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Anotace

Cilem prace bylo popsat vyskyt a prevalenci kryptosporidii a mikrosporidii
infikujicich domestikované a divoké koné a dale populaci osli v zavislosti na véku,
pohlavi a systému chovu. Mezi roky 2011-2015 bylo celkem ve 4 zemich (Ceska
republika, Polsko, Alzir a USA) odebrano, mikroskopicky a molekularné vysetfeno
na pritomnost kryptosporidii nebo mikrosporidii 1300 vzorkl trusu, z toho 90 vzorki
pochézelo z divokych koni ze tfech lokalit v USA, 124 vzorkii z osli a 357 vzorki
z koni pochazejicich z raznych provincii v Alziru, 81 vzorka z koni z Polska a 648
vzorktl od koni z Ceské republiky.

Z divodl prohloubeni znalosti o pribéhu infekce zplGsobené mikrosporidii
Encephalitozoon cuniculi genotyp Il byl proveden experimentalni pokus na deviti
konich plemene minihorse. Z vysledk komplexni studie vyplyva, Ze akutni faze infekce
nastupuje 28. DPI a je charakterizovana diseminaci spor E. cuniculi t¢émét do vSech
sledovanych organt.

Rozdily ve vnimavosti koni ke kryptosporidiim v zavislosti na véku, pohlavi nebo
systtmu chovu nebyly na nadmi zkoumaném reprezentativnim vzorku zvifat
zaznamenany. Naopak v pfipadé infekce E. cuniculi, byla vékova specifita potvrzena,
kdyz starsi koné v ¢eskych chovech byli infikovani vice.

Z nasich vysledki déale vyplyva, Ze koné jsou vnimavi k péti riznym druhlim
kryptosporidii (C. parvum, C. muris, C. tyzzeri, C. erinacei, C. hominis) a jednomu
genotypu (Cryptosporidium horse genotype).

Celkem bylo identifikovano 16 riznych genotypt E. bieneusi a 3 genotypy E.
cuniculi. Navic bylo nové popsano devét genotypu E. bieneusi nazvanych Horse 3—
Horse 11. Encephalitozoon cuniculi genotyp II byl v chovech koni obecné vice rozsifen.

I pies velkou diverzitu detekovanych druhti mikrosporidii a kryptosporidii
se zoonotickym potencialem, nepfedstavuji kon¢ vyznamné riziko v mozném pienosu

a siteni infekce v lidské populaci.
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Anotation

The aim of the thesis was to describe the occurrence and prevalence of
Cryptosporidium spp. and microsporidia in domestic and wild horses and donkeys, and
to determine any statistically significant association between parasite occurrence and
age, sex or farm technology. Fecal samples were collected from 1300 horses and
donkeys from four different countries (Czech, Poland, USA, and Algeria) during the
years 2011-2015. Ninety samples were from three different locations in the USA, 81
were from Poland, 481 were from Algeria (124 and 357 from donkeys and horses,
respectively), and 648 were from the Czech Republic.

Nine ponies were experimentally infected with E. cuniculi genotype IlI. Acute
microsporidiosis in these animals was characterized by the dissemination of
microsporidia into almost all organs and a significant increase in the concentration of
specific antibodies in blood from 28 DPI.

Associations between the occurrence of Cryptosporidium and age, sex or farm
technology were generally not statistically significant. However, older horses in the
Czech Republic were statistically more likely to be infected with E. cuniculi.

Our results show that horses are susceptible to at least five different Cryptosporidium
species (C. parvum, C. muris, C. tyzzeri, C. erinacei, C. hominis) and one genotype
(Cryptosporidium horse genotype).

Three genotypes of E. cuniculi and 16 genotypes of E. bieneusi, including seven
previously described and nine novel genotypes (Horse 3 - Horse 11) were detected.
Encephalitozoon cuniculi genotype Il was the most frequently detected.

Despite high diversity of detected zoonotic microsporidia and cryptosporidia, horses do

not appear to be a major source of infection for humans.
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1. UVOD

Kun byl pro ¢lovéka vzdy velmi dualezity. Historie tohoto druhu je stard vice nez
milion let. Prvni pokusy o domestikaci probéhly v Asii 5500 let pf. n. 1. Kan slouzil
k doprave, zemédélstvi a dilezitou Glohu hral ve vojenstvi. S postupnym rozvojem
technického pokroku vSak zacal chov koni ztracet na vyznamu a kun byl postupné
nahrazovan mechanizaci. Tyto okolnosti zpisobily hlubokou krizi v oblasti chovu koni
a byly pfi¢inou prudkého poklesu jejich poctu. Diky potiebé lidi aktivng travit volny Cas,
doslo k navratu c¢lovéka k pfirodé a ke konim samotnym. Rozvojem sportovniho
jezdéni byla selekce koni zamétena na vykonnost v jednotlivych disciplinach jezdeckého
sportu. Kun hraje téz diilezitou roli pfi hipoterapii a hiporehabilitaci a jako partner pfi
vyjizd’kéch.

Chov koni ma v Ceské republice i ve svété dlouholetou tradici, ale Ceska republika
neni ve vSech smérech chovu koni konkurenceschopna. Vyplyva to z celé fady
odbornych srovnavani, v posledni dobé vsak zejména narGstem poctu importovanych
koni. Se zvySujici se migraci koni ze zahrani¢i je nutné se obavat nartstu infek¢énich
chorob v¢etné parazitdz. Paraziti mohou velmi negativné ovliviiovat zdravotni stav,
pohodu a vykonnost koni. Nejvice ohroZenou skupinou byvaji hiibata a mladi koné&.
Ve vétsiné pripadlti nebyvaji paraziti ptimou pfi¢inou vyraznych klinickych ptiznaki
onemocnéni ¢i uhynti koni, nicméné snizuji celkovou odolnost, pfirtstky a sportovni
vykonnost, coz mliZze vést ke znaénym ekonomickym ztratdm. V ojedinélych piipadech
kon¢i parazitarni infekce bez v€asné terapie pro hostitele smrti. Z téchto ditvodi je velmi

dilezité vénovat parazitim koni nalezitou pozornost.

Do jedné z celosvétové sledovanych skupin parazita se fadi jednobunéc¢na protista
pattici do rodu Cryptosporidium, infikujici Siroké spektrum obratlovcu (Fayer 2010).
Ackoli prvni zminka o vyskytu kryptosporidii u koni se objevila v roce 1978 v USA
a jednalo se o kryptosporidiézu u imunodeficientnich arabskych hiibat (Snyder et al.
1978), o prevalenci, klinickych ptiznacich a zoonotickém potencialu kryptosporidii
infikujicich koné je narozdil od ostatnich druhti hospodaiskych zvifat a lidi doposud

velmi mélo informaci. Pouze zlomek z dosud publikovanych praci (vyjma téch, které
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jsou podstatou této prace) tykajicich se kryptosporidii a kryptosporidiézy u koni
se krom¢& mikroskopického vySetieni zabyval i genotypizaci ptivodce kryptosporidovych
infekci (Burton et al. 2010; Grinberg et al. 2003, 2008, 2009; Chalmers et al. 2005;
Imhasly et al. 2009; Ryan et al. 2003; Veronesi et al. 2010). Ptirozené infekce
kryptosporidiemi byly u koni prokdzany v mnoha zemich svéta: v USA (e.g. Burton
et al. 2010), Kanadé (e.g. Gajadhar et al. 1985), Brazilii (de Souza et al. 2009), Novém
Zeélandu (e.g. Grinberg et al. 2009) a Evropé, zahrnujici Polsko (e.g. Majewska et al.
1999), Italii (Veronesi et al. 2010), Ceskou republiku (e.g. Ryan et al. 2003), Némecko
(Epe et al. 2004), Velkou Britanii (e.g. Sturdee et al. 2003) a Svycarsko (Imhasly et al.
2009).

Za jedinou hostitelsky specifickou kryptosporidii je dosud povazovano
Cryptosporidium horse genotype identifikovano u hiibéte koné Prevalského v Prazské
Zoo (Ryan et al. 2003). Pozdéji byl tento stejny genotyp detekovan u dvou lidi
(Robinson et al. 2008), telete (Thompson et al. 2007) a jezka (Atelerix albiventris; Abe
et Matsubara 2015).

Druhou celosvétové rozsifenou a sledovanou skupinou protist jsou mikrosporidie,
obligétni intracelularni paraziti patfici do fiSe Fungi a kmene Mikrosporidia zahrnujici
piiblizné 1300 druht ve 160 rodech (Lee et al. 2009; Choudhary et al. 2011). Z pohledu
lI¢karskych a veterindrnich véd jsou v ramci mikrosporidii nejsledovangjsi dva
zoonotické rody, a to rod Encephalitozoon a Enterocytozoon (Didier et Weiss 2006).
Zastupci obou rodd, Enterocytozoon bieneusi, Encephalitozoon cuniculi, E. intestinalis
aE. hellem patii mezi nejcastéjsi pavodce mikrosporidiovych infekci jak
imunodeficitnich, tak imunokompetentnich osob a zvifat (Didier et al. 2004). Piestoze
E. bieneusi je nejrozsifenéjsi mikrosporidii Se zoonotickym potencialem, ktera byla
detekovana u mnoha druht zvifat (Buckholt et al. 2002; Reetz et al. 2002; Fayer et al.
2003; Santin et al. 2004), teprve az vroce 2010 byla tato mikrosporidie poprvé
diagnostikovana u koni v Jizni Americe (Santin et al. 2010).

Taktéz zastupci rodu Encephalitozoon, zejména E. cuniculi a E. intestinalis, patii
mezi nejvice rozsitené druhy mikrosporidii parazitujicich u savca (Wasson et Peper

2000). Obdobn¢ jako v ptipadé E. bieneusi, také infekce zptsobené Encephalitozoon
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spp. u koni nejsou piili§ ¢asto predmétem védeckého zajmu. U koni je vyskyt E. cuniculi
vzacné spojovan s placentitidami a aborty u klisen (Patterson-Kane et al. 2003; Szeredi
et al. 2007).

Z vyse uvedeného kratkého tvodu je ziejmé, Ze védeckych studii zabyvajicich
se kryptosporidiovymi a mikrosporidiovymi infekcemi koni a ptipadné¢ dalSich
domestikovanych konovitych je zatim velmi malo. Z divodt rozsifeni naSeho
veédeckého poznani je nezbytné provést jesté celou fadu studii. Cilem piedlozené prace

je vyplnit n¢které mezery ve studované oblasti.
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2. CIL PRACE

Cilem diserta¢ni prace bylo doplnit kritické mezery ve znalostech vyskytu, diverzity
a zpusobu Siteni kryptosporidii a mikrosporidii infikujicich domestikované a divoké
kon¢ z USA a dalsi domestikované konovité.

