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1. Uvod

Parazitézy vyznamné zasahuji do ekonomiky chovu piezvykavci. V dnesni dob¢ je
kladen velky duraz na welfare zvifat, a tim na zmény managementu a chova tak, aby byl
zvifathm umoznén po vétSinu sezdny pristup na pastviny a piirozeny pohyb. A pravé
pastviny jsou hlavnim zdrojem infekci pifezvykavcu. Gastrointestinalni hlistice jsou zavislé
na vyvoji ve vnéjSim prostfedi. U plicnivek dochédzi k vyvoji ve vnéj$im prostiedi bud’
S vyuzitim nebo bez vyuziti mezihostitele, v zavislosti na druhu plicnivek. Znalost
epizootologie parazitl je tedy dilezitym faktorem, ktery nam umoznuje navrhnout vhodny
management pastvy, kterym lze dosahnout snizeni infek¢niho zatizeni pastviny.

V poslednich letech dochazi k nartistu zajmu o ekologické chovy a jejich produkty.
Zejména chovy koz a kozi produkty se v posledni dobé dostavaji do poptedi zajmu. Ptesto,
ze je o tyto produkty velky z4jem, informaci ohledné parazit6z a jejich vlivu na produkci u
malych piezvykaveli, obzvlasté u koz je v CR nedostatek. Dostupnost $irokospektralnich
anthelmintik sice umoznila intenzifikaci zemédélstvi, ale s ¢astym a chybnym uzivanim se
objevila rezistence na tato pouzivanad lé¢iva. Ackoli k naduzivani ¢i chybnému uzivani
anthelmintik nedochazi zamérng, jedna se spise o nedostatek informaci, soucasna situace se
jevi jako zavazna. Se zménou klimatu dochazi i ke zméndm druhového spektra paraziti,
druhy, které byly v naSich podminkach diive spiSe minoritni, nabyvaji v soucasnosti na
vyznamu. Kratsi a teplejs$i zimy umoziuji pfezimovat na pastvinach vétSimu poctu larev
hlistic. Samice GI hlistic mohou vylucovat vajicka do vné&jSiho prostredi po delsi ¢ast roku.
Pasouci se zvifata jsou tak vystavena vét§imu parazitarnimu tlaku. Je potfeba uvédomit si
vSechny tyto zmény a pfizplisobit jim management chovu. Nelze v dne$ni dobé pouzivat
stejné principy, které platily pred desitkou let ¢i déle. Do budoucna je dilezité zaméfit se
Vv chovech spiSe na prevenci parazitéz, a tim predchdzet a minimalizovat nasledky
parazitarnich infekci. Vzhledem k tomu, ze larvy hlistic jsou na porostu bézné a zvitata jsou
Jim vystavena po celou dobu pastvy, neni mozné Uplné eradikovat endoparazity z téla
hostitele. S vyuzitim opatfeni, ktera z dlouhodobé perspektivy povedou ke snizovani
populace endoparazitli, 1ze udrzet optimalni Groven zdravi, produkce a také welfare zvitat,
coz odpovida souc¢asnym trendiim. Tato opatfeni obsahuji n€kolik zakladnich principi, které
zahrnuji omezeni vystaveni zvifat na pastvé infekénim stadiim parazitd. Toho lze docilit
vhodnym managementem pastvy. ZvySenim odolnosti zvifat docilime stavu, kdy si zvife
dokaze s urcitou hladinou infekce poradit samo. Vhodny je i chov plemen, kterd jsou
pfirozené odolngjsi proti parazitozdm. Zapojenim téchto principi do managementu lze

docilit zdravéjSiho chovu a minimalizovat ekonomické vydaje a ztraty.
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2. Literarni prehled

2.1 Vyznam parazitéz v intenzivnich chovech prezvykavci

Parazitdzy neptiznivé ovliviiuji produkei a dobré Zivotni podminky hospodaiskych
zvitat (Fthenakis & Papadopoulos 2018). Témét vSechna pastevné chovana zvirata se v
pribéhu roku infikuji béhem pastvy ve vétsi ¢i mensi mife gastrointestinalnimi (GI)
hlisticemi, celosvétové nejrozsifenéjSimi endoparazity prezvykavet (Kassai 1999).
Zavaznost infekce zavisi na mnoha faktorech a druhové spektrum paraziti je jednim
nezli jiné. V prostiedi pfirozené infekce je obvykle hostitel infikovan nékolika druhy GI
hlistic soucasné, monoinfekce je vzacna (Leignel & Cabaret 2001; Demeler et al. 2012).
DalSimi vyznamnymi faktory ovliviiujicimi dopady infekci GI hlisticemi na své hostitele
jsou intenzita infekce, zdravotni stav kazdého jednotlivého zvifete ve stadé, jejich imunita,
ale také samotné prostiedi farmy, lokélni klima a vyziva zvitat (Kassai 1999; Zajac 2006).

Ekonomika chovu piezvykavcu je infekcemi, které GI hlistice zptsobuji do velké
miry ovlivnéna. Ekonomické ztraty nasledkem parazitismu hlistic jsou spojovany spiSe
s vlivem na produkci nezli se samotnou mortalitou zvifat. Proto jsou obvykle infekce
zpusobené GI hlisticemi klasifikovany jako produk¢ni onemocnéni (Marshall et al. 2012).
Nejcastejsimi GI hlisticemi, které se vyskytuji u malych prezvykavci a jsou zodpovédné za
vysoké ekonomické ztraty v chovech, jsou zéastupci hlistic nad¢eledi Trichostrongyloidea —
tzv. trichostrongylidni hlistice Haemonchus contortus, Trichostrongylus spp. a Teladorsagia
circumcincta (O’Connor et al. 2006; Gilleard 2013). U skotu a volné zijicich piezvykavct
jsou za nejvetsi produkeni ztraty zodpovédné zejména slezové hlistice Ostertagia spp.
(Rinaldi & Geldhof 2012), Spiculopteragia spp. (Chintoan-Uta et al. 2014), H. contortus
(Simpson 2000), a také Ashworthius sidemi (Osinska et al. 2010). Hlavni pfi¢inou
ekonomickych ztrat v chovech pfezvykavci jsou snizené ptiriistky zvitat, hypoproteinemie,
snizeni mlécné €1 masné produkce, zhorSeny rist a kvalita viny u ovci, vydaje za veterinarni
oSetfeni a lécCiva, ale také zhorSend konverze krmiva, kterd je dilezitym znakem infekci
vyvolanych GI hlisticemi (Fox 1997; Alberti et al. 2014; Charlier et al. 2014; Chintoan-Uta
et al. 2014; Lambertz et al. 2018). ZhorSend konverze krmiva nasledkem parazitizmu
ovlivituje reprodukéni schopnosti zvitat. V diisledku snizené dostupnosti energie nasledkem
parazitarnich infekci, miZe dochazet ke sniZenému poctu ovulaci nebo ke zvySeni
embryonalnich mrti v chovu (Dobson et al. 2012). Parazitarni infekce mohou byt

predispozi¢nim faktorem toxémie v bifezosti, jehoz nasledkem dochdzi k potratim nebo



i k umrti infikovaného zvifete (Papadopoulos et al. 2013; Fthenakis & Papadopoulos 2018).
Stejné jako u domadcich prezvykavcei, tak 1 u volné zijicich ptfezvykavcu se infekce GI
hlisticemi vyskytuji zcela bézn¢ a jejich negativni vliv na hostitele se odrazi zejména ve
zménach fyziologie, chovani a reproduk¢niho potencialu (Cole & Viney 2018).
V intenzivnich chovech voln¢ Zijicich pfezvykavcl se infekce GI hlisticemi projevuji také
ubytkem na vdaze, slabosti, hypoproteinemii, nekvalitni srsti a prijmy (Haigh et al. 2002).
Parazitarni infekce u volné zijicich pfezvykavcii ovliviuji kondici zvifat a mohou vést
k ubytku jejich populace, coz muze piedstavovat problém pii ochrané ohrozenych druhi
(Smith et al. 2009; Thompson et al. 2010; Kotodziej-Sobocinska et al. 2016).

Infekce plicnimi hlisticemi jsou u koz méné zavazné nez u ovei (Abbot et al. 2012),
a proto jsou Casto piehlizeny (Vadlejch et al. 2016). Patogenni G¢inky infekci plicnivkami
se mohou zdat niz§i vV porovnani se stfevnimi ¢i slezovymi hlisticemi, ale napt. Muellerius
capillaris, nejcastéjsi plicni hlistice malych piezvykavci, je spojovana nejen s piipady
respira¢nich obtizi, ale je uvadéna také jako predispozi¢ni agens pro bakterialni infekce
(Suarez et al. 2014). Zdravotni obtize spojené s muelleriézou negativné ovliviiuji mléénou
produkci zejména u starSich zvitat s t€Zkou infekci (Paraud et al. 2005). U mladsich zvifat
mohou zpiisobit zhorSeny rlst a zabfezdvani (Paraud et al. 2005; Kyridnova et al. 2019).

Pokud vyhodnocujeme vliv infekci GI hlisticemi na mlénou produkci malych
prezvykavci, je potieba vzit v tivahu intenzitu infekce a druhové slozeni paraziti. Nékteré
druhy hlistic mohou ovlivnit mléénou produkci ve vétsi mife nez ostatni druhy (Rinaldi et
al. 2007; Alberti et al. 2014; Kyrianova et al. 2017). Strongylidni hlistice maji, v zavislosti
na intenzité infekce, vliv na kvalitativni parametry mléka, zejména na obsah proteinu
(Rinaldi et al. 2007; Alberti et al. 2014; Kyrianova et al. 2017). Dale je tieba zohlednit stupen
laktace a individualni nddoj konkrétniho zvifete, napt. kozy s vysokou produkei mléka jsou
vice nachylné k endoparazitarnim infekcim v disledku sniZené schopnosti vyvinout
imunitni reakci proti GI hlisticim, neZzli je tomu u koz s nizsi produkci mléka (Etter et al.
2000; Alberti et al. 2014).

Je vsak potfeba si uvédomit, Ze dopady parazitdz jsou velmi heterogenni, a to jak
mezi jednotlivymi zvifaty v rdmci jednoho stada, tak mezi stddy a farmami. Variabilitu mezi
dopady na produkci jednotlivych zvifat v rdmci stada 1ze pfipisovat nejen riizné intenzité
infekce, vyvojovym cyklim parazitl, ale také napf. genetické predispozici jedince k
odolnosti, vyziveé na farmé, sloZzeni vegetace €i jinym druhotnym bakterialnim nebo virovym
onemocnénim (Charlier et al. 2014).

Infekce zplisobené GI hlisticemi ohrozuji n¢kolik kategorii zvitat. Nejvice ohrozena

jsou mlada zvitfata (Sutherland & Scott 2010). V priibéhu dospivani dochazi u zvitat



K rozvoji imunity a schopnosti potlacit intenzitu infekce na troven, ktera hostitele
neohrozuje na zivoté (Albery et al. 2018). Velmi nachylné na parazitdzy jsou samice v dob&
okolo porodu, u kterych dochazi v tomto obdobi k fyziologickému poklesu imunity, tzv.
fenomén PPRI (Periparturient Relaxation in Immunity — pokles imunity u samic v obdobi
okolo porodu). SniZzena imunita v poporodnim obdobi je charakterizovana zvySenym
vylu¢ovanim vajicek GI hlistic (tzv. FEC — Faecal Egg Count). U samcti dochéazi vlivem
vysoké hladiny testosteronu k naruSeni funkce imunitniho systému, coz mé za nasledek

zvysenou citlivost vii¢i parazitarnim infekcim (Decristophoris et al. 2007).

2.1.1 Parazitarni gastroenteritida prezvykavci

Prezvykavci jsou béhem pastvy infikovani Sirokym spektrem GI hlistic, které
vyvolavaji u zvifat onemocnéni nazyvané parazitarni gastroenteritida (PGE). Pivodcem
tohoto onemocnéni je vice nez desitka druhti parazitickych hlistic, které infikuji slez a stieva
(Hoste et al. 2010; 2011). Nejvyznamnéj$imi pivodci tohoto onemocnéni jsou u malych
ptezvykavcu Teladorsagia circumcincta, Haemonchus contortus a Trichostrongylus axei,
ktefi patii mezi slezové hlistice. Dale zastupci hlistic vyskytujici se v oblasti stfev, a to rody
Trichostrongylus, Nematodirus a Cooperia Vtenkém stfevé a Chabertia ovina,
Oesophagostomum columbianum v tlustém stifevé (Charlier et al. 2017). Méné cCasto se
mizeme u malych piezvykavcu setkat i se Strongyloides papillosus (Eysker et al. 2005),
Trichuris ovis (Preston et al. 2014; Lambertz et al. 2018) nebo s Aonchotheca (Capillaria)
spp. (Zajac & Conboy 2012).

U volné zijicich pfezvykavcl jsou nejcastéji spojovany s klinickym onemocnénim
zastupci rodt Ostertagia, Spiculopteragia a Haemonchus parazitujici ve slezu (Chintoan-
Uta et al. 2014). Dalsimi ¢etnymi zastupci stievnich GI hlistic volné zijicich pfeZvykavci
jsou Trichostrongylus vitrinus, T. colubriformis, Cooperia pectinata, Oesophagostomum
venulosum, O. sikae, O. radiatum, Nematodirus roscidus, N. helvetianus, Chabertia ovina,
Trichuris capreoli, T. globulosa, T. ovis (Rehbein et al. 2001; Rehbein & Visser 2007). Méné
Castymi druhy jsou zastupci rodtt Bunostomum, Capillaria a Strongyloides (Santin-Duran et
al. 2004; Burlinski et al. 2011).

Ovce a kozy jsou hostiteli shodnych druht GI hlistic (Hoste et al. 2008), 1 kdyz
nékteré udaje naznacuji moznost existence rozdilnych kmenti GI hlistic pro ovce 1 kozy
(Hoste et al. 2010). Torina et al. (2004) se ve své studii zaméfili na zjiSténi mozné diverzity
parazitofauny u koz a ovci na Sicilii. Kromé& Sesti dominantnich druhti slezovych hlistic u

ovci (T. circumcincta, T. pinnata, T. trifurcata, Trichostrongylus axei, Trichostrongylus



vitrinus a T. colubriformis) nalezli také druhy méné zastoupené, z nichz nejcastéjsi byl
H. contortus a dale Ostertagia leptospicularis, Trichostrongylus capricola, Ostertagia
ostertagi a Skrjabinagia kolchida. Oproti tomu u koz autofi uvadéji, jako dominantni hlistice
ve slezu pouze T. circumcincta a Trichostrongylus axei, vSechny ostatni druhy byly
zastoupené méné, nejcastéjsimi druhy byly Trichostrongylus vitrinus, Teladorsagia pinnata,
Trichostrongylus capricola a H. contortus. Torina et al. (2004) popisuji zjisténé méné
zastoupené druhy slezovych hlistic u ovci i koz jako zajimavou ukazku urcitého
pfizptsobeni parazitli riznym hostitelim, protoze napi. Ostertagia leptospicularis nebo
Skrjabinagia kolchida jsou primarné hlisticemi voln¢ zijicich pfezvykavct a Ostertagia
ostertagi skotu.

V roce 2015 byl na tizemi CR po &tyficeti letech opétovné zjistén vyskyt slezové
hematofagni hlistice Ashworthius sidemi u zubra evropského a nasledné i u jelena
evropského v arealu obory na severu CR (Vadlejch et al. 2017; Magdalek et al. 2017). Tento
nalez A. sidemi je viibec prvnim zaznamenanym piipadem této invazivni hlistice u zubra
evropského v CR. Tato slezova hlistice byla v CR poprvé zaznamenana v sedmdesatych
letech minulého stoleti u jelent sika importovanych z Asie (Kotrla & Kotrly 1973; Magdalek
etal. 2017). Pravé s jeleny sika byl postupné A. sidemi introdukovan do celé fady evropskych
zemi, kde kolonizoval dal$i volné Zijici pfezvykavce, jeleny evropské, srnce obecné a
muflony (Demiaszkiewicz et al. 2018). V soucasné dobé byl A. sidemi potvrzen v nékolika
lokalitach CR s intenzivnimi chovy volné Zijicich pfezvykavcil, a to jak u srnce obecného,
daitka obecného, tak 1 u losa evropského (Magdalek et al. 2017). Pfestoze jsou mali
prezvykavci vnimavy k infekci A. sidemi, pienos této hlistice z volné Zijicich na domaci
ptezvykavce byl zatim v pfirozenych podminkach popsan pouze u skotu (Moskwa et al.
2015). Naopak moderni molekuldrn€ genetické analyzy podporuji zjisténi, Ze mali
prezvykavci a divoci prezvykavei spolu mohou sdilet spolecnou populaci hematofagni
hlistice H. contortus. Dale byl také potvrzen vyskyt GI hlistic specifickych pro doméci
piezvykavce (rody Nematodirus, Trichostrongylus, Teladorsagia, Chabertia, Cooperia a
Haemonchus) u srnct na Pyrenejském poloostrové (Pato et al. 2013; Chintoan-Uta et al.
2014).

