1,0 Polsko Drézdz 1966
Trichuris globulosa 1,0 Polsko Drézdz 1966
32,2 Némecko Spellmayer 1996
67,2 Némecko Rehbein et al. 2000
59,3 Némecko Rehbein 2010
17,6 Rakousko Rehbein 2010
Trichuris capreoli 16,0 Polsko Drézdz 1966
47,2 Belgie Pato et al. 2013
22,7-66,6  Madarsko Kutzer et al. 1988
31-60 Némecko Rommel et al. 2000
50,0 Rakousko Schwarz et al. 2011
53,1 Spanélsko Pato et al. 2013
jelen evropsky Trichuris ovis 10,5 Némecko Rehbein et al. 2002
4,4 Polsko Cisek et al. 2003
51 Polsko Pilarzyk et al. 2005
Trichuris globulosa 3,9 Némecko Rehbein et al. 2002
50,0 Némecko Rehbein 2010
22,2 Rakousko Rehbein 2010
Trichuris capreoli 17,6 Belgie Bernard et al. 1988
jelen sika Trichuris globulosa 1,9 Rakousko Rehbein & Visser (2007
8,0 Némecko Rehbein 2010
1,9 Rakousko Rehbein 2010
muflon evropsky Trichuris ovis 28,9 Némecko Haupt & Danner 1980
Trichuris globulosa 22,0 Némecko Haupt & Danner 1980
Trichuris capreoli 19,0 Belgie Bernard et al. 1988
danék evropsky Trichuris ovis 8,0 Polsko Cisek et al. 2003
Trichuris globulosa 9,4 Némecko Rehbein et al. 2001
14,7 Rakousko Rehbein et al. 2014

Specificka hlistice nutrii T. myocastoris se vyskytuje jak v oblasti pavodniho vyskytu

hostitele — v jizni Americe (Martino et al. 2012; Eberhardt et al. 2019), tak i v Evropé.
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Po introdukci nutrii na rGzné kontinenty, se tento parazit vyskytuje jak ve farmovych chovech
tak i u druhotné volné Zijicich nutrii (Petrov 1941; Barus$ et al. 1975; Babero & Lee 1961).
Pavodni popis druhu T. myocastoris pochdazi z Némecka (Enigk 1933). Jeho pfitomnost
v Evropé, a to v Polsku, byla potvrzena v praci Scheuring (1990). Do Ceské republiky byly

nutrie dovezeny v roce 1925, avsak jejich parazity se zabyval az Zajicek (1955).

2.4.2 Vyskyt v Ceské republice

Pét druhl rodu Trichuris bylo zaznamenano u srnce obecného, konkrétné T. ovis
(Erhardova & Kotrly 1955; Tomanek 1967; Osakwe 1970; KoZzdon 1975; Salaba et al. 2013),
T. discolor (Salaba et al. 2013), T. skrjabini (Erhardovd & Kotrly 1955), T. globulosa
(Erhardova & Kotrly 1955; Tomanek 1967; Osakwe 1970; Kozdon 1975; Vetyska 1980; Salaba
et al. 2013) a T. capreoli (Tomanek 1967; Dyk & Chroust 1974). Ctyfi druhy byly evidovény
u danka evropského: T. ovis (Kotrld & Kotrly 1977), T. skrjabini (Kotrla & Kotrly 1977),
T. globulosa (Erhardovd & Kotrly 1955; Kotrla & Kotrly 1977) a T. capreoli (Erhardova
& Kotrly 1955; Kotrld & Kotrly 1977; Vetyska 1980). U muflona evropského
byly zaznamenany jen dva druhy, a to T. ovis (Erhardova & Kotrly 1955; Kotrld & Kotrly 1977)
a T. globulosa (Erhardova & Kotrly 1955; Kotrld & Kotrly 1977; Barus et al. 1978), a jediny
druh T. globulosa byl nalezen i u jelena evropského (Erhardova & Kotrly 1955; Kotrla & Kotrly
1977). Udaje o vyskytu T. myocastoris u nutrie Fiéni v Ceské republice publikoval pouze

Zajicek (1955).

Prehled udaji o prevalenci rdznych druhd rodu Trichuris, nalezenych u srnce

obecného, uvadi Tabulka 16.

Tabulka 16: Prevalence hlistic rodu Trichuris u srnce obecného v Ceské republice (vlastni

zpracovani)

Hostitel Rod Trichuris Prev[i/ljnce Zdroj
srnec obecny Trichuris ovis 61,7 Kozdon 1975
11,7 Tomanek 1967
Trichuris globulosa 1,9 Tomanek 1967
34,0 Kozdon 1975
21,4 Vetyska 1980
Trichuris capreoli 8,9 Vetyska 1980
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3. Hypotéza a cile

Tradi¢ni taxonomie hlistic rodu Trichuris, zaloZzend pouze na morfologickych znacich,
neposkytuje dostateéné diferenciacni znaky pro odliseni jednotlivych druh( rodu Trichuris,
parazitujicich u volné Zijicich prezvykavc( a nutrii v Ceské republice. Pro ovéfeni druhového
spektra téchto hlistic je tak nezbytné vyuZit kombinaci molekuldarnich a morfologickych

analyz.
Cile prace

1. Hlavnim cilem prace byl morfologicko-molekuldrni vyzkum hlistic rodu Trichuris,
parazitujicich u volné Zijicich prezvykavcd a nutrii v Ceské republice, vyuZivajici simultanni
koprologické a pitevni vySetfeni. Vysledky vyzkumu by mély umoznit revizi druhového
spektra studovanych parazitl, upfresnit poznatky o extenzité a intenzité modelovych

druht rodu Trichuris a o mite jejich hostitelské specifity.

2. Dilci cile prace, vdzané na ptilozené publikace:

a. Ovéreni druhové pfislusnosti a determinace hlistic rodu Trichuris, cizopasicich
u vybranych prezvykavch v Ceské republice, za pouZiti integrovaného vysetfen;

posouzeni spolehlivosti tradi¢nich morfologickych znakd.

b. Vyhodnoceni druhového spektra hlistic rodu Trichuris a jejich prevalence a intenzity
infekce u péti druhd volné Zijicich prezvykavc v Ceské republice; porovnani efektivity

simultanniho pitevniho vysetieni stfevnich traktl a koprologickych metod.

c. Ovéreni druhové pfrislusnosti hlistic Trichuris myocastoris, cizopasicich u nutrie Ficni
v Ceské republice, za pouZiti morfologicko-molekuldrniho vy3etfeni; redeskripce
morfologickych znak(, stanoveni molekularni druhové charakteristiky a vyhodnoceni

fylogenetickych vztahd v ramci rodu Trichuris.

d. Vyhodnoceni prevalence a intenzity infekce Trichuris myocastoris u nutrie fi¢ni v Ceské
republice; porovnani spektra parazitickych hlistic z farmovych chovd nutrii a u volné

ces

Zijicich nutrii.
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4. Material a metodika
4.1 Volné Zijici prezvykavci

Materidl pro studium parazitickych hlistic rodu Trichuris u divokych prezvykavcu
byl ziskdvan z gastrointestinalnich traktl ulovené sparkaté zvére z vybranych 32 honiteb
v Ceské republice v priibéhu let 2009 a# 2017 (Obr. 13). Honitby se nachazely v oblastech
Doupovské hory, Kokofinsko, Cesky raj, Podkozdkovsko, Mélnicko, Liberecko, Tachovsko,
Mladoboleslavsko, Bene$ovsko a Sumava. Celkem bylo vySetfeno 176 kusd preivykavé
sparkaté zvére, z toho 62 srncl obecnych, 34 jelen( evropskych, 62 jelen( sika, 13 dankd

evropskych a 5 muflon( evropskych.

Obr. 13 Mapa vybranych honiteb, oznac¢eno ¢ervené
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4.2 Nutrie ficni

Materidl pro studium parazitd u nutrii z farmovych chovli pochazel z 11 farem
Pardubického kraje, Kralovéhradeckého kraje a Kraje Vysolina. Materidl pro studium
parazitl u divokych nutrii byl ziskan ze 14 oblasti StfedocCeského kraje, Kralovéhradeckého

kraje, Plzefiského a Usteckého kraje (Obr. 14).
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Obr. 14 Mapa sledovanych lokalit nutrie fi€ni

4.3 Helmintologicka pitva

Po odstrelu byly z kazdého zvifete ihned vyvrieny jeho vnitfnosti a co nejdfive
dopraveny na Fakultu agrobiologie, potravinovych a pfirodnich zdroj& CZU v Praze. Stejné
tak bylo postupovano i s vnitfnostmi z nutrii po jejich usmrceni na farmach. Vsechna
vySetfeni byla provddéna v parazitologické laboratofi Katedry zoologie a rybarstvi FAPPZ.

Gastrointestinalni trakty byly pitvany bezprostfedné po prepravé do laboratofe nebo byly
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celé zmrazeny na -20° C, dokud nebylo moZné provadét dalsi analyzy. Za ucelem analyz
hlistic rodu Trichuris bylo z traviciho traktu zvifat oddéleno tlusté stfevo spolu se slepym
stfevem. Stfeva byla uloZzena na podnos, podélné rozfiznuta a byl odebrdn jeho obsah.
Sliznice strev byla po proplachnuti dikladné prohlédnuta. Obsah stfeva byl slabym proudem
vody precezen pres laboratorni sito o velikosti otvortd 0,50 mm. Veskeré hlistice, zachycené
na sitech, byly vybrany a promyty ve fyziologickém roztoku (9 g NaCl v 1 litru vody)

pro odstranéni necistot. Nasledné byly fixovany v lahvickach v 70 % etanolu.

4.4 Koprologické vysetreni

Koprologické vysetfeni trusu bylo provadéno koncentra¢ni McMasterovu metodou
dle Roepstorff & Nansen (1998), ktera je podle porovnavaci studie Vadlejch et al. (2011)

vysoce citliva.

Vzorky pro koprologické vysetfeni byly odebirany zrekta hostitelskych zvirat.
U farmové chovanych nutrii byly vzorky odebirany po defekaci zvifat. U volné Zijicich nutrii
je ziskavani vzorkl trusu obtiznéjsi. Volné Zijici nutrie odkladaji trus vétsinou do vody. Obcas
bylo mozné trus najit na misté pastvy, nebo v blizkosti nor na ndplavech, kde nutrie

odpocivaiji.

Kazdy vzorek byl oznacen ¢islem a ulozen do sacku. Ze vzorku trusu byly odvazeny
4 g, které byly vloZeny do treci misky. K témto vykalim bylo pfidano 56 ml vody a vse bylo
rozmélnéno tlou¢kem. Vznikla suspenze byla pfecezena pres sitko do kadinky. Z kadinky bylo
odebrano 10 ml suspenze do zkumavky. Zkumavky se suspenzi byly centrifugovany 5 minut
pfi 1200 RPM. Nasledné byl slitim odstranén supernatant a do zkumavek byl doplnén flotacni
roztok na celkovy objem 4 ml. Flotaénim médiem byl nasyceny roztok NaCl s 500 g glukdzy
na 1 litr NaCl. Poté byl vzorek promichan Pasteurovou pipetou a aplikovan do

McMasterovych komurek, kde se nechal 5 minut flotovat.

Vzorky byly vySetfeny pod svételnym mikroskopem Olympus CX21 pfi zvétSeni
40 — 100 x. Soucet nalezenych vajicek byl vynasoben cislem 20. Intenzitu infekce udava

vysledek EPG (eggs per gram — pocet vajicek v 1 g trusu).
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4.5 Morfologicka analyza

Dospéli jedinci rodu Trichuris byli podle morfologickych znak( identifikovani
do druhu. Jako hlavni determinacni znaky byly sledovany u samic: tvar a velikost vulvy,
vzdalenost od konce jicnu k vulvé, Sitka téla v misté konce jicnu, vzdalenost vulvy od svérace
délohy, Sitka délohy, vzddalenost vajecnikl od konce téla a velikost vajec. Pro zarazeni
jednotlivych hlistic do druhl byla pouzZita dosavadni dostupnd literatura s popisy
jednotlivych druhd: Skrjabin et al. (1957), Knight (1971), Baru$ et al. (1978), Spakulova
(1994), Lanfredi et al. (1995) a Oliveros & Cuttilas 2003. Jednotlivé hlistice byly zméreny,
popsany, vyfotografovany pod svételnym mikroskopem Olympus BX 21 s fotoaparatem
za pomoci softwaru pro analyzu obrazu Quick Photo Micro. Nasledné byly uloZeny

do mikrozkumavek typu Eppendorf v 70 % etanolu.

4.6 Molekularni analyza

Celkovd DNA byla izolovdana z jednotlivych hlistic, které byly uchovavany
v 70 % etanolu a morfologicky identifikované do druhu. K izolaci celkové DNA byly pouzity
komer¢ni kity (QI Aampu Tissue Kit (Qiagen), NucleoSpin® Tissue Kit) pfesné podle protokolu
vyrobce. Usek ribosomalni DNA (rDNA), zahrnujici oblast ITS-1, 5.85 RNA a oblast ITS-2,
byl amplifikovan polymerdzovou fetézovou reakci PCR za poutziti univerzalnich para primeru:
pfimy primer NC5 5'- GTA GGT GAA CCT GCG GAA GGA TCA TT-3 'a reverzni primer
NC2 5'-TTA GTT TCT TTT CCT CCG CT-3 ' (Gasser et al. 1996; Zhu et al. 2000).
SloZeni reakcénich smési PCR, jejich prlibéh a naslednd price se ziskanymi produkty
se u publikovanych praci liSila. Postupy jsou podrobné popsany v publikovanych pracich

¢.lacd. 3.

4.7 Statisticka analyza

V praci byly pouzity nasledujici statistické testy (Dell Statistica Software, Dell Inc.

2015): Mann-Whitney U test byl aplikovan pti porovnani morfometrickych znak( druht
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a populaci Trichuris ovis a T. discolor; x2 testem byly porovnany hodnoty prevalence
a intenzity infekce téchto parazitl u riznych druht a vékovych kategorii hostitelskych zvifat.
Regresni analyza (linedrni model) byla pouzZita jak pfi vyhodnoceni vztahu mezi hodnotami

EPG a poctem samic trichurt v jednotlivych hostitelskych zvifatech, tak i pfi predikci EPG.
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Abstract The main aim of the study was to evaluate associ-
ations between morphological variability of 7richuris females
from sheep and roe deer and their IDNA polymorphism in
whipworm populations from the Czech Republic. The results
introduced the use of new molecular markers based on the
internal transcribed spacer (ITS)1-5.8S RNA-ITS2 region
polymorphisms, as useful tools for the unambiguous differen-
tiation of congeners Trichuris ovis and Trichuris discolor.
These markers revealed both parasites in roe deer and in
sheep; however, 7. ovis females predominated in sheep while
T. discolor females occurred mostly in roe deer. Additional
analysis of ITS1-5.8 rRNA-ITS2 discovered the genetic uni-
formity of the analysed 7. discolor but high haplotype varia-
tion of 70 ovis. Simultaneously, molecularly designated female
individuals of both species were categorised into four
morphotypes (MT) on the basis of morphology of genital pore
area. MT1 and MT4 (vulvar opening on everted vaginal
appendage/on visible cuticular bulge) occurred only in
T. ovis, MT2 (uneverted vagina—vulvar opening without
any elevation) was identified only in 7. discolor and MT3
(transient type of vulvar opening on a small swelling) was
observed in both species. Statistical analysis of biometric data
confirmed that morphology of vulva is not a reliable marker
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for the species determination. On the basis of the ITS1-5.8S
RNA-ITS2 region variability, we carried out a phylogenetic
analysis (maximum likelihood method, Hasegawa-Kishino-
Yano model) which showed that 7. ovis haplotypes from the
Czech Republic and Ireland and T. discolor haplotypes from
the Czech Republic, Spain, Iran and Japan are sister OTUs.

Keywords Trichuris discolor - Trichuris ovis - 1TS1-5.8S
rRNA-ITS2 region - Molecular markers - Morphotypes

Introduction

Trichuris nematodes are common endoparasites of both do-
mestic and wild ruminants. Individual species differ from each
other based on host preference, body length, length of the
anterior oesophageal portion and body width. However, they
differ mainly in the shape and size of their reproductive or-
gans. Spicule length is considered the main criterion used to
identify Trichuris males. Female trichurids are more difficult
to identify than are males (Tenora et al. 1993). The determi-
nation of females is based primarily on vulvar characteristics
(Skrjabin et al. 1957; Knight 1971; Barus et al. 1978; Rickard
and Bishop 1991; Lanfredi et al. 1995; Cutillas et al. 2009),
vagina structure and lining and, alternatively, the distance
from the vulva to the uterine sphincter (Knight 1971;
Callejon et al. 2012, 2015). However, the shape and size of
this structure is variable (Zaman 1984; Tenora et al. 1988,
1993).

Trichuris ovis, Trichuris globulosa and Trichuris skrjabini
are common endoparasites of sheep (Ovis orientalis aries)
(Makovcova et al. 2008; Khan et al. 2010; Khalafalla et al.
2011). The vagina in 7. globulosa females never appears
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everted in contrast to that of female 7. ovis and T. skrjabini
(Skrjabin et al. 1957; Barus et al. 1978; Cutillas et al. 1995;
Callejon et al. 2015). The morphological and genetic charac-
terisation of 7. ovis females is well documented (Baylis 1932;
Knight 1971; Barus et al. 1978; Cutillas et al. 1995; Oliveros
and Cutillas 2003; Liu et al. 2012; Kuchai et al. 2013; Wang
et al. 2013). Nevertheless, descriptions of 7. globulosa fe-
males are inconsistent (Noda 1955; Skrjabin et al. 1957;
Gagarin 1972; Baru§ et al. 1978; Cutillas et al. 1995;
Callejon et al. 2015). Despite the variable results of morpho-
metric measurements, the cited authors claim consistently that
the vagina of 7. globulosa is never everted.