Nasledujici konkrétni dil¢i cile piedstavuji jednotlivé kroky vyzkumu nezbytné

pro dosazeni hlavniho cile:

e Popsat vyskyt a prevalenci kryptosporidiovych a mikrosporidiovych infekci

v chovech koni a volné¢ zijicich stddech divokych koni v Severni Americe.

e Charakterizovat kryptosporidie a mikrosporidie koni na urovni druhu, respektive

na urovni genotypu/subtypu.

e Popsat vliv zoohygieny a technologie chovu na vyskyt Kkryptosporidiovych

a mikrosporidiovych infekci v chovech koni.

e Ziskat nové poznatky o dynamice S$iteni mikrosporidiové infekce vyvolané

Encephalitozoon cuniculi v tkanich a organech infikovanych koni.

e Porovnat vysledky ziskané z chovi koni s vysledky ziskanymi u volné Zijicich stad

divokych koni.
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3. LITERARNI PREHLED

3.1 Kryptosporidie a kryptosporidioza koni

3.1.1 Historie

Na pocatku 20. stoleti byly popsany prvni druhy kryptosporidii, ale az na jeho konci
byly zafazeny mezi vyznamné infekéni agens. Prvni zminka o kryptosporidiich pochazi
z roku 1907 (Tyzzer 1907), kdy Ernest Edward Tyzzer popsal vyvojovy cyklus tohoto
parazita, kterého nalezl ve sliznici zaludku laboratornich mySi a pojmenoval ho
Cryptosporidium muris (Tyzzer 1907). V roce 1910 byla popsana vSechna morfologicka
stadia tohoto parazita a Cryptosporidium byl uznan jako novy rod (Tyzzer 1910). O dva
roky pozdéji byl stejnym autorem popsan dalsi druh kryptosporidii s vyvojovym cyklem
v tenkém stievé mysi pojmenovany C. parvum (Tyzzer 1912). Jako tieti kryptosporidie
bylo popséano C. meleagridis u krit v roce 1955 (Slavin 1955). Az do roku 1975 nebyl
Kkryptosporidiim pfipisovan prakticky zadny 1ékaisky ¢i veterinarni vyznam, ale v roce
1976 doslo k prvnimu vyskytu kryptosporidii u imunokopromitovanych lidi (Meisel
etal. 1976; Nime et al. 1976). Vyznamné pozornosti kryptosporidiim se jako zivot
ohrozujicim parazitim dostalo az pocatkem 90-tych let 20. stoleti, kdy v dusledku
rozsahlé epidemie zplisobené kontaminaci vodniho zdroje v Milwaukee (Wisconsin,
USA) bylo postizeno vice nez 400 000 osob. Infekce rodu Cryptosporidium byla
laboratornimi metodami prokdzana u vice nez 600 osob, které trpély tézkymi prijmy,

inapetenci, Ubytkem vahy, horeckou a zvracenim (Mac Kenzie et al. 1994).

Ackoliv byly kryptosporidie poprvé detekovany u koni v roce 1978 (Snyder et al.
1978), informaci ohledné prevalence, genotypu kryptosporidiii infikujicich kong,
zoonotickém potencidlu, vyvojovém cyklu, patogenité a klinickych pfiznacich, je stale
velmi malo. Ptirozené infekce kryptosporidiemi byly popsany hlavné u hiibat mladsich
6 mésictu v Evropé (Browning et al. 1991; Chalmers et al. 2005; Hajdusek et al. 2004;
Imhasly et al. 2009; Majewska et al. 1999; Sturdee et al. 2003; Veronesi et al. 2010),
v Severni Americe (Cole et al. 1998; Xiao et Herd 1994a), v Jizni Americe (de Souza
etal. 2009), na Stfednim Vychodé (Mahdi et Ali 2002) a Novém Zélandu (Grinberg
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et al. 2003, 2009). Na zakladé molekularnich analyz bylo C. parvum detekovano u koni
az vroce 2003 (Grinberg et al. 2003), ve stejném roce byl identifikovan
i Cryptosporidium horse genotype u hiibéte koné¢ Prevalského (Ryan et al. 2003).

3.1.2 Taxonomie

Kryptosporidie jsou fazeny do kmene Apicomplexa. Difive byly nespravné
oznacovany jako kokcidie, zejména diky morfologické podobnosti a vyvojovém cyklu
v gastrointestindlnim traktu (Fayer et al. 1997). Molekuldrni analyzy provedené
vV pozdéjsi dobé vsak odhalily bliz§i pfibuznost s gregarinami (Gregarinasina) nez
s kokcidiemi (Coccidiasina; Carreno et al. 1999). Gregariny jsou pravdépodobné
polyfyletické s eugregarinami a neogregarinami, které jsou piibuznéjs§i rodu

Cryptosporidium a Rhydocystidae nez archigregarindm (Cavalier-Smith 2014).

V soucasné dob¢ je zndmo 27 platnych druht kryptosporidii, které byly rozliseny
na zakladé morfologickych rozdild, hostitelské specifity, ¢i lokalizace vyvojového cyklu

a molekularnich rozdila (Kvac et al. 2013).

3.1.3 Vyvojovy cyklus kryptosporidii

Vyvojovy cyklus kryptosporidii je monoxenni a probihd v epitelidlnich bunikach
zazivaciho traktu (Current et Blagburn 1990), d¢li se do ¢tyi hlavnich fazi: excystace,

merogonie, gametogonie a sporogonie (Fayer et al. 1997; Thompson et al. 2005).

Pienos infekce je nejcastéji zprosttedkovan fekalné-oralni cestou. Po pozieni
oocystami kontaminované vody ¢&i potravy dochazi k excystaci a uvolnéni sporozoiti,
ktefi infikuji bufiky stievniho epitelu a méni se na trofozoity uzaviené v parazitofornim
vaku (Elliott et al. 2001; Melicherova et al. 2014; Valigurova et al. 2007). Dale probiha
merogonie (asexualni mnozeni), kdy Se jadro trofozoita déli a vznikaji dva typy
merontt, vyjimkou je druh C. baileyi, ktery tvofi tfi typy meront (Current et al. 1986).
Meront I. typu ma 6-8 jader, mnozi se asexualné a vytvaii 6-8 merozoitd, zatimco
meronti II. typu se mnoZzi sexudlné (tzv. gametogonie) a tvoii pouze 4 merozoity (Aydin
1997; Melicherova et al. 2014). Merozoiti vznikli z meronta Il. typu napadaji noveé

epitelialni bunky hostitele a transformuji se na dvé sexualni stadia, vicejaderné

-21-



mikrogamonty a jednojaderné makrogamonty. Z mikrogamontt vznikaji pohyblivé
mikrogamety, které migruji a oplodniuji makrogamety vzniklé pfeménou makrogamontd,
¢imz vznika zygota (Sunnotel et al. 2006). Zygota prochazi sporogonii, dochazi
k formovani sporozoiti a vysledkem je zrald oocysta sporulujici in situ. Vzniklé oocysty
jsou dvojiho typy: silnosténné (80 %) a tenkosténné (20 %). Silnosténné oocysty opousti
télo hostitele s trusem (piipadné s jinymi tekutinami, pokud je infekce lokalizovana
extraintestinalng) a jsou pIn¢ infekéni. Tenkosténné oocysty slouzi k tzv. autoinfekci,
kdy dochazi k excystaci v hostiteli a uvolnéni sporozoiti napadaji dalsi epitelialni bunky
hostitele (Current et Reese 1986). Dle lokalizace excystace délime kryptosporidie
nazaludeéni a stfevni druhy. Zalude¢ni druhy kryptosporidii excystuji vyhradng
V pravém zlaznatém zaludku. Jejich sporozoiti jsou adaptovani na kyselé prostiedi
Zaludku, které by u stfevnich druhli zpusobilo inaktivaci (Widmer et al. 2007).
Excystace stfevnich druhd kryptosporidii probiha v duodenu pomoci enzymu slinivky
btisni a zluci, ale mechanismus vedouci k otevieni stény oocysty a uvolnéni sporozoitl
neni doposud plné objasnén. Na zékladé experimentélnich studii vSak bylo prokazéano,
ze oocystam k excystaci muze postacit 1 vyssi teplota vodniho prostfedi a zména pH
(Smith et al. 2005a). Za téchto podminek pak muze dochazet k infekcim oka
a respiracniho traktu (Fayer et al. 1990).

Nové poznatky v oblasti lokalizace a vyvojového cyklu byly ziskdny pii popisu
noveho druhu C. huwi v rybich hostitelich (dfive znamé jako Cryptosporidium piscine
genotype 1). Tyto kryptosporidie byly oproti jinym nalezeny hluboko v epitelu zalude¢ni
sliznice (Ryan et al. 2015).

3.1.3.1 Vyvojovy cyklus a lokalizace kryptosporidii u koni

O vyvojovém cyklu a lokalizaci jednotlivych druht kryptosporidii, které byly u koni
nalezeny, nebylo doposud nic popsano. Infekce C. parvum je primarné vazana na tenké
sttevo a z divodu hostitelské nespecifity se predpoklada, ze vyvojovy cyklus této
kryptosporidie bude u vSech hostitelti stejny. U ostatnich kryptosporidii, které maji
uzkou hostitelskou specifitu je misto plisobeni druhové specifické; napf.

Cryptosporidium baileyi nachazime u ptakiu, kde napada respira¢ni trakt a kloaku
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(Current et al. 1986). Organova specifita Cryptosporidium horse genotype nebyla dosud

determinovana.

3.1.4 Prenos infekce

Nejcasteji dochazi k pienosu infekce pozienim oocystami kontaminované vody,
¢i potravy. Hostitelé mohou byt infikovani i pfimym kontaktem s infikovanym jedincem
(Feng 2008; Ziegler et al. 2007). Oocysty jsou diky své struktufe vysoce odolné
ve vnéj$im prostiedi a ziistavaji po dlouhou dobu Zivotaschopné a pln¢ infekceschopné.
Ve vodé a vhodnych klimatickych podminkach jsou schopny ptezit az 140 dni (Ramirez
et al. 2004), odolavaji klasickym dezinfekénim prosttedkiim pouzivanych pii tpravé

vody véetné chlorovani (Dolej$ 2004; Domenéch-Sanchez et al. 2008).

Hlavnim faktorem, ktery piezivani oocyst ovliviiuje je teplota. Vysoké teploty (65 °C
po dobu 20 minut nebo vrouci voda po dobu 1 minuty) oocysty spolehlivé znici (Fayer
2004) stejné¢ jako teploty hluboko pod bodem mrazu (spolehlivé jsou oocysty
devitalizovany pti -70 °C) (Fayer et al. 1991, 1996, 1998). Dalsim faktorem, ktery
oocysty spolehlivé inhibuje, je UV zateni (Bukhari et al. 1999).

3.1.5 Klinické priznaky

Onemocnéni vyvolané kryptosporidiemi se nazyvd kryptosporididéza. Klinické
ptiznaky kryptosporidiové infekce jsou zavislé na celé tadé faktort: i) na imunitnim
stavu hostitele (Bjorneby et al. 1991a,b; Gentile et al. 1991; Hong et al. 2007), ii) véku
hostitele (Castro-Hermida et al. 2002; de la Fuente et al. 1999; Fayer et al. 2007; Garber
et al. 1994; Geurden et al. 2006; Kva¢ et al. 2006; Trotz-Williams et al. 2005),
iii) ziskané imunite, tedy zda se jedinec s infekci jiz setkal (Cama et al. 2008; Hill et al.
1990) a iv) kondici hostitele (Anderson 1987; Pospischil et al. 1987). Naopak infekéni
davka, plemeno nebo pohlavi nema vliv na prubéh infekce a klinické pfiznaky
(McKenzie et Diffay 2000; Veronesi et al. 2010; Wagnerova et al. 2015). Nejcastéjsim
a nejcharakteristéjSim Klinickym ptiznakem u imunokompetentnich
i imunokompromitovanych jedinct je prijem, charakterizovan jako profuzni a vodnaty.