Na rozdil od domacich ptezvykavcel, kde vyZziva, reprodukce i pohyb zvifat mezi
pastvinami jsou zavislé na lidské ¢innosti a manipulaci, infekce u volné zijicich ptezvykavct
jsou spojeny s faktory Zivotniho prostiedi (Billinis 2013). Vzajemny pienos endoparaziti
mezi domécimi a volné Zijicimi pfeZvykavci je ovliviilovan nejen mistnim klimatem, ale také
interakcemi mezi vyuZzivdnim stanovi$t k pastvé a prostiedim pastvy. Volné Zijici

prezvykavci mohou ménit vybér stanovisté pro pastvu s ohledem na vyuziti a segmentaci



krajiny pro zeméd¢€lské a pastevni ucely. Piekryvani pastevniho habitatu pro hospodarské a
volné 7zijici prezvykavce se muze v jednotlivych zemich liSit, stejné jako systémy
hospodateni (Pato et al. 2013; Chintoan-Uta et al. 2014).

Diagnéza PGE je obecné zalozena na klinickych pfiznacich, sezénnim vyskytu
onemocnéni a je-1i to mozné, také na vySetfeni post mortem, které napomiize kvantifikovat
parazitarni zatéz zvitete dospélci hlistic (Taylor 2010). Ackoli ve vétsing piipadi parazitarni
gastroenteritida zvife na Zivoté pfimo neohrozuje, nasledky tohoto onemocnéni maji vliv na
zdravi a produkci. Dopad parazitarnich infekci na produkci zvitat, a tedy i na ekonomiku
chovu se projevuje poskozenim tkani traviciho traktu plsobenim paraziti a naslednym
snizenim funkce téchto organii. Dochdzi k pfesmérovani zivin a proteinti a jejich vyuziti
k regeneraci poskozenych tkani (Charlier et al. 2014) a ke snizeni pfijmu a vyuziti krmiva
(Charlier et al. 2014; 2017). Tato zmé&na v dynamice distribuce zivin a proteini zptsobuje,
7e zvite jevi znamky malnutrice (Hoste et al. 2005). Parazitarni infekce zpusobuji fadu
patofyziologickych zmén traviciho traktu, jejichz nasledkem hostitel vstupuje do stavu
relativniho deficitu proteini. Tato skutecnost je podpoiena pozorovanim, kdy doslo u
infikovanych zvifat ke zmirnéni projevii infekce po podani doplitkového proteinu

(Sutherland & Scott 2010).

2.1.2 Vybrani vyznamni plivodci parazitiarni gastroenteritidy

Hematofagni hlistice zpusobuji u zvifat akutni infekce, které se projevuji anémii
sliznic. Stav anémie lze posuzovat na zdklad¢ anemizace sliznice spojivek. K tomuto tcelu
byla vytvorena metoda FAMACHA® nazvana dle dr. Faffa Malan (van Wyk & Bath 2002),
ktera byla plivodné vyvinuta jako 1é¢ebna strategie pro chudé zemédélce v Jizni Africe (Odoi
et al. 2007). Metoda vyuziva anémii jako hlavni znak pro heamonchézu. Na zakladé této
metody mohou byt selektivné 1éCena pouze zvifata, kterd vykazuji znamky tézké anémie
(Rinaldi & Cringoli 2012).

Pocatky klinickych ptiznaki haemonch6zy mohou byt velmi néhlé a v akutnim stavu
mohou vyustit ve smrt zvifete. Kromé anémie lze u akutni haemonchdzy pozorovat u zvifat
hyperpnoe a tachykardii. U subakutnich infekci mize u zvifat v disledku hypoproteinemie
dojit ke vzniku submandibularniho edému. Anémie muze byt také zpuisobena motolici
Fasciola hepatica a klinické pfiznaky mohou byt shodné s haemonchozou. Je potieba tento
fakt neopomenout. Chronickd haemonchoza je, kromé anémie, charakterizovana ubytkem
hmotnosti, letargii a slabosti (Abbot et al. 2012). U haemonchoézy se u zvitat neobjevuje
prijem, zvitata spiSe trpi zadcpou, vykaly jsou formované do tvaru tzv. ,,peletek* a hostitel

vykazuje stfedni az vysoky FEC (Taylor 2010). Samicka H. contortus je velmi plodna a
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muze klast vaji¢ka v intervalu jedno vajicko kazdych 10 sekund, ale maji del$i generaéni

cyklus, prepatentni perioda je zhruba 17-21 dni (Elsheikha 2011).

Obr. 1: Samice hematofagni hlistice Ashworthius sidemi. Na snimku je viditelna bila déloha

obtocend okolo stfeva naplnéného krvi hostitele (foto: J. Vadlejch)

Pfi post mortalnim vySetfeni slezu, jsou dospélci H. contortus na povrchu sliznice
snadno detekovatelni. Jejich délka dosahuje rozmezi 2-3 cm. Samice Ize na sliznici
identifikovat dle bilé délohy, ktera je obtoCena okolo stfeva naplnéného krvi hostitele
(Sutherland & Scott 2010). Pfi post mortalnim vySetieni slezu a pfedni ¢asti duodena by
mohlo dojit k zaméné H. contortus s A. sidemi. Na zakladé jejich morfologie 1ze od sebe
odlisit samce jednotlivych druht. Spikuly samct H. contortus jsou krats$i nez u A. sidemi a
jsou zakonceny typicky tvarovanou Spickou. Délka spikul je u obou druhi hlistic variabilni,
ale u H. contortus obvykle neptesahuje 500 um, naopak u A. sidemi je primérna délka spikul
vétsi nez 700 pm. Gubernakulum je u H. contortus dobfe vyvinuté, u A. sidemi vyvinuté
neni. Rozlisit od sebe samice jednotlivych druhi je vSak slozité. Determinace by mohla byt

zalozena na morfologii bukalni kapsule (Vadlejch et al. 2017). Ashworthiéza ma obdobné
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zdravotni dopady na své hostitele jako haemonchodza, zavazné infekce mohou vést ke smrti

mladych ¢i slabych zvitat (Lehrter et al. 2016).

100 um

Obr. 2: Spikuly a gubernakulum samce hlistice Haemonchus contortus (foto: J. Vadlejch)

Infekce zptisobené slezovou hlistici T. circumcincta se projevuji nechutenstvim,
prijmem, dehydrataci a snizenou hmotnosti. V disledku snizeného pfijmu potravy a
dehydratace se postizené zvite jevi jako prazdné s velmi malo naplnénym bachorem. NiZs§i
intenzita infekce se mtize projevit ubytkem hmotnosti bez klinickych pfiznakti onemocnéni.
Snizené prirtstky jsou dasledkem snizeného apetitu a pfijmu potravy a ztratou
plazmatickych proteinti v lumen GI traktu (Abbot et al. 2012). Dospélci T. circumcincta jsou
mensi nez H. contortus. Samicky dosahuji primérné délky 1 cm a samci pouze 68 mm, je
tedy snadné je v obsahu slezu piehlédnout. Prepatentni faze trva 3 tydny a dospéli jedinci
ziji n€ékolik mésict (Zajac 2006; Taylor et al. 2007). Teladorsagioza je obvykla zejména u
mlad’at béhem jejich prvniho roku na pastvé. Onemocnéni se vyskytuje v priabéhu 1éta a je
spojené s pozienim zna¢ného mnozstvi infekénich larev béhem kratkého obdobi, tzv.
teladorsagioza I. typu. U ro¢nich mladd’at se objevuje v pribéhu jarni pastvy teladorsagioza
IL. typu, kterd je zpisobena obnovenim vyvoje hypobiotickych larev ziskanych v pribéhu

ptredchozi podzimni pastvy (Abbot et al. 2012).
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Ostertagia ostertagi je jednou z nejrozsitenéjsich hlistic skotu (Hoglund et al. 2010)
i volné zijicich prezvykavci (Haigh et al. 2002). Nékteré druhy rodu Ostertagia byly
preklasifikovany do nového rodu Teladorsagia, napt. hlistice malych piezvykavca T.
circumcincta (Mehlhorn 2012). Nachylna k infekcim O. ostertagi jsou zejména zvifata
prvnim rokem na pastviné (Charlier et al. 2010). Mezi vSemi druhy GI hlistic skotu je
proti této hlistici nedokazi vyvinout dostate¢nou imunitu. Skot zustava nachylny k infekci
mnoho mésicll a vyvoj imunity neni patrny pied druhym rokem véku (Rinaldi & Geldhof
2012). Ostertagioza, se podobné jako teladorsagidoza projevuje snizenim hmotnosti,
nechutenstvim (Charlier et al. 2009), prijmy, anémii (Haigh et al. 2002). Ostertagioza se
vyskytuje, stejné jako teladorsagidoza ve dvou formach. Ostertagioza I. typu se vyskytuje u
telat a mladych zvitat béhem jejich prvni pastevni sezony. Ostertagioza II. typu se vyskytuje
u ro¢nich zvifat obvykle na konci zimy nebo na jafe jako nésledek obnoveného vyvoje larev
po ukonceni hypobidzy (Taylor et al. 2016). Pfi postmortalni diagnostice jsou dospélci
viditelni, jako bélava vlakna na sliznici slezu, ale i na nodulech stfevni stény. Samci dosahuji
délky 9 mm, samice az 12 mm. Prepatentni perioda je 18-21 dni (Mehlhorn 2012).

Strevni hlistice rodu Trichostrongylus jsou malé, svétle hnédé nebo nacéervenalé
barvy. Samci méii 4-5,5 mm a samicky 5,5-7,5 mm. Hlavnimi klinickymi pfiznaky tézkych
infekci jsou rychlé ztrata hmotnosti a tmavy nepiijemné pachnouci prijem. Pii nizsi hlading
infekce miiZze napadeny hostitel vykazovat znamky nechutenstvi a zhorSeného rastu, nékdy

se mohou vyskytovat i mékké vykaly (Taylor et al. 2016).

2.1.3 Vermindézni pneumonie prezvykavci

Infekce plicnivkami u malych pieZvykavch neboli vermin6zni pneumonie, zplisobuji
tii ekonomicky vyznamné druhy hlistic, Dictyocaulus filaria, Protostrongylus rufescens a
Muellerius capillaris. Nejvice patogenni je D. filaria, nejc¢astéji se nachazi v oblastech
s vlh¢im klimatem, které umoziuje prezit volné Zijicim infekénim stadiim. Infekéni stadium
je larva Lgs, larvy L1 opoustéji t€lo hostitele spolu s vykaly a dale se v prostiedi vyvijeji do
infekéniho stadia. Plicnivky rodu Dictyocaulus jsou zavaznymi ptivodci onemocnéni i u
volné Zijicich ptezvykavcl, kdy mize dochazet k vzajemné kontaminaci pastviny. Larvy
jsou pomérné neaktivni. Studie popisuji, Ze tyto larvy se nachazeji ve vzdalenosti do 5 cm
od vykalu. Houby rodu Pilobolus vyskytujici se ve vykalech jsou dilezitymi diseminatory
larev, jejich sporangium miiZze odhodit larvy plicnivek az do vzdalenosti 3 metri (Haigh et

al. 2002). Hostitel se nakazi pozifenim infek¢ni larvy béhem pastvy. Po pozieni pronikaji
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infek¢ni larvy ze slezu do stfeva a migruji do mezenterickych uzlin v blizkosti ilea, slepého
stieva a proximalniho tra¢niku. Larvy L4 Se po tydnu dostavaji do plic. Prepatentni perioda
trva 3—4 tydny, ale hypobidzni larvy nebo larvy ve stddiu Ls mohou toto obdobi prodlouzit
azna 150 dni (Haigh et al. 2002; Panuska 2006). Dilezitym rozdilem v infekci Dictyocaulus
spp. mezi skotem a jelenovitou zvéti je absence vyvoje tézkych 1€zi alveolarniho epitelu u
jelent. Pti ptirozené infekci jelenovitych je vétSina reakei pozorovana v blizkosti dychacich
cest. Pfi mirné infekci mize byt zaznamenan urcity stupen infiltrace eozinofilii do stén
pradusek a v blizkosti bronchiolti se mohou vyvijet lymfoidni folikuly (Haigh et al. 2002).

Celosvétove nejrozsifenéjSim druhem plicnivek u malych pfezvykavet je
M. capillaris, ktery spole¢né s P. rufescens zahrnuje do svého zivotniho cyklu mezihostitele
— plze (Panuska 2006). K infekci findlniho hostitele dojde pozienim plze, ktery obsahuje
infek¢ni larvu plicnivky. Tato larva prosla uvnitf plze svlékdnim ze stadia L1 do infekéniho
stadia L3 (Paraud et al. 2005). Larvy se z plze uvoliuji béhem traveni, pronikaji stievni
sténou, vstupuji do mezenterickych lymfatickych uzlin a migruji do srdce, plicnich artérii a
plic. Larvy M. capillaris v ¢asné fazi Ls a dospélci se nachdzeji v nodulech plicni tkané.
Piilezitostné¢ se diky degeneraci noduld mohou dospélci nachéazet i v bronchiolech.
Prepatentni perioda je 25-38 dnl. Pozastaveni vyvoje larev mlze prodlouzit prepatentni
periodu az o 6 tydnid. Dospélci v hostiteli piezivaji az nékolik let (Panuska 2006). Larvy a
dospélci P. rufescens se nachazeji zejména v bronchiolech a plicnich alveolach. Prepatentni
perioda je v rozmezi 4-9 tydna (Jabbar et al. 2013).

Muelleridza s vékem hostitele narlista, starSi zvifata vykazuji klinické ptiznaky
Casté&ji nez mlada (Gorski et al. 2004). Klinicka muellerioza se projevuje kaslem ¢i dusnosti,
poruchou vymény plicnich plynt, chronickym zanétem a sniZzenim hmotnosti (Berrag et al.
1997; Panuska 2006). Pfiznaky muelleriozy se lisi dle faze infekce. Prvni faze je
charakteristickd mirnymi pfiznaky stfevniho kataru, ktery je zplsoben prinikem larev
uvolnénych travenim z mezihostitele sttevni sténou. Druha faze je charakteristicka kaslem,
vytokem z nozder, zrychlenym tepem a dychénim, vysokou horeckou, edémy ptipadné
zapalem plic. V této fazi mize nastat i smrt zvifete. Ve tieti fazi se objevuje chronicky kasel,
sniZeny pfijem potravy, ztrata hmotnosti, nékdy se mohou objevit i prijmy. Nasledné vlivem
vzniku imunity dochdzi ke sniZzeni klinickych pfiznakd (Mehlhorn 2012). S vyjimkou
tézkych infekci zvife Casto nejevi jasné klinické pfiznaky a infekce tak zlstava piehlizena
(Geurden & Vercruysse 2007; Vadlejch et al. 2016). Muelleridza je také povazovana za
predispozi¢ni agens pro bakterialni infekce (Suarez et al. 2014), které mohou pusobit
ekonomické ztraty celkovym neprospivanim hostitele a snizenim produkce mléka (Geurden

& Vercruysse 2007). Infekce P. rufescens obvykle neptisobi zavazna klinicka onemocnéni,
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nicméné¢ post mortem lze pozorovat patologické zmény charakterizované chronickou

granulomatdzni pneumonii (Jabbar et al. 2013).

2.2 Patologie infekci vyvolanych GI hlisticemi

Parazitarni infekce mohou u zvifat zpiisobovat snizeny piijem potravy, zmény
v metabolismu bilkovin, energie a mineralii a zmény ve vodni bilanci organismu, ale také
zmény v motilité stiev, traveni a absorpci zivin. Snizeni piijmu krmiva je dulezitym rysem
parazitarnich infekci GI traktu a Siroce uznavanym faktorem patogeneze onemocnéni (Fox

1997).

2.2.1 Abomasum

Slez ptezvykavci funguje podobné jako zaludek monogastrii a produkuje dulezité
sekrety; vodikové ionty, hlen, lysozym a pepsinogen. Na rozdil od monogastrt je ve slezu
ptezvykavcel konstantné udrzovano nizké pH. Pepsinogen se diky nizkému pH pfeménuje
na aktivni proteolyticky enzym pepsin (Sutherland & Scott 2010). Larvy T. circumcincta
poskozuji parietalni bunky slezu v priabéhu histotropni faze svého vyvoje, a tim ovliviuji
produkci kyseliny chlorovodikové (Fox 1997; Abbot et al. 2012). Nésledné¢ dochazi béhem
nékolika hodin ke zvySeni pH slezu. Vzniklé alkalické prostiedi negativné ovliviiuje
pfeménu pepsinogenu na aktivni pepsin a dochazi tak ke zhorSenému traveni proteint (Fox
1997; Simpson 2000).

Vyznamné zmény sekrece ve slezu jsou spojeny s pfitomnosti paraziti v lumen
slezu, dospélych nebo nezralych, tzv. juvenilnich, dospélcii hlistic ve stddiu Ls, a to
v zavislosti na délce histotropni faze. Zmény v sekreci se zacinaji projevovat po 2—4 dnech
u ovci infikovanych H. contortus, po 5-6 dnech pfi infekci T. circumcincta nebo po 16 dnech
u skotu infikovaného Ostertagia ostertagi. Sekrece ve slezu mtze byt ovlivnéna i v piipadé,
kdy dospélci hlistic byli pfimo vpraveni do travici soustavy hostitele, aniz by zde doslo
k jejich vyvoji. Po vpraveni dospé€lcu O. ostertagi, T. circumcincta nebo H. contortus doslo
béhem jednoho dne ke zvySeni pH ve slezu, sérového gastrinu a pepsinogenu. S vyjimkou
telat, kde doslo jen ke zvySeni sérového pepsinogenu (Simpson 2000).