Another species that possesses an uneverted vagina is
Trichuris discolor (Knight 1971; Oguz 1977; Tenora et al.
1992; Lanfredi et al. 1995; Callejon et al. 2012). 7. discolor
has been described from cattle (Noda 1955; Oguz 1977;
Tenora et al. 1992; Santos et al. 2010; Callejon et al. 2012).
These nematodes have also been obtained from zebu (Bos
indicus), Japanese serow (Capricornis crispus), mountain
sheep (Ovis canadensis mexicana) and okapi (Okapia
Jjohnstoni) (Baer 1950; Allen 1955; Skrjabin et al. 1957;
Yamaguti and Hayama 1961; Tenora et al. 1992; Lanfredi
et al. 1995). Most recently, this nematode has been found in
wild yak (Bos grunniens) and roe deer (Capreolus capreolus)
(Liu et al. 2012; Salaba et al. 2013). Morphological descrip-
tions of 7 discolor females are provided in several studies:
(Noda 1955; Knight 1971; Rickard and Bishop 1991; Tenora
et al. 1992; Lanfredi et al. 1995; Callejon et al. 2012).

The phylogeny of the genus 7richuris has been studied by
various authors using molecular markers. Cutillas et al. (1995)
conducted one of the first studies of 7. ovis and 7. globulosa
genetic variability using isoenzyme markers. These authors
hypothesised that 7. ovis and T. globulosa are the same bio-
logical species on the basis of isoenzyme markers and
biometric data. Oliveros et al. (2000) evaluated the internal
transcribed spacer 2 (ITS2) region variability of different
Trichuris species (T. ovis, T. globulosa, Trichuris suis and
Trichuris leporis). They found that ITS2 sequences did not
differ between 7. ovis and T. globulosa. Cutillas et al. (2004)
focused on the evaluation of ITS1-5.8S RNA-ITS2 sequence
differences between T. skrjabini, T. ovis, T. globulosa,
T leporis, T. muris and T arvicolae. The lengths of the ITS1
and ITS2 regions, as well as G + C content, were determined
for each of the evaluated species. The only case in which
differences in size of the ITS1 and ITS2 regions were not
confirmed was that of 7. ovis and 7. globulosa.

Liu et al. (2012) were the first to describe the complete mi-
tochondrial genome of 7. ovis and 7. discolor while Callejon
et al. (2012) used the partial sequence of the 16S mitochondrial
DNA gene and ITS1 and ITS2 regions of ribosomal DNA
(rDNA) as differential markers of 7. discolor and T. ovis. In this
study, individuals of the Zrichuris genus originating from cattle
(Bos taurus) from Iran and Spain were analysed. Phylogenetic
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studies showed that T. discolor individuals from Iran were
clustered together and separated from those originating from
Spain. Callejon et al. (2015) focused on the taxonomy and
phylogeny of Trichuris species from Camelus dromedarius
and 7. globulosa from sheep originating from Iran and South
Africa, respectively. The authors found that polymorphisms in
the ITS2 region are not sufficient to distinguish 7. globulosa
from 7. discolor. For this reason, cytochrome c oxidase and
cytochrome b partial gene sequencing were carried out.
Callejon et al. (2015) recognised different genetic lineages of
T globulosa and T. discolor.

The aims of this study were as follows: (a) to define four
morphotypes of Trichuris females originating from sheep and
roe deer on basis of the morphology of vulvar area; (b) to
analyse polymorphism of the ITS1-5.8S RNA-ITS2 region
of ribosomal DNA and to design species-specific markers;
(c) to evaluate the occurrence of 7. ovis and T. discolor in
sheep and roe deer in the Czech Republic; and (d) using all
relevant data on 7. ovis and T discolor, to implement a mo-
lecular phylogenetic analysis and to reconsider a degree of the
genetic variability.

Material and methods
Sample collecting and host origin

Female (235) and male (5) individuals of the Trichuris species
were collected from sheep and roe deer originating from 20
localities across the Czech Republic. All of the worms were
separated from the caecum and an adjacent part of the colon,
and subsequently rinsed in a physiological saline solution in
order to remove contaminants. Species determination of
Trichuris males was carried out according to Skrjabin et al.
(1957) and Oliveros and Cutillas (2003).

All of the experimental procedures were conducted in ac-
cordance with Czech legislation (section 29 of Act No. 246/
1992 Coll. on the protection of animals against cruelty, as
amended by Act No. 77/2004 Coll.). We hereby declare that
animal handling conducted in our study complies with the
relevant European and international guidelines on animal wel-
fare, namely Directive 2010/63/EU on the protection of ani-
mals used for scientific purposes and the guidelines and rec-
ommendations of the Federation of Laboratory Animal
Science Associations. All experimental protocols were ap-
proved by the Czech University of Life Sciences Prague,
Faculty of Agrobiology, Food and Natural Resources of the
Czech Republic and Institutional and National Committees.

Identification of vulva morphotypes in Trichuris females

Trichuris females were categorised into four vulvar
morphotypes: MT1 with a visibly everted vagina; MT2 with
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a vulvar opening without an everted vagina; MT3 with a vul-
var opening on a small swelling; and MT4 with a vulvar
opening on a clearly visible bulge.

Molecular study and haplotype analysis

Trichuris individuals used for molecular analysis were pre-
served in 96% ethanol. Before DNA extraction, they were
dried in a freeze-dryer (Alpha 1-4 Christ) for 60 min.
Genomic DNA was extracted from 235 females and 5 males
using a NucleoSpin® Tissue Kit. An animal tissue support
protocol was utilised. The rDNA region, consisting of ITS-1,
5.8SRNA gene and ITS-2, was amplified from 70 randomly
selected female and male individuals from sheep and roe dear
using PCR. All four female morphotypes were analysed. A
primer pair (nc5 5-GTAGGTGAACCTGCGGAAGG
ATCATT-3" and NC2 5-TTAGTTTCTTTTCCTCCGCT-3")
designed by Gasser et al. (1996) was used for amplification.
The PCR mix (12.5 pl) consisted of the following: 10 ng of
genomic DNA, 5 ng BSA, 0.4 uM of each primer, 1.5 mM of
MgCl,, 0.2 mM of dNTP, 2 mM of TMA oxalate (Top Bio)
and 0.7 U of Tag polymerase (Roche). The amplification was
performed in a C1000™ Thermal Cycler (BioRad) under the
following conditions: 1 x (94 °C—180 s), 35 x (94 °C—60 s,
55 °C—60 s, 72 °C—60 s) and 1 x (72 °C—600 s).
Amplicons were electrophoresed through 1% agarose gels
and visualised using ethidium bromide, and later extracted
from the gel using a MiniElute PCR Purification Kit
(Qiagen). A BigDye® Terminator v 3.1 Kit (Life
Technologies) and an ABI 3730x]l DNA Analyser (Life
Technologies) were used for rDNA region sequencing.
Three replicates of each PCR amplicon were sequenced.
Sequences of the rDNA region (70 recently analysed se-
quences and 18 previously published sequences) were used to
distinguish 7. discolor from T ovis. All obtained ITS1-5.8S
RNA-ITS2 sequences from 7. discolor and T. ovis were de-
posited in GenBank. Furthermore, haplotypes of both species
were identified. The MAFFT version 7 software (Katoh and
Toh 2008) was used for multiple sequence alignment (Q-INS-i
iterative refinement method). The secondary structures of
RNA were considered. The software jModelTest 2.1.10
v20160303 (Darriba et al. 2012) was used for an optimal
substitution model selection. Subtree Pruning and Regrafting
method (SPR) was used as a tree topology search operation.
The best substitution model was chosen according to Akaike
Information Criterion (AIC) (Akaike 1973), Bayesian
Information Criterion (BIC) (Schwarz 1978) and Decision
Theory Performance-Based Selection (DT) (Minin et al.
2003). Phylogenetic analysis was conducted with PhyML
3.0 (Guindon and Gascuel 2003). The evolutionary history
was inferred by using the maximum likelihood method based
on the Hasegawa-Kishino-Yano model (HKY + G)
(Hasegawa et al. 1985). A discrete Gamma distribution was
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used to model evolutionary rate differences among sites. The
bootstrap consensus tree, inferred from 1000 replicates, was
used to represent 7. discolor and T. ovis evolutionary history.
Branches corresponding to partitions reproduced in less than
70% bootstrap replicates were collapsed. Five Trichuris
myocastoris haplotypes (M1, M2, M3, M4 and M5) were used
as outgroup sequences. All five haplotypes originated from
coypus (Myocastor coypus) from the Czech Republic (present
results, GenBank accession numbers MF077367, MF077368,
MF077369, MF077370 and MF077371). Two T. skrjabini
haplotypes were also used as representatives of the genetically
related taxon. The S1 haplotype originated from sheep from
the Czech Republic (present result, GenBank accession num-
ber KT630825); and the S2 haplotype (GenBank accession
number AJ489248) came from goats (Capra aegagrus hircus)
from Spain.

New PCR marker design and their application
in distinguishing 7. discolor from T. ovis

Regions with insertions and deletions in 7. discolor ITS 1 and
T ovis ITS 1 were used to design two species-specific markers
(INDEL 1 and INDEL 2). A Primer3 Input 0.4.0 Program
(Rozen and Skaletsky 2000) was utilised to design primer
pairs (INDEL 1-F 5-CWTTGCGGCGRAACYTCC-3' and
INDEL 1-R 6FAM™-5-GCTCACGGTAGAAAGCAAGC-
3', INDEL 2-F 5'-CCATGCTGCTTACTTCCAGATC-3' and
INDEL 2-R 6FAM™-5'-GTGAAGCCCAAACGGAACAG-
3"). Designed primer positions in the ITS 1 region of IDNA
and the size of the insertions and deletions are shown in Fig. 1.
The length polymorphism of markers INDEL 1 and INDEL 2
of each haplotype is also presented in Fig. 1. The PCR mix
(12.5 pl) in both markers consisted of the following: 10 ng of
genomic DNA, 0.4 uM of each primer, 2.2 mM of MgSO,,
0.2 mM of dNTP and 0.25 U of Bestag™ DNA Polymerase
(Applied Biological Materials Inc.). The amplification of both
markers was performed in a T Gradient Thermal Cycler
(Biometra) under the following conditions: 1 x (94 °C—
180 s), 28 x (94 °C—10 s, 61 °C—20 s, 72 °C—20 s) and
1 x (72 °C—600 s). PCR products were diluted 600 times in
aaH>0, and 1 pl of diluted PCR product was denatured for
5 min in 12 pl of Hi-Di formamide at 95 °C. An ABI 310
DNA Analyser (Life Technologies) was used for fragment
analysis, and the GeneScan™—600 LIZ Size Standard (Life
Technologies) was used for PCR amplicon size determination.
A GeneMapper 4.1 Program (Life Technologies) was applied
for chromatogram evaluation. Both molecular markers were
used for determination of 235 female and 5 male individuals
of Trichuris species.

For evaluating differences between numbers of 7. discolor
in roe deer and sheep, the Mann-Whitney U test with a cor-
rection of data continuity was employed. The same analysis
was also used in 7. ovis. The relative frequency ratios of the
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Fig. 1 Sequences of markers INDELI (a) and INDEL2 (b) in various Trichuris discolor and Trichuris ovis haplotypes

occurrence of both parasites in roe deer and sheep were com-
pared with a x? test. Software Dell Statistica (Dell Inc. 2015)
was used for both statistical tests.

Biometric and morphologic studies of 7. discolor
and T. ovis females

A detailed morphometric study was carried out on 250 fe-
males, which were taxonomically classified using the PCR
markers. Morphological data were assessed according to
Skrjabin et al. (1957), Knight (1971), Lanfredi et al. (1995),
Callejon et al. (2012) and Callejon et al. (2015). All specimens
were studied using an Olympus BX51 microscope at a total
magnification of x200—x400, and morphological characters
were measured with QuickPHOTO MICRO 3.0 software.

The Mann-Whitney U test by software Dell Statistica (Dell
Inc. 2015) was used to compare morphometric measurements
in T. discolor and T. ovis individuals regardless of their
morphotypes and hosts. This statistical analysis was not car-
ried out for vulvar appendage width and vulvar appendage
length because these parameters are measurable only in
MT1, MT3 and MT4 morphotypes.

Results

Occurrence of Trichuris female morphotypes in studied
hosts

In roe deer, only morphotypes MT2, MT3 and MT4 were
identified. As shown in Table 1, the most dominant was
MT?2 with a vulvar opening without an everted vagina
(96.43%). Contrarily, all morphotypes were discovered in
sheep and MT1 with a visibly everted vagina was the most
frequent (71.58%) (Table 1). The vulvar characteristics of
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Trichuris, which are classified as MT1, MT2, MT3 and
MT4, are presented in Fig. 2.

Molecular analysis and phylogenetic study

Tables 2 and 3 show specimens of 7. discolor and T. ovis that
were used for haplotype analysis.

All of the compared ITS1-5.8S RNA-ITS2 sequences of
T. discolor were homozygous. The combination of two haplo-
types in one 7. ovis individual was identified in three evaluated
sequences (015/016, 017/018, 019/020). The remaining
T. ovis 1TS1-5.8S RNA-ITS2 sequences (GenBank accession
numbers shown in Table 3) may be regarded as homozygous.

The differentiation between 7. discolor and T. ovis and the
comparison of the variability of the ITS1-5.8S RNA-ITS2
regions were the main basis of the phylogenetic analysis.
Evolutionary analysis presented in Fig. 3 involved 53 nucle-
otide sequences, and there was a total of 1716 positions in the
final dataset. The software jModelTest 2.1.10 v20160303
(Darriba et al. 2012) found 288 models in the 100% confi-
dence interval. All three criterions (AIC, BIC and DT) identi-
fied the HKY + G model (Hasegawa et al. 1985) as the most
suitable. Gama shape parameter was 0.8530 and transition/
transversion ratio was 1.7578. The percentages of replicate
trees, in which the associated taxa clustered together in the
bootstrap test (1000 replicates), are shown next to the nodes
(red numbers).

Species-specific PCR marker design and their application
in distinguishing 7. discolor from T. ovis

Insertion-deletion polymorphisms typical of T discolor and
T. ovis were identified based on multiple alignment of the
ITS1-5.8 RNA-ITS2 regions listed in Tables 2 and 3.
Species-specific insertions or deletions were discovered only
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Table 1  Origin of Trichuris infrapopulations and overview of described morphotypes and species (species identification was carried out by molecular
markers)
Host Locality Number of parasites/morphotype

Trichuris discolor

Trichuris ovis

? 3 Q 3
C. capreolus/1 50°25'06.8" N 14° 31' 24.3" E 10/MT2 0 0 0
C. capreolus/4 50°37'08.8" N 15°11' 16.3" E 2/MT2 0 0 0
C. capreolus/5 50°24'51.6" N 14°32"11.0"E 1/MT2 0 0 0
C. capreolus/10 50°20" 14.0" N 14° 32' 54.9" E 5/MT2 0 0 0
C. capreolus/14 50°35'38.8" N 15° 15'38.5" E 32/MT2 0 1/MT1 2
C. capreolus/31 50°22'04.7"N 14°32' 324" E 9/MT2 0 0 0
C. capreolus/47 50°22'37.4" N 14° 35'36.5" E 4/MT2 0 0 0
C. capreolus/51 50°35'55.2" N 15° 12' 42.6" E 19/MT2 0 0 0
C. capreolus/65 50°42'37.4" N 15° 14' 04.6" E 2/MT2 0 0 0
C. capreolus/86 49° 54'32.2" N 12°52' 304" E 1/MT2 0 0 0
C. capreolus/88 50° 23'56.4" N 14° 54' 29.6" E 1/MT2 0 0 0
C. capreolus/89 50°23"38.5" N 14° 53'47.5" E 1/MT2 0 0 0
C. capreolus/98 50°35'55.2" N 15° 12'42.6" E 11/MT2, 2/MT3 0 0 0
C. capreolus/99 50°35'42.8"N 15° 13" 16.5" E 8/MT2 0 1/MT1 0
C. capreolus/T1 50°02'27.5" N 14°21' 59.2" E 14/MT2 0 1/MT1 0
C. capreolus/T2 50°36'259"N 15°12'12.2"E 8/MT2 0 0 0
C. capreolus/T6 50°34'51.5" N 15° 11" 13.6" E 7/MT2 0 0 0
Total number of parasites 137 5
Frequencies of parasites [%] 96.48 3.52
Number of parasites per host
_ 8.06, (4.16 to 11.96) 0.29, (—0.08 t0 0.66)
X, Closq,
s 7.00, (2.00 to 13.00) 0.00, (0.00 to 0.00)
X, Closq,
O. orientalis aries/6 49°53"48.9" N 13° 18'32.8" E 0 0 13/MT1 0
O. orientalis aries/8 50° 50" 53.0" N 15° 04' 55.4" E 1/MT2 0 0 2
O. orientalis aries/54 50° 50" 53.0" N 15° 04’ 55.4" E 1/MT2 0 0 0
O. orientalis aries/56 49°02'56.5" N 13° 47" 19.0" E 2/MT2 0 1/MTI1 0
O. orientalis aries/57 49° 02 56.5" N 13°47'19.0" E 1/MT2 0 0 0
O. orientalis aries/58 49° 02 56.5" N 13° 47" 19.0" E 1/MT2 0 0 0
O. orientalis aries/59 49° 02" 56.5" N 13°47' 19.0" E 2/MT2 0 0 0
O. orientalis aries/60 49°02'56.5" N 13°47'19.0" E 1/MT2 0 0 0
O. orientalis aries/62 49°02'56.5" N 13° 47" 19.0" E 1/MT2 0 0 0
O. orientalis aries/92 50°35'38.8" N 15° 15’ 38.5" E 3/MT2 0 19/MT1, 5/MT3, 4/MT4 1
O. orientalis aries/104 50°41'48.6" N 15°43' 584" E 4/MT2 0 6/MTI 0
O. orientalis aries/T3 49° 53'48.9" N 13° 18'32.8" E 0 0 6/MT1 0
O. orientalis aries/T4 49°53'48.9"N 13° 18'32.8" E 0 0 13/MT1 0
O. orientalis aries/T5 49° 53'48.9"N 13° 18'32.8" E 0 0 7/MT1 0
O. orientalis aries/T7 49°53'48.9"N 13°18'32.8" E 1/MT2 0 3/MT1 0
Total number of parasites 18 80
Frequencies of parasites [%] 18.37 81.63
Number of parasites per host
_ 1.20, (0.62 to 1.78) 5.33,(1.33109.33)
X, Closq,
- 1.00, (1.00 to 2.00) 2.00, (0.00 to 13.00)
X, Clysq,
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Fig. 2 Morphotypes MT1 (a), MT2 (b), MT3 (c) and MT4 (d) of
Trichuris females isolated from sheep and roe deer originated from the
Czech Republic

in the ITS1 region. Two primer pairs used to amplify INDEL1
and INDEL2 markers were designed in the ITS1 region to
ensure specific amplification only in 7. discolor and T. ovis.
Marker sequences, primer positions and regions with dele-
tions or insertions are shown in Fig. 1. The INDEL1 amplicon
size is 151 bp in T discolor and 127 bp in T. ovis, whereas the
INDEL2 amplicon size is 183 bp in 7. discolor and 168 or
170 bp in 7. ovis. In T. ovis populations of the Czech Republic,
the INDEL2 marker possesses a codominant character.
Moreover, we discovered that region I of marker INDEL1
corresponds to a microsatellite sequence (CGG),,. This trinucle-
otide microsatellite motive shows interspecific and intraspecific
variability (Fig. 1). The microsatellite sequence (CGG); was
found in all 7. discolor haplotypes, with the exception of D7,
D8, D9, D10 and D11 (group B from Iran). The sequence
(CGG), was discovered only in Iranian haplotype group B of
T. discolor. The sequence (CGG), was typical of all 7 ovis
haplotypes, with the exception O34 and O35 from Spain, which
had the sequence (CGG),. Moreover, we revealed another mi-
crosatellite sequence (CTG); in the ITS1 region and one mi-
crosatellite sequence (GCT); in the ITS2 region. Interspecific
variability was not observed in these microsatellites.
Statistically significant differences (p < 0.05) between the
numbers of 7. discolor individuals determined by design
markers (regardless of their morphotypes) in roe deer and those
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in sheep were confirmed on the basis of a Mann-Whitney U
test. The same result was also confirmed in 7. ovis. This con-
clusion was also supported by X test. The relative frequencies
of T discolor (96.48%) and T ovis (3.52%) in roe deer and
T. discolor (18.37%) and T. ovis (81.63%) in sheep are also
shown in Table 1. Using the x* test, we compared the ratios
between frequencies of 7. discolor and T ovis in roe deer and in
sheep, respectively. The identity likelihood of compared ratios
was only 1.76 x 107,