Ve vyjime¢nych piipadech muze obsahovat hlen a velmi vzacné leukocyty a krev
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(Griffiths 1998; Tzipori et Ward 2002). Obecné kryptosporidéza neni spojena
s krvacenim. Dalsimi piiznaky jsou abdomindlni bolesti, nechutenstvi, nausea, horecka,
malatnost, unava a zvySené poceni (Khan et al. 2004; Raskova et al. 2013; Thompson
et al 2005; Xiao et al. 2009).

Zalude¢ni kryptosporidie savcd, mezi které patii C. muris a C. andersoni,
nezpusobuji zadné klinické pfiznaky a ve vétSin¢ piipadt ani makroskopické zmény.
Za charakteristické histopatologické zmeény jsou povazovany hypertrofie, atrofie
a metaplazie Zlaznatého epitelu a dilatace infikovanych 714z (Anderson 1987; Aydin

et Ozkul 1996; Kvag et Vitovec 2003; Ozkul et Aydin 1994).

3.1.5.1 Klinické priznaky kryptosporidiézy koni

U koni se klinické ptiznaky nejcastéji v podobé priymi objevuji pfevazné u hiibat
ve véku 1-4 tydny, ackoli kryptosporidioza byla pfilezitostné diagnostikovana i u hiibat
ve v€ku 2 dny a mladsich, dale u odstavcat a rocki (Grinberg et al. 2003; Netherwood
etal. 1996). U starSich koni je prijem zpusobeny Kkryptosporidiemi vzacny,
ale subklinické infekce jsou bé&zné jak u zdravych mladych, tak dospélych koni.
Souvislost prijmi a kryptosporidiovych infekci u dospélych koni, ale i hiibat ¢asto
nebyla prokazana (McKenzie et Diffay 2000; Laatamna et al. 2015; Veronesi et al. 2010;
Wagnerova et al. 2015; Xiao et Herd 1994b). Predispozi¢nim faktorem pro rozvinuti
Klinickych pfiznakti kryptosporidiozy u mladych hiibat je nedostate¢né vyvinuty
imunitni systém (Mair et al. 2009). Kryptosporididza je proto Casta u hiibat trpicich
tézkou kombinovanou imunodeficienci (Snyder et al. 1978), kterd miZze postihovat
zejména hiibata arabskych plnokrevnikt. U téchto hiibat s porusenou imunitou (SCID
hiibata) je stupen klinickych pfiznaki tézky, postupné vede k oslabeni a dehydrataci
a neziidka kon¢i smrti jedince (Bjorneby et al. 1991b; Gibson et al. 1983; Mair et al.
1990; Snyder et al. 1978). Inkubacni doba trva nejcastéji 3—7 dni a klinické ptiznaky
obvykle ptetrvavaji 5-14 dni (Mayhew et Greiner 1986) u starSich hiibat ve véku 3-6
mésicti miZze prijem prejit do chronického stavu a pfetrvavat az do véku 9—-12 mésict

(Mair et al. 2009).
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3.1.6 Terapie

Zatim nebyla vyvinuta specifickd a G¢inna terapie proti kryptosporidiim. Zadny
ptipravek nebyl do soucasné doby nikdy zkouSen u hiibat ani dospélych koni (Cohen
2002). U lidi se k potlaceni klinickych ptfiznakd pouzivd paromycin, nitazoxanide
a azithromycin (Farthing 2006; Gargala 2008). Vyuziti nitazoxanidu v terapii a profylaxi
kryptosporididzou postizenych telat vSak neukazalo pozitivni efekt jak ve zmirnéni
klinickych pfiznaku, tak i v poctu uvolfiovanych oocyst (Schnyder et al. 2008) narozdil
od halofuginonu, kdy byl prokdzéan pozitivni efekt na zmirnéni klinickych ptiznaka
kryptosporidiozy telat (de Waele et al. 2010; Keidel et Daugschies 2013; Klein 2008;
Trotz-Williams et al. 2011), ale pouze v nizSich davkach 1é¢iva. Pti vy$s§im davkovani
nez 500 pg/kg byly zaznamenany vedlejsi Gi€inky terapie jako nechutenstvi, vodnaty
pruijem a hubnuti (Villacorta et al. 1991). Posledni studie ukazuji, ze vyuziti
halofuginonu zmirfiuje prijem a redukuje uvoliiovani oocyst kryptosporidii,
ale neposkytuje komplexni terapeuticky efekt (Delafosse et al. 2015; Silverlas et al.
2009). Terapie je proto zaméfena na rehydrataci a iontovou rovnovahu organismu.
U imunokompetentnich jedinct dochazi vétsinou k samovyléceni, tzv. ,self-cure*
(Chappel et al. 1999; Xiao et al. 2004).

3.1.7 Hostitelska specifita

Hostitelskd specifita parazita predstavuje soubor hostiteld, které parazit infikuje
aje v nich schopen ukoncit sviij vyvojovy cyklus. Pro ovéfeni hostitelského spektra
jednotlivych druhii a genotypti kryptosporidii se vyuzivaji oocysty ziskané z jednoho
pfirozené infikovaného hostitele a jejich experimentalni pfenos na dalsi hostitelské
druhy. Pokud je v novém hostiteli dokoncen vyvojovy cyklus a oocysty vylucované
do prostiedi jsou geneticky shodné s témi, které byly pouzity pro infekci, je hostitelské
spektrum rozsifeno. Obecné se predpoklada, ze izolaty kryptosporidii z jedné tiidy
obratlovctli nejsou infekéni pro hostitele z dalSich tfid a také, ze vétSina druhti a genotypl
kryptosporidii ma tzkou hostitelskou specifitu. Nicméné existuje cela fada ptipadd,
kdy byla prokazana pfitomnost oocyst u hostitelt, ktefi jsou pro jednotlivé

druhy/genotypy kryptosporidii netypiéti (Fayer et Xiao 2008).
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Nekteré druhy kryptosporidii infikuji Siroké spektrum hostiteld (C. parvum nebo
C. ubiquitum), zatimco jiné jsou pfisn¢ orientovany na hlodavce, ptezvykavce nebo
ptaky obecné (C. baileyi (kufe), C. meleagridis (krtta), C. muris (mys); existuji
ale i druhy infikujici pouze jediného hostitele. Mezi tyto druhy kryptosporidii s pfisnou

hostitelskou specifitou patii naptiklad C. wrairi (morce).

Cryptosporidium horse genotype je Vv soucasné dob&é povazovan za hostitelsky
specificky pro koné. Krom¢ koni byl ale detekovan také u dvou lidi nezavisle na sobé
v Anglii (Robinson et al. 2008) a Novém Mexiku (Xiao et al. 2009). Jednalo se o stejny
genotyp, ale odlisnou alelickou rodinu IXb, nez byla identifikovana u koni. Tato stejna
alelicka rodina IXb byla neddvno detekovana u jezka (Atelerix albiventris; Abe et
Matsubara 2015). Na zaklad¢é dnesnich znalosti nelze plné posoudit, zda se jednalo o
pasaz ¢i jsou lidé opravdu vnimavi k tomuto druhu kryptosporidii. Dalsi druhy a

genotypy kryptosporidii detekované u koni jsou podrobné popsany v kapitole 3.1.10.

3.1.8 Zoonoticky potenciél kryptosporidii

Druhy kryptosporidii jako C. baileyi, C. canis, C. felis, C. meleagridis a C. muris jsou
vyhradné orientovany na své hostitele, ale souc¢asné bylo prokazéano, Ze maji schopnost
infikovat i ¢lovéka, a proto jsou povazovany za zoonotické druhy (Tabulka 1; Caccio
et al. 2002; Ditrich et al. 1991; Guyot et al. 2001; Pedraza-Diaz et al. 2000, 2001a; Xiao
et al. 2001a). Izolat C. hominis identifikovany u vodniho savce dugonga indického
(Dugong dugon) vyvratil teorii, Ze je C. hominis schopny infikovat pouze lidi, a proto
se rovnéz fadi mezi kryptosporidie se zoonotickym potencialem (Morgan et al. 2000).
Navic, v ramci experimentalnich pokust bylo zjisténo, ze C. hominis muze infikovat
jehnata, gnotobioticka prasata a telata, ale neni infekéni pro imunosuprimované mysi

(Akiyoshi et al. 2002; Giles et al. 2001; Pereira et al. 2002; Widmer et al. 2000).
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Tabulka 1. Ptehled druhii kryptosporidii infekénich pro ¢loveéka

Druh/genotyp Riziko pirenosu  Zdroj infekce
C. hominis ° Vysoké &lovek

C. parvum ° Vysoké tele a ¢lovek
C. canis Stredni/vysoké pes

C. felis _ Stiedni/vysoké kocka

C. meleagridis ° Stiedni/vysoké*  krocan

C. viatorum Stiedni/vysoké*  &lovek”

C. andersoni Nizké skot

C. cuniculus ® Nizké kralik, ¢lovek
C. fayeri Nizké klokan

C. muris ® Nizké hlodavci

C. scrofarum Nizké prasata
C.suis Nizké prasata

C. tyzzeri 8 Nizké hlodavci

C. ubiquitum ® Nizké prezvykavci
C. wrairi Nizké morce
Cryptosporidium chipmunk genotype  Nizké ¢ipmank
Cryptosporidium horse genotype Nizké kan
Cryptosporidium monkey genotype Nizké opice
Cryptosporidium skunk genotype Nizké skunk

*z4vislé na geografické poloze; ® druhy/genotypy infekéni pro laboratorni mysi; * pfirozeny zdroj infekce
neni zndm (upraveno dle Ortega et Kvac 2013)

3.1.9 Prevalence kryptosporidii u koni

7Z mnoha studii vyplyva, Zze hiibata a mladi koné jsou vice infikovani
kryptosporidiemi oproti konim star§im (Burton et al. 2010; Perucci et al. 2011; Veronesi
et al. 2010). Prevalence se li$i v zavislosti na pouzité technice zpracovani vzorkt (PCR
vs. mikroskopické vySetieni) v rozmezi 1-31 % (e.g. de Souza et al. 2009; Laatamna
etal. 2013, 2015; Mahdi et Ali 2002; Majewska et al. 1999; Veronesi et al. 2010;
Wagnerova et al. 2015; Xiao et Herd 1994a). Diive provedené studie prokazaly
prevalenci u hiibat na zdkladé¢ pouze mikroskopického vySetfeni mnohem vyssi
dosahujici 17-100 % (Coleman et al. 1989; Olson et al. 1997; Snyder et al. 1978; Xiao
et Herd 1994a). Prevalence v populacich koni a oslt v jednotlivych zemich jsou uvedeny
v tabulce 2.
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Tabulka 2. Prevalence u koni a osli v jednotlivych zemich Svéta