Vyvoj dospélct hematofagni hlistice H. contortus zptisobuje traumatické poskozeni
povrchu sliznice slezu, hyperplastickou reakei 714z a nodularni 1éze. Hyperplasticka reakce
sliznice miize mit za nasledek zvySenou propustnost epitelidlni vrstvy sliznice slezu, coz
vede k tniku proteinti do lumen slezu. Pepsinogen odchazi do krve hostitele, tim se zvySuje

hladina sérového pepsinogenu, coz muze byt vyuzito jako diagnosticky test (Hoste 2001;
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Elsheikha 2011). H. contortus patii mezi nejvice patogenni hlistice malych pfezvykavci.
Patofyziologie haemonchézy a souvisejicich klinickych piiznakil je spojena predevSim
s anémii. Ubytek krve lze zaznamenat jiz v pribéhu vyvoje larev ve &étvrtém vyvojovém
stadiu (L4), anémii lze poprvé detekovat 10—12 dni od infekce. Zavaznost onemocnéni
hostitele tzce souvisi s poctem jedincti H. contortus, existuje silna korelace mezi poctem
jedinct a ztratou krve. Dopad infekce na zdravotni stav hostitele tedy do znacné miry zavisi
na ptijmu infekénich larev hostitelem, schopnosti hostitele vypudit diky imunitnimu systému
larvy z téla a schopnosti nahradit ubytek krve (Besier et al. 2016). Hematofagni hlistice
A. sidemi je pro své hostitele také velmi patogenni, histopatologické vySetieni tkané vykazuji
infiltraci zanétlivych bunck ve sténach slezu a duodena, zejména lymfoidnich bunék a
eozinofill, edém, slizni¢ni 1éze a proliferace lymfatickych folikulti, a to pfi rGznych
intenzitach infekce (Osinska et al. 2010). Hematofagni hlistice poziou spolu s ¢ervenymi
krvinkami také plazmu. Ztrata plazmovych proteinii mize byt pfi¢inou vzniku zanétlivych
1ézi v travicim traktu a pokles koncentrace proteinti v plazmé obvykle vede k vyskytu
submandibularniho edému, ¢asto spojovaného s klinickou haemonchézou (Sutherland &

Scott 2010).

2.2.2 Tenké a tlusté strevo

VétSinu GI hlistic parazitujicich v tenkém stfevé nalezneme v jeho prvni ¢asti
(prvnich 3—6 metri), duodenu a v pfedni ¢asti jejuna. Je typické, Ze patologické zmény
zpusobené piitomnosti parazitii se omezuji na parazitovanou ¢ast travici soustavy. Patogenni
efekt plisobeni parazitlh v tenkém stifevé je obdobny u celé fady hlistic a obecné zahrnuje
atrofii klku, které mohou byt nékdy zakrnélé, jiného tvaru nebo i zcela chybi, v kombinaci
s hyperplazii Lieberkiihnovych zlaz. Soucasné je obvykle zvySena celularita lamina propria
disledkem infiltrace mukozy buiikami imunitniho systému. Pti tézkych infekcich, napf.
hlisticemi rodu Trichostrongylus, se mohou vyskytnout kromé Gplné ztraty klka také oblasti
eroze rezidualniho epitelu, T. vitrinus zpusobuje zavaznéjsi 1éze (Sutherland & Scott 2010).
Muze také dochazet k neorganizované myoelektrické aktivité stfev, s nasledky na stfevni
peristaltiku a prichod chymu. Prichod chymu travicim traktem je zkraceny a dochézi
k naruseni délky kontaktu stfevniho obsahu a absorpéni sliznice. Velikost téchto
strukturalnich a funkénich zmén souvisi s intenzitou infekce (Hoste 2001).

Paraziti nachazejici se v tlustém stfevé preferuji cékum a proximalni ¢ast tlustého
stteva. Pfitomnost paraziti je obvykle doprovazena zanétem sliznice nebo zménami

mukozy, které jsou obdobné, jako ve slezu, doprovazené hyperplazii epitelidlnich bunék.
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Patogenni efekt hlistic tlustého stfeva ma pomérné zavazné projevy. Napiiklad Chabertia
ovina muze pusobit na hostitele jako vétsi patogen, nez je tomu u druhid hlistic tenkého
stieva. Stejné tak vyskyt larev rodu Oesophagostomum je spojovan s poSkozenim a zanéty
rizné intenzity, poSkozeni sliznice mize umoznit prunik bakterii do tkani (Sutherland &

Scott 2010).

2.3 Patologie infekci vyvolanych plicnimi hlisticemi

Patogenni pusobeni plicnivek je zavislé na jejich lokalizaci v dychacim traktu, poctu
pozienych infek¢nich larev, imunité hostitele, vyzivé a veéku zvifat. V priduSnici a
pruduskach parazituje Dictyocaulus filaria, jejichz vajicka, larvy a vznikajici debris
negativné¢ ovliviiuji zna¢nou plochu plicni tkané. Dospé€lci Protostrongylus rufescens
parazituji zejména v pruduskach a Muellerius capillaris v plicnim parenchymu (Adem
2016). Infekce M. capillaris zptsobuji nodularni 1éze, ale muze dojit i k tvorbé difuznich
1ézi. Béhem primarni infekce byly pozorovany slabé bunécéné reakce, leukofilie
Vv bronchoalveolarnich oblastech se projevila jiz 2 tydny po infekci a znovu po 7-9 tydnech
(Panuska 2006). Difuzni 1éze plicniho parenchymu zhorSuji vyménu plicnich plynt, zejména
u starSich zvirat (Paraud et al. 2005). Zavazné&jsi jsou reakce tkani u sekundérnich infekeci,
kdy dochazi k hyperplazii bun¢k a tvorbé granulomt okolo parazita. V plicni tkani se
vytvareji dva typy noduld, vétsi noduly obsahuji dospélé plicnivky a larvy prvniho stadia
(nejsou kalcifikované), mensi noduly obsahujici nezralé plicnivky ¢i pozlstatky dospé€lct a
tyto mohou byt kalcifikovany (Panuska 2006). V akutnich ptipadech mohou nastat
morfologické zmény vcetné rozSiteni plic v disledku edému a emfyzému. Dochazi
k hemoragické bronchitidé s mnozstvim tekutiny v dychacich cestach spole¢né s dilataci
miznich uzlin. Charakteristické jsou také eozinofilni infiltrace, zesileny bronchialni epitel a

bronchioly zaplnéné exudaty (Adem 2016).

2.4 Epizootologie parazitarnich infekci

Prezvykavci se béhem pastvy infikuji GI hlisticemi pozfenim infekcénich larev
pfitomnych na porostu. Vzhledem k tomu, Ze denni pfijem potravy na pastvé je u
prezvykavci pomérné konstantni, denni pfijem infekénich larev spolu s potravou bude
umérny koncentraci infek¢nich larev na porostu (Barger 1999). Vsechna vyvojova stadia GI
hlistic, ktera se vyvijeji ve venkovnim prostiedi, tedy od vaji¢ek az po infekéni larvy, jsou
zasadnim zpiisobem ovlivnéna lokdlnim klimatem a také mikroklimatem na pastving.

Teplota ma zasadni vliv na rychlost vyvoje a pteziti volné Zijicich stadii GI hlistic, vlhkost
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zabrafuje vyschnuti larev a umoznuje jejich migraci po porostu (Torres-Acosta & Hoste
2008).

Porozuméni vlivu vlhkosti na migraci infekénich larev mize pomoci predpoveédét
miru rizika, které predstavuji vyvinuté larvy na porostu pro své hostitele. Distribuci larev
ovliviiuje, kromé srazek také mlha nebo rosa. Dest'ové kapky mohou pomoci pienést larvy
z vykalu. Infekéni larvy vyuzivaji povrchového napéti vody k migraci. Je tedy ziejmé, ze
migrace larev z vykalti a po porostu probiha pomoci vlhkosti ¢i vody naptiklad po desti nebo
brzy rano, kdyz je porost vlhky od rosy. Naopak, pokud je v pritb¢hu dne porost suchy, je
migrace larev zna¢n¢€ omezena a sniZuje se tak jejich dostupnost pro hostitele. Je také potieba
vzit v uvahu pfirozenou vlhkost vykall, ktera umoziuje vyvoj larev az do stadia Lz (van
Dijk & Morgan 2011). Hustota a vyska vegetace na pastviné vytvareji lokalni mikroklima a
ovliviiuji vyvoj larev na pastvin€. Husty a splyvavy porost vytvaieji chladnéjsi mikroklima
a chrani larvy pted slune¢nim zatenim. Vzhledem k t€émto faktorm ovliviiujicim vyvojové
cykly, Sirokému druhovému spektru GI hlistic pfitomnych na pastviné a vzhledem k tomu,
ze se tyto faktory v zavislosti na misté a Case lisi, je obtizné predpoveédét infekéni zatizeni
pastvin (Torres-Acosta & Hoste 2008). Kromé teploty a vlhkosti jsou dtlezité i dalsi faktory
ovliviiyjici volné Zijici stadia, napf. zvySena imrtnost nasledkem teplotnich vykyvi a také
slune¢ni zateni. Citlivost volné zijicich stadii na ultrafialové (UV) zafeni se muze lisit
Vv pribéhu zivotniho cyklu, nicméné ptirozend Uroven UV zéfeni zvySuje umrtnost
infek¢nich larev hlistic (van Dijk et al. 2009).

Larvy, které pfezimovaly na pastving a také larvy, které se vyvinuly z vaji¢ek
produkovanych hlisticemi aktivnimi po ukonceni hypobidzy jsou hlavnim zdrojem infekce
pro malé prezvykavce na zadatku jara, kdy v CR za¢ina pastevni sezéna, (Houdijk et al.
2012). Tyto faktory spolu s PPRI zpisobuji v jarnim obdobi zvySené vyluovani vajicek
hlistic samicemi malych pfezvykavci, a tim zvySenou kontaminaci pastviny, coZ ma vliv na
infekci mlad’at, kterd jsou prvnim rokem na pastviné a nemaji jeSté vyvinutou imunitu proti
infekcim GI hlisticemi (Houdijk 2008; Sutherland & Scott 2010). Klinické onemocnéni se u
malych prezvykavci obvykle vyskytuje v dob¢, kdy jsou infekéni larvy nejvice dostupné
pro pasouci se zvifata nebo kratce po ni (Barger 1999).

V tropickych a subtropickych oblastech ptezivaji infekéni larvy pomémé kratce, od
1 do 3 mésicd. V podminkach mirného klimatu je dle druhu hlistice primérna doba pieziti
infekéni larvy v rozmezi od 6 do 12/18 mésicu. Infek¢ni larva je oproti prvnimu a druhému
vyvojovému stadiu pomérné odolna na vyschnuti a mraz (Torres-Acosta & Hoste 2008). Gl
hlistice si vyvinuly vlastni adapta¢ni strategie pro preziti nepiiznivych podminek. Zasadnim

mechanismem ovlivilujicim epizootologii parazitarni gastroenteritidy je schopnost

18



hypobidzy, ktera se vyskytuje v urcité Casti vyvoje trichostrongylidnich hlistic. Hypobi6za
je schopnost pozastavit endogenni vyvoj v hostiteli po dobu neptiznivych podminek
vné&jsiho prostiedi. Jestlize nastanou nepiiznivé podminky pro vyvoj hlistic, napt. chladngjsi
pocasi, pozastavi larvy (zejména Casného L4 stadia) svlij dalsi vyvoj, coz oznacujeme jako
zimni hypobidzu, charakteristickou pro oblasti s aktivitou hlistic od jara do podzimu. Zimni
hypobidza pretrvava do klimaticky ptiznivéjsiho obdobi - nésledujiciho jara, kdy opét
pokracuji ve svém vyvoji. Vyvinou se v dospélce, spafi se a samice produkuji vajicka.
Infek¢ni larvy maji v tomto ptfiznivém obdobi vhodnéjsi podminky k pfeziti na pastving.
V oblastech, kde se stfida obdobi sucha a obdobi destl, napi. v Australii, nastava tzv. letni
hypobi6éza béhem suchého obdobi. Tehdy jsou hlistice aktivni od podzimu do jara, kdy
nastavaji pro jejich vyvoj vhodné&jsi podminky (Lee 2002).

Nékteré druhy hlistic reaguji na teplotu vnéj$iho prostfedi odlisné. Tyto rozdilné
reakce jsou odrazem klimatickych podminek oblasti, na které jsou tyto druhy hlistic nejlépe
adaptovany. Larvy T. circumcincta se vyvijeji pfi nizSich teplotach nez T. colubriformis a
oba druhy hlistic se vyvijeji pfi nizsich teplotach, nez H. contortus. Schopnost vaji¢ek
odolavat chladnym teplotdm je ziejmé omezena zemépisnou Sitkou nebo mikroklimatem,
V nichZ je kazdy druh hlistic endemicky. Vaji¢ka T. circumcincta maji schopnost se vyvijet
1 po expozici chladu, ktery devitalizuje vajicka H. contortus preferujici teplejsi a vihéi klima.
Vajicka H. contortus jsou nejvice intolerantni fazi Zivotniho cyklu tohoto parazita
s zivotaschopnosti klesajici na nulu po tydnu ve vykalech pfi expozici teplot¢ 4 °C
(Sutherland & Scott 2010). Ackoli H. contortus preferuje spise teplé a vlhké podminky
prostifedi a jeho vyskyt je obzvlasté vysoky v tropickych klimatickych oblastech obou
hemisfér, dokaze byt pozoruhodné adaptabilni k riznym podminkam prosttedi. A to zejména
diky svému vysokému biotickému potencidlu, ktery mu umoziiuje vyuzit kratka obdobi
pfizniva pro vyvoj volné Zijicich stadii a diky hypobidze (Besier et al. 2016).

Optimalni teplota pro vyvoj infek¢nich larev T. circumcincta je 23 °C, pficemz
rozhrani teplot je 16-30 °C. Optimalni teplota pro vyvoj infek¢ni larvy T. colubriformis je
25-28 °C, s rozhranim teplot 22—33 °C. Oproti tomu hlistice rodu Nematodirus prochazeji
vyvojem do Lz uvnitf vajicka s optimalni teplotou pro lihnuti v rozmezi 11-13 °C, coz je
vyrazng€ nizsi nez u ostatnich druht GI hlistic (Sutherland & Scott 2010).

Epizootologie infekci vyvolanych plicnivkami je, na rozdil od trichostrongylidnich
hlistic, ovlivnéna pfitomnosti mékkySe jako mezihostitele, s vyjimkou plicnivek rodu
Dictyocaulus. Kontaminace pastviny plicnivkami souvisi s destovymi srazkami, které
stimuluji ¢innost jak larev, tak mezihostitell. Vlhkost je pro pieziti a vyvoj larev nezbytna.

Larvy jsou aktivni pfi teploté 10-21 °C a pii optimalnich podminkach mohou piezit i vice
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nez rok (Adem 2016). Dlouhodobé piezivani plicnivek v hostiteli zptisobuje opakovanou a
dlouhodobou kontaminaci pastviny larvami L1, ¢etnost infekci definitivniho hostitele zavisi
na preziti larev na pastvinach, na jejich schopnosti infikovat mezihostitele a zejména na
samotné piitomnosti mezihostitele. P1z obsahujici infek¢ni larvy plicnivek ziistava infekéni
po cely sviij zivot, a tim zvySuje moznost ndkazy pasoucim se zvifetem (Panuska 2006).
Larvy plicnivek rodu Dictyocaulus se vyvijeji ve vné&jSim prostiedi, bez vyuziti
mezihostitele. Rychlost vyvoje larev do infek¢niho stadia L3 je ovlivnéna vlhkosti a teplotou
vné&jsiho prostiedi. Pfi vhodnych podminkach (18-21 °C) mize byt tento vyvoj dokonéen za
méné nez tyden. Naopak v chladném pocasi je jejich vyvoj pozastaven, ale mohou piezit i

pti teploté 4,5 °C po dobu az jednoho roku (Haigh et al. 2002).

2.5 Potlacovani vyskytu parazitickych hlistic

Ackoli existuje cela rada strategii na potlacovani vyskytu gastrointestinalnich hlistic,
po cela desetileti jsou nejhojnéji pouzivany aplikace anthelmintik a management pastvy

(Sutherland & Scott 2010).

2.5.1 Management pastvy

Metody zaloZené na strategii fizeni pastvy maji za cil vytvofeni pastvin, které jsou
pro zvifata minimalné infek¢éni. Toho lze dosdhnout snizenim hustoty larev v porostu
S vyuzitim jejich pfirozené umrtnosti, tzv. rozptylenim v prostoru a ¢ase (Torres-Acosta &
Hoste 2008). Rozptyleni v prostoru je pro vSechny druhy organismua dilezité. Populace
omezena na malou oblast je v pfipad€ nepiiznivych podminek ohroZena vyhynutim (Rohde
2001). GI hlistice nejsou rovnomeérné rozptyleny mezi jednotlivymi zvifaty Vv ramci stada.
Mala ¢ast zvirat (zhruba 10 %) vylu€uje velké mnozstvi vajicek GI hlistic, maji tzv. vysokeé
FEC, vétsi Cast zvitat vylucuje stfedni az niz$i pocet vajicek. Ne vSechna zvirata jsou tedy
stejnym zdrojem infekce pro pastvinu (Houdijk et al. 2012).