Biometric analysis of 7. discolor and T. ovis female
individuals

We carried out a detailed biometrical analysis of Zrichuris
females, whose identification was validated using INDEL1
and INDEL2 markers. Biometric measurements that were
used for 7. discolor and T. ovis female descriptions are pre-
sented in Table 4. We found no statistically significant differ-
ences (p < 0.05) in any of biometric measurements of
T. discolor and T. ovis individuals regardless of their
morphotypes and hosts.

The vulvar description of 7. discolor female individuals
obtained from roe deer and sheep is as follows: the vulva lies
0.08-0.36 mm from the end of the oesophagus and has a
specific structure. The first part of the vagina is slightly wavy,
but at times, it is almost straight. The subsequent region is
convoluted, and tight folds often form in the distal area. The
internal surface of the vagina is beset with small spines. The
uneverted vagina (MT2) was detected in 98.71% of
T. discolor female individuals; however, the vulva was located
on a small swelling (MT3) in 1.29% of T. discolor female
individuals.

The vulvar description of 7. ovis females obtained from roe
deer and sheep is as follows: the vulva lies 0.16-0.35 mm
from the end of the oesophagus and protrudes externally as a
slightly posteriorly bent snub appendage, which is 0.08—
0.16 mm long and 0.05-0.16 mm wide (88.75% of T. ovis
female individuals). This appendage is covered with spine-
like papillae (Fig. 2). However, 11.25% of T. ovis female in-
dividuals have a vulvar opening on a small bump (MT3) ora
clearly visible bulge (MT4). The vagina passes posteriad with
two to four curves and then may or may not become straight,
and finally, some more curves appear before transforming into
the uterus. The straight-line distance from the vulva to the
junction of the vagina and uterus ranges from 1.58 to
5.89 mm.

Discussion
The species determination of Trichuris females is based pri-

marily on vulvar descriptions (Skrjabin et al. 1957; Knight
1971; Barus et al. 1978; Rickard and Bishop 1991; Lanfredi
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Table 2 Overview of specimens

used to identify Trichuris discolor Haplotype  Host Number of sequenced specimens/  Origin  Authors—GenBank
haplotypes (species identification morphotype
was carried out by molecular
markers) 2 3 Unspecified
D1 C. capreolus/14 9/MT2, == CZE Present results—KT630807
1/MT3
D1 C. capreolus/T1 12/MT2, - - CZE Present results—KT630807
1/MT3
D1 C. capreolus/T2 8/MT2 - - CZE Present results—KT630807
D1 C. crispus - - 1 JPN Itagaki et al. (2007)—
AB367794
D1 O. orientalis 1/MT2 - - CZE Present results—KT630808
aries/8
D1 O. orientalis 1/MT2 - - CZE Present results—KT630808
aries/T6
D2 B. taurus 1 - - ESP Callejon et al. (2012)—
HE608849
D2 C. crispus - - 1 JPN Ttagaki et al. (2007)—
AB367795
D3 B. taurus 1 - - ESP Callejon et al. (2012)—
FR870272
D4 B. taurus 1 - - ESP Callejon et al. (2012)—
HE608846
D4 B. taurus 1 - - ESP Callejon et al. (2012)—
HE608847
D5 B. taurus 1 - - ESP Callejon et al. (2012)—
HE608848
D6 B. taurus 1 - - ESP Callejon et al. (2012)—
HE608850
D7 B. taurus - - 1 IRN Callejon et al. (2012)—
FR870273
D7 B. taurus - - 1 IRN Callejon et al. (2012)—
HE608851
D8 B. taurus - - 1 IRN Callejon et al. (2012)—
HE608852
D9 B. taurus - - 1 IRN Callejon et al. (2012)—
HE608853
D10 B. taurus - - 1 IRN Callejon et al. (2012)—
HE608854
D11 B. taurus - - 1 IRN Callejon et al. (2012)—
HEG608855

et al. 1995; Cutillas et al. 2009). However, a determining
factor often used in this description is the presence of an
everted or non-everted vagina, especially when describing
trichurids from wild ruminants (Erhardova and Kotrly 1955;
Kutzer and Hinaidy 1969; Gagarin 1972; Spellmeyer 1996;
Rehbein et al. 2000, 2001). For this reason, we focused on the
combination of morphometric characteristics of Trichuris
females and molecular taxonomic methods. Genetic analyses
helped us to unambiguously distinguish 7. discolor
from T. ovis. Therefore, we studied vagina morphotype occur-
rence in individuals that were taxonomically classified by
molecular markers.

47

Knight (1971) carried out a comprehensive redescription of
T. discolor female individuals. This author hypothesised that
only uneverted vaginae occur in 7. discolor populations. This
vagina type corresponds to MT2, which was observed in
T. discolor populations from the Czech Republic. It is neces-
sary to emphasise that in previous studies, Trichuris female
individuals from roe deer were often identified as
T. globulosa. However, the majority of Trichuris female indi-
viduals were identified only on the basis of an uneverted va-
gina (Erhardova and Kotrly 1955; Kutzer and Hinaidy 1969;
Gagarin 1972; Spellmeyer 1996; Rehbein et al. 2000, 2001).
Salaba et al. (2013) were the first to study 7richuris nematodes

@ Springer
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Table 3 Overview of specimens

used to identify Trichuris ovis Haplotype ~ Host Number of sequenced Origin  Authors—GenBank
haplotypes (species identification specimens/morphotype
was carried out by molecular
markers) Q 4 Unspecified
01 O. orientalis aries/6 - 1 - CZE Present results—KT630811
02 O. orientalis aries/8 - 1 - CZE Present results—KT630812
02 O. orientalis aries/6 IMT3 2 - CZE Present results—KT630812
03 C. capreolus/14 IMTI - - CZE Present results—KT630814
03 O. orientalis aries/6 IMT3 - - CZE Present results—KT630813
04 O. orientalis aries/6 IMTI - - CZE Present results—KT630815
05 O. orientalis aries/6 IMTL - - CZE Present results—KT630816
06 O. orientalis aries/6 IMTI - - CZE Present results—KT630817
07 O. orientalis aries/6 IMT3 - - CZE Present results—KT630818
08 O. orientalis aries/6 IMT4 - - CZE Present results—KT630819
09 O. orientalis aries/6 IMTI - - CZE Present results—KT630820
010 O. orientalis aries/6 IMT4 - - CZE Present results—KT630821
o1 O. orientalis aries/6 IMT1 - - CZE Present results—KT630822
o1 O. orientalis aries/8 - 1 - CZE Present results—KT630822
012 O. orientalis aries/T5 — — 1 - CZE Present results—JX218206
013 C. capreolus/14 = 1 = CZE Present results—KT630824
014 C. capreolus/14 - 1 - CZE Present results—KT696534
014 O. orientalis aries/T4  1/MTl - - CZE Present results—JX218216
015/016  O. orientalis aries/T3 ~ 1/MTl - — CZE Present results—JX218200
017 O. orientalis aries/T3 ~ 1/MT1 2 — CZE Present results—JX218204
017/018  O. orientalis aries/T3 - 1 - CZE Present results—JX218202
019/020 O. orientalis aries/T3 ~— — 1 - CZE Present results—JX218203
021 O. orientalis aries/TS ~— — 1 - CZE Present results—JX218205
022 O. orientalis aries/TS ~ 1/MTl - — CZE Present results—JX218207
023 O. orientalis aries/T5 ~ 1/MTl - - CZE Present results—JX218208
024 O. orientalis aries/T6 — — 1 - CZE Present results—JX218209
024 O. orientalis aries/T5  1/MT1 1 — CZE Present results—JX218209
025 O. orientalis aries/T6 ~ 1/MTl - - CZE Present results—JX218210
026 O. orientalis aries/T6 ~— — 1 - CZE Present results—JX218211
027 O. orientalis aries/T4  1/MT1 - — CZE Present results—JX218212
028 O. orientalis aries/T4  1/MT4 - - CZE Present results—JX218213
029 O. orientalis aries/T4  1/MTl - - CZE Present results—JX218214
030 O. orientalis aries/T4  1/MT1 - — CZE Present results—JX218215
031 O. orientalis aries/T4  1/MT1 - — CZE Present results—JX218217
032 C. capreolus/T1 - 1 - CZE Salaba et al. (2013)—
JX218218
033 O. orientalis aries - - 1 IRL Conneely et al. (2011)—
JF680987
034 B. taurus 1 - - ESP Callejon et al. (2012)—
FR870274
035 B. taurus 1 - - ESP Callejon et al. (2012)—
FR870274
in roe deer using molecular methods. They found an occur- In the case of 7. ovis females, an externally protruded vulva
rence of female individuals with an uneverted vagina in  covered with spine-like papillae (corresponding to MT1) was
T. discolor populations from the Czech Republic. most frequently reported (Baylis 1932; Skrjabin et al. 1957,

@ Springer

48



Parasitol Res

Clade A - outgroup sequences

T. myocastoris

Subclade B1

\0714 haplotypes M1, M2, M3, M4, M5

T. skijabini

Clade B

o Subclade B2

'70{ haplotypes S1, S2

Subclade B3| | T OViS
100[ 'haplotypes 034, 035

Subclade B7)| T. discolor

100 haplotypes D7, D8, D9, D10, D11

97

T. discolor
haplotypes D1, D2, D3, D4, D5, D6

haplotypes O1, 02, 03, 04, 05, 06, 07, 08, 09, 010,
011,012, 013, 014, 015, 016, 017, 018, 019, 020,
021,022, 023, 024, 025, 026, 027,028, 029, 030,

031,032, 033

Fig. 3 Molecular phylogenetic analysis of Trichuris discolor and Trichuris ovis haplotypes by the maximum likelihood method

Knight 1971; Cutillas et al. 1995). This form of the vagina is
relatively long, uniformly convoluted, and lacks a straight
mid-section. The lumen of the distal part is lined with small
spines. The distal part of the vagina, which is also lined with
spines, is normally protruding. However, the current study has
demonstrated that 7. ovis females occur both in sheep and in
roe deer and the variability of their vulvas is much broader,

involving three morphotypes (with the exception of MT1—
the most common morphotype). Some females were
characterised as MT3 and MT4 with a vulvar opening on a
small or more pronounced swelling. Similarly, Oliveros and
Cutillas (2003) describe one juvenile female in which the va-
gina neither appears everted nor creates prominence over the
surface of the body.

Table4 Measured morphometric parameters of 7. discolor and T. ovis females

Species T. discolor T ovis
Number of females 155 80
Range SD X X Range SD X X

Total length [mm] 23.36-55.10 12.24 39.89 41.82 33.24-61.77 10.13 44.69 42.11
Length of anterior part [mm] 16.31-39.10 9.71 27.74 30.32 25.55-46.56 8.48 34.25 30.97
Length of posterior part [mm] 7.05-16.00 4.99 1235 11.96 5.88-15.21 5.82 10.69 11.72
Diameter of anterior part [mm] 0.10-0.18 0.04 0.14 0.13 0.11-0.18 0.09 0.13 0.13
Diameter of posterior part [mm] 0.27-0.90 0.19 0.64 0.61 0.23-0.83 0.23 0.50 0.58
Oesophagus to vulva [mm]* 0.08-0.36 0.14 0.25 0.24 0.16-0.35 0.11 0.23 0.24
Body width [mm]” 0.18-0.34 0.11 0.29 0.26 0.17-0.31 0.09 0.23 0.25
Vulva width [mm)] 0.04-0.09 0.03 0.07 0.09 0.08-0.12 0.04 0.10 0.10
Vulva to uterus [mm]° 1.14-4.53 1.73 2.76 295 1.58-5.89 1.32 3.13 3.08
Uterus width [mm] 0.08-0.51 0.19 0.38 0.37 0.20-0.63 0.13 0.32 0.35
Ovary to end of body* 0.19-1.43 0.46 0.56 0.71 0.43-1.05 0.38 0.73 0.79
Rectum length [mm] 0.27-1.55 0.62 0.57 0.43 0.20-0.42 0.12 032 0.44
Egg length [mm] 0.06-0.07 0.006 0.06 0.06 0.05-0.08 0.009 0.07 0.06
Egg width [mm] 0.03-0.04 0.002 0.03 0.03 0.03-0.05 0.002 0.03 0.03
“ Distance from oesophagus end to vulva
® Body width in the location of the oesophagus end
¢ Distance from vulva to sphincter of uterus
9 Distance from ovary to posterior end of body
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Summarily, MT2 predominates in 7. discolor, whereas MT1
prevails in 7. ovis populations from the Czech Republic. Due to
the occurrence of MT3 in both studied species, however, vagina
morphology cannot serve as a reliable marker for species deter-
mination of these Trichuris spp.

The primer pair nc5 and nc2, designed by Gasser et al.
(1996), is most often used to amplify the segment of IDNA
that contains the ITS1-5.8S rRNA-ITS2 region. For example
Cutillas et al. (2004); Wimmer et al. (2004); Bott et al. (2009);
Cutillas et al. (2009); Callejon et al. (2012); Ravasi et al.
(2012); Rose et al. (2014); and Cavallero et al. (2015) used
this primer pair in phylogenetic studies of the genus Trichuris.

We carried out a phylogenetic analysis that included 45
T. discolor and 43 T. ovis sequences (Table 1). Studying the
phylogenetic relationships between 7. discolor and T. ovis and
assessing the intraspecific variability level were the aims of
molecular analyses reported also by Oliveros et al. (2000) and
Callejon et al. (2015). Obtained phylogenetic tree revealed
genetic relationships between both Trichuris species (Fig. 3),
and the similar separation of 7. discolor and T. ovis has been
revealed also by Callejon et al. (2012) on the basis of ITS1 and
ITS2 sequences. Similarly, these authors reported very similar
results regarding 7. discolor from Iran. A complex comparison
of available sequences of 7. discolor individuals revealed that
haplotypes derived from parasites of Iranian cattle studied by
Callejon etal. (2012) (D7, D8, D9, D10 and D11) constitute a
specific separate group—subclade B7 (Fig. 3). Moreover, our
results clearly show that Iranian haplotypes are not found in
the Czech Republic. In fact, Iranian haplotypes, which form
the subclade B7, are homogenous both in terms of origin
(Iran) and host (cattle). The majority of individuals that were
assigned to subclade B8 exhibited high host (cattle, roe deer,
Japanese serow and sheep) and origin (the Czech Republic,
Spain and Japan) variability. Similarly, Callejon et al. (2012)
and Cavallero et al. (2015) indicate that some Trichuris spe-
cies are multi-host parasites and that their presence of a para-
site in a host is not a key factor in taxonomic identification. It
is almost certain that that haplotypes D1, D2, D3, D4, D5 and
D6 are typical of the European 7. discolor population.
Interestingly, clear haplotype homogeneity (haplotype D1)
was found in the 7. discolor population of the
Czech Republic as well as in Spain and Japan, and a low-
sequence variability was evident in all haplotypes included
in subclade B8. For example the difference between haplotype
D1 and D2 consists of only one substitution in the ITS1
region. An additional finding was reported by Callejon et al.
(2012) as they identified a separate group of Iranian
T. discolor genotypes based on the evaluation of 16S partial
gene mtDNA sequences, and similarly, Callejon et al. (2015)
assess this material as a separate Iranian 7. discolor subclade
in a phylogenetic study. The current analysis confirmed the
existence of specific substitutions in ITS2 that are typical of
T. discolor from Iran, and we take into account the hypothesis
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by Callejon et al. (2012) that 7" discolor from Iran and Spain
may be two cryptic species. The recent analysis indicates that
populations from the Czech Republic and Japan clustered to-
gether with Spanish samples and thus may represent the same
species.