Prevalence

Oblast Pocet koni Skupina (%) Citace
Virginia, USA 90 Dospéli koné 27 Wagnerova et al. 2015
New York, USA 175 Hiibata (1-10 tydni) 2,5 Burton et al. 2010
New York, USA 174 Klisny 0-2,1 Burton et al. 2010
Sierra Nevada, USA 305 Dospéli koné 0-2,3 Atwill et al. 2000
Texas, USA 366 Dospéli koné 0-10,4  Coleetal. 1998
Texas, USA 40 Hiibata (10-21 dnf) 1-15 Cole et al. 1998
Kalifornie, USA 90 Dospéli koné 0-3,2 Johnson et al. 1997
Kentucky, USA 74 Kong¢ star$i 1 roku 1,3 Xiao et Herd 1994
Kentucky, USA 50 Odstavcata 18 Xiao et Herd 1994
Ohio, USA 42 Koné starsi 1 roku 0 Xiao et Herd 1994
Ohio, USA 55 Odstavcata 10,9 Xiao et Herd 1994
Louisiana, USA 57 Hiibata 14 Coleman et al. 1989
Alberta, Kanada 10 Dospéli koné 10 Olson et al. 1997
Alberta, Kanada 24 Hiibata mladsi 6 mésict 21 Olson et al. 1997
CR,EU 172 Koné mladsi 3 let 2,9 Wagnerova et al. 2015
CR, EU 180 Kong starsi 3 let 39 Wagnerova et al. 2015
Italie, EU 90 Hfibata (0-8 tydni) 4,4 Veronesi et al. 2010
Italie, EU 30 Hfibata mladsi 8 tydni 23,3 Veronesi et al. 2010
Italie, EU 30 Klisny 3,3 Veronesi et al. 2010
Polsko, EU 318 Dospéli koné 3,5 Majewska et al. 2004
Warwickshire, UK 80 Dospéli koné 6,4 Sturdee et al. 2003
Brazilie 396 Dospéli koné 0,8 De Souza et al. 2009
Irdk 25 Dospéli koné 12 Mahdi et Ali 2002
Alzir 481 Dospéli kon¢ a osli 2,3 Laatamna et al. 2013, 2015

upraveno dle Burton et al. 2010; Laatamna 2013, 2015; Wagnerova et al. 2015

3.1.10 Druhy a genotypy infikujici koné

Na zakladé dneSnich znalosti, ke kterym vyrazné prispéla i tato préce, lze fict,
7e koné jsou vnimavi k $esti riznym druhim kryptosporidii a to C. parvum (Chalmers et
al. 2005; Grinberg et al. 2008, 2009; Guo et al. 2014; Imhasly et al. 2009; Veronesi et al.
2010; Wagnerova et al. 2015), C. muris (Laatamna et al. 2015; Wagnerova et al. 2015),
C. erinacei (Laatamna et al. 2013), C. hominis (Laatamna et al. 2015), C. tyzzeri
(Laatamna et al. 2015), C. felis (Guo et al. 2014) a jednomu genotypu, konkrétné
Cryptosporidium horse genotype (Burton et al. 2010; Caffara et al. 2013; Ryan et al.
2003; Wagnerova et al. 2015) V ptipadé C. muris byly identifikovany dva kmeny i)
RN66 (Wagnerova et al. 2015) a ii) TS03 (Laatamna et al. 2015).
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3.1.9.1 Cryptosporidium parvum

Cryptosporidium parvum bylo dlouho povazovano za jediny druh kryptosporidie
zpusobujici kryptosporididzu u koni, soucasné patii mezi nejrozsitenéjsi kryptosporidie
pro neonatalni zvifata. Infekce se projevuje piedevsim u telat do véku 8 tydnt (Langkjeer
et al. 2007). U koni, z toho ptevazné u hiibat, byl jeho vyskyt popsan v Italii (Veronesi
et al. 2010), na Novém Zélandu (Grinberg et al. 2009), v Némecku (Imhasly et al. 2009),
ve Walesu (Chalmers et Giles 2010) a Ceské republice (Ryan et al. 2003; Wagnerova
et al. 2015). Vysledky téchto studii jasné prokazuji vztah mezi vyskytem kryptosporidii

a v€kem koni, kdy mladi koné jsou infikovani castéji nez starsi jedinci.

Cryptosporidium parvum se dle subtypizace na  lokusu kodujicim 60kDA
glykoprotein (gp60) déli na n€kolik alelickych rodin (lla—I10), z nichz pouze 3 (lla, llc
a 1ld) jsou celosvétove rozsitené. Alely Ila a IId patii mezi nejrozsifenéjsi (Xiao 2010)
a byly detekovany jak u zvifat, tak i u ¢lovéka. Naopak alelicka rodina llc (dfive znamé
jako Ic), ma pouze antroponoticky charakter (Alves et al. 2003; Xiao et Feng 2008),
piestoze byl popsan ojedinély vyskyt u jezku (Dyachenko et al. 2010). Nékteré z rodin
jako I1b a lle-k jsou povazovany za vzacné. V evropskych zemich je dominantni rodinou
prevazné u skotu rodina Ila a pouze pfilezitostné je detekovéna i rodina IId (Xiao 2010),
zatimco v Cing, Egypté, Malaysii a Svédsku prevlada rodina Ild (Amer et al. 2013;
Muhid et al. 2011; Silverlas et al. 2013; Wang et al. 2011).

Za nejcastéji se vyskytujici subtyp C. parvum v mnoha zemich svéta je povazovan
subtyp 11aA15G2R1 znamy jako IOWA izolat. Subtyp 11aA15G2R1 byl identifikovan
utelat a lidi v USA (Strong et al. 2000), Kanadé¢ (Trotz-Williams et al. 2006),
Portugalsku (Alves et al. 2003, 2006), Slovinsku (Stantic-Pavlinic et al. 2003), Australii
(Chalmers et al. 2005) a Japonsku (Wu et al. 2003). U koni byl tento subtyp poprve
detekovan u hiebce v Ceské republice (Wagnerova et al. 2015) a chincoteque poniki
ve Virginii, USA (Wagnerova et al. 2015).
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3.1.9.2 Cryptosporidium horse genotype

Prvni zminka o vyskytu Cryptosporidium horse genotype pochazi z roku 2003,
kdy Ryan et al. identifikovali tento genotyp u hiibéte kon¢ Pievalského v Prazské Zoo
(Ryan et al. 2003). Shodny genotyp byl nalezen u hiibéte z New Yorku (Burton et al.
2010), Italie (Caffara et al. 2013) a hiebce z Ceské republiky (Wagnerova et al. 2015).
Izolat Cryptosporidium horse genotype nalezeny v Ceské republice a zafazeny
na zakladé sekvence genu kddujiciho gp60 do alelické rodiny Vla a subtypu A15G4 byl
identicky s izolatem z hiibéte v Italii (Caffara et al. 2013). Oproti tomu odli$né alelicka
rodina Vb Cryptosporidium horse genotype byla identifikovana u dvou lidi z Anglie
(Robinson et al. 2008) a Mexika (Xiao et al. 2009). U obou lidi byl detekovan identicky
subtyp VIbA13 (Robinson et al. 2008; Xiao et al. 2009). Tento naprosto stejny subtyp
byl pozdé¢ji detekovan u jezka (Atelerix albiventris) v Japonsku (Abe et Matsubara
2015).

3.1.9.3 Cryptosporidium muris

Cryptosporidium muris je znamo svou hostitelskou specifitou k nékterym hlodaveum
a prezvykavcim. Vzhledem ktomu, ze bylo detekovano i u lidi, je povazovano
za zoonotické agens (Xiao et al. 2001a). Piedchozi studie ukazaly, Zze druh C. muris
je schopny infikovat S$iroké spektrum mySovitych zahrnujici mysici kfovinnou
(Apodemus sylvaticus; Torres et al. 2000), mySici vychodni (Apodemus speciosus;
Murakoshi et al. 2013), potkana ostrovniho (Rattus exulans; Ng-Hublin et al. 2013)
a my$ domaci (Mus musculus; Chalmers et al. 1994) a fadu dalsich savct véetné kocek
(Pavléasek et Ryan 2007), kiecki zlatych (Ryan et al. 2003), veverek (Hurkova et al.
2003) a tuleni krouzkovanych (Santin et al. 2005). Vnimavost prasat k tomuto druhu
byla experimentalné vyvracena (Kva¢ et al. 2012). Kmen RN66 izolovany z potkana
je infekeni pro mysi, morcata, kraliky, psy a kocky (Iseki et al. 1989), ale neni schopen
infikovat jehnata a ktizlata (Kvac et al. 2008).

V ramci konovitych byly pfirozené infekce prokdzany v ojedinélych piipadech u koni
a oslii v Alziru (Laatamna et al. 2015) a u koni v Ceské republice (Wagnerova et al.
2015).
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3.1.9.4 Cryptosporidium hominis

Cryptosporidium hominis zptsobuje kryptosporidiézu celosvétoveé predevsim u lidské
populace (Xiao et Ryan 2004). Dle subtypizace na genu kodujim gp60 ma C. hominis
6 majoritnich alelickych rodin - Ia, Ib, Id, le, If a Ig (Xiao 2010), z nichz jsou 4 (la, Ib,
Id a le) velmi rozsifeny v rozvojovych zemich. Nicméné jejich distribuce do zna¢né
miry zavisi na geografické poloze. VSechny tyto 4 rodiny byly detekovany u déti a HIV+
pacienti v Peru, Malawi, Madagaskaru a Indii (Ajjampur et al. 2007; Areeshi et al.
2008; Cama et al. 20074, 2008; Gatei et al. 2007; Peng et al. 2003). U déti v Jizni Africe
byla zaznamenana rodina If (Leav et al. 2002). Nejvice rozsifenou rodinou na Jamaice
u HIV+ pacientt byla rodina Ib (Gatei et al. 2008).

Narozdil od C. parvum byl C. hominis dlouhou dobu povaZovan za neinfekéni
pro mysi, potkany, kocky, psy a imunosuprimované piskomily (Akiyoshi et al. 2002).
Pozd¢ji byly ale prilezitostné ptirozené infekce timto druhem pozorovany u dugonga,
koz a skotu. Nasledn¢ byl prokazan experimentalni pienos infekce s vyuzitim vyssi
infekéni davky na piskomily, telata, jehnata a selata (Akiyoshi et al. 2002; Baishanbo
et al. 2005; Ebeid et al. 2003; Morgan et al. 2000; Park et al. 2006; Smith et al. 2005b).

V soucasné dob¢ byla pfirozena infekce C. hominis zachycena pouze u jednoho koné
z provincie Tiaret v Alziru. Jednalo se o zcela novou alelickou rodinu Ik a konkrétni
subtyp IkA15G1 (Laatamna et al. 2015).

3.1.9.5 Cryptosporidium erinacei

Druh C. erinacei (diivé znamy jako Cryptosporidium hedgehog genotype)
je povazovan za vysoce hostitelsky specificky (Kvac et al. 2014a). Nicméné kromé
puvodnich jez¢ich hostiteld byl tento druh v ojedinélych ptipadech detekovan u ¢loveéka
v Ceské republice (Kvac et al. 2014b) a u koné v AlZiru (Laatamna et al. 2013). Narozdil
od pivodnich hostiteld (jezkll) neni patogenita tohoto genotypu pro koné jasna
(Laatamna et al. 2013). Spojitost mezi prijmovym onemocnénim a infekci C. erinacei
nebyla u jezka a koni prokazana (Graczyk et al. 1998; Laatamna et al. 2013; Meredith
et Milne 2009; Pantchev et Moller 2007). Naopak gastroenteritida, provazena velkymi
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bolestmi bficha a prijmem, zplsobena timto druhem Kkryptosporidie, byla popsana

u imunokompetentniho lovéka v Ceské republice (Kvagé et al. 2014b).