V minulosti bylo doporuc¢ovano preventivni opatieni, tzv. ,,dose and move*, kdy byla
zvitata po aplikaci anthelmintik pfesunuta na pastvinu, ktera neni kontaminovana infek¢énimi
larvami neboli ¢istou pastvinu. Za Cistou pastvinu je v geografickych podminkéch stfedni
Evropy povazovana takova pastvina, na které se mali pfezvykavci nepasli déle nez 6 mésicti
nebo se na ni nikdy nevyskytovali. Toto opatieni je zaloZeno na piedpokladu, ze zvitata jsou
po aplikaci anthelmintik prosta GI hlistic a pfesunem na pastvinu, ktera neni infek¢ni, dojde
k minimalizaci reinfekce pasoucim se zvifetem (Cabaret et al. 2002). Ackoli byl tento

predpoklad spravny, v souc¢asné dobé€ neni povazovan za efektivni, a to zejména z ditvodu

20



rizika vzniku rezistence na anthelmintika. Pokud je v chovu pfitomna rezistence na
pouzivand anthelmintika, po aplikaci zvifata kontaminuji pastvinu rezistentnimi hlisticemi,
které 1écbu prezily. Dalsi zvifata ve stadé se nasledn¢ infikuji t€émito rezistentnimi hlisticemi.
V soucasné dob¢ je doporuCovano piesunout zvifata na pastvinu, kterda je v malé miie
kontaminovana hlisticemi. V pfipad¢ rezistence v chovu tak dojde k pafeni rezistentnich
parazitl s t€mi citlivymi a tim postupné k ¢astecnému rozptyleni rezistentnich genti v rdmci
populace hlistic (Kenyon et al. 2009). V této souvislosti jsou dulezita tzv. refugia neboli
podil paraziti, ktefi nebyli vystaveny kontrolnim opatienim, a tak unikli selekci na
rezistenci. V piipadé gastrointestinalnich hlistic se jedna piedevsim o voln¢ Zijici stadia na
pastvinach a o hlistice, které nepfisly do styku s 1é¢ivem. Velikost této populace v refugiu
ma ptimy vliv na selekci pro rezistenci (van Wyk 2001).

Dalsi vyuzivanou strategii je alternativni pastva, ktera je zaloZena na faktu, ze vétSina
hlistic kazdého hostitelského druhu neni dostate¢né adaptovana na alternativniho hostitele.
Pokud alternativni hostitel pozie s pastvou infekéni larvu, bude pii pasazi GI traktem
devitalizovana. Vyjimkou je Trichostrongylus axei, ktery ma Siroké spektrum hostiteld, a
kromé ptezvykavcl napadé i koné€ (Zajac 2006). Velmi Casta, ale zcela nevhodna je spolecna
pastva ovci a koz, ktefi hosti obdobnou $kalu GI hlistic, které vyvolavaji podobné
patologické zmény jak u koz, tak u ovci (Hoste et al. 2008). Kozy maji tendenci zadrzovat
vétsi populace hlistic (Edwards et al. 2008) a intenzita infekce GI hlistic je u nich vyssi
V porovnani s oveemi (Hoste et al. 2010). Kozy jsou v porovnéni s ovcemi vyznamnéjSim
rezervoarem parazitarnich infekci, coz vede k vysSimu infekénimu zatiZeni pastviny. Pii
spole¢né pastvé koz s ovcemi se mohou ovce snadno infikovat GI hlisticemi od koz
(Edwards et al. 2008). Diky rozlicnému evoluénimu procesu se u koz vyvinula rozdilna
strategie regulace infekci GI parazity nez u ovci. Tato strategie je u koz zaloZena na
specifickém potravnim chovani. Na rozdil od ovci kozy nespdsaji cely porost vcetné
pfizemni vrstvy, ale zamétuji se na stfedni a termindlni ¢ésti rostlin a porosti (Hoste et al.
2008). Tento rozdil v potravnim chovani vedl u koz ke zvySenému kontaktu se sekundarnimi
metabolity rostlin a ke snizenému kontaktu s infek¢nimi larvami. Dle Hoste et al. (2011) Ize
timto potravnim chovanim vysvétlit snizenou schopnost koz vyvinout imunitni reakci proti
GI hlisticim. Kozy se na rozdil od ovci nespoléhaji na vyvoj imunitni reakce proti infekcim
GI hlisticemi. Strategii koz je investovat méné Zivin do vyvolani imunitni reakce a tyto
ziviny vyuzit ke zvySeni odolnosti a obranyschopnosti (Hoste et al. 2008). Moznosti tltumeni
infekei GI hlisticemi jsou u koz, vzhledem k jejich nachylnosti k témto infekcim, omezeny
na sniZeni expozice infekénim larvam, coZ by znamenalo omezeni pastvy nebo snizeni

intenzity chovu. Dal§i moZnosti jsou anthelminticka oSetfeni, coZ miiZe vyustit ve snizenou
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ucinnost nebo rezistenci na pouzivana léCiva, protoze kozy jsou vystaveny vétSimu poctu
oSeteni anthelmintiky v prubéhu jejich zivota, v porovnani s ovcemi. Chceme-li v chovu
eliminovat infekce zptsobené GI hlisticemi a zabranit pfipadnému Sifeni rezistentnich
kmeni hlistic, je nezbytné, aby proces potlacovani vyskytu parazitii ve stadech probihal pod
veterinarnim dohledem, idedlné jako soucast planovaného managementu zdravi stada,
zahrnujici rovnéz pravidelné¢ prezkoumani Uc¢innosti zavedenych kontrolnich opatfeni

(Edwards et al. 2008).

2.5.2 Anthelmintika

Anthelmintika jsou chemické latky €¢inn¢ eliminujici parazity v travicim traktu nebo
malych prezvykavcl nebylo v poslednich padesati letech objeveno a uvedeno na trh mnoho
uspésnych Sirokospektrych skupin anthelmintik urenych pro pouziti u pirezvykavci
(Sutherland & Scott 2010). Pro eliminaci GI hlistic u malych pfezvykavci jsou v soucasnosti
nejvice vyuzivany tyto skupiny anthelmintik: benzimidazoly, makrocyklické laktony,
imidazothiazoly/tetrahydropyrimidiny, acetonitrilové derivaty (Silvestre et al. 2002) a
spiroindoly (Little et al. 2010). Vzhledem k tomu, ze kozy metabolizuji anthelmintika
rychleji nez ovce, je doporucovano podavat kozam vyssi davky anthelmintik v porovnani
S ovcemi a tim predejit poddadvkovani, coz ma za nasledek sniZzenou uc¢innost podanych 1éciv,
a také vznik rezistence (Hoste et al. 2010). Coles (1997) doporucuje pro dosazeni podobné
ucinnosti anthelmintik jako u ovci, podavat kozam benzimidazoly ve dvojndsobné davce,
1,5% vys§i davky ivermektini a 1,6% vys$i davky levamizolu. V literatuie vSak existuji
rozdilné nazory na vhodnou davku ivermektini u koz, néktefi autofi uvadeji davku
ivermektinu kozam az 2x vyssi (Edwards et al. 2008).

Mechanismus ucinku benzimidazold (napt. fenbendazol, albendazol, mebendazol,
oxfendazol, flubendazol, triklabendazol) spociva v naruSeni vazby B-tubulinu hlistice, coz
ma za nasledek inhibici polymerace mikrotubuld. Tyto mikrotubuly jsou nezbytné pro
pfepravu sekre¢nich granuli a enzymi v cytoplazmé a jejich ztrata narusuje bunécnou
integritu, nasledné dojde k buné¢né smrti (Sangster & Dobson 2002). Na zakladé poznatkt
farmakokinetiky benzimidazolti se u malych ptfezvykavci doporucuje zvite lacnit 1224
hodin pted aplikaci pro dosaZeni pomalej$iho prichodu latky travicim traktem a tim zlepSeni
vstiebavani ptipravku (Torres-Acosta & Hoste 2008).

Skupina imidazothiazolovych/tetrahydropyrimidinovych anthelmintik, do které je

fazen i levamizol predstavuji cholinergni agonisty se selektivni farmakologii pro synaptické

22



a extrasynaptické acetylcholinové receptory hlistic. Napodobuji ptlisobeni excita¢niho
neurotransmiteru acetylcholinu a zpiisobuji spastické kontrakce hlistic (Sangster & Dobson
2002). Ackoli je levamizol chemicky jina latka nez pyrantel a morantel, jejich mechanismus
ucinku je shodny (Zajac 2006). Farmakokinetika levamizolu se u koz a ovci lisi. Polocas
rozpadu levamizolu u koz je 222 minut, vétsina 1é¢iva (55 %) je vylu¢ovana moci a 30 %
odchazi s vykaly. Méné nez 1 % z celkové davky je vylou¢eno do mléka (Smith & Sherman
2009).

Makrocyklické laktony (ivermektin, abamektin, doramektin, eprinomektin,
moxidektin) jsou extrémné ucinnou skupinou anthelmintik s u¢inkem proti hlisticim a
¢lenovciim (Zajac 2006). Mechanismus ucinku téchto 1éCiv je popisovan jako receptory
zprostiedkovana potenciace glutamatové brany chloridovych kanald, coz mé vliv na svaly
hltanu a somatické svalstvo. Tento mechanismus vede k neschopnosti pohybu i piijmu
potravy nasledkem trvalého ochrnuti hltanu (Sangster & Dobson 2002). Farmakokinetika
makrocyklickych laktonli je zna¢né variabilni. Ivermektin podavany perordln¢ dosahuje
vrcholu v plazmé béhem 24 hodin a polocas rozpadu trva ptiblizné 2,7 dne. Podavani
ivermektinu jinym zplsobem, napi. subkutanné, lokdlné¢ nebo jako bolus s postupnym
uvolnovanim vyznamné prodluzuje dobu do koncentrace v plazmé i polocas rozpadu.
Eprinomektin mé prodlouzeny poloc¢as rozpadu a nezanechava rezidua v mléce. Moxidektin
podavany perordln¢ dosahuje rychle koncentrace v plazmé, ale poté nasleduje relativné
dlouhy polocas rozpadu (Sutherland & Scott 2010).

Pomém¢é mladou skupinou anthelmintik jsou amino-acetonitrilové slouceniny
(AAD). AAD jsou nizkomolekularni prebiotické slouceniny vzniklé alkylaci fenoll
S chloracetonem. Ze vSech derivati AAD, které byly testovany, byl pouze u monepantelu
zjistén anthelminticky efekt. Monepantel byl uveden na trh v roce 2009 pod nazvem Zolvix®
(Kaminski et al. 2011). Mechanismus uc¢inku monepantelu spoc¢iva v navdzani na receptory
hlistic, coz zpiisobi jejich paralyzu. Dostupné informace o farmakokinetice monepanthelu
ukazuji, ze po peroralni aplikaci se dostava rychle do plazmy a poté béhem 2 dnti nasleduje
rychly pokles plazmatické hladiny, polocas rozpadu v plazmé je uvadén v délce 215 hodin
(Kaminsky et al. 2008; Sutherland & Scott 2010). Monepantel je vysoce ucinny proti GI
hlisticim, véetné téch rezistentnich na makrocyklické laktony (Kaminski et al. 2011).

Nova skupina anthelmintik spironoidli zahrnuje pfirodni produkty se znamou
anthelmintickou aktivitou napt. paraherquamid nebo derquantel. Derquantel a dalsi
spiroindolova anthelmintika jsou nikotinovymi cholinergnimi antagonisty, které blokuji
kationové kanaly v membranéch svalovych bunék hlistic (Little et al. 2011). Derquantel byl
poprvé piedstaven na trhu v roce 2010 pod nazvem Startect® (Kaminski et al. 2011). Byl
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vyvinut jako peroralni anthelmintikum pro ovce v kombinaci sabamektinem. Tato

kombinace zajist'uje Siroké spektrum ucinku (Little et al. 2011).

2.5.3 Rezistence na anthelmintika

Od uvedeni Sirokospektralnich anthelmintik na trh byla tato 1é¢iva hlavnim nastrojem
potlacovani GI hlistic v chovech ptezvykavci (Sangster & Dobson 2002). Moderni
Sirokospektralni anthelmintika jsou Siroce pouzivana pii profylaxi a 1é¢bé nematoddz u
hospodaiskych zvitat. Problém se vznikem rezistence vii¢i chemoterapeutickym preparatiim
postupné rostl od ojedin€lého vyskytu pocatkem Sedesatych let az do soucasnosti, kdy
rezistence ohrozuje udrzitelnost zemédélské vyroby. V soucasné dobé byla rezistence
zaznamenana u vétSiny komeréné dostupnych skupin anthelmintik. Dal§im problémem je
tzv. multirezistence, kdy dochdzi ke ztraté citlivosti vii¢i nékolika t¢innym latkdm soucasné
(Varady et al. 2011).

Rezistence je definovana jako stav, kdy je v populaci paraziti vysoky pocet jedinc,
ktefi toleruji davku lé¢iva jinak G€innou pro vnimavou cast populace parazitii (Prichard et
al. 1980). Rezistence je geneticky dédi¢na vlastnost, rezistentni paraziti nesou alelu pro
rezistenci a tu predavaji svym potomkim. Navrat k pavodni citlivosti na 1éCivo je
problematicky a pomaly. Pravdépodobné proto, Ze rezistentni geny pietrvavaji v populacich
parazitl po mnoho generaci (Sangster & Dobson 2002).

Terapeuticka Gc¢innost anthelmintik je dileZitym faktorem, ktery ovliviiuje rychlost
vyvoje rezistence. LéCivo s vysokou ucinnosti podstatné zrychluje vyvoj rezistence ve
srovnani stémi s nizkou Uc¢innosti proti parazitim. U nékterych anthelmintik muize
prodlouZzeni doby vystaveni parazita Soku z léCiva zvysSit ucinnost. Ale anthelmintika
ucinnost proti pozfenym rezistentnim larvam, tim vy$$i bude akumulace rezistentnich
jedincti a tim bude rychlejsi vyvoj rezistence (Sutherland et al. 2003). Aby bylo 1é¢ivo uc¢inné
je potfeba aplikovat spravnou davku, coz muze byt nékdy problematické. Zejména
Vv pfipadech, kdy je hmotnost zvifete pouze odhadovéna. V takovych piipadech dochazi
k tzv. poddavkovani. Pokud jsou paraziti opakované vystaveni niz$i nez doporucené
(terapeutické) davce, dochdzi k zvySenému riziku vzniku rezistence na aplikované 1é¢ivo
(Sangster & Dobson 2002; Torres-Acosta & Hoste 2008).

Vznik rezistence v chovu ovliviiuje mnoho faktori, mezi nejvyznamnéjsi patii
dlouhodobé a nadmérné pouzivani anthelmintik. Variabilita v dob& expozice parazita

aplikovanému 1é¢ivu, obzvlasté pfi poddavkovani, které je zplisobené zejména pii tzv.
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aplikaci ,,pour on“ by mohla vést ke zvySeni selek¢niho tlaku. DalSim faktorem je
nedostate¢na populace nerezistentnich kment hlistic v refugiich v obdobi aplikace
anthelmintika, nebot refugia pfispivaji k udrzeni alel citlivych na anthelmintika v populaci
parazitli. Refugia jsou klicovou slozkou trvale udrzitelného 1é¢ebného programu, omezuji
selek¢ni tlak a tim zpomaluji vznik rezistentni populace (van Wyk 2001; Paraud & Chartier
2012). Casta aplikace anthelmintik v pribéhu roku, stejné jako zkricené intervaly mezi
jednotlivymi aplikacemi urychluji rozvoj rezistence. Nasledkem zkraceného intervalu
aplikace 1éciva dochazi ke snizeni poctu vyluCovanych vajicek samicemi hlistic vnimavych
na dané 1éc¢ivo. VyluCovana vajicka tedy pochazeji pfevazné od samic, u kterych je jiz
rozvinuta rezistence (Abbot et al. 2012). Dalsim dulezitym faktorem je karanténa, riziko
zavleCeni rezistentnich paraziti do chovu pfi nakupu nového zvitete je vysoka. Rozvoj
rezistence ovliviiuje i mnoho faktord spojenych s biologii a epizootologii parazitt, lokalnimi
klimatickymi podminkami, se zplUsobem aplikace anthelmintik, pfirozenou frekvenci
rezistentnich gent v neselektovanych populacich (Paraud & Chartier 2012). Snizenou
ucinnost anthelmintik mtize zptsobit i chybné skladovani, poskozené davkovaci zafizeni

nebo expirace preparatu (Torres-Acosta & Hoste 2008).

2.5.4 Nutraceutika

V soucasné dobé dochdzi ke zvySeni zdjmu o tradicni medicinu. Tento z4jem se
zaklada na myslence, Ze vSe pfirodni je prospé$né. Ve spolecnosti rostou obavy z rezidui
V potravinaiskych vyrobcich, nésledkem naduzivani modernich syntetickych preparati
(Waller et al. 2001).