Haplotypes of 7. ovis are clustered into two groups in the
phylogenetic tree. Subclade B6 merges all 32 Czech and 1
Irish haplotypes (Conneely et al. 2011). It is clear from the
position of the subclades B5 and B6 (Fig. 3) that the
T. discolor haplotypes D1-D11 and T ovis haplotypes O1-
033 are sister operational taxonomic units (OTUs). This fact
may explain the reason why morphotypes and biometric mea-
surements does not allow unambiguously distinguish
T. discolor and T. ovis females. Subclade B3 contains only
two haplotypes of 7. ovis from Spanish cattle, published by
(Callejon et al. 2012). Figure 3 shows that O34 and O35
T. ovis haplotypes (subclade B3) are non-sister OTUs by com-
parison with 7. ovis haplotypes from the Czech Republic and
Ireland (subclade B6). We can assume that B3 and B6
subclades might represent two cryptic species. Haplotypes of
T. ovis were detected in both studied hosts (Table 1).
Therefore, 7. ovis can be considered a multi-host parasite,
which was previously revealed by Salaba et al. (2013).

The successful design of reliable and easy to use markers
for T' discolor and T. ovis differentiation represents a practical
outcome of our work. Callejon et al. (2012) also found
species-specific insertions and deletions in ITS1 sequences;
however, that study did not focus on designing diagnostic
PCR markers but rather on the description of microsatellite
motives in the ITS1 and ITS2 regions. Our study used 140
trichurid females and 2 males from roe deer and 95 females
and 3 males from sheep, and all the individuals were identified
into the species 7. discolor or T. ovis using the makers
INDELI and INDEL2 (Table 1). The consensus between spe-
cies discrimination based on the two proposed markers
(INDEL1 and INDEL2) and proper species identification
based on morphological data (considering typical 7. ovis
MT1 and typical T. discolor MT2 morphotypes) indicate
marker suitability for 7. ovis and T. discolor differentiation.
Wimmer et al. (2004) and Bott et al. (2009) also recommend-
ed a combined microscopic molecular approach when diag-
nosing key nematode infections in sheep.

We found that the multiple-host species 7. discolor is the
predominant representative of the Trichuris genus in roe deer.
Contrarily, 7. ovis is the predominant parasite in sheep. Rose
et al. (2014) also confirmed that 7. ovis can parasitise various
hosts (sheep, goat and cattle). The fact that roe deer can be
commonly found on sheep pastures is the reason for the oc-
currence of 7. discolor and T. ovis in both studied hosts. We
detected the simultaneous occurrence of 7. discolor and T. ovis
in roe deer (17.65%) and sheep (33.33%). The occurrence of
sheep (40.00%) infected by 7. discolor is shown in Table 1. It
is necessary to note that there was an occurrence of one or two
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T. discolor individuals per host. Nevertheless, this result was
clearly confirmed on the basis of the Mann-Whitney U test.
Salaba et al. (2013) reached similar conclusions when study-
ing T discolor and T. ovis isolates from roe deer and sheep.
However, they evaluated fewer hosts and parasites, and
therefore did not conduct a statistical relevant survey.
Callejon et al. (2012, 2015) and Salaba et al. (2013) reached
similar conclusions when studying 7’ discolor and T. ovis from
roe deer and sheep; however, our study revealed for the first
time a possibility of simultaneous infection of both trichurid
species in a single individual of those hosts.

Conclusions

The results of this work introduce the use of new molecular
markers based on rDNA polymorphism of the ITS1-5.8S
RNA-ITS2 region for the unambiguous identification of par-
asite species 7. discolor and T. ovis. Simultaneously, Trichuris
female individuals were categorised into four morphotypes on
the basis of vagina morphology. Nonetheless, statistical anal-
ysis of biometric data indicates that vagina morphology is not
a reliable marker for species determination. Sequences of
T discolor, T. ovis, T. skrjabini and T. myocastoris haplotypes
containing the ITS1-5.8S RNA-ITS2 region were used for
phylogenetic analysis (maximum likelihood method,
HKY + G model), which revealed that 7. ovis haplotypes
create two non-sister clades corresponding to parasite origin.
Contrarily, we might consider 7 ovis haplotypes originated
from the Czech Republic and Ireland and 7. discolor haplo-
types from the Czech Republic, Spain, Iran and Japan as sister
OTUs.
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Abstract

The aim of this study was to identify Zrichuris species in wild ruminants from 32 localities in the Czech Republic using
morphological and molecular methods (ITS1-5.8S RNA-ITS2 region polymorphisms). Trichurids were obtained from 176 wild
ruminants (roe deer, sika deer, red deer, fallow deer and mouflons) that were culled between 2009 and 2017. Trichuris discolor is
the predominant trichurid of all of the above-mentioned wild ruminants, whereas Trichuris ovis was identified less frequently in
roe deer, fallow deer, sika deer and mouflons. Red deer were parasitised exclusively by T. discolor: Young hosts under 1 year of
age were more intensively infected by trichurids than were adults (x*=32.02, p = 0.00). Trichurid prevalence results obtained
through coprological methods and those based on parasitological dissections differed significantly (x* = 16.26, p = 0.00). The
regression analysis indicated that the eggs per gram (EPG) threshold (20 EPG) was exceeded only if the host was parasitised by
more than 7 trichurid females. Full concordance between the positive results obtained by the coprological methods and those
obtained via direct dissections was achieved when the number of trichurid females per host exceeded 51.

Keywords Trichuris discolor - Trichuris ovis - Game ruminants - ITS1-5.8S rRNA-ITS2 region - Prevalence - Effectiveness of
coprology

Introduction Since the beginning of intensive large-scale farming in the

last century in Europe, there have been significant changes in
Game management has a great tradition in Europe. Natural ~ habitats as well as a decline in numbers of small game species;
conditions in the Czech Republic afford life to many game  contrarily, numbers of wild boars and wild ruminants have
species. Changes in diversity and in the number of species are, ~ sharply increased, and their numbers continue to rise

in reaction to environmental changes, relatively dynamic pro-  (Gortazar et al. 2006; Martinez-Jauregui and Herruzo 2014;
cesses. Therefore, individual game species frequently occurin ~ Schulze et al. 2014).
different proportions in our territory over several decades. One of the important objectives of hunting is to maintain

good animal health, and the same goal has parasite control;
research in this area is becoming increasingly important with
the overpopulation of game animals. Moreover, wild animals
b4 Pavel Vejl often approach livestock pastures, and such contact can lead to
vejl@af.czu.cz the spreading of parasites from wild animals to livestock. At
present, native wild ruminants, i.e. roe deer (Capreolus
Department of Zoology and Fisheries, Faculty of Agrobiology, Food  capreolus) and red deer (Cervus elaphus) as well as intro-
and Natural Resourc&sj Czech University of Life Sciences Prague, duced species fallow deer (Dama dama), mouflon (Ovis
Prague, Czech Republic orientalis musimon) and sika deer (Cervus nippon) are
Department of Genetics and Breed‘ing, Faculty _ong.robiology. Food overpopulated in Central Europe, including the
and Natural Resources', Czech University of Life Sciences Prague, Czech Republic (Cerma’.k and Mrkva 2003: Kamler et al.
Prague, Czech Republic 5 oy
2010; Galuppi et al. 2011; Machacek et al. 2014).
Trichuris nematodes are commonly found in the gut of
many mammals. Reports of trichurids in wild ruminants from
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Department of Game Management and Wildlife Biology, Faculty of
Forestry and Wood Sciences, Czech University of Life Sciences
Prague, Prague, Czech Republic
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Table 2 Occurrence of trichurid nematodes of wild ruminants in countries surrounding the Czech Republic

Host Trichuris Method of References
species determination
Roe deer Trichuris globulosa Morphological traits Drézdz (1966); Kutzer and Knaus (1969); Haupt and Stubbe (1973);
Nickel et al. (1978); Biitner (1978); Spellmeyer (1996);
Rehbein et al. (2000); Rehbein (2010)
Trichuris ovis Morphological traits Drozdz (1966); Kutzer and Knaus (1969); Haupt and Stubbe (1973);
Biitner (1978); Nickel et al. (1978); Kutzer et al. (1987); Kutzer et al. (1988);
Borgsteede et al. (1990); Jansen (1992); Rehbein et al. (2000);
Cisek et al. (2003); Shimalov and Shimalov (2003); Balicka-Ramisz et al. (2003);
Pilarczyk et al. (2005); Rehbein (2010); Kuzmina et al. (2010); Pato et al. (2013)
Trichuris capreoli Morphological traits Dr6zdz (1966); Kutzer and Knaus (1969); Barth and Schaich (1971);
Dollinger (1973); Nickel et al. (1978); Kutzer et al. (1987); Kutzer et al. (1988);
Bernard et al. (1988); Schwarz et al. (2011); Pato et al. (2013)
Trichuris skrjabini Morphological traits Droézdz (1966); Barth and Schaich (1971); Haupt and Stubbe (1973)
Red deer Trichuris globulosa ~ Morphological traits ~ Rehbein et al. (2002); Rehbein (2010)
Trichuris ovis Morphological traits Drozdz (1966); Rehbein et al. (2002); Cisek et al. (2003); Shimalov
and Shimalov (2003); Pilarczyk et al. (2005); Rehbein (2010)
Trichuris capreoli Morphological traits ~ Bernard et al. (1988)
Sika deer Trichuris globulosa Morphological traits Rehbein and Visser (2007); Rehbein (2010)
Fallow deer  Trichuris globulosa Morphological traits ~ Rehbein et al. (2001)
Trichuris ovis Morphological traits ~ Cisek et al. (2003)
Mouflon Trichuris capreoli Morphological traits ~ Bernard et al. (1988)

Skrjabin et al. (1957), Knight (1971), Barus et al. (1978),
Spakulové (1994), Lanfredi et al. (1995) and Oliveros and
Cutillas Barrios (2003).

Molecular study

Molecular markers (INDEL 1 and INDEL 2) based on the
internal transcribed spacer (ITS)1-5.8S RNA-ITS2 region
polymorphisms, described by Vejl et al. (2017), were used
for the unambiguous identification of Trichuris ovis and
Trichuris discolor:

Coprological study

Faecal samples were collected directly from the rectum of
each examined animal. An eggs per gram count (EPG) was
carried out using the McMaster egg-counting technique
(Roepstorff and Nansen 1998 and Vadlejch et al. 2011).

Statistical analysis

The ratios of infected to uninfected hosts listed in Table 3 were
compared using the x” test. Regression analysis (linear model)
was used to evaluate the dependence of EPG values on the
trichurid female count per host. This linear model was also
used for EPG prediction. Dell Statistica Software (Dell Inc.
2015) was used for all statistical analyses.

54

Results

Two trichurid species, 7. discolor and T. ovis, were found in
roe deer, fallow deer, sika deer and mouflons. Regarding red
deer, only 2 young individuals out of 36 animals were
parasitised and the parasites belonged exclusively to 7.
discolor. All of the hosts that were parasitised by 7. ovis had
also T. discolor while four fallow deer and two sika deer were
infected exclusively by 7. discolor (Table 3). Regarding the
host species, 790 females and 51 males were obtained overall;
the species of 7. discolor was represented exclusively by fe-
males (700 individuals) and T. ovis occurred as females (90)
and males (51).

The prevalence of both trichurids was statistically evaluat-
ed irrespective of host species. A statistically significant dif-
ference (x> =22.27, p = 0.00) was detected between the prev-
alence of T. discolor (infected/uninfected hosts: (46/130) and
that of 7. ovis (9/167)). In fact, the prevalence of 7. discolor
was higher in all host species (Table 3) and therefore, it is the
predominant Trichuris species in wild ruminants in the
Czech Republic. Further comparisons were made only for this
more abundant species.

The prevalence of 7. discolor in roe deer (infected/uninfect-
ed hosts: 33/28) differed significantly from red deer (2/34,
x>=23.13, p=0.00) as well as from sika deer (3/58, x*=
35.47, p=0.00) (see Table 3).

Irrespective of host species, the prevalence of 7. discolor in
young hosts under 1 year of age (30/26) was significantly
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different (x*=32.02, p=0.00) than prevalence in adult ani-
mals (16/104, Table 3).

Using coprological methods, the prevalence of
trichurids detected in all host species (infected/uninfected
hosts: 17/159) were found to be significantly different
(x*=16.26, p=0.00) than the actual prevalence of T.
discolor (46/130) detected by the dissection of the intestine
and verified using molecular markers (Table 3). This com-
parison did not take into account the congeneric species 7.
ovis because no hosts were parasitised exclusively by this
trichurid species (Table 3).

A total of 175 data sets (number of female individuals of
both trichurid species per host and EPG values) were used for
regression analysis since one outlier was excluded. A statisti-
cally significant dependence (p =0.00) of EPG values on
trichurid count per host was found. A linear model (Fig. 1)
showed that EPG values and trichurid female count per host
were highly correlated (»=0.79).

Table 4 shows predicted values of EPG based on the pro-
posed linear model including their 95% least squares (LS).
The threshold EPG value of the used coprological method
was 20 eggs per gram. This value corresponds to one detected
egg in two McMaster counting cells. The predicted values and
95% least squares (Table 4) indicate that this EPG threshold
value becomes reliably exceeded when the number of
trichurid females per host is greater than 7.

All animals regardless of species were categorised into
four groups (Fig. 2) based on count of trichurid females per
host. The frequency of EPG positive and negative hosts
was calculated for each of the above-mentioned groups.
All animals which were uninfected by 7. discolor and/or

T. ovis (based on parasitological dissection) were also EPG
negative. It is clear from the graph (Fig. 2) that all hosts
became EPG positive only if the count of trichurid females
per host exceeded 51.

Discussion

Out of five investigated wild game species, the roe deer
showed significantly higher trichurid burdens than did other
animals. Juveniles under 1 year of the age were especially
more infected than their adults. Trichuris discolor clearly
dominated comparing with all of the other studied ruminants.
Contrarily, 7. ovis can be considered a minor nematode in the
game animals, occurring sometimes in roe deer but being ac-
cidental or lacked in other four wild ruminants.

Significantly higher trichurid prevalence in roe deer in
comparison with red deer and sika deer was reported also by
Rehbein (2010) and Bernard et al. (1988) in the Germany-
Austria region and Belgium, respectively. Low trichurid infec-
tion in red deer was also found by Drézdz et al. (1994) and
Cisek et al. (2003) in Poland.

Why Trichuris nematodes occur much less in red and sika
deer than in roe deer living in the same areas is certainly an
interesting and somewhat complicated question. Suggested
answers may include a stronger immune system as well as
differences in gastrointestinal physiology, habits and food in-
take and processing.

Wild ruminants from the family Cervidae encompass a
wide range of evolutionary specialisation in feeding and di-
gestive strategies. The family Cervidae include almost all
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r=0.79
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Table 4 EPG predictions based

on the proposed linear model and Trichurid count

Faecal egg count—EPG

Trichurid count Faecal egg count—EPG

their 95% least squares (LS) per host [eggs g '] per host leggs g ']
-95%  +95% -95%  +95%
Prediction LS LS Prediction LS LS

3 6.92 1.63 1221 30 113.23 10028  126.18
4 10.86 5.58 1613 35 132.92 117.87  147.97
5 14.79 9.50 2009 40 152.60 13541 169.80
6 18.73 13.38 2408 45 172.29 15292 191.66
7 22.67 17.22 2812 50 191.98 17041 213.55
8 26.61 21.02 3219 60 231.35 20536  257.35
9 30.54 24.80 3629 70 270.73 24027  301.19
10 34.48 28.54 4042 80 310.10 27516 345.05
15 54.17 46.89 6144 90 349.48 310.04  388.92
20 73.85 64.86 82.85 100 388.85 34491 432.80
25 93.54 82.63 10445 200 782.60 69338  871.82

groups of ruminant feeding types, with the exception of non-
selective grazers (Hofmann 1985). Concentrate selectors or
browsers (roe deer) prefer to consume less fibrous plant spe-
cies than do red deer, which are intermediate roughage feeders
(Van Wieren 1995).

The high incidence of trichurids in roe deer is most likely
the result of two diverging strategies developed against para-
site infections in ruminants. Hoste et al. (2010) hypothesised
that, owing to divergent evolutionary processes, sheep and
goats have developed two different strategies to regulate gas-
trointestinal nematode infections (GIN); these strategies are
based on immune responses and feeding behaviour. Like roe
deer and red deer, sheep and goats have developed different
feeding behaviours. Sheep are usually described as grazers,

preferring to feed on grass and forbs. In contrast, goats are
classified as browsers or intermediate browsers, ingesting sub-
stantial amounts of browse (woody plants, vines and brush)
even when other nutritional forage is available. Because feed-
ing is also a source of nematode infection, it has been
hypothesised that such various feeding habits can result in
distinct strategies against nematode infections, with major
consequences to host-parasite relationships. These two diver-
gent strategies rely on a balance between the development of
an immune response (sheep) and behavioural responses that
limit contact with nematode infective stages in the environ-
ment (goats). In grazing situations, goats are significantly
more heavily infected than sheep (Le Jambre and Royal
1976; Jallow et al. 1994; Huntley et al. 1995; Pomroy et al.

Fig. 2 Host categories based on

count of trichurid females per host
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1986), and several studies have illustrated that both the acqui-
sition and expression of immune responses against nematode
species are less efficient in goats than they are in sheep
(Huntley et al. 1995; Pomroy et al. 1986; Hoste et al. 2010;
Vlassoff et al. 1999).

We believe that the same phenomenon can be found in red
(sika) deer and roe deer. Roe deer are smaller, territorial con-
centrate selectors that are adapted to dense cover, which is
usually identical to their main food sources (forbs and bush
layer). These species exhibit extreme selectivity for cell con-
tents and easily digestible nutritious plant parts; high amylo-
lytic fermentation rates and a rapid rate of food passage ne-
cessitate frequent feedings (Van Wieren 1995; Hofmann
1985). The roe deer, when given the opportunity, avoids the
nematode infective stages, which are associated with grass.
We hypothesise that, owing to evolutionary processes, roe
deer feeding habits, which are similar to those of goats, can
lead to differences in the control of parasite populations, e.g. a
subdued immune response to parasites, a rapid metabolism of
xenobiotics and an ability to self-medicate. Some botanical
taxa are known to produce metabolites with anthelmintic ef-
fects (Klimpel et al. 2011). We can assume that red and sika
deer prefer feeding on these plant species, which can lead to
low trichurid prevalence.