3.1.9.6 Cryptosporidium tyzzeri

Cryptosporidium tyzzeri (difive znamo jako Cryptosporidium mouse genotype 1)
infikuje zejména myS$ domaci a ostatni hlodavce (Bajer et al. 2003; Feng et al. 2011a;
Foo et al. 2007; Lv et al. 2009; Morgan et al. 1999). Ve studii Ren et al. (2012) nebyla
tato kryptosporidie infek¢éni pro telata a jehnata. V jiné studii byl ale vyskyt C. tyzzeri
molekularnimi metodami potvrzen u bizona amerického (Bison bison; Alves et al. 2005).
Prasata, n&kolik druhti savci i ptaka v Cing bylo také infikovano timto druhem (Chen
et Huang 2007; Karanis et al. 2007), rovnéz byl vyskyt oocyst nalezen v odpadnich
nadrzich na prasec¢i kejdu (Jenkins et al. 2010). Pozd¢&jsi studie, kterou provedl Kva¢
etal. (2012), vyvratila vSechny piedchozi zavéry. Na zaklad¢é experimentalniho pokusu
bylo prokazano, ze C. tyzzeri neni infekéni pro prasata, tudiz ve diive uvefejnénych
publikacich se vZdy jednalo pouze o pasaz parazita zazivacim traktem nebo znecisténi
odpadni vody oocystami kontaminovanym trusem od hlodavct. Co se tyka koni, bylo
C. tyzzeri detekovano u plemenného hiebce z piseckého hiebéina v Ceské republice
(Wagnerova et al. 2015). Infektivita tohoto druhu kryptosporidie je pro koné vzhledem

Kk ojedinélému vyskytu nejasna.

3.1.9.7 Cryptosporidium felis

Piestoze Cryptosporidium felis je vyhradné orientovano na svého hostitele (kocka),
bylo v jednom piipadé nalezeno u koné na Taiwanu (Guo et al. 2014) a u dospélého

skotu ve Spanélsku (Cardona et al. 2015).
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3.2 Mikrosporidie a mikrosporidiéza koni

3.2.1 Historie

Poprvé byly mikrosporidie (Nosema bombycis) identifikovany u housenky bource
morusového v roce 1857 (Négeli 1857). Prvni mikrosporidii popsanou u savcu byl
Encephalitozoon cuniculi, izolovany z mozku, michy a ledvin kralika s motorickou
parézou v roce 1922 (Wright et Craighead 1922). Dnes je tento druh znamy u Sirokého
spektra hostiteld. V roce 1959 byly poprvé popséany infekce mikrosporidii u lidi
(Matsubayashi et al. 1959). Jednalo se spiSe o vzacné pfipady. Od poloviny
sedmdesatych let vSak dramaticky vzrostl pocet identifikovanych infekci
u imunodeficitnich jedincl postizenych virem HIV nebo s imunitou snizenou v disledku
pouzivani imunosuprimujicich 1éka (Weber et al. 1994). Mikrosporidialni infekce jsou
Vv rostouci mife diagnostikovany u lidi se zamérné potlacenou imunitou, ktefi podstoupili
organovou transplantaci, parazit rovnéz vyvoldva ocni infekce u jinak zdravych osob
(Carlson et al. 2004; Chan et al. 2003; Gamboa-Dominguez et al. 2003; Goetz et al.
2001; Lewis et al. 2003; Theng et al. 2001; Teachey et al. 2004).

Z dnes znamych druh mikrosporidii je 16 infekénich pro ¢lovéka (Didier et Weiss
2008). Domestikovana zvitata byvaji nejcastéji infikovana 4 nejrozsifenéj$imi savéimi
druhy mikrosporidii a to — E. bieneusi, E. cuniculi, E. intestinalis a E. hellem. Zvlasté
rozsifené jsou mikrosporidie U ryb a v hmyzi fi$i. VétSina bezobratlych zivoc¢ichti nebyla

na pritomnost mikrosporidii vysetiena (Keeling 2009).

Informaci o vyskytu mikrosporidii u koni je do soucasné doby stile velmi malo.
Ojedinély ptipad infekce E. cuniculi je davan do souvislosti s aborty a placentitidami
u klisen (Patterson-Kane et al. 2003; Szeredi et al. 2007; Van Rensburg et al. 1991).
Pfirozena infekce zptsobena E. bieneusi byla poprvé identifikovana u koni az v roce

2010 (Santin et al. 2010).

-33-



3.2.2 Taxonomie

V roce 1857 byly mikrosporidie zafazeny do uméle vytvoiené skupiny hub -
Schizomycetes. Pozd¢ji byly povazovany za parazitickou odnoz fiSe protistti (podttida
Cnidosporidia). Kvali domnélé nepfitomnosti mitochondrii byly mikrosporidie
popisovany jako prehistoricky pozustatek eukaryotické linie (Vossbrinck et al. 1986).
Kmen Mikrospora, patiici do podfiSe Protozoa uvnitt fiSe Protista byl zalozen roku 1976
biologem Spraguem. Tento kmen byl pozd¢ji pfejmenovan na kmen Mikrosporidia, dle
puvodniho nazvu z roku 1882. Kmen Mikrosporidia se déli na dvé tfidy Haplophasea
(napt. rody Encephalitozoon, Enterocytozoon, Pleistophora a Trachipleistophora)
a Diplophasea (napi. rody Brachiola, Nosema a Vittaforma) podle poétu utvotrenych
jader. Haplophasea obsahuji jedno jadro a Diplophasea maji jadra dvé, tzv. diplokaryon
(Sprague et al. 1992). V soucasné dob¢ jsou mikrosporidie fazeny do tise Fungi (Keeling
2003; Keeling et al. 2000) a je jich znamo ptiblizn¢ 1300 druht patficich do 160 rodu

(Choudhary et al. 2011; Lee et al. 2009).

3.2.3 Stavba bunky

Mikrosporidie nemaji typicky Golgiho aparat, peroxisomy a hydrogenosomy (Vavra
et Larsson 1999). Dtive se predpokladalo, Ze neobsahuji ani mitochondrie. Byl u nich
vSak nalezen gen pro HSP70 (heat shock protein), coZ naznacuje, Ze se vyvinuly
z predka, ktery mitochondrie mél (Peyretaillade et al. 1998). Mikrosporidie maji typické
eukaryotni jadro, hladké i drsné endoplazmatické retikulum, vnitrobunécny
membranovy systém a cytoskelet. Piitomnost atypického Golgiho aparatu byla také
prokdzana (Vavra et Larsson 1999). Genom mikrosporidii je mnohem mens$i neZ
u jinych eukaryot. V ramci celého kmene se u vSech doposud genotypizovanych druhti
pohybuje od 2,3 Mb do 19,5 Mb. Ve vsech dalsich vlastnostech jsou ale Cisté
eukaryotnimi organismy. Maji mnohocetné linearni chromosomy, telomery a déleni,
které se podoba mitéze (Keeling et Fast 2002). Ribozomy mikrosporidii jsou
prokaryontniho typu (70S), sestavajici z malé podjednotky 16S a velké podjednotky 23S
rRNA (Cannig et VVavra 2000).
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3.2.4 VVyvojovy cyklus mikrosporidii

Vyvojovy cyklus je piimy, skladajici se ze tii fazi - infekéni, proliferativni a faze
sporogonie (Cali et Takvorian 1999) a mtze probihat uvnitt parazitoforni vakuoly (napf.
Encephalitozoon spp.) nebo v cytoplazmé hostitelské bunky (napt. Enterocytozoon
bieneusi, Nosema spp.).

Po vniknuti spory do vhodného hostitele je sporoplasma injikovana do hostitelské
buiiky. V novém hostiteli zahaji sporoplasma reprodukci koncici produkei spor.
Nejdiive dochazi k dozravani sporoplasmy v meronta, ktery se po obdobi rlstu
ajaderného déleni dale d€li na dcefiné bunky, merozoity. Meronti a merozoiti jsou
morfologicky identicti. Sekrece elektrodenzniho materialu na povrch plazmatické
membrany je ultrastrukturdlnim znakem, ze parazit vstoupil do sporogonialni faze
reprodukce. Bunky, které pokryva elektrodenzni material, jsou klasifikovany jako
sporonti. Sporogonie zahrnuje déleni sporontti a jejich dcefinych bun¢k, az dokud neni
vytvotfen konecny produkt déleni: sporoblast. Sporoblast dozravd a méni se na sporu
(Vavra et Larsson 1999). Neékteré mikrosporidie se vyviji pfimo v cytoplasmé
hostitelské buiiky. Nekteré, jako napiiklad Encephalitozoon cuniculi a Glugoides
intestinalis, prodélavaji svlj vyvoj v parazitoforni vakuole. Tato vakuola odd€luje
membranou cytoplasmu hostitelské buiilky od mikrosporidie. Mechanismus, kterym
mikrosporidie tuto vakuolu vytvafeji, neni znam. V pocateénich fazich vyvoje
se mikrosporidiova stddia nachazi v té€sné blizkosti membrany vakuoly. Béhem
sporogonie se membrana zac¢ina oddélovat od povrchu parazita a sporoblasty a spory lezi

jiz volné ve stfedu vakuoly (Franzen 2005; Vavra et Larsson 1999).

3.2.5 Infekce hostitelské buriky a prenos infekce

Rozeznavame dva zpiisoby, kterymi mikrosporidie pronikaji do hostitelské buriky.
Prvnim zplsobem je vystieleni pOlové trubice. K vystieleni pdlové trubice dochazi
za vhodnych podminek - zména pH, osmotického tlaku a iontovych poméra (Keohane
et Weiss 1998). Prenos celé sporoplasmy trva pouze 15-500 ms (Keeling et Fast 2002).
Druhym ze zpasobu je fagocytoza. Spora je fagocytovana bunkou a fagozom
s fagocytovanou sporou dospiva v lysozom.
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K ptenosu infekce dochazi z jednoho hostitele na druhého, nékteré mikrosporidie
mohou béhem svého vyvoje vystfidat dva druhy hostitelii. Nejcastéji se zrald spora
dostava do t€la inhalaci ¢i s potravou obsahujici spory, napi. nedostatecné tepelné
upravenym masem. Infekce se pienasi také fekalng-oralni a oralné-oralni transmisi
(Bryan et Schwartz 1999; Deplazes et al. 2000). U lisek, pst, primatt, hlodavci, koni
a kralikti byl zjistén ptenos transplacentarné (Didier et al. 1998, 2000; Snowden et al.
1998). Rovnéz byl potvrzen pfenos mikrosporidii na pacienty po organové transplantaci
(Hocevar at al. 2014). Vzacné se muze infekce pienaSet pifimym kontaktem, napf. ptes

poranéni (Canning et Lom 1986).

Velmi ¢asto mikrosporidie infikuji epitelialni buniky vystylajici gastrointestinlni
a respiratorni trakt, ale mezi dal§i mozné mista patii i zlu¢nik a Zlu€ovody, dvandctnik,
mocovy méchyi, oko a fada dalSich organt (Didier et al. 2000; Vavra et Larrson, 1999).
Spory mikrosporidii jsou bézné vylu¢ovany do prostiedi se stolici, mo¢i ¢i respiraénimi

sekrety.