Rostliny jsou vyuZivany jako fytoterapeutickd l1é¢iva nebo bylinné piipravky a jejich
uzivani je zaloZeno na dlouhych etno-veterindrnich ¢i etno-medicinskych tradicich napfic
vSemi kontinenty. V poslednich 20 letech se vSak ve veterindrni védé a helmintologii
objevila nova koncepce tzv. nutraceutickych rostlin (rostliny kombinujici pozitivni u¢inky
jak na vyZivu zvifat, tak 1 na jejich zdravi) pro zlepSeni potlacovani parazitli hospodatskych
zvitat. Pojem nutraceutika vychdzi ze slova ,nutrition a ,,pharmaceutical® nékdy také
popisované jako ,,funk¢ni potravina®. Nutraceutikem nazyvame jakoukoli latku, ktera by
mohla byt povazovana za potravinu nebo jeji cast, kterd méa ptiznivé ti€inky na zdravi, véetné
prevence a lécby. Pro veterinarni G€ely miZzeme nutraceutika definovat jako krmivo pro
hospodarska zvirata, které kombinuje nutri¢ni hodnotu s ptiznivymi u¢inky na zdravi zvirat.
Na rozdil od farmaceutickych 1€kt nejsou nutraceutika syntetické slouceniny uréené pro

specifické ucely. Urcitou subkategorii nutraceutik jsou rostlinné produkty (Hoste et al.
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2015), které produkuji biologicky aktivni latky s anthelmintickym u¢inkem a které jsou
vhodnou alternativou chemickych anthelmintik (Sutherland & Scott 2010).

Aby mohla byt urcita latka oznacena jako anthelmintikum, musi vykazovat vysokou
efektivitu (95 % a vice) pii eliminaci parazitarniho zatizeni nebo musi zabranit vzniku
parazitoz pii pozieni infekénich larev. Zadné tradiéni piipravky zalozené na rostlinné bazi
dosud tohoto standardu nedosdhly. Ve snaze prokazat efektivitu v eliminaci paraziti u
hospodarskych zvifat byly pouzivany rizné Casti rostlin, ale daleko vétsi pocet studii se
zamgéfuje na surove nebo rafinované rostlinné extrakty. To pravdépodobné vyplyva z pokust
vyuzivajicich farmakologického UcCinku koncentrace specifickych sloucenin, které jsou
obsazeny v celych rostlinach (Sutherland & Scott 2010).

V soucasnosti jsou znamy biologicky aktivni latky, které maji negativni vliv na
hlistice, napt. tetrahydrofurany, mastné kyseliny, alkaloidy, terpeny, saponiny (Rochfort et
al. 2008), polyfenoly, bylinné extrakty s obsahem ttislovin neboli tanint a éterickych oleji
kondenzovanych tfislovin, které zlepSuji imunitni reakci hostitele diky jejich schopnosti
vazat bilkoviny. Pisobenim nizkého pH ve slezu, se proteinové komplexy tfislovin oddé€li
od proteind, a do tenkého stfeva projde vétsi mnozstvi aminokyselin a peptidi, kde jsou
absorbovany. Kondenzované tfisloviny snizuji ruminalni degradaci bilkovin (Torres-Acosta
& Hoste 2008; Hoste et al. 2012) a soucasné inhibuji aktivitu rumindlnich mikroorganismu
(Rochfort et al. 2008).

Mohlo by se zdat, Ze ptisev rostlin s obsahem bioaktivnich latek na pastevni plochy
je nejjednodussim zptisobem dodani bioaktivnich latek zvifatim. Nicméné slabina této
metody spociva zejména v problematické kontrole davkovani pozieného mnozstvi téchto
bioaktivnich latek zvifetem. Pfijem kondenzovanych tanind a jejich vyuziti zvifetem se
muze liSit v zavislosti na chemické povaze tfislovin a druhu zvifete, protoZze mezi
piezvykavcei 1 mezi jednotlivymi zvifaty mohou byt fyziologické reakce na ttisloviny
rozdilné. Mnozstvi kondenzovanych tfislovin obsazenych v rostlinach, a tedy i mnozstvi
pfijaté zvifetem v potravé se mohou vlivem podminek vnéjsiho prostiedi lisit (Rochfort et
al. 2008).

Rozdil v t¢inku kondenzovanych tanini mezi prezvykavci byl zaznamenan pii jejich
podavani kozdm a oveim. Zatimco u ovci doslo k snizeni parazitarniho zatiZeni, u koz pokles
zaznamenan nebyl (Rochfort et al. 2008). Nicméng, dle in vivo studii zaméfenych na
potlaceni hlistic u koz se jevi slibn¢ Cesnek (palice se strouzky), anona Supinata neboli
lahevnik (list), pelyn¢k bily (vyhonky), kanavalie (semena), papdja obecné (semena), merlik

vonny (list), kurbaryl obecny (duZina plodil), mata (list) (Githiori et al. 2006). Ale také
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pastva s piimési ¢ekanky ¢i Stirovniku razkatého (Rochfort et al. 2008). Dlouhodobé je také
zkouman ucinek lespedézie klinovité, kterd je podavana zvifatim nejen v Cerstvé formé, ale
i jako seno ¢i pelety s obsahem susenych listd piidavané do krmeni (Gujja et al. 2013). Je
ticba poznamenat, Ze mnohé rostliny s anthelmintickym ucinkem nejsou povazovany
zvifetem za zadouci sloZky potravy a jako takové musi byt spiSe dodavany, coz je mnohem
jednodussi u extraktu nez u celého rostlinného materialu (Sutherland & Scott 2010). Ackoli
vysledky in vitro studii zaméfenych na metanolové nebo vodné extrakty bylin se zdaji byti
slibné, existuji i studie o rozdilech mezi in vitro a in vivo aktivitou sekundarnich metabolitt
rostlin (Athanasiadou & Kyriazakis 2004). Slouceniny, které jsou ucinné v in vitro
podminkach ¢asto v in vivo podminkach dosahuji horsich vysledkd (Varadyova et al. 2017).
Tyto rozdily v anthelmintické aktivit¢ mohou souviset s environmentalnimi, fyziologickymi
a chemickymi rozdily mezi in vitro podminkami a komplexnimi podminkami hostitelského
gastrointestinalniho traktu (Hoste et al. 2011). I samotné prostiedi farmy, kde jsou zvifata
infikovana né€kolika druhy hlistic sou¢asné, oproti in vitro podminkam, kde jsou testovany
spise monoinfekce, hraje dilezitou roli v rozdilu mezi in vitro a in vivo podminkami

(Kyrianova et al. 2018).
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. Védecké hypotézy a cile prace

Védecké hypotézy:

Systém hospodaieni v chovech ptezvykavct a vek zvirat ovliviiuji druhové spektrum
gastrointestinalnich a plicnich hlistic.
Intenzita parazitarni gastroenteritidy a verminézni pneumonie negativné ovliviuji

kvalitu i kvantitu produktii infikovanych zvifat.

Cile prace:

Zjistit prevalenci a druhové slozeni autochtonnich i alochtonnich gastrointestinalnich
hlistic a plicnivek v intenzivnich chovech hospodafskych i volné Zijicich
prezvykavci.

Porovnat druhové slozeni gastrointestindlnich hlistic a plicnivek v chovech
ptezvykavcel s riznym systémem hospodareni.

Vyhodnotit vliv parazit6z na produkci malych piezvykavcu.
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ARTICLE INFO ABSTRACT

Keywords: This study evaluated the burdens of parasitic protozoans and helminths in dairy goats in two types of farming
Goat system in the Czech Republic. We examined nearly 660 faecal samples collected at 14 conventional and 14
F"“’-C*’_' flotation organic farms. All farms tested positive for Eimeria oocysts and strongyle-type eggs. The output of coccidial
Farasite' : oocysts was highest (86 880 oocysts per gramme - OPG) at an conventional farm, whereas the shedding of
g:;::::nf;r:::;y nematode strongylid eggs was highest (7400 eggs per gramme - EPG) at an organic farm. The intensities of
coccidial and strongylid infections, however, did not differ significantly between conventional and organic farms
during our survey. Eimeria arloingi, E. alijevi, and E. ninakohlyakimovae were the most prevalent coccidial species.
Trichostrongylus/Teladorsagia sp. and Haemonchus contortus were the most prevalent gastrointestinal nematodes,
and Muellerius capillaris was the most common lungworm at farms of both types. Eggs of the tapeworm Moniezia
were also identified, with prevalences of 14% at conventional farms and 43% at farms applying alternative
agricultural practices. Intensity of tapeworm infections was significantly higher (p = 0.02) at organic farms
(maximum EPG of 1580) than conventional farms (maximum EPG of 60). Trematodes were not detected at any
of the farms. The intensity of most prevalent endoparasitic infections did not differ significantly between the
farm types probably due to their similar practices of grazing management and drenching frequency of anti-

parasitic drugs.

1. Introduction

Diseases caused by gastrointestinal parasites are considered major
threats to the health and welfare of grazing animals worldwide
(Kantzoura et al., 2012). Flint and Woolliams (2008) reported that the
cost of parasitic diseases in livestock in the United Kingdom (UK) was
£1.7 billion annually, which represents 17% of the impact on produc-
tion in the UK. Gastrointestinal helminths are the most common etio-
logical agents, and coccidians are amongst the 20 most important pa-
thogens, in ruminant livestock (Fitzpatrick, 2013).

Grazing livestock commonly harbour a broad range of nematodes
that infect the digestive tract. Such diseases are referred to as parasitic
gastroenteritis (PGE), representing the presence of numerous species in
the abomasal and enteric compartments (Sutherland and Scott, 2010).
PGE severity depends on many factors such as species composition,
intensity of infection, fitness and immunity status of the host, climatic
conditions, farm and pasture management, and animal nutrition
(Kassai, 1999). Low infection intensities are usually only in subclinical

* Corresponding author.
E-mail address: vadlejch@af.czu.cz (J. Vadlejch).

https://doi.org/10.1016/j.smallrumres.2019.05.003

forms, but severe PGE is accompanied by clinical signs such as weight
loss and diarrhoea, and for hematophagous nematodes, anaemia and
submandibular oedema (Zajac, 2006). Tissue damage and associated
protein loss consequently lead to losses in productivity and biological
efficiency (Fitzpatrick, 2013). The impact of PGE on animal health and
production is also associated with the redirection of host energy and
nutrients from production to repairing damage and to the immune
system (Charlier et al., 2017, 2014).

Infections in goats caused by lungworms of the family
Protostrongylidae are often overlooked. These infections are often in-
apparent and less pathogenic than infections caused by lungworms of
the family Dictyocaulidae (Panuska, 2006). The pathogenic effect may
be lower for lungworms than other nematodes, but cases of respiratory
distress, chronic bronchopneumonia, and interstitial pneumonia have
been reported (Suarez et al., 2014). Muelleriosis is the most common
infection in goats worldwide, with clinical symptoms such as failure to
thrive, coughing, and dyspnoea (Geurden and Vercruysse, 2007), which
lead to nodular or diffuse lesions. Muelleriosis may also cause serious
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Table 1
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Number of dairy goats raised and examined at surveyed farms and information regarding antiparasitic drugs administered at farms during this study. Other an-
thelmintic class administered at one conventional farm represent levamisole. Only diclazuril was used at the farms for coccidiosis control.

conventional farms

farm animals anthelmintics coccidiostats
drenching drug class drenching
total number sampled frequency period BZ M other frequency period
1z 94 30 2 spring, autumn <4 X 0
2. 80 30 2 irregularly x 1 winter/spring
3. 14 14 2 spring,autumn X b3 0
4, 23 15 3 1 X spring, 2 X autumn X 1 winter/spring
5: 186 30 2 spring, autumn X X 1 winter/spring
6. 26 13 2 spring, autumn b3 0
7 12 10 1 spring X 1 winter/spring
8. 24 15 2 spring, autumn X X 0
9. ST 27 1 spring X X 1 winter/spring
10. 33 27 2 spring, winter X b 1 winter/spring
1 33 27 2 spring, winter 0
12: 35 16 2] spring, winter X X 0
13. 99 25 i winter X 0
14. 125 20 1 winter X 1 winter/spring
organic farms
farm animals anthelmintics coccidiostats
drenching drug class drenching
total number sampled frequency period BZ VM other frequency period
15. 250 30 1 winter X 0
16. 94 30 1 winter X 1 winter/spring
17. 400 40 2 irregularly X 0
18. 300 35 0 0
19. 99 21 2 spring, autumn X 0
20. 35 10 0 1 winter/spring
21 52 30 2 spring, autumn X 0
22, 19 10 1 winter X 0
23. 65 40 1 autumn X 0
24. 28 25 2 spring, autumn X 5 0
25. 30 20 2 spring, autumn X 0
26. 21 12 2 spring, autumn X % 1 winter/spring
27. 44 28 2 spring, autumn X 0
28. 70 29 1 summer X 0

histopathological changes of lung parenchyma, and the pathological
consequences of these infections can persist even several months after
parasite elimination (Vadlejch et al., 2016). Nodular or lobular lesions
have been observed in goats with primary and secondary infections
(Panuska, 2006). Heavy infections in adult dairy goats may have eco-
nomic consequences due to the failure to thrive and to decreased milk
production (Geurden and Vercruysse, 2007).

Coccidiosis caused by intracellular parasites of the genus Eimeria is
an economically important parasitic infection in small ruminants that
contributes to enteric disease, especially in young or stressed animals
under poor farm management. Coccidioses are associated with animal
category, insufficient nutrition, poor hygiene, local microclimatic con-
dition on the pasture (Yusof and Isa, 2016), and the interaction of
various species of gastrointestinal parasites (Koudela and Bokova,
1998). Interactions of coccidial infections with intestinal microflora are
amongst the most pathogenic effects of coccidia, consisting of the de-
struction of intestinal epithelial cells (Chartier and Paraud, 2012). Re-
ports suggest that healthy goats can resist coccidiosis without devel-
oping clinical signs. The balance between host and parasite may be
disturbed by stress, which can lead to clinical coccidiosis (Cavalcante
et al., 2011).

Many factors can affect the occurrence of endoparasites, one of
which is the type of farm management. Goats are traditionally kept in
conventional farming systems, but the number of organic farms is
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steadily increasing due to the increased demand for organic products.
Non-invasive and organic farming systems are associated more with
intensive animal grazing than with conventional systems. Pasture is the
main source of infective larvae of nematodes and other soil parasites, so
focusing on these parasites is necessary (Thamsborg et al., 1999).

Organic farming includes visions of sustainable livestock produc-
tion, animal welfare, and the production of animal-based products for
the prevention of disease without the use of chemical treatment.
Organic farming restricts the use of anthelmintics (Cabaret et al., 2002).
The European Union (EU) has introduced regulations that may differ
from the national regulations in each EU member country, e.g. French
and Danish regulations are stricter than the EU regulations. Current
regulations allow parasitic treatment twice a year in adult goats and
three times a year in young goats. Withdrawal time is twice the statu-
tory time, when there is no withdrawal time a minimum 48h is re-
quired (Cabaret et al., 2002; Cabaret, 2003). The national regulations of
the Czech Ministry of Agriculture are consistent with the EU regulations
(Eagri, 2016).

Information about goat endoparasites in conventional breeding
systems in the Czech Republic is limited. More information is needed
about organic goat farms in the Czech Republic and Europe. The aims of
this study were therefore to: i) determine the occurrence of en-
doparasites in goats at conventional and organic farms in the Czech
Republic and ii) compare the intensities of protozoan and helminth
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infections in both types of farming system under the conditions in the
Czech Republic. Our study was based on the hypotheses that goats
raised at organic farms harbour a wider spectrum of endoparasites and
that infection intensities of endoparasitoses are much higher in organic
than conventional systems of goat production.

2. Materials and methods
2.1. Farms

We visited 14 conventional and 14 organic goat farms in autumn
2017. Farms were selected based on the following criteria: (i) region of
the Czech Republic; (ii) goat breed (White Shorthaired goat only); (iii)
dairy farming; (iv) number of animals reared at the farm (at least ten
dairy goats per farm). From each region of the Czech Republic (the CR
is divided into 14 regions) one organic and one conventional farm was
selected. Faecal samples were collected from one conventional and one
organic farm in each region. Goats were on pasture from March to
November at most farms, except for one conventional farm. At this
particular farm long-time pasture management practices were changed
to indoor raising. For many years at this farm animals grazed from
spring to autumn. In the year of our study, goats were raised indoor;
however, they had access to fresh, green fodder twice a day. During
lactation and pregnancy, hay or silage and barley, wheat, oats, and
vitamins were available to the goats at all the surveyed farms.
Anthelmintics and coccidiostats were periodically administered at both
farming systems during winter around the kidding period and in spring
or autumn. The drug dosage was usually determined by individual body
weight or based on the heaviest animal in the herd. The drugs were
administered following the manufacturer’s recommendation. The ani-
mals had not been treated with antiparasitics for at least six months
prior to sampling. For detailed information about antiparasitic treat-
ment at surveyed farms see Table 1.

2.2. Sampling procedure and parasitological methods

Representative number of adult animals were individually sampled
for coprological examination. For more information about number of
examined animals see Table 1. Animals were selected randomly. Faeces
were collected directly from the rectum and stored in labelled plastic
bags at 4 °C until examination. Coccidial and nematode burdens were
quantified using the Concentration McMaster method (Roepstorff and
Nansen, 1998), with a sensitivity of 20 parasitic elements (oocysts per
gramme OPG or eggs per gramme EPG). Faecal samples were also ex-
amined for trematodes using the sedimentation method described by
Roepstorff and Nansen (1998). Lungworm larvae were recovered using
the flask-recovery procedure described by McKenna (1999). The larvae
were counted, and infection intensity (larvae per gramme) was de-
termined.