Trichurids affect all age groups but they are more severe in
young, developing animals. Rehbein (2010) and Body et al.
(2011) also reported higher trichurid prevalence in young an-
imals than in adults. Similarly, the highest trichurid burden in
our study was observed in roe deer kids. Moreover, among red
deer and sika deer, trichurids were harboured mainly in fawns.
No trichurids were found in adult red deer, and only one adult
sika deer was infected with 7. discolor.

In earlier studies, trichurids were determined primarily ac-
cording to morphological characteristics. At the molecular
level, T. discolor from cattle or yak has been characterised
only 5 years ago (Callejon et al. 2012; Liu et al. 2012).
Afterwards, Salaba et al. (2013) identified ITS1 and ITS2
DNA regions of female trichurids from roe deer, at first mor-
phologically determined as Trichuris globulosa, and found
that they matched (completely or almost completely) the se-
quences of T. discolor from Japanese serow Capricornis
crispus (Itagaki et al. 2007; published only in dataset) and 7.
discolor from Bos taurus (Callejon et al. 2012). This work was
followed by study of Vejl et al. (2017), which analysed the
Czech populations of female trichurids from sheep and roe
deer. The authors confirmed that 7. discolor infected mostly
roe deer while 7. ovis sheep, however, both parasites occurred
in both hosts. Interestingly, the study also revealed high
genetic uniformity and a lack of males of 7. discolor in 20
localities of the Czech Republic; the current more extensive
survey confirms this fact, and shows that the rDNA markers
designed by Vejl et al. (2017) are applicable for the identifi-
cation of trichurid species from other wild ruminants.
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Despite the availability of many new diagnostic methods,
coprology remains vital to studying parasites as one of non-
invasive methods. However, the reliability of this procedure
varies for different types of parasites (e.g. hermaphroditic ver-
sus dioecious helminths) and hosts (Becker et al. 2016). Rieu
et al. (2007) reported on the concurrence between coprological
and necropsy diagnoses of paramphistomosis (rumen fluke dis-
ease) of cattle. Coprological diagnoses of several tapeworms
like Anoplocephala perfoliata (Meana et al. 1998) or Taenia
saginata (Hall et al. 1981) were positive only in 54 or 68% of
infected hosts, respectively. However, coprological examina-
tions aimed at intestinal nematodes characterised by separate
gender were much less efficient. In wild boars, Gassé et al.
(2015) reported false infestation rates of 24% for Trichuris suis,
28% for Metastrongylus spp. and 33% for Ascaris suum; stom-
ach nematodes of boars were undetected at all. Vadlejch et al.
(2011) found that statistically significant differences exist
among sensitivity of McMaster egg counting modifications
(Wetzel 1951; Zajicek 1978; Roepstorff and Nansen 1998).
Although we used the concentration McMaster technique
(Roepstorff and Nansen 1998) that is most sensitive according
to Vadlejch et al. (2011), false negative results were found in
many cases of our study (Fig. 2). We determined that the false-
negative results of EPG technique were dependent on trichurid
female count per hosts. When the intensity of trichurid female
infection ranged from 1 to 25 females per host, the frequency of
false negative results reached 79%. There was full concordance
between the positive results obtained by the coprological meth-
od and those obtained through the dissection when the trichurid
female count per host exceeded 51 provided that all detected
females are capable of producing eggs.

Conclusion

This study showed that roe deer had significantly higher
trichurid burdens than did red deer, dams, sika deer and mou-
flons. The molecular analysis of the ITS1-5.8S rRNA-ITS2
region was applied to distinguishing of trichurids that
parasitised wild ruminants observed in our study. Two
trichurid species, Trichuris discolor and Trichuris ovis, were
found in roe deer, fallow deer, sika deer and mouflons.
However, T. discolor was the predominant parasite of these
wild ruminants. Red deer were infected only by 7. discolor.
Juvenile hosts were more severely infected than adults. The
majority of trichurids were observed in young roe deer. The
dependence of EPG values on count of trichurid females per
host was statistically significant.
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Abstract Trichuris sp. individuals were collected from
Mpyocastor coypus from fancy breeder farms in the
Czech Republic. Using morphological and biometrical
methods, 30 female and 30 male nematodes were identified
as Trichuris myocastoris. This paper presents the first molec-
ular description of this species. The ribosomal DNA (rDNA)
region, consisting of internal transcribed spacer (ITS)-1, 5.8
gene and ITS-2, was sequenced. Based on an analysis of
651 bp, I myocastoris was found to be different from any
other Trichuris species for which published sequencing of
the ITS region is available. The phylogenetic relationships
were estimated using the maximum parsimony methods and
Bayesian analyses. 7. myocastoris was found to be significant-
ly closely related to Trichuris of rodents than those of
ruminants.

Keywords Myocastor coypus - Trichuris myocastoris -
Parasites - ITS1-5.8S-ITS2 - rDNA

Introduction

Myocastor coypus (coypu or nutria) is a South American
semi-aquatic rodent with a wide geographical distribution,
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from central Bolivia and southern Brazil to Tierra del Fuego
(Argentina), and as a result of escapes and release from fur
farms, feral populations now occur in Europe, Asia and North
America (Woods et al. 1992).

In the Czech Republic, nutrias were first bred in 1925,
when several animals were imported from Argentina. Within
a short time, nutria breeding greatly expanded. Currently, nu-
trias are increasingly used not only for their fur but also for
their high-quality meat.

Nutrias, like other animals, suffer from many diseases as
well as many parasitic infections. However, studies on nutria
parasites are sporadic and focus mainly on wild nutria from
the Americas (Babero and Lee 1961; Rossin et al. 2009; Gayo
etal. 2011; Martino et al. 2012). The most common endopar-
asites of wild nutria are Eimeria spp., Longistriata
maldonadoi, Strongyloides myopotami and Trichuris
myocastoris (Babero and Lee 1961; Pastuszko 1991; Rossin
et al. 2009; Martino et al. 2012); for European nutria, they are
mainly coccidia, S. myopotami and T. myocastoris (Zajicek
1955; Hohner 1961; Pastuszko 1991). Pellérdy (1963, 1974)
reported the following coccidia in nutria: Eimeria myopotami,
Eimeria pellucida, Eimeria coypi, Eimeria seideli and
Eimeria nutriae.

T. myocastoris was first described in 1933 by Enigk; Barus
etal. (1975) redescribed this species. On the basis of a detailed
study of the morphology and metrical characters of their spec-
imens, which were compared to the original description of
T. myocastoris and Trichuris nutria, Barus et al. (1975) dem-
onstrated that 7. myocastoris and T. nutria (Petrov, 1941) are
synonyms.

In the Czech Republic, nutrias are widespread and they are
often bred on farms for their meat and fur. On these farms,
they live in close proximity to various domestic animals (es-
pecially small ruminants). It is thus questionable whether
Trichuris sp., which are very common in nutria in the
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Czech Republic, are the same species described by Enigk in
1933 (England) and redescribed by Barus in 1975 (Azerbai-
jan). It is also possible that Trichuris sp. originated from an-
other host; Dobrovol’skii (1952) reported that Trichuris ovis
had been found in the muskrat. A genetic analysis of Trichuris
sp. has yet to be made from a nutria.

The aim of this study was to identify 7. myocastoris from
different fancy breeder farms in the Czech Republic using
morphometrical as well as genetic molecular methods.

Materials and methods
Morphological study

Trichuris sp. individuals were collected from M. coypus
(young and adult animals) that originated from three nutria
farms in the Czech Republic. A total of 60 worms (30 males
and 30 females) were separated and rinsed in a physiological
saline solution (0.9w/v NaCl) in order to remove contami-
nants. These specimens were used for morphometrical
determination.

In order to identify Trichuris species found in the caccum
and colon of the hosts, morphological and biometric studies
were performed with an Olympus microscope (BX51).

A total of 60 Trichuris individual specimens were identi-
fied at the species level according to Enigk (1933) and Barus
etal. (1975).

The following morphometrical features were measured in
each specimen: total body length, length of oesophagus, pos-
terior body length, body width at oesophagus end, maximum
posterior body width and spicule length.

Molecular study

We analyzed a total of six Trichuris sp. individuals. Genomic
DNA from individual worm was extracted using a QlAamp
Tissue Kit (Qiagen) according to the manufacturer’s protocol.
Genomic DNA was detected using 0.8 % agarose gel electro-
phoresis and GelRed (Biotium). The ribosomal DNA (rDNA)
region, consisting of internal transcribed spacer (ITS)-1, 5.8
gene and ITS-2, was amplified by the polymerase chain reac-
tion (PCR), using a universal pair of primers: forward NC5 5'-
GTA GGT GAA CCT GCG GAA GGA TCA TT-3' and re-
verse NC2 5-TTA GTT TCT TTT CCT CCG CT-3' (Zhu
et al. 2000). The PCR reaction consisted of 15.5 pl of Combi
PPP Master Mix (Top-Bio), 5 pl of each primer, 5 pl of tem-
plate DNA and PRC water (Top-Bio), for a total volume of
50 pl. The PCR profile carried out on MJ Mini™
thermocycler (Bio-Rad) started with a 10-min period of initial
denaturation at 94 °C, followed by 35 cycles. Each cycle
consisted of a denaturation step at 94 °C for 1 min, a primer
annealing step at 55 °C for 1 min and an elongation step at
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72 °C for 1 min. The PCR was terminated at a final elongation
period of 72 °C for 10 min. Products of the PCR were detected
using 0.8 % agarose gel electrophoresis with GelRed
(Biotium). The PCR products were purified and sequenced
by Macrogen Inc., Korea. Each sample was sequenced from
both (3’ and 5') ends of both fragments using the same primers
that are used for double-strand PCR amplification.

The raw chromatograms were manually assembled and
checked by eye for potential errors using computer software
BioEdit 5.0.9 (Hall 1999); the same program was used to align
the sequences using the ClustalW algorithm. Sequences were
compared with the online GenBank (NCBI) nucleotide data-
base using the BLASTn program.

In addition to our samples, we used sequences of several
Trichuris species downloaded from the GenBank database to
set the phylogenetic position of our individuals within the
genus. Detailed information regarding material used in our
molecular study is listed in Table 1.

Our new six sequences of IDNA region consisting of ITS-
1, 5.8 gene and ITS-2 were deposited into the GenBank data-
base under the following accession numbers: KM877518—
KM877523.

The phylogenetic relationships were estimated using the
maximum parsimony (MP) method and Bayesian analysis
(BAY). Equal weight was employed for all sites for the MP
analysis, which was conducted using PAUP* version 4.0b10
(Swofford 2000). Tree searches were performed using heuris-
tic searches with a stepwise addition of taxa and TBR branch
swapping algorithm. Bootstrap analyses (1000 replicates)
were used to assess the relative robustness of tree nodes.
The Bayesian tree was constructed using MrBayes version
3.0 (Huelsenbeck and Ronquist 2001). Six Monte Carlo Mar-
kov chains ran simultaneously for 1,000,000 generations, with
a sampling frequency of 100. Likelihood scores reached sta-
bility after ¢. 30,000 generations. The corresponding trees
were discarded as a burn-in, and the remaining trees were used
to construct a 50 % majority-rule consensus tree. The posterior
probabilities were used to indicate branch supports in the final
tree.

Results
Morphological study

The following is a brief description of the whipworm body
found in nutria in the Czech Republic. This coincides with a
description from Azerbaijan (Barus§ et al. 1975); however,
nematodes in our study were slightly longer (see Table 2).
The body of whipworms was white, the anterior part of the
body gradually tapers towards the anterior end, and this part of
body is distinctly narrower than the oesophageal region. The
total male body length ranged from 21.38 to 49.44 mm, with
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Table 1 List of samples used in
molecular study

GenBank Acc. No. Species Host Reference
FN543201 T muris Mus domesticus Callejon et al. 2008
FN543197 T. muris Mus domesticus Callejon et al. 2008
JX683525 Trichuris mastomysi Mastomys natalensis Ribas et al. 2013
JX683517 T. mastomysi Mastomys natalensis Ribas et al. 2013
JX683524 Trichuris carlieri Gerbilliscus vicinus Ribas et al. 2013
JX683522 T carlieri Gerbilliscus vicinus Ribas et al. 2013
FR849687 T. arvicolae Unknown Unpublished
FN543185 T. arvicolae Myodes glareolus Unpublished
KM877518 T. myocastoris Myocastor coypus This study
KM877519 T. myocastoris Myocastor coypus This study
KM877520 T. myocastoris Myocastor coypus This study
KM877521 T. myocastoris Myocastor coypus This study
KM877522 T. myocastoris Myocastor coypus This study
KM877523 T. myocastoris Myocastor coypus This study
JX218223 T. discolor Capreolus capreolus Salaba et al. 2013
JX218222 T. discolor Capreolus capreolus Salaba et al. 2013
JX218218 T ovis Capreolus capreolus Salaba et al. 2013
JF680987 T ovis Domestic sheep Unpublished
AJ489248 T. skrjabini Capra hircus Cutillas et al. 2004

Table 2 Biometrical data (mm) + standard deviation (SD) of adults Trichuris myocastoris

Locality
Czech Republic Azerbaijan Azerbaijan Germany
Study
Present study Barus et al. (1975) Petrov (1941) Enigk (1933)
Number of individuals 60 43
Males
Total length 37.86 (21.38-49.44)+7.02 22.94-35.25 38-46 30-38
Length of oesophagus 23.03 (13.01-32.25)+4.99 13.26-19.65 23.7-25.9. 18-24
Length of posterior part 14.69 (8.31-17.72)+2.33 9.69-15.6 - -
Width of body at level of oesophagus end 0.23 (0.14-0.30)+0.04 0.22-0.37 0.28-0.36 -
Maximum width of body 0.31 (0.21-0.47)£0.06 0.39-0.51 0.43-0.49 0.38-0.42
Length of spicule 3.89 (2.55-4.9)+£0.69 3.47-3.74 3.7-39 2732
Width of the spicule at the middle 0.031 (0.024-0.038)+0.0043 0.037-0.042 - 0.038-0.044
Females
Total length 47.79 (33.89-61.56)+6.04 38.36-43.05 46-55 43-50
Length of oesophagus 30.21 (20.85-38.43)+3.76 24.64-28.08 27-34 26-32
Length of posterior part 17.61 (12.03-22.69)+2.35 13.14-14.97 - 16-18
Width of body at level of oesophagus end 0.27 (0.16-0.37)£0.05 0.29-0.33 0.24-0.28 0.17-0.22
Maximum width of body 0.37 (0.29-0.40)+0.04 0.48-0.66 0.35-0.39 0.48-0.54
Distance vulva to sphincter of uterus 1.39 (1.17-1.62)*=1.5 1.12-1.85 - 0.7-0.9*
Length of eggs 0.058 (0.043-0.066)+0.04 0.052-0.06 0.060-0.063 0.06
Width of eggs 0.027 (0.023-0.033)+0.02 0.03-0.034 0.030-0.033 -
“ Straight line of the vagina
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Fig. 1 a, b Males of Trichuris myocastoris isolated from nutria

the anterior part measuring 13.01-32.25 mm in length. Small
rounded papillae are located on each side of the cloaca. The
posterior end of the body is rounded. The spicule is markedly
sclerotized, measuring 2.55-4.90 mm in length and 0.024—
0.038 mm in width in the middle section and 0.012—
0.017 mm in the distal section. Spicule sheath is tubular and
covered with spines; however, the distal part of the bulb is
covered with spines and the distal tubular part is without
spines. The shape of the spicule sheath varies according to
the evagination of the spicule, from tubular shape to the bulb
(Fig. la, b).

The female body is 33.89-61.56 mm in length, and the
anterior portion is 20.85-38.43 mm in length. The posterior
part of the body measures 12.03-22.69 mm in length and
0.29-0.40 mm in maximum width. The vulva is located at
the oesophagus end, and it is in the shape of a transverse slit
with slightly frilled margins. It is situated in the centre of a
circular cuticular disc, which has a distinctly smooth surface.
The vagina extends in a straight line, loops three times and
finally connects to the uterus (Fig. 2a, b). The distance from
the vulva to the uterus ranged from 1.17 to 1.62 mm. The
biometrical parameters of individuals are shown in Table 2.
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Molecular study

The final matrix of 19 sequences consisted of 166 bp contain-
ing 20 variable characters with 14 parsimony informative
sites. Altogether, the analyzed specimens of Trichuris re-
vealed 14 haplotypes. Our six specimens from M. coypus rep-
resent six unique haplotypes. Employed methods have recov-
ered trees of very similar topologies with high statistical sup-
ports and sorted sequences into well-supported clusters
(Fig. 3).

Discussion

The nutria is indigenous to the southern part of South Amer-
ica, and both wild and captive-raised animals are used for fur
and meat. Nutria breeding was mainly used to produce fur
during the 1990s. Due to recent changes in the world market
situation, meat has changed and become the main product of
nutria breeding. In the Czech Republic, nutria meat is

Fig. 2 a, b The vulval regions of Trichuris myocastoris isolated from
nutria
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Fig. 3 Reconstructed phylogeny
of the Trichuris sequences. The
numbers at the nodes represent
statistical supports for BAY and
MP analyses. Bootstrap supports
below 50 and Bayesian posterior
probabilities below 0.75 are not
shown
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similarly becoming popular, especially due to its high protein
content and low fat and cholesterol content (Ttimova et al.
2013).

T. myocastoris is a common parasite of wild and domestic
nutria (Zajicek 1955; Hohner 1961; Babero and Lee 1961;
Pastuszko 1991; Rossin et al. 2009; Martino et al. 2012). This
parasite was identified by Enigk (1933) and Petrov (1941) and
redescribed in detail by Barus et al. (1975). The fine structures
of the cuticle and oesophagus of this species were described
by Wright (1968a, b, 1972).