Experimenty ukazaly, Zze spOry mikrosporidii zdstavaji zivotaschopné nejenom
ve vod¢, ale i po vyschnuti a nasledované inkubaci v raznych teplotach (Koudela et al.
1999).

3.2.6 Patogenita a klinické pf¥iznaky

Enterocytozoon bieneusi a Encephalitozoon spp. se fadi mezi oportunni patogeny,
infekce propuka prevazné u imunodeficientnich pacientt, napt. u lidi po transplantacich
¢i u HIV pozitivnich pacientti (Carlson et al. 2004) majicich méné nez 100 CD4+T
bun¢k na 1 pl krve (Kotler et Orrenstein 1998, 1999). U imunokompetentnich osob
probiha onemocnéni vétSinou asymptomaticky. Pribéh infekce do znacné miry zévisi

na imunitnim stavu hostitele. Klinické pfiznaky se obvykle objevi 2—3 tydny po infekci.
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3.2.6.1 Enterocytozoon bieneusi

Enterocytozoon bieneusi je nejéastéjsim puavodcem lidskych mikrosporidiovych
infekci zptisobujici z 30-50 % chronické prijmy, které byvaji doprovazeny horeckou,
zimnici, slabosti a hubnutim (Shadduck et Orenstein 1993). Lidska mikrosporidioza
zpusobena E. bieneusi byla diagnostikovana ve vSech obydlenych ¢astech svéta.
Prevalence parazita mezi pacienty s AIDS se ale postupné snizuje (Conteas et al. 1998).
Dutvodem je antiretroviralni 1é¢ba HIV, ktera ma pozitivni vliv na funkci imunitniho

systému (Weber et al. 1999).

Infekce u imumokompetentnich zvifat probiha v naprosté vétSingé piipadi bez
klinickych ptiznakt (Santin et Fayer 2011; Wagnerova et al. 2012). Ve studii Santin
etal. (2010) a Wagnerova et al. (2012), kde byla prokazana piirozena infekce E.
bieneusi, kon¢ netrpéli Zzadnymi viditelnymi pfiznaky, které by vypovidaly o infekci.

3.2.6.2 Encephalitozoon spp.

Do rodu Encephalitozoon patii mimo jiné tyto morfologicky neodlisitelné druhy
mikrosporidii: E. cuniculi, E. hellem a E. intestinalis. Encephalitozoon cuniculi patii
mezi nejvice prostudované savei mikrosporidie, spontanni infekce byly dokumentovany
u kralik, mysi, potkanti, ondater, morcat, kieckt, rejskii, koz, ovci, prasat, koni, pst,

lisek, kocek, riznych druhti masozravct a primatt (Shadduck et Pakes 1971).

Encephalitozoon cuniculi zptsobuje mozkovou encefalitidu a zanéty ledvin
U imunokompetentnich kralikdi a potkani (Wasson et Pepper 2000). U masoZzravci se
vyskytuje u nenarozenych mlad’at v prenatalnim vyvoji, postihuje mozek, ledviny, jatra
a plice (Szabo et Shadduck 1987).

V pripadé koni je vyskyt E. cuniculi spojovan s reprodukénimi problémy klisen,
objevuji se placentitidy a aborty (Patterson-Kane et al. 2003; Van Rensburg et al. 1991).
Encephalitozoon cuniculi byl detekovan u abortovanych plodid plemene Clydesdale
v Jihoafrické republice (Van Rensburg et al. 1991), Quarter horse v USA (Patterson-
Kane et al. 2003) a Lipican v Madarsku (Szeredi et al. 2007). U klisny plemene
Clydesdale nebyla placentitida zaznamenéna (Van Rensburg et al. 1991), kdezto klisna

plemene Quarter horse, kterd pied¢asné porodila v 9. mésici gestace, méla rozsahly
-37 -



zéndt placenty (Patterson-Kane et al. 2003). Zadné klinické piiznaky nebyly
zaznamenany v piipad¢é experimentalni infekce koni plemene minihorse zpusobené E.
cuniculi genotype II v Ceské republice (Wagnerova et al. 2013), rovnéz v piipadech
ptirozenych infekci (Wagnerova et al. 2012).

Ostatni mikrosporidie z rodu Encephalitozoon spp. nebyly u koni detekovany, tudiz
patogenita ani klinické pfiznaky nejsou u téchto hostiteld znamy. Encephalitozoon
hellem je ze zvifeci FiSe znam svou orientaci na ptaci druhy, u nichZ zptsobuje t&€zké
enteritidy projevujici se vysokou mortalitou (Black et al. 1997; Snowden et al. 2001),
zatimco E. intestinalis byl mimojiné zaznamenan u volné Zijicich goril (Graczyk et al.
2002), skotu i prasat (Bornay-Llinares et al. 1998).

3.2.7 Terapie

Prvnim pfipravkem, ktery byl u¢inné vyuzit k 1écbé mikrosporidiézy byl fumagillin
(Shadduck 1980). Lécba fumagillinem byla poprvé vyzkouSena u tii HIV-pozitivnich
pacientd s mikrosporididlni keratokonjuktivitou (Diesenhouse et al. 1993; Rosberger
etal. 1993), rovnéz se ukazal byt G€inny u imunokompromitovanych jedinct trpicich
chronickou infekci E. bieneusi, avsak u 50 % z léCenych pacientd byly pozorovany
vedlejsi efekty 16¢by jako neutropenie a trombocytopenie (Molina et al. 2002). Uginnym
terapeutikem se v posledni dobé zda byt albendazol s vyraznym pozitivhim efektem
na potlaceni infekce zptusobené E. cuniculi. Nicméné vysledky studie Kotkove et al.
(2013) ukazuji, ze ucinnost 1é¢by albendazolem zavisi na stupni rozvinuti infekce
u imunodeficitniho hostitele, kdy ani v¢asna aplikace nemusi vzdy vést k Uplnému
vyléceni.

V piipad¢ E. bieneusi byl prokdzan pouze castecny terapeuticky efekt albendazolu
(Blanshard et al. 1992; Dieterich et al. 1994), v fadé¢ pripadl vSak nemél absolutné zadny

vvvvv

vyuziti nitaxozamidu (Bicart-seé et al. 2000).

Zadny ze zde uvedenych piipravki nebyl doposud vyzkousen pro 1é¢bu

mikrosporidiovych infekci u koni.
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3.2.8 Zoonoticky potenciél mikrosporidii

Spory, respektive specifickh DNA E. bieneusi, byly kromé ¢lovéka detekovany
U prasat, krav, lam, koz, kraliki, kocek, pst, primatd, Selem i koni, rovnéz v okolnim
prostiedi jako jsou povrchové vody, bazény nebo feky (Coupe et al. 2006; Dowd et al.
1998; Fournier et al. 2000; Haro et al. 2006; Haro et al. 2005; Santin et al. 2004; Sparfel
et al. 1997). Studie zabyvajici se genotypy E. bieneusi poukazuji na zoonoticky
potencial tohoto druhu. Z vice nez 130 identifikovanych genotypi E. bieneusi
na zakladé variability v ITS regionu genu pro malou ribozomalni podjednotku, bylo 34
genotypt nalezeno u lidi, 11 u lidi i zvifat, 12 u skotu, 11 u prasat a ostatni genotypy
byly prohlaseny za specifické pro dané hostitele (Santin et Fayer 2011; Fayer et Santin-
Duran 2014). Za nejcastéji se vyskytujici genotyp je povazovan E. bieneusi genotype D,
ktery byl nalezen u domestikovanych (Buckholt et al. 2002; Lee 2007, 2008; Sak et al.
2008; Santin et al. 2010), ale i volné Zijicich druht zvifat (Sulaiman et al. 2003; Drosten
et al. 2005; Muller et al. 2008). Ve studii Cama et al. (2007b) byl potvrzen pienos do té
doby hostitelsky specifického genotypu E. bieneusi Peru 16 z morcat na dité. Dité
v dobé¢ infekce trpélo prijmem, coz poukazuje na to, Ze infekce E. bieneusi muze

zpusobovat gastrointestinalni problémy u imunokompetentnich jedinci.

V piipadé E. cuniculi rozlisujeme na zakladé molekularnich a imunologickych metod
Ctyfi genotypy: genotyp | - nalezen u kraliki a lidi, genotyp II u mysi a polarnich lisek
a genotyp IIT u psi a lidi (Didier et al. 1996). Pouze v jedné studii byl popsan i typ
klasifikovany jako genotyp IV u ¢lovéka, izolovany z lidskych ledvin po transplantaci
(Talabani et al. 2010). Analyzou nukleotidovych sekvenci genu pro PTP (polar tube
protein) bylo 24 izolatd E. hellem rozdéleno do &ty genotypi (Xiao et al. 2001b).
Pozdé&ji byl popsan dalsi paty genotyp. Na zakladé typu repetice se rozliSuji dvé alelické
rodiny: i) genotypy 1A, 1C a 1D a ii) genotypy 2B a 2C (Haro et al. 2003).

Vsechny vyse zminéné druhy mikrosporidii maji antroponoticky i zoonoticky
potencial (Bryan et Schwartz 1999; Deplazes et al. 2000; Didier 2005; Didier et al.
2004).
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3.2.9 Hostitelska specifita

3.2.9.1 Enterocytozoon bieneusi

Z fylogenetickych analyz vyplyva blizky vztah mezi zvitecimi a lidskymi izolaty
v piipadé E. bieneusi (Sulaiman et al. 2003). K lepS§imu porozuméni piibuzenskych
vztahli mezi genotypy bylo vyuzito fylogenetickych analyz, které rozdélily genotypy
E. bieneusi do 5 skupin. Prvni nejpocetnéjsi skupina obsahuje vSechny popsané lidské
izolaty krom¢ izolatu CAF4, tadiciho se samostatné do 5. skupiny. Skupina 2, 3 a 4
se sklada pouze ze zvifecich izolath (Thelier et Breton 2008). Hostitelsky specificka
je potom skupina 4, kde se nachazi pouze izolaty popsané u myvala (Sulaiman et al.
2003). Genotypy E. bieneusi Horse 2 a Horse 3, nalezené u koni v Ceské republice
(Wagnerova et al. 2012) vytvafi samostatnou skupinu ve fylogenetickém stromé
zkonstruovaném na zakladé celé ITS sekvence genotypt E. bieneusi. Podle dnesnich
znalosti je tudiz 1ze povazovat za hostitelsky specifické pro kon¢. Hostitelskou specifitu
vykazuji dale 3 genotypy E. bieneusi - I, J a BEB4 identifikované pouze u dobytka
(Rinder et al. 2000; Dengjel et al. 2001; Fayer et al. 2007).

3.2.9.2 Encephalitozoon spp.

V ptipadé E. cuniculi byl u koni nalezen genotyp I, Il a 1l (Laatamna et al. 2015;
Wagnerova et al. 2012). Vsechny tyto genotypy se vyznacuji hostitelskou nespecifitou
(Didier et al. 1996; Kodjikian et al. 2005; Sokolova et al. 2011).