Coccidia oocysts were identified to species based on morphology,
and helminth eggs were identified to genus based on morphology, as
described by Taylor et al. (1995) and Taylor et al. (2007), respectively.
Precise morphological identification of most strongylid eggs to genus is
virtually impossible, so we chose to merge these eggs with the stron-
gyle-type nematode (strongylids) group. Pooled faecal samples were
incubated for seven days at 27 °C to obtain infective larvae for detailed
strongylid identification. Lungworm L, larvae and nematode L larvae
were identified to genus or species as described by Roger. J and
Mayhew (2013). Trichostrongylus and Teladorsagia were merged into
one group (Trichostrongylus/Teladorsagia) due to their similar mor-
phology that prevented precise identification.

Prevalence and intensity of infection were evaluated as described by
Bush et al. (1997). Prevalence was expressed as the number of hosts
infected with one or more individuals of a species (or other taxon) di-
vided by the number of hosts for that species. Intensity of infection was
expressed as the number of individuals of a species in an infected host
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(i.e. the number of individuals in an infrapopulation).
2.3. Statistical analysis

Data were evaluated using STATISTICA (Statistica 12, StatSoft CR,
2012). The power of a statistical test was estimated before the survey to
calculate the effect of sample size. Data normality was assessed by the
Shapiro-Wilk test. The data were not normally distributed, so we used a
non-parametric Mann-Whitney test to determine the difference in in-
fection intensity between the organic and conventional farms for
Eimeria sp., strongylids, M. capillaris, and Moniezia sp. The level of
statistical significance was established as a = 0.05.

3. Results

We examined a total of 659 adult White Shorthaired goats for
common internal parasites at 14 conventional and 14 organic farms in
various regions of the Czech Republic. All farms tested positive for
Eimeria oocysts and strongyle-type eggs. Herd prevalence of coccidia
and strongylid parasites was very high (up to 100%) for both farming
systems. Mean intensity of both Eimeria and strongylid infections was
classified as low, but animals at the conventional farms had extreme
OPGs (86 880), and animals at the organic farms had extreme EPGs
(7400) (Table 2). None of the animals had clinical signs of parasitic
infection. The intensity of these parasitic infections did not differ sig-
nificantly (p = 0.88) between the conventional and organic goat farms.

Only mixed coccidial infections were detected in the animals.
Eimeria arloingi, E. alijevi, and E. ninakohlyakimovae oocysts were re-
covered at most of the farms, but the infection intensities of these
coccidial species did not differ significantly (p = 0.95) between the two
types of farm. E. caprina and E. christenseni were more prevalent at
conventional farms, and E. hirci, E. caprovina, and E. jolchijevi were
more prevalent at organic farms. Detailed information about the
Eimeria species for both types of farming system is shown in Fig. 1.

We found only mixed nematode infections comprising several spe-
cies of gastrointestinal nematodes, similar to the coccidial infections.
Trichostrongylus/Teladorsagia species and Haemonchus contortus were
the most prevalent in both farming systems. Oesophagostomum co-
lumbianum, Chabertia ovina, and Cooperia sp. were more prevalent at
organic than conventional farms. Bunostomum trigonocephalum, though,
was more prevalent at conventional farms. A detailed overview of the
strongylid species in both farming systems is shown in Fig. 2. Muellerius
capillaris was the most prevalent lungworm species in both types of
farming system (Fig. 3), except the mean intensity of muelleriosis was
very low at one conventional farm. Capillaria sp., Nematodirus sp., and
Trichuris sp. eggs were also recovered from the faecal samples (Fig. 4).
The prevalence of these parasites was significantly lower than the
prevalence of PGE causative agents for both farming systems, and the
intensities of Capillaria, Nematodirus, and Trichuris infections were very
low (maximal EPG 660) compared to strongylid infections.

Eggs of the tapeworm Moniezia sp. were also detected in both
farming systems, with prevalences of 14% at conventional farms and
43% at organic farms. The intensities of tapeworm infections were
significantly higher (p = 0.02) at organic than conventional farms
(Fig. 5). Maximum EPG was 1580 at organic farms and 60 at conven-
tional farms. The trematode eggs were not identified at any of the
farms.

4. Discussion

Our study compared the burdens of common parasitic protozoan
and helminth infections for goats reared in conventional and alternative
farming systems. All surveyed farms tested positive for strongylids and
coccidia of the genus Eimeria.

Our results for coccidial parasites were consistent with those of
other European studies: Vasilkova et al. (2004) in Slovakia, Koudela
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Table 2
Basic characteristics of infections caused by the most prevalent protozoan and helminth parasite identified at all surveyed conventional and organic farms.
conventional farms  parasite
Eimeria sp. Strongylids Muellerius capillaris
number Prevalence (%) MIN. OPG MAX. OPG Mean Prevalence (%) MIN. EPG MAX. EPG Mean Prevalence (%) MIN. LPG MAX. LPG Mean
1. 90 0 4600 498 97 0 6280 1393 43 0 31413 1060
2, 63 0 380 51 57 0 460 63 0 0 0 0
3% 100 100 2880 727 100 460 3000 1399 86 0 50 12
4. 100 60 2020 432 100 680 2880 1219 73 0 15 1
5. 100 60 3400 634 100 140 5960 2085 80 0 111 18
6. 92 0 86 880 8911 100 160 7320 1792 8 0 3 0
7. 100 120 1260 598 100 160 1240 544 100 1 29 11
8. 93 0 4460 652 100 40 1580 375 0 0 0 0
9, 100 40 1760 179 100 160 5120 1430 89 0 73 15
10. 96 0 1500 277 96 0 3220 910 33 0 16 1
11; 81 0 6040 444 96 0 4220 696 0 0 0 0
12. 100 40 1360 421 100 20 1840 849 0 0 0 0
13. 96 0 83 520 4854 56 0 180 34 0 0 0 0
14. 95 0 580 168 100 0 1940 568 75 0 13 2
organic farms  parasite
Eimeria sp. Strongylids Muellerius capillaris
number Prevalence (%) MIN. OPG MAX. OPG Mean Prevalence (%) MIN. EPG MAX. EPG Mean Prevalence (%) MIN. LPG MAX.LPG Mean
15. 90 0 1780 221 97 0 3100 774 13 0 iy 0
16. 87 0 340 95 100 360 4460 1805 83 0 61 6
17 91 0 18 440 792 94 0 6100 491 6 0 3 0
18. 88 0 10 500 720 83 0 1960 398 2 0 0 0
19. 100 140 4280 609 86 0 1420 343 33 0 33 2
20. 100 40 220 90 100 140 2820 1520 100 41 61 20
21. 100 80 5700 635 100 120 2240 905 53 0 38 5
22, 100 380 10 280 3140 100 800 3840 2498 70 0 83 19
23. 95 0 37 920 2505 73 0 7400 428 2 0 0 0
24. 92 0 19 920 905 100 80 2640 1084 50 0 250 15
25. 100 80 24 880 3769 100 260 4560 1349 80 0 18 4
26. 100 40 340 182 100 160 980 488 83 0 16 4
27. 85 0 1140 330 100 240 3400 731 36 0 23 2
28. 93 0 24100 1461 96 0 4600 1487 52 0 14 2

OPG, EPG, LPG - oocyst, eggs and larvae per gram.

and Bokové (1998) in the Czech Republic, Balicka-Ramisz (1999) in
Poland, and Manfredi et al. (2010) in Italy. All these studies reported
high prevalences of coccidial infections. Gorski et al. (2004), however,
reported a prevalence of Eimeria spp. in Poland of only 44%. Infections
caused by Eimeria parasites are mainly associated with intensive
breeding conditions, poor hygiene, overcrowding, and subsequent

stress of the animals (Chartier and Paraud, 2012). Indoor and/or in-
tensive farming systems provide conditions suitable for the develop-
ment of coccidians. The high prevalence of Eimeria parasites at all farms
in our survey could be associated with management practices. All farms
(except one conventional farm) represented intensive dairy farms
practicing the same grazing management; animals were on pasture
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. 1. Prevalence of Eimeria species in two farming systems.
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Fig. 2. Prevalence and species composition of gastrointestinal nematodes in two farming systems.

from spring to autumn (grazing season starts in April/May and ends in
November/December, depending on the weather). Coccidiostats were
not administered to the animals at either the conventional or organic
farms during the grazing season and lactation (lactation coincides with
the grazing season at most farms).

E. arloingi, E. alijevi, and E. ninakohlyakimovae were the most pre-
valent coccidial species at both the conventional and organic farms.
Andrews (2013) reported that E. arloingi was the most common but the
least pathogenic coccidian in goats, and E. ninakohlyakimovae was the
most pathogenic. Mixed infections with non-pathogenic and pathogenic
Eimeria species are common (Joley and Bardsley, 2006). The species
spectrum of coccidians in our study may have been due to the same
breeding conditions in both farming systems, which were suitable for
their development.

The composition of strongylid species did not differ between the
organic and conventional farms. Trichostrongylus sp., Teladorsagia sp.,
and H. contortus predominated in both farming systems, consistent with
the results reported by Hoste and Chartier (1993); Voigt et al. (2016),
and Babjdak et al. (2017). The intestinal species of Trichostrongylus,
Teladorsagia, and Haemonchus are amongst the most important nema-
todes in small ruminants worldwide (Roeber et al., 2013).

Helminth species composition did not differ significantly from other
European studies, such as Babjdk et al. (2017) in Slovakia, Manfredi
et al. (2010) in Italy, or Gorski et al. (2004) in Poland. Overall

Prevalence (%)

I

Trichuris sp. Nematadirus sp. Capillaria sp.

Worganic [Oconventional

Fig. 4. Prevalence of Capillaria sp., Nematodirus sp. and Trichuris sp. in two
farming systems.

prevalences, however, differed mainly in Moniezia sp., Trichuris sp., and
Nematodirus sp., which were significantly higher in our study. Helminth
prevalence did not differ significantly between the organic and con-
ventional farms in our study, except for Moniezia sp. The prevalence of
tapeworms was significantly higher at the organic than the conven-
tional farms. These differences could be associated with the class of
anthelmintic used. A survey questionnaire conducted amongst farmers
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Fig. 3. Prevalence of all lungworms species detected during our survey in two farming systems.
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Fig. 5. Comparison of Moniezia sp. infection intensity in two farming systems.

indicated that ivermectin drugs were most commonly applied at con-
ventional farms in the Czech Republic. Ivermectin does not affect ta-
peworms, but residues released in the faeces can have an impact on
tapeworm intermediate hosts (oribatid mites) on the pasture (Shoop
and Soll, 2002).

M. capillaris was the most prevalent species of lungworm. The pre-
valence of this small lungworm species was 100% at the organic farms
and 64% at the conventional farms. Paraud et al. (2005) reported that
the prevalence of M. capillaris in France ranged from 89 to 95%. In
contrast, Voigt et al. (2016) reported lungworm L, from pooled faecal
samples at 35% of farms in Germany. Differences in the prevalence of
small lungworms between these studies and our study may have been
due to local climatic conditions, which affect the occurrence of inter-
mediate hosts on pastures. Infection intensity of M. capillaris did not
differ significantly between the two types of farm.

Data for comparisons of species compositions and intensities of in-
fection at conventional and organic goat farms are lacking. The max-
imum coccidial oocyst count in our study (86 880 OPG) differed from
those in studies by Stadaliené et al. (2014) (above 15 000 OPG) and
Vasilkova et al. (2004) (7920 OPG). The higher intensities of coccidial
infections in our study may have been due to poorer hygienic condi-
tions at the farms. Litter in shelters/stables or food and water in feeders
contaminated by faeces can be important sources of infection.

In contrast to oocyst output, the maximum faecal egg output in our
survey did not differ from those in other recent reports (Alberti et al.,
2012; Voigt et al., 2016). Only Holm et al. (2014) detected a maximum
egg output (14 340 EPG) that was higher than in our study. This dif-
ference in EPG counts may have been due to differences in the im-
munity of the animals, pasture management, or method of sample
collection. Using pooled samples may lead to inaccurate results (Zajac,
2006; Kyridanova et al., 2017); we collected faecal samples from in-
dividual animals. The EPG counts in our study may also have been
affected by a lower exposure of the animals to infective larvae on the
vegetation. The goats were freely allowed hay or silage (where infective
larvae survive less well than on pasture vegetation) in both agricultural
systems.

The intensity of helminth infection can be predicted by reduced
pressure of anthelmintic treatment on animals at organic farms
(Cabaret et al., 2002). Infection intensity in our study did not differ
significantly between the conventional and organic farms, apparently
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due to the similar both grazing management and the frequency of an-
thelmintics drenching.

5. Conclusions

Our results for the intensities of coccidial and helminth infections
and the species spectra of etiological agents of these diseases were
consistent with the results from other European studies. Surprisingly,
the burdens of the main endoparasites not differ significantly between
the conventional and organic farms. This finding could be apparently
associated with management practices; grazing management and an-
thelmintics drenching frequency were similar in the two farming sys-
tems. The limited use of anthelmintic drugs in milk-producing animals
corresponded to similar parasitic burdens in both types of farming
system. The results of this study verified the premise that management
practice is an important factor for the spread of parasitic diseases.
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Abstract This study evaluated patterns and species composi-
tion of parasitic infections detected over a 1-year period at an
organic goat farm. As a result of coprological examination, the
overall prevalence of observed strongylids (99%), coccidia of
the genus Eimeria (98%), and Muellerius capillaris lung-
worms (93%) was calculated. The most prevalent strongylids
recovered from incubated fecal samples were Haemonchus
contortus (42%), genera Trichostrongylus (23%),
Qesophagostomum columbianum (13%), and Teladorsagia
circumcincta (11%). A maximum intensity of coccidia infee-
tion 5150 oocysts per gram, strongylids infection 9900 eggs
per gram and lungworm infection 867.26 larvae per gram
were detected. The various effects (including environment,
host, and parasites) on milk yield, lactose, protein, and fat
were evaluated using generalized linear mixed models. Milk
yield (P < 0.0001), milk fat (P < 0.01), and lactose
(P < 0.0001) were affected by month, i.e., these parameters
were influenced by the month of the year, regardless of the
individual goat. With the intensity of infection detected in our
study, only protein content was affected (P < 0.01) by parasitic
infection (exclusively caused by strongylids). Correlation be-
tween measurements from one individual revealed that the
goat itself can substantially decrease protein content but has
much less of an effect on fat, milk yield, and lactose. Based on
our results, we can conclude that a low intensity of parasitic
infections does not significantly affect milk yield and the qual-
itative parameters of milk.
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Introduction

Parasitic infections are among the most common diseases in
grazing ruminants worldwide. Infections caused by gastroin-
testinal (GI) parasites are a serious threat to the health and
productivity of grazing animals (Kumar et al. 2013). These
parasites represent a major constraint in goat production;
losses of marketable products can be as high as 20%
(Kantzoura et al. 2012). The main cause of production losses
in a susceptible host is a food intake depression, which is an
important sign of infections caused by GI nematodes and a
main factor in the pathogenesis of the disease (Van Houtert
and Sykes 1996; Fox 1997; Alberti et al. 2014). Decreases in
body weight, hypoproteinemia, and other pathogenic compli-
cations (Kumar et al. 2013) that arise from tissue damage due
to parasites in the GI tract (Alberti et al. 2014) indicate para-
sitic disease, which can lead to economic losses. According to
Hoste et al. (2005), nematode parasitism may be comparable
to a nutritional disease. Tissue damage in the GI tract usually
leads to a diversion of nutrients, which are normally utilized
for tissue regeneration. These changes in the dynamics of
protein distribution can make the goat, as a host, appear mal-
nourished (Hoste et al. 2003). Various disturbances of certain
body systems, including a properly functioning immune sys-
tem, can be a result of the abovementioned nutrient deficiency.

Dairy products are a source of high-quality proteins; total pro-
tein content is one of the main parameters that determine the costof’
goat milk (Raynal-Ljutovac etal. 2008). The high protein content
in milk increases cheese yield, processability, and quality. A 1%
loss in cheese yield may result in economic losses considered
unacceptable for cheese producers (Amenu and Deeth 2007).
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Many studies have documented decreases in milk production due
to Gl nematode parasitism in dairy goats (Van Houtert and Sykes
1996; Alberti et al. 2014). GI nematode infection was found to
have a more negative effect on milk production among high-
producing goats than it did on that of low-producing goats.
High-producing goats have an impaired ability to develop an im-
mune response to GI nematode parasitism; therefore, high-
producing goats are more vulnerable to parasitic infection than
are their low-producing counterparts (Etter et al. 2000; Alberti
et al. 2014). There is little information regarding the effects of
coccidia and lungworm infections on both milk production and
milk components.

The aims of this study were as follows: (i) to describe the
monthly patterns of endogenous parasitic infections on organ-
ic goat farm and (ii) to evaluate the influence of detected
parasites on quantitative and qualitative parameters of milk.
We evaluated the complex effects of all common endopara-
sites on milk yield, protein, fat, and lactose. Our study was
based on the hypothesis that both quantitative and qualitative
milk parameters are affected by parasite infection intensity as
well as by parasite species composition.