In our study, 60 individuals (young as well-breeding ani-
mals) from three localities were described and measured.
Morphometrical data of males and females correspond to the
description of Trichuris nematodes reported by Barus (1975)
in Azerbaijan. The main diagnostic characteristics in 7richuris
spp. are body length and spicule length and width (Spakulové
1994). With respect to our specimens, the spicule length
ranged from 2.55 to 4.9 mm. The other authors reported spic-
ule lengths from 2.7 mm (Enigk 1933) to 3.9 mm (Petrov
1941). The Trichuris individuals in this study were slightly
longer than those in previous studies. This can be due to the

AJg9248 T, skrjabini

fact that the number of nutria that was dissected in this study
was large individuals culled from breeding programs.

Trichuris spp. are common parasites of rodents. Trichuris
muris and Trichuris arvicolae are the most commonly de-
scribed species in rodents. The species designation 7. muris
(Schrank, 1788) is commonly used to refer to trichurids,
which are found in Murinae; 7. arvicolae is used to refer to
the subfamily Arvicolinae (Feliu et al. 2000).

New Trichuris species (Trichuris pardinasi n. sp., Trichuris
bainae n. sp., Trichuris thrichomysi n. sp.) were recently de-
scribed in rodents in South America (Robles et al. 2006; 2014;
Torres et al. 2011), and T. muris and T. arvicolae were
redescribed in Europe (Feliu et al. 2000). The genus is also
commonly found in African rodents, with at least 12 species
described to date (Ribas et al. 2013).

In order to describe a new species of the Trichuris genus
nowadays, it is necessary to utilize morphological and molec-
ular methods. This is necessary because many species, such as
T. arvicolae and T. muris and females of the species 7. ovis and
Trichuris discolor, are morphologically indistinguishable
(Feliu et al. 2000; Salaba et al. 2013). Conversely, Cutillas
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et al. (2004) and Oliveros et al. (2000) could find no differ-
ences between sequences of 7. ovis TDNA and Trichuris
globulosa rDNA (internal transcribed spacers ITS1-5.8S-
ITS2). Similarly, Trichuris capreoli is considered a synonym
of T. globulosa by some authors (Cutillas et al. 2004; Oliveros
et al. 2000; Gagarin 1972).

Currently, many Trichuris species are only morphological-
ly defined. 7. myocastoris was morphologically determined
by Enigk 1933 and in detail by Barus et al. (1975). This paper
presents the first molecular description of 7. myocastoris.

The BLASTn program within the GenBank database indi-
cated that Trichuris individuals found in M. coypus did not
match any of the genetically defined Trichuris species. Se-
quences are unique within the phylogenetic tree (Fig. 2), and
they are clearly separated from other clusters. In particular,
genetic differences between . myocastoris and two trichurids
native to the Czech Republic (7. muris and T. arvicolae) dis-
prove the possibility that nutrias could be infected by local
species of rodent trichurids after their translocation to the
Czech Republic. Molecular analysis has proved that this is a
unique genetic dataset, and it has confirmed that
T. myocastoris is a separate species within the genus Trichuris.
Trichuris nematodes were isolated from domestic M. coypus.
The nematodes were identified using morphological and bio-
metrical methods. Subsequently, genomic DNA was isolated
and the ITS1-5.8S-ITS2 segment from ribosomal DNA
(RNA) was amplified and sequenced using PCR techniques.
Molecular analysis has proved the following: (1) this is a
unique genetic dataset, which has confirmed that
T. myocastoris is a separate species within the genus Trichuris,
and (2) T myocastoris was found to be significantly more
closely related to Trichuris from rodents than to those from
ruminants.
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PARASITES OF MYOCASTOR COYPUS - A COMPARISON
IN FARM ANIMALS AND THEIR FERAL COUNTERPARTS®
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The parasitic status in the coypus (nutrias) Myocastor coypus, both farm-bred or free-living on river banks in the Czech Re-
public, was determined. Faecal samples were collected from 200 coypus originating from 11 farms (farm-bred animals) and
from 20 individuals living at 14 natural localities (feral animals). Faeces were examined for nematode eggs and coccidian
oocysts using the McMaster method. The evaluation of faeces from farm-bred coypus indicated infection with the following
parasites: Trichuris sp., Strongyloides sp., Trichostrongylus sp., Eimeria seidelli, Eimeria nutriae, Eimeria coypi, and Eimeria
myopotami. Free-living feral rodents harboured Eimeria nutriae, E. coypi, Strongyloides sp. and in one case also Trichuris sp.
An additional visceral examination of 20 coypus originating from five farms revealed two nematode species in the gastroin-
testinal tracts, namely Trichuris myocastoris and Strongyloides myopotami. The study indicated that feral coypus are far less
parasitized than their captive counterparts.
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INTRODUCTION

Mpyocastor coypus (Molina, 1782) is named either
coypu (name used in Europe and Latin America) or
nutria (used in North America, Asia, and the for-
mer Soviet Union (see https://www.nwrc.usgs.gov/
special/nutria/). The rodent is a large, semi-aquatic,
invasive animal native to South America (Woods et
al., 1992). The coypu has been introduced around the
world for fur farming (Carter, Leonard, 2002),
but it has also been released as a game animal and
a means to control aquatic vegetation (Bounds,
Carowan,2000). Coypus were first imported to the
Czech Republic in 1924 and became very popular due

to their high quality coats and meat. Since the 1990s,
numbers of farm-bred animals have been declining,
yet they remain a favourite source of healthy meat in
some regions (Tumova etal., 2015).

However, today the coypu is considered one of
the worst invasive species (Lowe et al., 2000;
Bertolino, Viterbi, 2010). This is due to the
widespread damage it causes to ecosystems, including
its effects on crops, riverine vegetation and riverbanks
through grazing and burrowing (Carter, Leonard,
2002; Vila etal., 2010). We can see a similar situa-
tion in the Czech Republic, where numbers of coypus
managed to escape from farms and began spreading
in the feral during the 1970s. Currently, the number

* Supported by the Ministry of Agriculture of the Czech Republic, Project No. QJ1510038, and by the Internal Grant Agency of the Czech
University of Life Sciences Prague (CIGA), Project No. 20152021.
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Table 1. Results of faccal samples (n = 200 per each parasite) examination of farm-bred coypus (Myocastor coypus)

EPG/OPG

Parasite Prevalence (%)

mean SD min max
Nematoda
Trichuris sp. 57.0 416.3 901.5 20 6 000
Strongyloides sp. 11.5 8.3 35.5 20 300
Trichostrongylus sp. 4.0 2.3 11.8 20 80
Coccidia
Eimeria seideli 26.0 674.4 3 664.7 20 28 800
Eimeria myopotami 5.0 9.4 348 20 220
Eimeria coypi 37.0 1.325:7 3264.9 20 18 040
Eimeria nutriae 23.0 274.9 1007.0 20 8 980

EPG = eggs per g of faeces, OPG = oocysts per g of faeces, SD = standard deviation

of these rodents in free nature is increasing. They
do not have any enemy in Central Europe and occur
here in little isolated areas (Kristofik, Danko,
2012).

Like other animals, M. coypus suffers from many
diseases and parasitic infections. However, studies
dealing with its parasites are sporadic and focus mainly
on wild populations from the Americas. Babero,
Lee (1961) found various helminths, namely 11 spe-
cies of trematodes (including Echinostoma revolutum,
Heterobilharzia americana, and Psilostomum sp.), 21
species of cestodes (including Anoplocephala sp.),
one acanthocephalan (Neoechinorhynchus sp.), and
31 species of nematodes (including Trichostrongylus
sigmondontis, Longistriata maldonadoi, Strongyloides
myopotami, and Trichuris myocastoris) in coypus
from Luisiana. Martino et al. (2012) examined
the endoparasites of wild coypus from their native
region in South America. The rodents were infected
with Nematoda (82.0%), Trematoda (33.3%), Cestoda
(12.8%), and various unicellular parasites (Eimeria,
Cryptosporidium, Giardia) (46.1%). Monoxenic coc-
cidia Eimeria myopotami and Eimeria nutriae (phylum
Apicomplexa), and nematodes Strongyloides myopotami
and Trichuris myocastoris were the most prevalent
parasites. E1-Kouba etal. (2009) examined copro-
logically 16 animals from a protected area in Curitiba,
Brazil. The overall prevalence rates were 56.25% for
trematode eggs, 87.50% for cestode eggs, 56.25% for
Strongyloidea nematodes eggs, and 50% for coccidia
(Eimeriidae) oocysts.

Information regarding parasites in captive-bred
coypus is scarce. Frequently occurring parasites in
breeds are monoxenic coccidia. AccordingtoMertin
etal. (2005), coccidiosis is the most dangerous parasitic
disease in coypus and can cause considerable losses
in young offspring. Scheuring (1990) determined
six species of the genus Eimeria in 19.5% of coypus
from farms in Poland, these animals were further
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infected with nematodes (28.5%), comprising mostly
T. myocastoris and S. myopotami, and rarely one case
of Trichostrongylus sp.

Similarly, surveys of gastrointestinal parasites of
feral coypus in Europe are scarce. Lewis, Ball
(1984) revealed exclusively coccidia in feral coypus
from England; however, recent study by Zanzani
et al. (2016) detected much wider spectrum of feral
coypu parasites in England which included S. myo-
potami, Trichostrongylus duretteae, Eimeria coypi,
and Eimeria seideli.

However, the coypu is also capable of spreading
zoonotic agents such as Toxoplasma gondi, Fasciola
hepatica, Echinococcus granulosus, Echinococcus
multilocularis, Taenia metacestodes, Capillaria he-
patica, and several others (e.g. Babero, Lee, 1961;
Bollo etal.,, 2003; Gayo etal.,2011;Nordoni
etal., 2011; Umhang etal, 2013; Zanzani et
al., 2016).

The aim of the present work was to determine
the parasitic status in Czech farm coypus in order to
evaluate the potential risk of the spread of parasitic
diseases, which may pose a danger to both animals
and humans. Another equally important goal was to
compare the degree of parasitization of farm and feral
coypu populations in the Czech Republic.

MATERIAL AND METHODS

Faecal samples were collected from M. coypus
individuals originating from 11 farms (farm-bred
animals) and 14 natural localities (feral animals) of
the Czech Republic. The faecal samples were stored
in plastic tubes at 4°C for a week prior to analysis.
All samples were examined individually for gastroin-
testinal nematode eggs (faecal egg counts, FEC) and
coccidial oocysts (faecal oocyst counts, FOC) using
the McMaster method (Vadlejch et al., 2013).
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Table 2. Results of faecal samples (n = 20 per each parasite) examination of feral coypus (Myocastor coypus)

EPG/OPG
Parasite Prevalence (%)
mean SD min max
Nematoda
Trichuris sp. 5.0 3.0 13.4 60 60
Strongyloides sp. 30.0 71.0 179.4 20 740
Coccidia
Eimeria coypi 60.0 197.0 354.7 40 1280
Eimeria nutriae 45.0 1577.0 6038.5 60 27 160
EPG = eggs per g of facces, OPG = oocysts per g of faeces, SD = standard deviation
Table 3. Results of necropsy examinations of farm-bred coypus (Myocastor coypus)
) Intensity of infection
Parasite Coypus n Prevalence (%) -
mean SD min max
Trichuris myocastoris 20 40 11.3 19.9 4 66
Strongyloides myopotami 20 25 52 10.9 1 23

SD = standard deviation

Eimeria oocysts were determined using descriptions
from Prasad (1960), Lewis, Ball (1984), and
Scheuring (1990).

The viscera (abomasum, small intestines, colon,
and caecum) of coypus originating from five Czech
farms were collected and processed for worm recov-
ery. The worms were separated according to sex and
rinsed in a physiological saline solution (0.9 w/v
NaCl) in order to remove contaminants, and stored
in 70% ethanol. Parasites were identified according
toSkrjabin etal. (1957), Sato et al. (2008), and
Rylkova etal. (2015).

Fig. 1. Oocysts of Eimeria seideli and an egg of Trichuris sp.
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RESULTS

Results of coprological examinations are sum-
marized in Tables 1, 2. Evaluation of faecal samples
from farm-bred coypus indicated infection with uni-
dentified species of three nematode genera (Trichuris
sp., Strongyloides sp., and Trichostrongylus sp.) and
four coccidian species (Eimeria seideli, Eimeria myo-
potami, Eimeria coypi, and Eimeria nutriae) (Table
1, Fig. 1). The most prevalent and frequent parasites
were Trichuris sp., E. coypi, E. seideli, and partially
E. nutriae. In 11 farms, all examined rodents were
infected with Trichuris sp.

Faecal samples from feral coypus, collected from 14
natural localities, contained eggs of only two nematode
genera (Trichuris and Strongyloides) and two coccid-
ian species (E. nutriae and E. coypi) (Table 2). Here,
Strongyloides sp., E. nutriae, and E. coypi were the
most frequent parasites.

Two nematode species were also identified in
the gastrointestinal tracts of 20 animals, namely
Trichuris myocastoris (8 positive cases, P = 40%)
and Strongyloides myopotami (5 positive cases, P =
25%). The number of whipworms 7. myocastoris varied
slightly from 4 to 66, the mean intensity of infection
(II) was 19.9 (Table 3). The number of S. myopotami
roundworms varied from 1 to 23 and the mean II was
5.2 (Table 3). No other nematode species was revealed
in the gastrointestinal tract of examined animals, despite
the fact that the Trichostrongylus duretteae could be
hypothetically expected here (Zanzani etal., 2016).
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DISCUSSION

This study has shown that the feral coypus are far
less parasitized than their captive counterparts, although
we examined fewer faecal samples of feral coypus
than of the farm-bred animals. The free living coypus
defecate mostly in water, which makes obtaining the
faecal samples difficult. The narrower spectrum of their
parasites is largely due to the unlimited environment
of the feral coypus on the river banks. Contrariwise,
farmed animals are kept in groups in concrete tanks,
where the only water source is a water feeder. These
conditions facilitate the spread of parasites, especially
those having part of their life cycle in the environment
and needing no intermediate hosts.

Our results dealing with parasitic load of farm coypu
are comparable to those of studies from neighbouring
Poland (Scheuring, 1990). In the both countries,
farm coypus are parasitized by nematodes S. myopotami,
T. myocastoris, and Trichostrongylus sp., and a series
of coccidian species. In the Czech Republic, however,
there is a higher incidence of Trichuris nematodes,
which can reach an average egg prevalence of 57%.
Moreover, on certain Czech farms all animals became
infected with this parasite. In Poland, Scheuring
(1990) reported prevalences of 7. myocastoris from
7.2% in August to 34.2% in December. Prevalences of
another nematode, Strongyloides myopotami, ranged
from 6% in April to 25% in December. Our study
showed a similar infection rate for this nematode:
11.5% (coprological examination) and 25% (necropsy
examination). Trichostrongylus nematodes were only
diagnosed using the coprological method; none of
these nematodes were detected in the digestive tract
of necropsied animals.

In the present study, four Eimeria species were
discovered: E. seideli, E. nutriae, E. coypi, and E.
myopotami and the prevalences on the Czech farms
were much higher (in some cases 100%) then on the
Polish farms (9-31.6%); there, however, also E. flu-
viatilis was detected (Scheuring, 1990).

In feral coypus from the Czech Republic, mainly
coccidia were detected, most often E. coypi and E.
nutriae. Trichuris sp. was revealed in only one sample;
Strongyloides sp. occurred more frequently in feral
coypus than in their farm counterparts.

The feral coypu population has increased in the
Czech Republic in recent years. This increase is
partially due to mild winters and to the fact that lo-
cal people have developed a habit of feeding these
animals. Feral coypus in the Czech Republic do
not pose a threat to other animals or humans from a
parasitic point of view. Nevertheless, coypu breed-
ers should put more effort into monitoring their
animals for parasitic infection. Young animals can
be especially susceptible to the effects of parasitic
infection, which are reflected in growth rates and
fur quality.
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CONCLUSION

Evaluation of faecal samples from farm-bred ani-
mals indicated infection with the coccidia, Trichuris
sp., Strongyloides sp., and Trichostrongylus sp. Feral
coypus harboured mainly coccidia and Strongyloides
sp., in one case also Trichuris sp. Two nematode species
of parasites (7richuris myocastoris and Strongyloides
myopotami) were identified in the gastrointestinal tracts
of 20 animals. The study revealed that feral coypus
are far less parasitized than their captive counterparts.
Feral coypus in the Czech Republic do not, at least
from a parasitic point of view, pose a threat to other
animals or humans.
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6. Vysledky a souhrnna diskuse

6.1 Vysledky a diskuse v ramci dilcich cilt
Publikace 1:

Prace byla zamérena na kombinovanou morfologicko-molekuldrni studii hlistic rodu
Trichuris, parazitujicich u ovci a srncli v Ceské republice. Molekuldrni analyza ribozomalnich
gen( vSech ziskanych hlistic umoznila spolehlivou druhovou identifikaci a vyustila do designu
druhové specifickych markerd. DalSim cilem byla analyza redlného vyskytu obou druh(
u uvedenych hostitel a vyhodnoceni morfologické variability a spolehlivosti druhovych

diferencidlnich znakd u samic zjisténych druh( Trichuris ovis a T. discolor.

Pro molekuldrni studium obou druhl rodu Trichuris bylo pouZito 240 hlistic rodu
Trichuris, ziskanych ze dvou druh( prezvykavcd, ovce domaci Ovis orientalis f. aries a srnce
obecného Capreolus capreolus. Ztéchto hlistic byla izolovana genomickda DNA a byl
amplifikovany a osekvenovany ITS1-5,85 RNA-ITS2 segment genu pro ribozomalni RNA,

zahrnujici vnitfni transkribované mezerniky ITS1 a ITS2 a déle 5,8S jednotku.

Informace o zjisténych sekvencich rDNA byly uloZzeny v genové databdzi GenBank
(pfistupové kody jsou uvedeny v pfilozené publikaci 1). Porovnanim s jiz znamymi
sekvencemi z genové banky se zjistilo, Ze se u ovci i srnctl v Ceské republice vyskytuji pouze
dva druhy trichurd, T. ovis a T. discolor. Useky 1TS1, obsahujici inzerce/delece specifické
pro oba druhy, byly vyuZity pro design PCR marker( INDEL1 a INDEL2, které dale slouzily

pro diferenciaci téchto druh(l (sekvence jsou uvedeny v publikaci 1).