3.2.10 Prevalence mikrosporidii u koni

V soucasné dobé existuji pouze CGtyii studie, kde je popséana prevalence E. bieneusi
a E. cuniculi na zakladé molekularnich analyz, jedna se o data z Kolumbie, Ceské
republiky a Alziru (Laatamna et al. 2015; Santin et al. 2010; Wagnerova et al. 2012,
2015). Existuji jesté studie provedené na konich v Brazilii, lzraeli a USA, zabyvajici
se testovanim protilatek pomoci IFAT (Levkutova et al. 2004), pfimého aglutina¢niho
testu (Goodwin et al. 2006) nebo ELISA testu (Cray et al. 2014). Séropozitivita

se pohybovala v rozmezi 4,8-80 % v zavislosti na metod¢.
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U koni v Ceské republice dosahovala prevalence v piipadé E. bieneusi 17,5 %
a Vv ptipadé¢ E. cuniculi 6,9 % (Wagnerova et al. 2012). Oproti tomu v Alziru byla
E. bieneusi byla zaznamenana ve 3 regionech v Kolumbii o celkové prevalenci 10,8 %
(Santin et al. 2010). Kon¢ mladsi jednoho roku dosahovali vyssich prevalenci oproti
konim starim (Santin et al. 2010), zatimco v Ceské republice a AlZiru nebyl vliv véku

prokazan (Laatamna et al. 2015; Wagnerova et al. 2012).

3.2.11 Druhy a genotypy infikujici koné a osly

Az v roce 2010 byla publikovana prvni prace s pozitivnimi vysledky na E. bieneusi
genotype D, Horse 1 a Horse 2 u koni z Kolumbie, pticemz genotyp Horse 1 vyznamné
pfevazoval (Santin et al. 2010), zatimco u koni v Ceské republice, kde byla zjisténa
vysoka variabilita nalezenych genotypu ¢itajici i nové genotypy Horse 3—11, prevladal
na vétsiné farem genotyp Horse 2 (Wagnerova et al. 2012). Ze zoonotickych genotypi
méli koné z ceskych chovii genotyp D, G, EpbA a WLI5. U koni v Alziru byly
detekovany 4 genotypy E. bieneusi (Horse 1, Horse 2, D a CZ3; tabulka 3). V ptipadé
E. cuniculi byl v Ceské republice nalezen genotyp | a IT a byl popsan priibéh infekce
u experimentalnich koni plemene minihorse zptisobeny infekci E. cuniculi genotypem 11
(Wagnerova et al. 2012, 2013). Encephalitozoon cuniculi genotyp Il byl poprvé
identifikovan u koné z Alziru, narozdil od populace osli, kde byl nalezen pouze

genotyp Il (Laatamna et al. 2015).

Tabulka 3. Genotypy Enterocytozoon bieneusi a Encephalitozoon cuniculi nalezené
u koni a osla

. Pocet Genot . .
Zemé koni/osli E cuni}(/:%)lli Genotypy E. bieneusi
Ceska republika 377/0 ECI, ECII Horse 1 - 11, D, G, Epba, WL15
Alzir 219/124 ECI,ECII, ECIII Horse 1, Horse 2, D, CZ3
Kolumbie 195 Horse 1, Horse 2, D
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4. MATERIAL A METODIKA

Material a metodika jednotlivych studii, které jsou nedilnou soucasti této disertacni
préace, jsou uvedeny v kapitolach Material a metodika ptislusnych rukopisi na konci této
prace. V nasledujicim textu jsou uvedeny veSkeré metody pouzivané pii zpracovani

materialu.

4.1 Material

Celkem bylo odebréano 1300 individualnich vzork od koni a osli z riznych chovi
v Ceské republice (n=648), Polsku (n=81), Alziru (n=481) a divokych koni ze Severni
Ameriky  (n=90). Na pfitomnost mikrosporidii ~ Enterocytozoon  bieneusi
a Encephalitozoon cuniculi bylo vySetieno 891 vzorkid, 923 vzorkd bylo pouZito
na zjisténi vyskytu kryptosporidii (Tabulka 4).

Tabulka 4. Ptehled poctu vysetfenych koni a osli na kryptosporidie nebo mikrosporidie
v jednotlivych chovech nebo lokalitach

Vyseti‘eno na pritomnost

v Pocet . Pocet - —
Zemé chovii/lokalit Technologie Koni/osli E bieneusi Encephalitozoon  Cryptosporidium
SPP. Spp.
Ceska 5/0 staj 94/0
ree;ug“ka 10/0 pastva 122/0 ANO ANO NE
10/0 kombinace 161/0
Celkem 25/0 377/0
v 4/0 staj 49/0
Ces“gl_k 7/0 pastva 61/0 NE NE ANO
republika 9/0 kombinace 161/0
Celkem 20/0 271/0
Polsko 3/0 kombinace 81/0 ANO ANO ANO
Severnl 03 * 90/0 ANO ANO ANO
Amerika
6/0 kombinace 0/38
. 2/0 kombinace 138/0
Alzir 9/0 kombinace 174/0 ANG ANO ANO
9/0 kombinace 45/86
26 357/124
Celkem 7413 1176/124

* divoci kong ve volné ptirodé
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Do studie v Ceské republice a Polsku bylo celkem zahrnuto 45 chovi z Cech
a 3 chovy z Polska. Chovy vyuzivaly rizné technologie ustajeni - podrobny popis
v publikaci I a IV. Co se ty¢e Alziru, vzorky byly ziskavany z jednoho z nejvétSich
chovu arabskych plnokrevnikt lezicim v provincii Tiaret a dale ze soukromého chovu
Citajiciho priblizn¢ 50 koni plemene arabského plnokrevnika, berberského koné
a anglického plnokrevnika (publikace I11). Daéle byla provedena komplexni studie
Z Alziru, kam bylo zahrnuto 15 farem zabyvajich se chovem osli a 18 konskych farem

(publikace V).

V Severni Americe bylo odebrano 90 vzorkt divokych koni ze ttech lokalit - Oregon,
Severni Dakota a Assateague Island Maryland-Virginia. Celkem 50 vzorka bylo ziskano
z volné Zijicich Chincotengue ponikil na Assateague Island. Plemeno Chincoteque pony
bylo oficialné registrovano v roce 1994. V narodnim parku Theodor Roosevelt v Severni

Dakoté¢ a oblasti v Oregonu bylo odebrano 40 vzorkd mustangt (publikace VI).

K experimentalnimu pokusu pro zjisténi prib¢hu experimentalni infekce zpiisobené
E. cuniculi genotype Il bylo vyuzito devét koni plemene minihorse ve véku jednoho

roku (publikace I1).
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4.2 Metody

4.2.1 Mikroskopickéa diagnostika oocyst kryptosporidii

Odebrané vzorky trusu koni byly mikroskopicky vySetfeny na pifitomnost oocyst
kryptosporidii pomoci barveni anilin-karbol-methylvioleti dle Milacka a Vitovce (1985).

Zasobni roztoky:

« roztok anilin-karbol-methylvioleti
0,6 g methylvioleti
1 ml anilinu
1 g fenolu
30 ml ethanolu
70 ml deionizované vody
* 2% roztok kyseliny sirovée
* 1% roztok tartrazinu v 1% kyselin€ octové
Pracovni postup:

Na podlozni sklo natfit tenkou vrstvu trusu, nechat zaschnout a fixovat methanolem
V plameni (sklo ponofit do methanolu a po vyjmuti zapalit). Podlozni sklo s natérem
barvit 30 minut roztokem anilin-karbol-methylvioleti. Takto obarveny preparat
oplachnout vodou a po dobu 2 minut diferencovat 2% kyselinou sirovou. Skli¢ko
oplachnout pod tekouci vodou a 3-5 minut dobarvovat v roztoku tartrazinu. Znovu
oplachnout preparat slabym proudem tekouci vody, osuSit a prohlizet svételnym

mikroskopem za pouziti imerzniho oleje pii zvétSeni 1000x.

Oocysty kryptosporidii se barvi modrofialové na zlutém pozadi.
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4.2.2 Experimentalni infekce

4.2.2.1 Zdroj spor pro experimentalni infekci

Byly pouzity spory E. cuniculi kmene EC2 ptuvodné izolovaného Koudelou et al.
(1994) z dexamethazonem imunosuprimované mysi, které¢ byly kultivovany v bunikach
opic¢ich ledvin Vero E6 v termostatu pii teploté 37 °C v kompletnim kultivaénim médiu
RPMI-1640 Hepesmodification (hepes 25 mM, Sigma) s pfidavkem 2,5% bovinniho
fetalniho séra (Bofes, ZVOS Hustopece), smési 1% antimykotik a antibiotik (Sigma)
(100 UI penicilinu; 10 pg streptomycinu; 0,25 ug amfotericinu B/ml média), 0,3%
gentamycinu (30 pg/ml RPMI) a neesencialnich 1% aminokyselin (SEVAC, Praha).
Adherované infikované buniky byly uvolnény pomoci sklenéné ty¢inky. V deionizované
vodé doslo k plasmolyze bunék a jejich centrifugaci (20 minut pti 1370 g) byl ziskan
sediment se sporami, ktery byl uchovavan v pufru PBS s obsahem antibiotik
a antimykotik (100 Ul penicillin, 10 pg/ml streptomycin, 0.25/ml ug amphotericin a 30
pg/ml gentamicin) v chladnicce pii 4 °C.

4.2.2.2 Experimentalni zviiata

Bylo vybrano 9 koni (8 hiebcii a jedna klisna) plemene minihorse bez prokazatelného
pavodu a tudiz nevhodnych k chovu. Tato zvifata byla vyuzita pro jejich maly télesny
rdmec a nizkou Zivou hmotnost (50 az 70 kg), ktera souvisi s nizkou spottebou krmiva
asnadnou manipulaci. Pfed zacatkem pokusu byli koné oSetieni anthelmintikem
s ucinnou latkou ivermectin. Ustajeni byli ve spolecné stdji s dennim pfistylanim slamou
a méli k dispozici seno a vodu ad libitum. Jako kontrolni zvitata byla vybrana skupina 8-
tydennich SCID mysi. MySi byly chovany za standardnich podminek ve sterilnim
prostiedi v IVC (Air Handling Solutions; Tecnoplast, Italy) s HEPA filtry ve zvéfinci
BC AVCR, v.v.i. v Ceskych Budgjovicich. Byly krmeny sterilni komeréni smési (TOP —
VELAZ Praha) a napajeny sterilni vodou ad libitum.

4.2.2.3 Infekce experimentalnich zvirat

Konim byla z vény jugularis odebrana krev na test protilatek proti mikrosporidiim

rodu Encephalitozoon pted pokusem a zaroven byly ziskany vzorky trusu a molekularné

-45 -



vySetieny na pfitomnost mikrosporidii. Na zéklad¢ negativnich vysledkl vySetieni byli
kon¢ postupné peroralné infikovani mikrosporidiemi E. cuniculi genotyp Il v davce
1x10” spor ve 20 ml destilované vody pomoci injekéni stfikacky. Rovnéz SCID mysi
byly peroralné infikovany mikrosporidiemi E. cuniculi v davce 1x10 spor v 0,2 ml vody

na my$ pomoci jicnové sondy.

Nasledné probéhla porazka na jatkdch v piipad¢ koni a utraceni pokusnych mysi
ato7, 14, 21, 28, 35, 42, 49, 56 a 63 dni po infekci a odbér vzorkl rznych organa
a tkéni. Pomoci molekularnich metod, popsanych na néasledujicich stranach v kapitole

4.2.2.4-4.2.2.10, byla sledovana dynamika Sifeni mikrosporidiové infekce.