Materials and methods
Farm and goat breeds

This study was carried out from January 2014 to December
2014 at one particular organic goat farm in Central Bohemia
(49.33 N, 14.18 E). The farm is located 450 m above sea level,
and this region has a long-term annual average temperature of
7 °C and an average annual rainfall of 750 mm. Basic clima-
tological parameters obtained from the Czech Meteorological
Institute are presented in Fig. 1.

The farm specializes in the production of organic goat
products and rears the White Shorthaired goat, a Czech na-
tional breed. During the study, the farm was home to more
than 300 goats, of which 213 were milked. The remainder of
the flock comprised 90 young goats and 5 adult males.
Milking was carried out mechanically twice a day (moming
and evening). Goats were pastured between milking times
throughout the year, and in winter, they were kept in the barn,
where kidding took place. Goats had no access to the pasture
during the winter (December—March), and these pastures were
not used by other ruminants or horses. Goats were allowed to
graze freely during the pasture season and were given access
to hay and silage, mineral licks (without the addition of plants
with an anthelmintic effect), and fresh water. Goats also had
access to barley, wheat, oats, and vitamins during lactation and
late pregnancy—kidding (they had no any specific food ration
during lactation). During the winter and out of lactation peri-
od, goats had only silage or hay and mineral licks.

@ Springer

Lactation took place from May to October. Data regarding
milk quantity and quality were recorded monthly and taken
from alternate morning and evening milking time by the cer-
tified commissioner of the Association of Sheep and Goat
Breeders of the Czech Republic. The quantity of milk was
determined by measuring using the flow devise TRUEtest.
The qualitative parameters of milk were determined by infra-
red absorption analyzer. The same individual goats were eval-
uated for milk production throughout the study.

Prior to our survey, goats were treated once a year (last time
January 2013) with an anthelmintic drug (ivermectin), which
was administered, to the entire flock. The drug dosage (double
dose than in sheep) was determined according to individual
body weight. The animals were not given any antiparasitic
drugs during our study.

Sampling procedure and parasitological methods

Thirty dairy goats were selected to be utilized in our study. Fecal
samples were collected individually from the same animal every
month. Feces were obtained directly from the rectum and stored
in labeled plastic bags at 4 °C until examination. Prevalence and
intensity of infection were evaluated according to Bush et al.
(1997) as the number of goats infected with one or more individ-
uals (egg/oocyst/larvae) of a particular parasite species. Fecal
samples were investigated using a modification of the
McMaster method (Coles 2003), with a sensitivity of 50
eggs/oocysts per gram (EPG/OPQ); this method was used for
quantifying fecal parasite output. Saturated sodium chloride
and glucose with a density of 1.28 g cm > was used as a flotation
solution. The presence of lungworm larvae was determined using
flask recovery procedure according to McKenna (1999). Each
sample, in weight of 10 g was folded by a paper tissue, skewed by
apiece of wire, and suspended in a conical flask filled with water
for24 h. After standing for 24 h, the feces were discarded, and the
fluid in the flask was reduced using water vacuum pump, and
sediment was examined for the presence of lungworm larvae.

Parasitic elements recovered from feces were identified based
on morphology; oocysts were identified to the species level and
helminth eggs to the genus level according to Tayloretal. (1995)
and (2007), respectively. Because precise morphological identi-
fication of most strongylid eggs to the genus level is virtually
impossible, we chose to merge these eggs with the strongylid-
type nematode (strongylids) group. In order to obtain infective
larvae for more detailed strongylid identification, fecal samples
were incubated for 7 days at 27 °C. Infective lungworms and
nematode larvae were identified to the genus or species level
according to van Wyk and Mayhew (2013).

Statistical analysis

The influence of season on the intensity of infection was statisti-
cally evaluated using STATISTICA one-way ANOVA (Statistica

40



Parasitol Res (2017) 116:3211-3219 3213
Fig. 1 Basic climatological 100 7 35
parameters at the goat farm during %0 A= r 10
whole survey = ,l’ *\ e
i - -
80 — - { N = 25
70 4+ | ! M | [ 20
/ ] /l\ N
% 60— —{ b [ —#/ Al 1-....\ —1».\ 15 L
Z 5o M | P <ot [ N N B . Ly -
: A R N g
£ a0 H 1/ T P o L B B R B s E
e 9 Fe N g
'/‘ 1 Ta L 3
30 ¥ 1 I a1 = W v M 0
-] =7\
0 H & el I 5
’ \
PSRN ) G (A N N N N -10
e \
0 | : . . ' -15
Lo NV VL VI VI X X XL XL
C— humidity (%) months ==fl] =maximum temperature ("C)

= mean temperature {"C)

12, StatSoft CR, 2012). The effects of parasitism on milk quality
indicators were tested by generalized linear mixed models
(GLMM), /me function from n/me package (Pinheiro et al. 2014;
R Core Team 2014). Separate tests for each surveyed response
variables i.e., milk quality indicator (fat content, protein con-
tent, milk yield, and lactose content) were used. Data of all
milk quality indicators have normal distribution. The starting
maximal model contains fixed categorical factor month
(May, June, July, August, September, and October), fixed
numeric factors coccidia, strongylids, lungworms, and ran-
dom factor goat. This form of starting model reflects situation
of repeated measurements on goats during a year. Parasite
(coccidia, strongylids, and lungworms) infection intensity
was not mutually correlated. Number of goat individuals on
one hand and number of factors on the other does not allowed
us tested more than two-way interaction among factors.
During the following model simplification, we compared

= <= minimum temperature ("C)

models using anova and maximum likelihood method,
method “ML” (Crawley 2007). Variables which were includ-
ed in minimal adequate model were recognized as factors
with influence on particular indicator of milk quality.

The statistical significance level was established as
« = 0.05. Each minimal adequate model was checked using
standard statistical diagnostics in the end, i.e., through resid-
uals and standardized residuals versus fitted and predicted
values (Crawley 2007; Pekar and Brabec 2009). All tests were
computed using R statistical software, version 3.1.2 (R
Development Core Team 2014).

Results

We collected 334 fecal samples from dairy goats during a
1-year period. Each sample was examined for the presence

Table 1 The prevalence and
confidence intervals of all

Prevalence (%)/CI (%)

detected parasites for each month

during the survey Month Coccidia Strongylids Trichuris sp. Moniezia sp. Lungworms
1. 96 (80-99) 100 (87-100) 4(1-20) 36 (20-55) 80 (61-91)
1I. 100 (82-100) 100 (82-100) 17 (6-39) 11(333) 53 (31-74)
T 100 (85-100) 100 (85-100) 3(1-15) 3(1-15) 100 (85-100)
v, 90 (70-97) 100 (84-100) 7(2-23) 7(2-23) 100 (84-100)
V. 100 (89-100) 100 (89-100) 0 (0-10) 3(1-15) 100 (89-100)
VI 97 (83-99) 97 (83-99) 0(0-12) 14 (5-31) 90 (74-97)
VIL 97 (85-99) 100 (90-100) 3(1-15) 9(3-24) 100 (90-100)
VIIIL 100 (90-100) 97 (85-99) 6(2-19) 3(1-15) 94 (81-98)
IX. 100 (89-100) 100 (89-100) 3 (1-16) 12 (5-28) 97 (84-99)
X. 100 (89-100) 97 (84-99) 3 (1-16) 6 (2-20) 94 (30-98)
XL 100 (89-100) 97 (84-99) 3 (1-16) 10(3-25) 100 (89-100)
XIL 100 (88-100) 100 (88-100) 10 (3-25) 6 (2-21) 93 (77-98)
@ Springer
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of common coccidian and helminths parasites. During our
study, the overall prevalence of strongylids and coccidia
was 99 and 98%, respectively. Recovered lungworms were
identified as Muellerius capillaris, with an overall preva-
lence of 93%. The prevalence of all of the identified para-
sites for each month of our survey is presented in Table 1.
Due to the low overall prevalence of the tapeworm
Moniezia sp. (9%) and the nematode Trichuris sp. (4%),
these helminths were excluded from further evaluation.

Strongylid infective larvae cultivated from collected feces
comprised the following species (and prevalence):
Haemonchus contortus (42%), Trichostrongylus spp. (23%),
Oesophagostomum columbianum (13%), Teladorsagia
circumcincta (11%), Chabertia ovina (6%), Bunostomum
trigonocephalum (2%), Cooperia oncophora (1%), and
Cooperia curticei (0.2%). The individual monthly composi-
tion of strongylid species is shown in Fig. 2.

The following coccidia species were identified during our
study: Eimeria arloingi, E. christenseni, E. caprina,
E. aspheronica, E. ninakohlyakimovae, and E. alijevi. The
most prevalent Eimeria species were E. arloingi (44%),
E. ninakohlyakimovae (25%), and E. caprina (17%).

Statistical evaluation revealed significant effect of
month on strongylid-type egg counts (P < 0.05). Fecal
egg counts in monitored animals peaked in May (Fig. 3
and Table 2). Then, strongylid-type egg output gradually
decreases until October and then slightly increases in
December, when goats were kept in the stable. Coccidia
infection intensity was also significantly (P < 0.05) influ-
enced by season. The oocyst count peaked in May (Fig.
3). Since then, the OPG levels held with slightly varia-
tions on the same level until the end of the year. However,
lungworm infection intensity (expressed as fecal larval
count) was not affected (P > 0.05) by environmental fac-
tors during our survey. During our study, parasitic element

Fig. 2 The monthly occurrence
of the most prevalent strongylid
nematode species cultivated from 70 -
goat feces during the study

80 -

60 -

50 -

40

30 4
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(oocysts, eggs, and larvae) counts exhibited significant
variability between individual animals (Table 2).

The monitored farm produced an average daily milk yield of
328 kg (2.03 kg per goat), with an average protein and fat content
0f2.87 and 4.14%, respectively. Table 3 presents the evaluation
of milk yield and milk components during the lactation period.

A minimal adequate model for all indicators of milk quality
utilizes the month of the year as the strongest predictor of milk
production (yield) and quality (protein, fat, and lactose con-
tent) (Table 4). Only protein content was affected by parasite
infection intensity (exclusively by strongylid presence).
Correlation between measurements for a single individual re-
vealed that the animal (goat) had a strong effect on protein
content (ICC = 0.651), but only a slight effect on fat content
(ICC =0.177), milk yield (ICC = 0.067), and lactose content
(ICC = 0.330). Fat content, lactose content, and milk yield
were affected stronger by month than goat itself, i.e., changes
in fat content and yield were influence by month of the year
regardless of the individual goat.

Discussion

There are many studies dealing with endoparasites of sheep,
but there is a lack of studies focusing on parasites of goats,
especially at organic farming. A number of factors may influ-
ence the results of study. Each farm is unique system; there-
fore, information about the impact of parasitosis on goat’s
health and milk production from various geographic areas
and different managements are needed. The data about
prevalence and parasite species composition in the
Czech Republic are missing. Goats are naturally infected by
many endoparasites, which can cause mild or serious
infections. When studying the influence of parasitic

= Haemonchus contortus

===« Trichostrongylus spp.

e« Teladorsagia circumcincta
Oesophagostomum columbianum

. V. V. VI. VI VIl IX. X. XI. XI.

months
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infections on milk production, it is necessary to identify as
many of these endoparasites as possible.

The overall prevalence of coccidia of the genus Eimeria
observed in our study does not differ significantly from those
of other published studies. Koudela and Bokova (1998) de-
scribed a 92.2% overall prevalence of Eimeria in the
Czech Republic. Stadaliene et al. (2014) and Manfredi et al.
(2010) observed an Eimeria prevalence of 97.8 and 91.8%,
respectively; by comparison, these results are very similar to
ours (98.5%). Balicka-Ramisz (1999) described an 81% prev-
alence of Eimeria spp. in Poland. By comparison, Vasilkova
et al. (2004) reported a nearly 100% prevalence in Slovakia.

1. . Iv. V.o VL VL
months

VI IX X. XL XL

Eimeria spp. species composition identified by the
abovementioned authors does not differ from those in our
study with the exception of E. aspheronica, which was de-
scribed in our study but not in study of Vasilkova et al. (2004)
and Balicka-Ramisz (1999). Balicka-Ramisz (1999) presents
that the highest oocyst output in adult goats occurs during the
spring-summer season. This also corresponds to our results.
Stadalien¢ et al. (2014) recorded the maximum oocysts
output in Lithuania above 15,000 OPG. Koudela and
Bokova (1998) described a maximum oocyst output of
12,678 OPG in adult goats, while Vasilkova et al. (2004) re-
corded a maximum value of 7920 OPG. These OPG values

Table2  The evaluation of infections caused by the most prevalent parasitic groups, which were recovered from the fecal samples each month of the
survey

Coccidia Strongylids Lungworms
Month Min. OPG Max. OPG Geomean CI Min. EPG Max. EPG Geomean CI Min. LPG Max. LPG Geomean CI
L 0 1950 591 516-952 50 9900 813 837-2575 0 272.89 25 19-137
1L 50 1100 337 286636 100 2700 767 690-1788 0 56.4 3 1-17
111 50 4050 461 375-1239 50 5100 1388 1439-3232 0.54 160.92 19 1-120
IV. 0 3150 787 560-1245 50 5900 1322 1245-2652 0.07 261.65 7 1-59
V. 50 4450 782 814-1670 200 6250 1740 17712920 0.2 79.18 4 8-25
VL 0 4200 680 603-1260 0 4000 1151 1188-2046 0 35.06 3 3-10
VIL 0 3900 789 707-1299 200 5000 1079 1075-1876 0.1 430.37 9 0-53
VIIL 150 5150 875 825-1504 0 2450 749 766-1210 0 291.13 8 1-35
IX. 150 3750 799 747-1278 50 3000 561 566-1012 0 4147 11 12-20
X. 50 4560 558 516-1094 0 2050 388 368-707 0 867.26 19 2-106
XL 150 3550 556 494-1006 0 1950 422 384-716 031 236.84 17 15-53
XIL 100 2300 638 605-1221 100 2650 649 6231184 0 143.49 18 1846

OPG oocysts per gram, EPG eggs per gram, LPG larvae per gram, C/ confidence intervals, min. minimal, max. maximal intensity of infection
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Table3  The evaluation of milk yield and component values during lactation from selected 30 goats obtained from the Association of sheep and goat

breeders of the Czech Republic during the monitoring of performance

Milk yield Milk protein Milk fat

Month Min. kg Max. kg Geomean CI Min. % Max. % Geomean CI Min. % Max. % Geomean CI

V. 1.8 2.8 224 2.15-236 223 3.68 2.82 2.70-2.98 091 6.24 3.51 3.26-4.20
VL 1.8 3 2.29 2.18-244 254 355 2.74 2.65-2.87 1.13 7.58 341 3.10-4.61
VIL 1.8 2.8 2.38 226-2.55 237 3.67 2.73 2.62-2.88 2.78 8.28 4.49 4.11-5.27
VIIL 1.4 24 1.89 1.80-2.02 246 4 2.81 2.69-295 239 8.89 4.50 4.11-5.45
IX. 0.2 24 1.55 1.48-185 251 447 3.03 290-320 20 6.43 3.50 3.20-4.11
X. 1 2 1.57 1.47-1.73  2.56 478 298 2.83-3.18 252 7.66 3.95 3.58-4.69

are higher than those observed in our study. These results may
be explained by age of the animals and hygienc conditions on
the pasture such as dirty litter, contaminated food and water by
feces. Results may also be influenced by overcrowding when
the goats spend most of the day together at the same place and
did not disperse over the pasture. This is also related to the
number of shed oocysts.

When comparing the helminth species composition in goat
herd from a study of Voigt et al. (2016) from Germany with
that of our study, it is evident that H. contortus and
Trichostrongylus spp. predominates in both studies with a
prevalence of 30.4 and 27.5%, respectively. Hoste and
Chartier (1993) also confirmed 7. colubriformis and
H. contortus as the most common nematode species in goat
herds in France. Stadaliené et al. (2015) described the follow-
ing nematode species as the most prevalent among goat herds
in Lithuania: Teladorsagia spp. (42%), Trichostrongylus spp.
(26%), Oesophagostomum spp. (13%), Chabertia spp. (11%),
and H. contortus (8%). The minor differences in nematode
species composition between the abovementioned studies
may be due to environmental influences (i.c., the average an-
nual temperature and humidity), which differ between the
Czech Republic and Lithuania.

Local conditions on a pasture such as temperature, humid-
ity, and vegetation affect species composition of parasites
present on the pasture and their lifecycle. Temperature and
humidity are crucial for the development of free-living stages
of the most GI nematodes (O’Connor et al. 2006). For exam-
ple, H. contortus prefers a warmer, more humid climate more
than Trichostrongylus spp. (Zajac 2006). However, the global
climatic changes may lead to changes in nematode species
composition. The prevalence of H. contortus is gradually in-
creasing in northern countries (Hoglund et al. 2016).

Strongylid infection intensities differ depending on country
and goat breed. The maximum fecal egg count observed by
Alberti et al. (2014) reached 10,452 EPG. By comparison, a
study of Etter et al. (2000) showed an egg count 200-250.
Holm et al. (2014) observed a maximum EPG count of
14,340 in Denmark. In Germany, Voigt et al. (2016) observed

@ Springer

an average EPG count 620. The maximum EPG observed in
our study was lower (max. 9900 EPG) than those seen in Italy
and Denmark, but higher than those in France and Germany.