Aplikaci téchto origindlnich PCR marker( byla potvrzena pfislusSnost 155 samic
k druhu T. discolor a 80 samic k druhu T. ovis. Pét ziskanych samcl patfilo k druhu T. ovis
a nebyl nalezen zadny samec T. discolor. Potvrdilo se, Ze oba druhy prezvykavc(, tj. ovce
i srnci, mohou byt hostiteli obou druh( trichurl. Samice T. discolor prevladaly u srnct
(132 samic) a byly ojedinélé u ovci (5 samic). Zatimco T. ovis byl ¢astéjsi u ovci (80 samic
a 3 samci) nez u srncl (18 samic a 2 samci). Naprostou vétsinu hlistic tedy predstavovaly

samice. Celkové bylo nalezeno jen pét samcu, ktefi vSichni patfili k druhu T. ovis.
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Nové udaje o sekvencich ITS1-5,8S RNA-ITS2 byly vyuZity pro konstrukci
fylogenetického stromu za pouziti metody maximalni vérohodnosti (maximum likelihood),
spolu s dfive publikovanymi relevantnimi informacemi o geograficky vzdalenych populacich
trichur(l (ltagaki et al. 2007; Callejon et al. 2012; Salaba et al. 2013). Ukazalo se,
e T. discolor z Ceské republiky, Spanélska a Japonska predstavuje jednu pomérné
homogenni linii, ktera se vSak vyrazné lisi od populaci T. discolor z Iranu. Zna¢né rozdily byly
detekovany i vramci druhu T. ovis, kdy vétdinova evropskd populace zahrnovala Ceskou
republiku a Irsko a zna¢né odliSné haplotypy byly nalezeny u hlistic T. ovis z dobytka

ve Spanélsku.

Hlistice, které byly identifikovany pomoci molekuldrnich marker(, byly rovnéz
charakterizovdany morfologicky a biometricky. Rozméry téla i dalSich morfologickych znaku
samic T. ovis a T. discolor vcetné rozmérU jejich vajicek se v priiméru mirné lisily (7. ovis
ma vétsi prilmérné hodnoty). Avsak intervaly minimo-maximalnich hodnot se ve vsech
pfipadech prekryvaly. Statistické porovnani nemélo signifikantni vysledek (hodnoty méreni
uvedeny v publikaci 1). Vysoka mira variability morfologickych znakl samic u vétSiny druhd
rodu Trichuris je ziejma i z prehlednych Udaja prezentovanych v této praci v Tabulkach
2,4, 6,8, 10 a 12. Podobné rozporné vysledky uvadéji i novéjsi prace, které analyzuji
morfologickou variabilitu geograficky vzdalenych populaci T. ovis a T. discolor (Callejon et al.

2012, 2015; Salaba et al. 2013).

Za spolehlivy diagnosticky znak samic druhl T. ovis a T. discolor byl dlouhou dobu
povazovan tvar vulvy. U druhu T. ovis byla charakterizovana jako finalni cast vaginy
vytvarejici vulvu — dtvar &i privések, vyrazné vystupujici nad povrch téla, ktery je pokryty
Supinovitymi ostny. Naopak T. discolor mél byt charakterizovany tim, ze finalni ¢ast vaginy
nevystupuje nad povrch téla a vulva neni zietelnd (Skrjabin et al. 1957; Barus et al. 1978).
Pfi analyze velkého poctu molekuldrné identifikovanych samic se vsak zjistila zna¢nd mira
variability i u tohoto znaku. Proto jsme vytvofili Ctyfi kategorie, morfotypy MT1 — MT4.
MT1 je wvystupujici vagina s vyraznym vulvarnim privéskem, MT2 nevystupujici vagina
s vulvarnim otvorem bez jakékoliv vyvyseniny, MT3 je pfechodny typ vaginy s velmi malou
vulvarni vyvySeninou a MT4 je vystupujici vagina s viditelnym kutikularnim vybézkem

na vulvé (fotodokumentace v praci 1).
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Vysledky jasné ukdzaly, Ze mezni typy vulvy MT1 a MT2 skutecné jednoznacné
definovaly druhy T. ovis (MT1, vid Skrjabin et al. 1957; Knight 1971; Cutillas et al. 1995)
a T. discolor (MT2). Pfechodny typ MT3 se vSak vyskytoval u obou druh( parazitl i obou
hostiteld. Morfotyp MT3 se vyskytoval u 1,29 % samic T. discolor. Oba morfotypy MT3 a MT4
byly nachdzeny u 11,25 % mladych, juvenilnich samic T. ovis. Pfechodné formy vulvy poprvé

zaznamenali Olivero & Cutillas (2003) u nékolika juvenilnich samic T. ovis.

Komplexni studie ukazala, Ze spolehlivé druhové urceni hlistic rodu Trichuris
cizopasicich u prezvykavcli je mozné pouze pfi kombinovani morfologickych a molekularnich
pfistupl. Podobné vysledky byly prezentovany i u dalSich fylogeneticky blizkych skupin

trichur(, vazanych napfiklad na rGzné skupiny hlodavci (Robles et al. 2014).

Publikace 2:

Cilem studie bylo kombinovanymi morfologicko-molekularnimi metodami spolehlivé
uréit druhy hlistic rodu Trichuris, které byly ziskany v Ceské republice p¥i helmintologickych
pitvach péti druhl volné Zijicich prezvykavci v pribéhu deviti let (2009 - 2017) a zjistit
presné hodnoty prevalence a intenzity infekce druhl rodu Trichuris. Simultanni realizace
pitevniho vysSetreni stfevnich traktl a koprologickych metod umoznila posoudit spolehlivost

McMasterovy koprologické metody pro detekci vajicek hlistic rodu Trichuris.

Pitvy a soubéZzné koprologické vysetieni 176 kusl volné Zijicich prezvykavca ukazaly,
7e vCeské republice byly u této zvéfe pritomny vyluéné dva druhy rodu Trichuris,
ato T. discolor a T. ovis u srnce obecného, darika evropského, jelena siky a muflona, zatimco
u jelena evropského byl nalezen pouze T. discolor. Celkem bylo ziskano ze vSech hostitel(
790 samic a 51 samcl trichurG. Druh T. discolor byl zastoupen vyhradné samicemi
(700 jedinct). U druhu T. ovis se vyskytovaly samice (90) i samci (51). U vSech studovanych
druhl prezvykavcl byla prevalence T. discolor zietelné vyssi nez prevalence T. ovis, a proto
T. discolor pfedstavuje u sparkaté zvére v Ceské republice pFevlddajici druh rodu Trichuris.
Nevyssi vyskyt T. discolor byl u srnce obecného a darika evropského v porovnani s jelenem

evropskym a jelenem sikou, coZ se shoduje s podobnymi studiemi z Rakouska, Némecka
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a Belgie (Rehbein 2010; Bernard et al. 1988). Vysoka infikovanost T. discolor byla zietelnd
i u muflona (P = 60%).

Trichuris ovis mlze byt u sparkaté zvére povaziovany za minoritni druh, obcas
se vyskytujici u srnce a danka, ale Uplné nebo témér chybéjici u jeleni. Naopak u mufloni
zvére a v chovech ovci je druh T. ovis velmi hojny (P = 25%, respektive 81.6%), jak ukazala

tato studie a predchazejici prace ¢. 1.

Dalsi druhy rodu Trichuris, popisované ve starsi literatufe, u nasich volné Zijicich
prezvykavcl nebyly v této praci zjistény. Je vSak potifebné konstatovat, Ze napfiklad druh
T. skrjabini je v soucasnosti charakterizovan i po molekuldrni strance (Callejon et al. 2009).
Jeho vyskyt napfiklad u koz a dalSich prezvykavcl, ktefi nebyli soucasti této studie,
je v Cechéach velmi pravdépodobny. Naopak T. globulosa je podle nejnovéjsich molekularnich
analyz navrhovdna jako synonymum T. ovis (Callejon et al. 2015). Platnost druhu T. capreoli
by bylo potifebné taxonomicky provéfit, jelikoz morfologicky se T. capreoli znacné pfiblizuje

charakteristikam druhu T. discolor.

Pro ztidkavéjsi vyskyt trichurd u jelenl v porovnani se srnci zvéfi, Zijici ve stejnych
oblastech, neni snadné vysvétleni. Urcitou roli mohou hrat rozdily v imunitnim systému,
ve fyziologii gastrointestinadlniho traktu a ve zplsobu ziskdvani potravy a jejim zpracovani
u jelent a srnch. Existuji prace, které poukazuji na rozdily v behavioralnich strategiich
ovliviujicich regulaci gastrointestinalnich nematodovych infekci u ovci a koz (Hoste et al.
2010). Rozdily vimunitni odpovédi a zplsobu ziskdvani potravy se vyvinuly v dasledku
osobitych evoluc¢nich procest. Podobné rozdily v zplsobu ziskdvani potravy existuji i mezi
srnci a jeleny a rGzné potravni typy mohou vést k odliSnym schémat({im infikovanosti téchto
zvitat nematody. Hofmann (1989) stanovil tfi zdkladni potravni typy evropskych
prezvykavych kopytnikl na zadkladé anatomie a fyziologie jejich traviciho traktu. Srnec
obecny alos evropsky jsou zafazeni mezi okusovacde. Jelen evropsky, jelen sika, danék
evropsky, kamzik horsky a koza bezodrova jsou potravni oportunisté. Muflon evropsky spolu
s hospodarskymi druhy jako je ovce a skot patfi mezi spasace. Tyto tfi typy se navzajem lisi
predevsim rozdilnou schopnosti travit bunécné stény rostlin. Srnec, ktery patfi mezi
okusovacde, se Zivi ¢astmi rostlin, které jsou lehce stravitelné a bohaté na Ziviny, jako mladé

listy, vyhonky dfevin a byliny. Pfijata potrava prochdzi travicim traktem rychle, proto ma jeho
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potravni cyklus v pribéhu 24 hodin 11 aZ 12 pastevnich period (Van Wieren 1995; Hofmann
1989). Okusovaci vsak nejsou schopni dobfe travit potravu bohatou na vlakniny, jako
je trava. Jeleni a kozy patfi mezi prizplsobivé potravni oportunisty, ktefi jsou schopni
konzumovat jak lehce, tak i hare stravitelné potravni slozky a podle nabidky se mohou Zivit
jako okusovaci i jako spdsaci. Potravni oportunisté se velmi dobre prizpUsobuji danému
stanovisti (Homolka 1996). Jeleni zvéf potiebuje 5 az 7 pastevnich period za 24 hodin
(Lochman et al. 1964). V obdobi pastvy jsou kozy vyznamné vice infikovany nez ovce, které
patfi mezi spasace (Le Jambre & Royal 1976; Jallow et al., 1994; Huntley et al., 1995; Pomroy
et al. 1986). Nékolik studii ddle ukazalo, Ze imunitni odpovéd proti infekci hlistic je méné
ucinna u koz nez u ovci (Pomroy et al., 1986; Huntley et al., 1995; Vlassoff et al. 1999; Hoste

et al., 2010). Je pravdépodobné, Ze podobné rozdily existuji u jelent a srncd.

Ndkaza hlisticemi rodu Trichuris byla zjisténa u vSech vékovych skupin zvére,
ale nejvice postihovala mladé jedince do jednoho roku véku a tyto rozdily byly signifikantni
u véech zkoumanych druht zvéfe (x* = 32.02, p = 0.00). Vy33i prevalenci trichurti u mladych

zvifat nez u dospélych zaznamenali rovnéz Rehbein (2010) a Body et al. (2011).

Navzdory dostupnosti mnoha novych diagnostickych metod zlstava koprologie
dllezitou neinvazivni metodou pro studium parazitl. Spolehlivost této metody se lisi
u rliznych typU parazitQ a hostitel(l (Becker et al. 2016). Rieu et al. (2007) zjistili shodu mezi
vysledky koprologickych metod a pitvami pfi diagnostikovani Paramphistomum cervi u skotu.
Naproti tomu koprologicka diagndza rtznych druhl tasemnic jako je Anoplocephala
perfoliata (Meana et al. 1998) nebo Taenia saginata (Hall t al. 1981) byla pozitivni pouze
u 54% respektive 68% infikovanych hostitel(. Gasso et al. (2015) uvadéji faleSné negativni
koprologickou diagnostiku 24% u Trichuris suis, 28% u Metastrongylus spp. a 33% u Ascaris
suum. V nasi studii byla pouzZita koncentra¢ni technika McMaster (Roepstorff & Nansen
1998), kterd je podle porovnavaci studie Vadlejch et al. (2011) vysoce citlivd. Soubézna
koprologicka a pitevni vysSetieni 175 zvirat ukdzala, Ze prevalence hlistic rodu Trichuris spp.,
zjistovana témito pristupy, se vyznamné lisSila ve prospéch pitev (x2 = 16,26, p = 0,00).
Na zakladé téchto vysledkl byl vytvoren teoreticky linearni model zavislosti a bylo zjisténo,
Ze na zjiSténi jediného vajicka flotaéni metodou je nutna pfitomnost sedmi samic v jediném

hostiteli, a dale Ze pIlné shody mezi pozitivnimi vysledky ziskanymi koprologickou metodou
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a pitvou bylo dosazeno, pokud pocet samic hlistic rodu Trichuris v jednom hostiteli prekrocil

51 jedinca.

Publikace 3:

Cilem studie bylo morfologicky a molekularné charakterizovat Trichuris myocastoris
z nutrie fi¢ni z rGznych chovatelskych farem v Ceské republice a ovéfit druhovou pfislu$nost

a fylogenetickou pozici této hlistice v rdmci druhu Trichuris.

Trichuris myocastoris je bézny parazit volné Zijicich i farmovych nutrii (Zajicek 1955;
Hohner 1961; Babero & Lee 1961; Pastuszko 1991; Rossin et al. 2009; Martino et al. 2012).
Origindlné byl tento druh popsany v Némecku (Enigk 1933) a nasledné byla publikovana
morfologickd charakteristika parazita z Uzemi Ruska (Petrov 1941). Podrobnou druhovou

redeskripci publikoval Barus et al. (1975) na zdkladé nematodd z nutrii z Azerbajdzanu.

Ve studii bylo celkem morfometricky charakterizovano 60 cervli (30 samcu
a 30 samic) nalezenych u nurii za t¥i farem v Ceské republice. Morfometrické Gdaje samcl
a samic odpovidaji relevantnimu popisu T. myocastoris (Barus et al. 1975). Hlavnimi
diagnostickymi charakteristikami T. myocastoris jsou délka a Sitka téla a délka a Sirka spikuly,
co? plati i pro jiné druhy tohoto rodu (Spakulovd 1994). Délka téla hlistic v nasi studii
byla mirné vétsi v porovnani se studii Baru$ et al. (1975), coz muzZe byt zplsobeno
skutecnosti, Ze v této studii byli pitvani velci jedinci hostitele z chovatelskych program.
Celkova délka téla samci byla v rozmezi od 21,4 do 49,4 mm, s délkou predni ¢asti téla
13,0 — 32,2 mm. Samice mély délku téla 33,9 — 61,6 mm a délku predni ¢ast 20,8 — 38,4 mm.
U nasich vzorkl se délka spikuly pohybovala od 2,5 do 4,9 mm, zatimco ostatni prace

uvadély spikulu o délce od 2,7 mm (Enigk 1933) do 3,9 mm (Petrov 1941).

V soucasné dobé je mnoho klasickych druhlG Trichuris definovano pouze
morfologicky, avsak k popisu novych taxonl a k ovéreni platnosti existujicich druht se stale
Castéji vyuzivaji i molekularni metody umoznujici i zjisténi mezidruhovych fylogenetickych

vztahu.
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Tato studie predstavuje celkové prvni molekularni charakteristiky T. myocastoris.
Z genomické DNA, izolované ze Sesti jedincl T. myocastoris, byl amplifikovany a sekvenovany
segment ribozomalniho genu (rDNA) zahrnujici vnitfni transkribované mezerniky ITS1 a ITS2

a dale 5,8S jednotku.

Zjisténé sekvence rDNA o 651 bazovych parech byly ulozeny v genové databazi
GenBank pod kédy KM877518 az 23 a byly porovnany s udaji o téchto genech u sedmi jinych
druhl rodu Trichuris, které jsou dostupné v GenBank. Po zpracovani programem BLASTn
se zjistilo, Ze T. myocastoris se signifikantné odliSuje jak od trichurl parazitujicich
u prezvykavcu (T. skrjabini, T. ovis, T. discolor), ale i od vSech dosud analyzovanych hlistic
hlodavcd (T. mastomysi, T. arvicolae, T. carlieri, T. muris). Sekvence T. myocastoris

jsou jedinecné a ve fylogenetickém stromu predstavuji samostatnou linii.

Soucasné vysledky komplexni studie druhu T. myocastoris v Ceské republice jasné
ukazaly, Ze tento druh je specificky vazany na svého hostitele — nutrii Ficni a naopak, Ze jiné
mistni druhy rodu Trichuris, cizopasici u malych hlodavci v Ceské republice (T. muris
a T. arvicolae), s vysokou pravdépodobnosti nejsou schopné infikovat nutrie ani v pfipadé

sympatrického vyskytu.

Nejnovéjsi molekularni studie autorl Eberhart et al. (2019), zamérenda na trichury
hlodavcl Jizni Ameriky potvrdila, Ze T. myocastoris je specifickym parazitem nutrii
i v plvodnim aredlu tohoto hostitele. V praci byly analyzovany morfologické charakteristiky
a sekvence ITS1 a ITS2 druhu Trichuris sp. cizopasiciho u nejvétsiho hlodavce svéta —
kapybary Hydrochoerus hydrochaeris (L., 1766), u niz byl v minulosti jako parazit zmifnovan
T. myocastoris. V soucasnosti vSak byl na zakladé druhové specifickych rozdili u kapybary
popsan novy druh hlistice, Trichuris cutillasae n. sp. Parazit nutrii T. myocastoris je jeho
sesterskym, nejblize pfibuznym druhem. V studii Eberhart et al. (2019) byly pouzity sekvence

DNA, pochazejici z této nasi prace (Rylkova et al. 2015) a uloZzené v GenBank.
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Publikace 4:

Cilem této studie bylo zjisténi vyskytu Trichuris myocastoris a jinych parazitickych
hlistic u nutrii chovanych na farmdch v Ceské republice a posouzeni mozného rizika jejich
Sitreni. Analyzovany byl i vyskyt protozoi u nutrii, protoZe ziskany materidl trusu byl vzacny
a komplexni informace o spektru parazitd jsou védecky hodnotné. DalSim cilem bylo
porovnat spektrum a miru vyskytu parazitl u chovnych nutrii a u populaci nutrii sekundarné

usidlenych ve volné pfirodé v Cechach.