The difference in EPG count between these studies may be
influenced by the method of samples collecting (individually or
pooled), the type of examination method and different farm man-
agement. Many studies have used pooled samples to evaluate the
effects of parasitosis on milk production and parasite species
composition; however, this type of collecting samples may be
misleading. Notall animals in the herd have the same EPG count,
and pooled sample may contain just animals shedding high or
low number of parasite eggs (Zajac 2006). In our study, samples
were taken from the same animals every month over a 1-year
period. Our study was carried out at one particular organic goat
farm; therefore, the effects of various conditions such as altitude,
farm management, and goat breed were eliminated. The number
of shed eggs in our study may also be influenced by the immune
system of the animals and by breeding management. During our
study, goats gave preference hay and silage, where the minimum
infective larvae survive. Goats spend most of the day nearby
shelter or in the stable during grazing season. Their exposure to
infective larvae present on the grass was lower.

There are lacks of specific data concerning lungworm
prevalence (especially regarding M. capillaris, the most
common lungworm in goats) in European countries.
However, Voigt et al. (2016) found M. capillaris first stage
larvae in 35.1% of pooled samples collected from seven
monitored farms. By comparison, Domke et al. (2013) ob-
served M. capillaris larvae in all monitored regions in
Norway (31.2%). During our study, M. capillaris were ob-
served in most (prevalence 93.1%) of the individually col-
lected samples, although we did observe significant differ-
ences between LPG levels of individual goats. The high var-
iability in LPG level between individual goats also con-
firmed Vadlejch et al. (2016). This variability may be ex-
plained, among the other factors (immunity of each animal
and age), by examination method used. In our study, we ap-
plied the flask method which is more sensitive in recovering
of lungworm larvae than more traditional funnel method.
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Table4 Maximal adequate models for surveyed indicator of milk goat
quality (milk yield, protein content, fat content, lactose)

d.f. F value p p value
Milk yield
Month 5 24.562 <.0001
Eimeria 1 1.443 0.2328
Strongylids 1 0.009 0.9254
Lungworms 1 2.307 0.1322
Month: Eimeria 5 1.178 0.3259
Month: Strongylids S 1.109 0.3613
Month: lungworms 5 1.693 0.1440
Protein content
Month 5 6.4076 <.0001
Eimeria 1 0.0766 0.7825
Strongylids 1 5.8026 0.0180
Lungworms 1 1.0574 0.3065
Month: Eimeria i) 0.8790 0.4984
Month: Strongylids 5 0.7785 0.5677
Month: lungworms 5 1.9796 0.1547
Fat content
Month 5 3.4903 0.0062
Eimeria 1 0.0089 0.9251
Strongylids 1 0.1472 0.7021
Lungworms 1 0.2625 0.6096
Month: Eimeria 5 1.2121 0.3097
Month: Strongylids 5 1.9149 0.1732
Month: lungworms 5 1.7562 0.1296
Lactose
Month 5 5.664 0.0001
Eimeria 1 0.433 0.5119
Strongylids 1 1.189 0.2783
Lungworms 1 3.983 0.0488
Month: Eimeria 5 0.636 0.6725
Month: Strongylids 5 1.350 0.2502
Month: lungworms 5 0.599 0.7006

Significant factors resulting from minimal adequate models are in italic

type

Several studies dealing with the impact of GI parasites on
milk production have been published (Hoste and Chartier
1993; Etter et al. 2000; Alberti et al. 2012, 2014), but these
studies evaluated the impact of only one group of endopara-
sites on milk yield. Goats are usually infected by a variety of
parasite species; evaluating the impact on the milk production
of only one group of them can be misleading. There are not
many studies that have monitored the impact of GI parasites
on the qualitative parameters of goat milk. Moreover, results
between the various published studies differ significantly.
Rinaldi et al. (2007) indicated that goats had an average
12% permanent increase in milk yield after anthelmintic treat-
ment. Results from our study indicate that monitored parasites

(coccidians, lungworms, and strongylids) do not affect milk
yield or fat content at detected infection level. These parame-
ters were more strongly affected by month and microenviron-
mental conditions, which affect the development and survival
of infective stages of parasites on a pasture then by goat itself.

When evaluating the effects of endoparasites on milk pro-
duction, there is a need to consider the intensity of infection as
well as parasite species composition. Some parasite species
influence milk production to a greater extent than do others.
It is also necessary to consider the stage of lactation and milk
yield in every individual goat. High-producing goats are vul-
nerable to endoparasitic infections due to impaired ability to
develop immunity response against Gl nematode infections
(Etter et al. 2000; Alberti et al. 2014). The effect of endopar-
asites on milk production may be also affected by the quality
and the composition of vegetation on the pasture (some plants
may have an anthelmintic effect).

According to Rinaldi et al. (2007), GI nematodes negatively
impact milk quality parameters. In comparison to goats without
treatment where a 29.9% reduction in fat content, 23.3% in the
protein content and simultaneously 19.6% in the lactose was
observed. Etter et al. (2000) also confirmed the effect of GI par-
asites on milk yield and quality. These authors found that
T colubriformis induces a constant and significant decrease in
milk yield, as well as protein and fat content.

Our study demonstrated that the number of strongylids
affected only protein content in milk. This coincides with
results presented by Alberti et al. (2014); they confirmed that
the level of infection affects milk quality. Their study indicat-
ed a significant decrease in protein content caused by a high
number of GI nematodes.

According to Elsheikha (2011), decreases in protein levels
are attributed to the presence of the adult abomasal nematode
H. contortus, whose development may result in increased per-
meability of the abomasal epithelial lining, which allows leak-
age of protein into the abomasal lumen. Damage to the ab-
omasum could also results in a lack of HCI production and an
increase in pH level to 6-7. Pepsinogen cannot be converted
into active pepsin; this leads to impaired digestion of protein.
Subsequently, protein is directed from productive processes to
rebuild damaged tissue (Coop and Holmes 1996).

For farmers and manufacturers, a major consequence of
low protein content in milk is reduced cheese yield. Two ma-
jor categories of milk proteins are casein and whey. Casein is
more important than milk fat in the cheese-making process
(Lucey and Kelly 1994). The protein xsl-casein plays a very
important role in cheese-making process which low content in
milk can be significant. The protein content in milk can have
an economic impact on both farmers and manufacturers due to
reduced cheese yield (Selvaggi et al. 2014).

In our study, the prevalence of detected helminths and
coccidia in grazing animals at organic farm was high, but
the intensity of infection caused by detected endoparasites
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was mild. Only the amount of protein in milk was affected, by
strongylids, at detected intensity of parasitosis in farm condi-
tions. Incorporating these results into the health management
on goat farms could result in reduce of anthelmintic treatment
and in delay the emergence of anthelmintic clinical resistance.
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Abstract Introducing an animal into a new location
could be hazardous in the form of disease transmission,
especially with respect to infections that are often
overlooked. Such introduced infectious agents, includ-
ing parasitic ones, then pose potential danger to the
native animal population. Within the conservation
program, the European bison was introduced into many
European countries. However, this largest European
herbivore was recognized as anew host for an invasive
parasitic nematode, Ashworthius sidemi, in Poland in
1998. Since then, the prevalence of this non-native
parasite in Poland has increased not only in bison but
also in other wild ruminants. In 2011 five European
bison individuals were transported from Poland to the
Czech Republic. In the current study, we examined the
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gastrointestinal tracts of two European bison and two
red deer culled in the Zidlov game reserve. A. sidemi
was identified in all investigated animals using both
morphological and molecular methods; infection
intensity was higher in bison than in deer. Our findings
represent the first record of this invasive parasite in
European bison at the Czech territory. The results of
this study indicate changes in epidemiological patterns
of Ashworthius infections in the climatic condition of
Central Europe as well as the need to verify the
reliability of ashworthiosis intravital diagnostics. One
can expect A. sidemi to spread gradually in the Czech
Republic and colonize other native ruminant hosts.

Keywords Bison bonasus - Ashworthius sidemi -
Morphometry - Sequencing - Diagnostics

Introduction

Ashworthius  sidemi is a haematophagous tri-
chostrongylid nematode that was originally described
from the sika deer Cervus nippon hortulorum in an
area near Vladivostok, Russia (Schulz 1933). This
abomasal parasite occurs primarily in Asiatic cervids;
apart from sika deer, red deer Cervus elaphus sibiricus
and sambar Cervus unicolor serve as typical hosts
(Drézdz 1973). Introducing sika deer into many
European countries brought about the colonization of
local wild ruminant species by this invasive parasite.
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To date A. sidemi has been observed in a wide range of
wild ruminants, e.g., red deer Cervus elaphus (Demi-
aszkiewicz et al. 2009), roe deer Capreolus capreolus
(Demiaszkiewicz et al. 2009), fallow deer Dama dama
(Kowal et al. 2012), or moose Alces alces (Demi-
aszkiewicz et al. 2013). Domestic sheep Ovis aries and
cattle Bos taurus are also sensitive to ashworthiosis
(Kotrla et al. 1976; Moskwa et al. 2015). A. sidemi is a
non-native species to the Czech Republic, and it was
introduced into this country through sika deer in the
previous century (Kotrla and Kotrly 1973). This
parasite was last detected in the above-mentioned
ruminant host in the late 1970s (Kotrla and Kotrly
1977), and there are no reports of ashworthiosis in
Czech territory since that time.

The European bison Bison bonasus is the largest
native herbivore in Europe. In the prehistoric period,
this species occurred throughout the majority of
Europe. Due to human activities (changes in original
habitats, agricultural activities, unlimited hunting etc.)
the bison population has dramatically decreased, and
by the beginning of the 20th century, this animal was
extinct in the wild. Only a handful of individuals have
survived in captivity. Recently, the European bison
has been placed under special protection and has been
classified as an endangered species in the Red List of
Threatened Species (Pucek et al. 2004). Thanks to a
successful conservation program, this ruminant is
returning into the wild of many European countries,
including the Czech Republic (Dostal et al. 2012). The
largest herd of European bison in the Czech Republic
is found in the Zidlov game reserve, which is managed
by the Military Forests and Farms of the Czech
Republic. Four bison females from the Bialowieza
Primeval Forest (Poland) and one bison male from the
Kampinos National Park (Poland) were transported to
this game reserve in 2011. In 1998 the European bison
was recognized as a new host for A. sidemi (Drézdz
etal. 1998). Since then, the prevalence of this invasive
parasite in bison has gradually increased (Drozdz et al.
2003), and currently ashworthiosis poses a serious
health threat to the wild bison population (Osifska
et al. 2010; Radwan et al. 2010).

To evaluate the presence of A. sidemi in wild
ruminants within the Czech territory, nematodes
recovered from the abomasum and duodenum of two
culled bison and two culled red deer from the Zidlov
game reserve were identified using morphological and
molecular methods.
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This survey was conducted in the Zidlov game reserve,
which is located in North Bohemia (14°49'E,
50°36’N). With a total area of 3786 ha, Zidlov is the
second largest game reserve in the Czech Republic,
and European bison are kept in this area along with roe
deer, fallow deer, mouflon and wild boar. A border
fence prevents the migration of any wild ruminants
into the reserve. The transport of bison from Poland to
the Czech Republic was carried out in accordance with
standard EU border and veterinary procedures. How-
ever, fascioloidosis was detected in one transported
animal upon arrival in the Czech Republic. All bison
spent approximately eighteen months in quarantine
where they were treated for the above mentioned fluke
infection before being released into the Zidlov reserve.
Ashworthiosis was not detected while the animals
were in quarantine. In 2015 the game reserve
management received permission from the Ministry
of the Environment to cull two selected adult bison
males to avoid inbreeding in the herd. Other wild
ruminants are hunted throughout the year in accor-
dance with standard hunting laws of the Czech
Republic. Our team was invited to take part in this
parasitological research in 2015. Between December
2015 and February 2016, two bison (4 and 9 years of
age) and two red deer (2 and 10 years of age) were
culled, and their gastrointestinal tracts were extracted
and transported to our parasitological laboratory.

In the interest of this survey, the abomasum and
duodenum were processed using standard parasitolog-
ical techniques. The organ content was combined with
mucosa washings and passed through an appropriate
mesh sieve. The recovered nematodes were preserved in
70% ethanol and subsequently studied using an Olym-
pus BX51 microscope; the morphometric characters
were measured by QuickPHOTO MICRO 3.0 software.
All adult nematodes were morphologically identified as
A. sidemi according to Dr6zdz et al. (1998). All of the
examined animals tested positive for ashworthiosis;
however, infection intensities varied significantly (see
Table 1). The organs were also examined for presence
arrested larvae. The opened and washed organs were
placed in a bowl containing lukewarm normal saline
solution and left overnight. Only A. sidemi arrested
larvae were identified from the animal tissue (Table 1).

Ten of the morphologically identified adult nema-
todes were selected, and these individuals were
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Table 1 The number and sex ratio of Ashworthius sidemi individuals recovered from wild ruminants culled in the winter of

2015/2016 in the Zidlov game reserve

Host species Age of host Month of necropsy Total nematode Male Female Larvae Sex ratio
(years) count

European bison 1 9 December 425 172 237 16 1.38

European bison 2 4 February 11,500 4690 6490 320 1.38

Red deer 1 2 December 66 20 43 3 2.15

Red deer 2 10 December 281 95 181 5 1.9

The larvae population consisted of arrested stages only

identified using molecular techniques. Genomic DNA
was extracted from individual nematodes using the
QIAamp Tissue Kit (Quiagen) according to the man-
ufacturer’s protocol. The rDNA region, consisting of
the ITS-1 and 5.8 gene, was amplified by a polymerase
chain reaction (PCR) using a universal pair of
primers—forward NC5 5-GTAGGTGAACCTGCG
GAAGGATCATT-3' and reverse NC2 5'-TTAGTT
TCTTTTCCTCCGCT-3’ (Zhu et al. 2000). The con-
tent and profile of the PCR reaction was carried outona
MJ Mini™ thermocycler (Bio-Rad) according to
Rylkova et al. (2015). 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 were used for
double strand PCR amplification. The raw chro-
matograms were manually assembled and checked
for potential mistakes using the BioEdit 5.0.9. soft-
ware. Sequences were compared with the on-line
GenBank (NCBI) nucleotide database using the
BLASTn 2.3.1 4 program (Morgulis et al. 2008).
Search results were used to identify isolates to the
species level. The total length of gained sequences was
500 bp. All samples were split into two haplotypes,
which differed in two single nucleotides. Both haplo-
types were 99% identical to the Ashworthius sidemi
sequence (acc. No. EF467325). Sequences represent-
ing two haplotypes of the rDNA region consisting of
ITS-1 and 5.8 gene were deposited into the GenBank
database under the following accession numbers:
KX?228148 and KX228149.

In order to compare post-mortem and intravital
assessments of Ashworthius infection intensity, faeces
were collected from the anus of culled animals. Faecal
samples were then examined simultaneously by two
methods commonly used to diagnosis parasitic infec-
tions—the Concentration McMaster and Cornell-

Wisconsin egg counting technique (for more details
see Zajac and Conboy 2012). Both of the above-
mentioned methods were found to be inaccurate. The
Concentration McMaster technique detected only
negligible faecal strongyle-type egg counts (EPG 0
and 40) in bison; faecal samples from two deer tested
negative. The Comell-Wisconsin method recovered
also negligible faecal egg counts (0 and 5 eggs in the
bison and 0 and 2 eggs in the deer). Because precise
morphological identification of most strongyle nema-
tode eggs to the genus level is practically impossible,
the remaining faeces were incubated under standard
conditions in order to obtain infective larvae. How-
ever, this method failed and no Ashworthius infective
larvae were obtained.

Discussion

All of the wild ruminants investigated in this survey
tested positive for Ashworthius infection. Species
identification of the recovered nematodes was con-
firmed using both traditional morphometry and DNA
sequencing. The morphometric characters of nema-
todes observed in our study correspond to those in
previously published articles (Schulz 1933; Kotrl4 and
Kotrly 1973; Drézdz et al. 1998). Ashworthius males
can be distinguished from Haemonchus males by their
spicule length, morphology, and the absence of a
gubernaculum. The average spicule lengths of Ash-
worthius males evaluated in our study were
776-791 pm depending on host, and terminated with
a cuticular sheath; the gubernaculum was absent. In
comparison, Haemonchus contortus spicules have an
average length of 467 um, are terminated with tips,
and their gubernaculum is well developed (Vadlejch
et al. 2014). Even though Ashworthius and
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Haemonchus females are difficult to distinguish from
each other, identification could be based on buccal
capsule morphology.

Post-mortem identification is reliable enough to
diagnose and quantify Ashworthius infection, whereas
an intravital ashworthiosis diagnosis requires
improvement. It is common knowledge that faecal
egg counts in the majority of strongylid species do not
reflect infection levels (Eysker and Ploeger 2000).
This phenomenon was also observed in our study
when traditional faecal flotation techniques failed to
accurately estimate Ashworthius infection intensity.
Even if the animal harboured 11,500 nematodes, only
negligible faecal egg counts were detected. Due to the
morphological similarity between strongylid nema-
tode eggs, faeces cultivation and the identification of
infective larvae is necessary for a precise diagnosis.
Moskwa et al. (2014) developed a simple and effective
PCR tool based on the de