Hlavnim metodickym pfistupem bylo v této studii vySetfeni trusu nutrii chovanych
na 11 farmach (200 vzorku) a nutrii volné Zijicich na 14 vzdjemné geograficky vzdalenych
lokalitach (20 vzorkud). V péti farmovych chovech byly koprologické analyzy doplnény
helmintologickymi pitvami celkem 20 zvifat a timto zplsobem byly dva ze tti koprologicky
zjisténych rodu hlistic urceny do druhl. Konkrétné byl v gastrointestinalnich traktech osmi
nutrii pfitomen druh T. myocastoris (prevalence P = 40 %) a u péti nutrii byl nalezen
Strongyloides myopotami (P = 25 %). Zastupce posledniho rodu Trichostrongylus sp., jehoz
vajicka byla nalezena v trusu nutrii, nebyl prokazan i pfi pitvach, prestoze Udaje o druhu

Trichostrongylus duretteae u nutrii existuji z Italie (Zanzani et al. 2016).

Koprologickym vySetfenim bohatSiho materidlu z dvojnasobného poctu farem
(200 vzork( trusu nutrii z 11 farem) se zjistilo Sirsi spektrum parazitickych druhd, konkrétné
tfi vySe uvedené taxony hlistic a dale c¢tyfi druhy kokcidii (Eimeria seideli, Eimeria
myopotami, Eimeria coypi a Eimeria nutriae). Nej¢astéji se vyskytovaly druhy Trichuris sp.
(P =57,0 %), E. coypi (P = 37,0 %), E. seideli (P = 26,0 %) a ¢astecné E. nutriae (P = 23,0 %).

Vajicka Trichuris sp. byla pfitomna u nutrii ze vSech 11 farem s prevalenci P =57 %.

ees

Trus divoce Zijicich nutrii (20 vzorkd ze 14 pfirodnich lokalit) obsahoval vajicka pouze
dvou rodu hlistic (Trichuris a Strongyloides) a dvou druhd kokcidii, které byly velmi casté:
E. coypi s prevalenci P = 60,0 % a E. nutriae (P = 45,0 %). Vajicka hlistic Strongyloides sp. byla
nalézana pomérné casto (P = 30,0 %), avsak vajicka Trichuris sp. byly pfitomné pouze
v jediném vzorku. Hlistice rodu Trichuris byly tedy frekventnéjsi u farmovych nutrii. Naopak
tfi dalsi spolecné detekované druhy parazitl, tj. hlistice rodu Strongyloides a kokcidie

E. coypi a E. nutriae byly ¢astéjsi i nutrii ve volné prirodé nez ve farmovych chovech.
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Informace o parazitech u nutrii zfarmovych chovl jsou vzacné. Je vSak patrné,
Ze Casto se vyskytujicimi parazity jsou u nich monoxenni kokcidie. Mertin et al. (2005)
povazuji kokcidiézu za nejnebezpecnéjsi parazitdrni nemoc u nutrii, kterd mlze pUsobit
znacné ztraty u mladych jedincl. Scheuring (1990) nasSel u farmovych nutrii v Polsku Sest
druhl kokcidii rodu Eimeria. Prevalence se pohybovala mezi 9 — 31,6 %, coZ jsou obdobné
vysledky jako v nasi studii. Scheuring (1990) déle v téchto chovech pitevné zjistil pfitomnost
hlistic T. myocastoris (P = 7,2 — 34,2 %), S. myopotami (P = 6,0 — 25,0 %) a ojedinéle
i Trichostrongylus sp. Nase studie odhalila vyssi infikovanost u T. myocastoris (40 % pitvy,
57 % koprologie) a podobnou miru infekce u posledné jmenované hlistice (25, 0 % pitvy,

11,5 % koprologie).

Podobné ojedinélé jsou i reference o vyskytu gastrointestindlnich parazit( u volné
Zijicich nutrii v Evropé. Lewis & Ball (1984) nalezli u divokych nutrii v Anglii vyhradné pét
druh kokcidii. Ctyfi druhy kokcidii byly shodné s druhovym spektrem nalezenym u nds, paty
druh byl v Anglii popsan jako novy druh Eimeria fluviatilis Lewis et Ball, 1984. Novéjsi studie
z Italie (Zanzani et al. 2016) uvadi na zakladé koprologii i pitevnich vySetieni nutrii z pfirody
Sirsi spektrum parazitl, které kromé E. coypi (86.3 %) a E. seideli (6.8 %) zahrnovalo i hlistice
S. myopotami (63.4 %) a T. duretteae (28.1 %). Zajimavé bylo zjisténi protilatek proti
Toxoplasma gondii a Leptospira interrogans a také baktérii Staphylococcus aureus,
Escherichia coli a Streptococcus spp., takZe prace pripousti moznost, ze volné Zijici nutrie
by mohly mit negativni medicinsky potencial. Mnohé prace referovaly o mozné infekci nutrii
i dalSimi parazity, které by mohly byt preneseny na c¢lovéka, jako jsou motolice Fasciola
hepatica, Echinococcus granulosus, Echinococcus multilocularis, larvy tasemnic rodu Taenia
nebo hlistice Capillaria hepatica nebo kokcidie Toxoplasma gondii (Babero & Lee 1961; Gayo
et al. 2011; Nordoni et al. 2011; Umhang et al. 2013; Zanzani et al. 2016). V podminkach
Ceské republiky se viak u nutrii zatim nepotvrdila pfitomnost zadného ze zdvainych parazit(
Clovéka ani hospodarskych zvifat a proto nemusi byt povaZovany za epidemiologicky
vyznamné. Dalsi vyzkum $kdly jejich parazitl je vSak Zadouci. Nase studie ukdazala, ze volné
Zijici nutrie jsou daleko méné parazitovany, nez farmové chované nutrie. Zjisténé rozdily
byly natolik zietelné, Ze rozdil v poctu vySetfenych vzork( trusu divokych nutrii a zvifat

z farmovych chovl tento vysledek nemohl podstatné ovlivnit. U volné Zijicich nutrii

je obtizné ziskat jejich trus, protoze ho odkladaji vétSinou do vody a jen obéas ho Ize nalézt
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na misté pastvy nebo v blizkosti nor na naplavech, kde nutrie odpocivaji. Uzsi spektrum
parazitll u volné Zijicich nutrii je velmi pravdépodobné zpUsobeno jejich rozsahlym aredlem
ve volném Zivotnim prostredi na brezich reky a tedy rozptylenim infekénich stadii parazitu.
Naopak farmova zvifata jsou chovdna ve skupinach v relativné malych a izolovanych
betonovych nadrzich, kde jedinym zdrojem vody je napaje¢ vody. Tyto podminky usnadnuji

Siteni téch parazitd, ktefi maji pfimy vyvojovy cyklus a nevyZzaduji Zddné mezihostitele.

6.2 Souhrn vysledkt analyzy hlistic rodu Trichuris cizopasicich u volné Zijicich

prezvykavci v Ceské republice

6.2.1 Druhy rodu Trichuris zji$téné u vybranych preivykavca v Ceské

republice

Z devitiletého vyzkumu hlistic rodu Trichuris cizopasicich u prezvykavct v Ceské
republice vyplynulo, Ze se na tomto Uzemi u zkoumanych hostitell vyskytuji pouze dva druhy
rodu Trichuris, a to T. discolor a T. ovis. Prevladajicim druhem u vétSiny sparkaté zvére (srnec
obecny, danék evropsky, jelen sika) byl T. discolor, zatimco u ovce domaci a muflona
obecného byl hojnéjsi T. ovis. Jelen evropsky byl infikovan pouze hlisticemi T. discolor
a nalezy byly zfidkavé (infikovani byli 2 mladi jeleni z 36). Ndakaza hlisticemi rodu Trichuris
byla zjisténd u vSech vékovych skupin zvére, ale signifikantné vice postihovala mladé jedince

do jednoho roku véku.

6.2.2 Morfologicka analyza

Morfologicky a biometricky vyhodnocované hlistice byly predbézné uréené do druhu
na zdkladé molekuldrnich markerl. Rozméry téla a dalSich morfologickych znakl samic
T. ovis a T. discolor se signifikantné neodliSovaly a intervaly minimo-maximalnich hodnot
se ve vsech pfipadech prekryvaly. Analyza klasického diagnostického znaku — tvaru vulvy
u samic T. ovis a T. discolor ukazala znacnou miru variability u obou druh(. Kromé morfotypu

s vyraznym vulvarnim privéskem typického pro T. ovis (MT1; 88,75%) se u tohoto druhu
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nachazely juvenilni samice s malymi ptivésky (MT3, MT4). Rovnéz i u samic T. discolor byly
nalezeny dva morfotypy. Typicky byl tvar vulvy bez vyvySeniny (MT2, 98,71 %), ale ojedinéle
byl pfitomen i morfotyp s malou vyvyseninou (MT3; 1,29 %). Spolehlivou determinaci vSech

jedincl tak poskytla az molekularni metoda.

6.2.3 Molekularni analyza

Genomickd DNA byla izolovana jednotlivé z 240 Trichuris spp. ziskanych z ovci
domdcich a srncl obecnych. Byl amplifikovany a osekvenovany ITS1-5,85 RNA-ITS2 segment
genu pro ribozomalni RNA. Informace o zjisténych sekvencich rDNA byly uloZzeny v GenBank
a porovnanim s jiz znamymi sekvencemi byly vSechny hlistice zafazeny do dvou druh(
trichurd, T. ovis a T. discolor. Useky 1TS1, obsahujici inzerce/delece specifické pro oba druhy,
byly vyuZity pro design PCR markerd INDEL1 a INDEL2, které slouZili pro druhovou

diferenciaci dalsich 841 hlistic.

6.2.4 Fylogenetické vztahy

Fylogeneticky strom konstruovany na zakladé naSich sekvenci a informaci o rDNA
z GenBank ukazal, Ze T. discolor z Ceské republiky, Spanélska a Japonska tvofi pomérné
homogenni linii, kterd se vyrazné odlisuje od T. discolor z Iranu, ktery by snad mohl byt
v budoucnosti povaZovany za odlisSny druh. Znacné rozdily byly detekovany i v ramci druhu
T. ovis, kdy vétdinova evropska populace zahrnovala Ceskou republiku a Irsko a znaéné

odlidné haplotypy byly nalezeny u hlistic T. ovis z dobytka ve Spanélsku.

6.2.5 Praktické aspekty diagnostickych metodik

Na zadkladé soubéinych vysSetfeni hostitelskych zvifat koprologickymi metodami
i helmintologickymi pitvami stfev bylo zjiSténo, Ze prevalence Trichuris spp. zjisténd u vSech
hostitelskych druh (infikovani/neinfikovani hostitelé: 17/159) byla pfi aplikaci koprologické
metody vyrazné nizSi (x2 = 16,26, p = 0,00) vporovnani s prevalenci hlistic
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(infikovani/neinfikovani hostitelé: 46/130), kterad byla zjisténa pitvou stfev. VSechna zvirata
vySetiena helmintologickou pitvou, u kterych nebyl nalezen T. discolor ani T. ovis, byla také
koprologicky negativni na hlistice rodu Trichuris. VSichni hostitelé byli koprologicky pozitivni

az v pripadé, kdy pocet samic rodu Trichuris byl vyssi nez 51 u jednoho hostitele.

6.3 Souhrn vysledkut analyzy hlistic rodu Trichuris cizopasicich u farmovych

a volné Zijicich nutrii v Ceské republice
6.3.1 Druhy rodu Trichuris zji$téné u nutrii v Ceské republice

Kombinovany morfologicky a molekularni vyzkum farmovych i volné Zijicich nutrii na
celém UGzemi Ceské republiky dokazal, Ze se u téchto introdukovanych Zivocich@l vyskytuje
jediny druh rodu Trichuris, konkrétné T. myocastoris. Tento druh je na nutrie striktné vazany
a vsoucasnosti se naléza jak v plvodnim aredlu nutrie, vjizni Americe, tak i vjinych

svétadilech kam byl introdukovan spolu s hostitelskymi nutriemi.

6.3.2 Morfologicka analyza

Druh T. myocastoris byl v této praci morfologicky redeskribovany a Udaje o variabilité
znakd byly porovndny s literarnimi daty. Morfologicka variabilita druhovych znak( byla
vazana pouze na vétsi velikost hostitelskych zvifat z farmovych chov(, ale neovliviiovala
druhové diferenciac¢ni znaky. Témi jsou u samcu spikula dlouha 3 — 4,5 mm a charakteristicky

tvar spikularni pochvy s ostnatym povrchem. U samic vulva nevyc¢nivajici nad povrch téla.

6.3.3 Molekularni analyza

Genomickda DNA byla izolovdna z 30 samic a 30 samcU T. myocastoris. Byla ziskana
origindlni informace o 651 bazovych parech useku ribozomalniho genu ITS1-5,8S RNA-ITS2
(rDNA), ktery zahrnuje vnitini transkribované mezerniky a 5,8S jednotku. Nase udaje ulozené

v genové bance uz byly pouzity pro fylogenetickou studii autord Eberhardt et al. (2019).
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6.3.4 Fylogenetické vztahy

Nase udaje o sekvencich ribozomalniho genu byly porovnany srelevantnimi
charakteristikami sedmi dalSich druh( rodu Trichuris, které jsou uvedeny v genové bance.
Zjistilo se, ze T. myocastoris predstavuje samostatnou linii, vzdalenou jak od skupiny druh(
rodu Trichuris, které cizopasi u mysSovitych hlodavcl (7. arvicolae, T. carlieri, T. mastomysi

a T. muris), tak i od hlistic z prezvykavcul (T. discolor, T. ovis a T. skrjabini).

6.3.5 Praktickeé aspekty diagnostickych metodik

Porovnanim druhového spektra parazitll u nutrii Zijicich v podminkach farmovych
chovl a ve volné prirodé se zjistilo, Ze volné Zijici nutrie jsou daleko méné parazitovany, nez
farmové chované nutrie. Tento fakt se tyka jak stfevnich nematodd, tak i kokcidii, které byly
vysetfeny soubéiné se stfevnimi hlisticemi. V podminkdch Ceské republiky se u nutrii
prozatim nepotvrdila pfitomnost Zzadného ze zadvaznych parazitQ ¢lovéka ani hospodarskych

zvirat.
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7. Zaveér

Byla potvrzena hypotéza, Ze tradi¢ni taxonomie hlistic rodu Trichuris, zaloZzena pouze
na morfologickych znacich, neposkytuje dostate¢né diferenciacni znaky pro odliSeni
jednotlivych druh téchto hlistic parazitujicich u volné Zijicich prezvykavc(i v Ceské republice.
Je tedy nezbytné kjejich druhovému uréeni pouzit kombinaci morfologickych
a molekularnich analyz. U nutrii v Ceské republice byl morfologicky i molekuldrné potvrzen

jediny druh Trichuris myocastoris, ktery je specifickym parazitem nutrie Ficni.

V Ceské republice byly u zkoumanych druhG volné Zijicich prezvykavc potvrzeny
pouze dva druhy rodu Trichuris, a to T. ovis a T. discolor. Oba druhy byly podrobné
biometricky redeskribovany a charakterizovdny i molekuldarné. Ovéreni moZiné existence
daldich druhG rodu Trichuris u prezvykavch v Ceské republice by mélo byt predmétem

dalsiho studia SirSiho spektra hostitelskych zvitat.

Dlouhodobé morfologicko-molekularni studium hlistic rodu Trichuris u sparkaté zvére
naznacilo dalsi moZzny smér vyzkumu hojné se vyskytujiciho druhu Trichuris discolor, u néhoz
byly v horizontu deviti let nalezeny pouze samice. Tento fakt mlze mit dvé priciny,
a to extrémné nizkou Zivotaschopnost samcl, nebo prechod celé populace na nepohlavni

rozmnozovani. Dalsi vyzkum by proto mohl pfinést prekvapivé vysledky.

V podminkach Ceské republiky se u nutrii zatim nepotvrdila pfitomnost 7adného
ze zavazinych parazitQ ¢lovéka ani hospodarskych zvirat, a proto nemusi byt povazovany

za epidemiologicky vyznamné. Dalsi vyzkum skaly jejich parazitQ je vSak zadouci.
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9. Seznam obrazku

Obrazky 1 — 12 slouzi pro ilustraci tvaru druhovych charakteristik hlistic rodu Trichuris.

Samec hlistice Trichuris ovis
Samice hlistice Trichuris ovis
Samec hlistice Trichuris discolor
Samice hlistice Trichuris discolor
Samec hlistice Trichuris skrjabini
Samice hlistice Trichuris skrjabini
Samec hlistice Trichuris globulosa

Samice hlistice Trichuris globulosa
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10. Seznam tabulek

Rozméry jednotlivych ¢asti téla hlistic rodu Trichuris jsou uvedeny v tabulkach 1 — 12.

Biometrické parametry samcU Trichuris ovis
Biometrické parametry samic Trichuris ovis
Biometrické parametry samcU Trichuris discolor
Biometrické parametry samic Trichuris discolor
Biometrické parametry samcu Trichuris skrjabini
Biometrické parametry samic Trichuris skrjabini
Biometrické parametry samcu Trichuris globulosa

Biometrické parametry samic Trichuris globulosa
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Biometrické parametry samcu Trichuris capreoli
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. Biometrické parametry samic Trichuris capreoli
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. Biometrické parametry samcu Trichuris myocastoris
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. Biometrické parametry samic Trichuris myocastoris
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. Morfologické znaky samcl Trichuris spp.

=
N

. Morfologické znaky samic Trichuris spp.

~
5

. Prevalence hlistic rodu Trichuris u vybranych hostitel v Evropé kromé Ceské
republiky

16. Prevalence hlistic rodu Trichuris u srnce obecného v Ceské republice
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