4.2.2.4 Odbér vzorki organt a tkani

Po usmrceni zvifat byly odebrany vzorky zaludku, duodena, jejuna, ilea, céka,
kolonu, sleziny, jater, ledvin, mocového méchyte, srdce, plic a mozku. Kazdému koni
byla odebrana krev pied vykrvenim z vény jugularis, mo¢ a trus. Jednotlivym mySim
byla odebrana krev z retroorbitalniho sinu, mo¢ a trus. Aby bylo zabranéno kontaminaci
vzorki, byla na kazdy organ zvlast’ pouzita jedna sada pitevnich nastroji, ktera byla
pfedem vysterilnéna autoklavovanim pii 125 °C a nésledné UV svétlem o vinové délce

254 nm (Uvilink CL 508, UVITEC, UK).

4.2.2.5 Priprava histologickych preparati

Vzorky vySe uvedenych tkani a organt byly fixovany v 10% formaldehydu
anasledné¢ odvodnény ve vzestupné alkoholové tfadé. Po odvodnéni byl alkohol
nahrazen xylenem. Po nasyceni byly vzorky pieneseny do tekutého parafinu a nakonec
zality do prefiltrovaného parafinu, z kterého byly zhotoveny blo¢ky. Z blo¢ku byly
mikrotomem nakrajeny tenké 4-6 um histologické fezy. Tyto fezy byly pieneseny
na podlozni skli¢ka. Pfed barvenim byly fezy odparafinovany v xylenu a sestupnou
alkoholovou ftadou pfevedeny do vody. Piipravené¢ ftezy byly barveny pomoci
hematoxylin-eosinu a modifikaci Gramova barveni (Brown et Brenn 1931). Nabarvené

tezy byly zality do kanadského balzamu a prohliZzeny svételnym mikroskopem.
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4.2.2.6 Barveni podle Brown-Brenna (modifikace Gramova barveni)

Pii pouziti tohoto barveni jsou mikrosporidie tmavofialové, grampozitivni bakterie
modré, gramnegativni bakterie cervené, jadra bunck cervené a ostatni tkanové

komponenty zluté.

P#iprava jednotlivich roztokii na barveni:

* 1% krystalova violet: 1 g ve 100 ml destilované vody
* 5% hydrogenuhlicitan sodny: 5 g ve 100 ml destilované vody

» Gramuv jodovy roztok: jod 1 g, jodid draselny 2 g, 300 ml destilované vody

nasyceny roztok bazického fuchsinu: 0,25 g fuchsinu ve 100 ml destilované vody

* pracovni roztok fuchsinu: nasyceny roztok fedény vodou 1:1000

0,1% roztok kyseliny pikrove: 0,1 g kyseliny pikrové ve 100 ml acetonu

Na odparafinované fezy na podloznim skle byl nanesen 1 ml krystalické violeti
a 50 pl hydrogenuhli¢itanu po dobu 1 minuty. Poté byla sklicka oplachnuta vodou
a ponotena do roztoku jodu na 1 minutu, nasledoval opétovny oplach vodou a odbarveni
v roztoku aceton-ether 1:1, dokud se neodmyla modré barva. K dobarveni byl vyuzit
roztok fuchsinu (1 minutu). Po oplachnuti vodou byla sklicka ponoiena do roztoku
kyseliny pikrové s cilem odbarvit je do Zlutavé rdzové barvy. Poté byla sklicka
oplachnuta v acetonu a ve smési aceton-xylen 1:1. V konecné fazi byly fezy projasnény
oplachem ve tfech laznich xylenu. Obarvené vzorky byly zakapnuty kanadskym
balzdmem a piekryty krycim sklickem. Vzorky byly prohlizeny svételnym mikroskopem

pod olejovou imerzi pii zvétSeni 1000x.
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4.2.2.7 Barveni hematoxylin-eosinem

Hematoxylin barvi jaderny chromatin a ribosomy, eosin barvi cytoplasmu
a kolagenni vldkna. Jadra a bazofilni struktury jsou modré, ostatni ¢asti preparatu

odstinované ¢ervené.

Priprava roztoku pred barvenim:

« eosin: 0,5 g eosin + 250 ml deionizované H20 + 10 ml kyseliny octové

« hematoxylin: 0,5 g hematoxylinu + 500 ml deionizovane H20 + 25 g siranu

hlinito-amonného + 0,1 g jodi¢nanu sodného + 20 ml kyseliny octové.

Odparafinované fezy na podloznich sklech byly ponoteny do hematoxylinu na dobu
10 minut. Poté byly oplachovany pod tekouci vodou (10 minut) a nasledn¢ dobarveny
v eosinu (5 minut), oplachnuty vodou a odvodnény pomoci vzestupné alkoholové fady:
70% ethanol — 80% ethanol — 96% ethanol — karboxylen — xylen — xylen — xylen.
Nakonec byly fezy zakapnuty kanadskym balzdmem a piekryty krycim sklic¢kem.
Vzorky byly prohlizeny svételnym mikroskopem pii zvétseni 1000x s vyuzitim

imerzniho oleje.

4.2.2.8 Barveni pomoci Calcofluoru White M2R (Véavra et Chalupsky 1982)

» 1% calcofluor

* 0,5% Evansova modf

Vzorky trusu byly fixovany methanolem. Né&sledovalo barveni 1% Calcofluorem
White M2R v PBS (fosfatovy pufr, pH 7,2-7,4) po dobu 10 minut. Poté byl proveden
oplach v PBS a dobarveni 0,5% Evansovou modii ve vodé po dobu 30 sekund. Podlozni
sklicko bylo opét oplachnuto v PBS, zaschnuti probihalo ve tmé. Vzorky byly
prohlizeny fluorescenénim mikroskopem (OLYMPUS IX70) pii zvétSeni 1000x
s vyuzitim imerzniho oleje pfi vinové délce 490 nm. Obarvené spory mikrosporidii jsou

pod mikroskopem ovalné a sviti jasné modrobile.
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4.2.2.9 Nepiima ELISA - detekce specifickych protilatek

Pomoci nepfimého ELISA testu byly stanovovany protilatky z vySetfovaného séra.
Bylo vyuzito metody dle Hollister et Canning (1987). Sérum bylo ziskano z krve
centrifugaci 2500 g po 10 minut a az do testovani bylo skladovano pii -20 °C. Spory
E. cuniculi imobilizované v mikrotitra¢ni desce byly inkubovany s fedénymi séry (1:2,
1:4,1:8, 1:16, 1:32, 1:64, 1:128, 1:256 a 1:512) s negativnim (1:64) a pozitivnim (1:256)
kontrolnim sérem ziskanym z pfirozené infikovaného koné. Po proplachnuti byla
ptidana 1:10000 fedénd peroxidasou znaCenad krali¢i protilatka proti konskym 1gG
protilatkam (Rabbit Anti-Horse IgG Whole molecule, SIGMA). Barevna reakce byla
vyvolana s vyuzitim 0,1 M acetdtového pufru (pH 5,5) s pfidavkem 2.5 mM o-
phenylendiaminu (OPD) a 0,03% H,0, a zastavena pomoci 2 M H,SO,. Fotometrické
méfeni intenzity barvy bylo provadéno pfi vinové délce 450 nm a referencni vinové
délce veétsi nez 620 nm do 30 minut od pfidani zastavovaciho roztoku. Vzorky séra
s titrem vys$S§im nez 128 byly povaZovany za pozitivni na zakladé titru pozitivni

a negativni kontroly.

4.2.2.10 lzolace DNA z tkani

Extrakce DNA z tkani byla provedena pomoci komer¢niho kitu QIAamp® DNeasy
Blood & Tissue Kit (QIAGEN), ktery je ur€en pro ¢isténi a izolaci DNA ze vzorki

zivoci$nych tkani a bunék, kvasinek a bakterii a podle niZze uvedeného postupu.

Chemikalie izolacniho kitu.:

» ATL Buffer

proteinase K

96% EtOH

AL Buffer

AW1 Buffer

AW?2 Buffer

AE Buffer
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Pracovni postup:

Do mikrozkumavky nastiihat vzorek tkan¢ o velikosti 0,5 cm?, pfidat sklenéné
kuli¢ky o velikosti 0,5 mm (BioSpec Products, Inc., Bartlesville, OK, USA) a 2-3
zirkoniové kuli¢ky o velikosti 2 mm (Invitek, Germany). Poté piipipetovat 180 ul ATL
Bufferu (Tissue Lysis Buffer; QIAGEN) a rozbijet v beadbeateru (FastPrepe-24, M.P.
Biomedicals, CA, USA) 1 minutu pfi rychlosti 5,5 m/s. Nasledné centrifugovat vzorek
10 spii 14000 g, potom pfipipetovat 20 ul proteinase K a inkubovat v termobloku
po dobu 10 minut pii teploté 56 °C. Po 10 minutach pfipipetovat 200 ul AL Bufferu
a homogenizovat v centrifuze. V dalsim kroku ptidat 200 ul 96% EtOH a znovu
homogenizovat. Vznikly supernatant pienést do mini spin column, centrifugovat
1 minutu pii 8000 g a odpad vylit ze sbémé zkumavky. Poté ptidat AW1 buffer
0 objemu 500 pl, opét centrifugovat 1 minutu pti 8000 rpm a odpad slit. Nasledné
ptipipetovat 500 ul AW2 Buffer a vzorek ponechat v centrifuze 1 minutu pii 14000 g
odpad vylit ze sbémé zkumavky. V posledni fazi kolonu piendat na cistou
mikrozkumavku, pridat 200 ul AE buffru pifimo na stfed kolony, inkubovat 1 minutu
pii laboratorni teploté a dale centrifugovat 1 minutu pii 8000 g. Ziskanou DNA

uchovéavat pii - 20 °C.

4.2.2.11 lzolace DNA z trusu

Extrakce DNA z trusu byla provedena pomoci komer¢niho kitu PSP Spin Stool DNA
Kit (Invitek) podle nize uvedeného postupu.

Chemikdlie izolacniho Kitu:

Lysis Buffer P

proteinase K

Binding Buffer P

promyvaci pufry Wash | a Wash 11

Elution Buffer D
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Pracovni postup:

Cerstvy trus o mnozstvi 200 mg dat do Safe-Lock-Tube, piidat sklenéné kulicky
(BioSpec Products, Inc., USA) a 1,2 ml Lysis Buffer P. Rozbijet 1 minutu pfi rychlosti
5,5 m/s vyuzitim homogenizatoru Fast Prep 24 Instrument (MP BIOMEDICALS, USA).
Inkubovat 10 minut pfi teploté¢ 95 °C v inkuba¢nim termobloku. Po 10 minutich
centrifugovat 1 minutu rychlosti 14 000 g. Pienést veskery supernatant do InviAdsorb-
Tube, 15 sekund vortexovat, 1 minutu inkubovat pfi laboratorni teploté, centrifugovat
po dobu 3 minut pfi rychlosti 14 000 g. Supernatant prepipetovat do Cistych ependorfek,
centrifugovat 3 minuty pfi rychlosti 14 000 g. Do ¢istych mikrozkumavek napipetovat
25 pl proteinase K a ptidat 400 pl supernatantu, zhomogenizovat. Inkubovat 10 minut
pii 70 °C. Poté pfipipetovat 400 pl Binding Buffer P, zhomogenizovat. Piepipetovat
veskery objem na kolonu Spin Filter + Tube (kolona se sbérnou mikrozkumavkou),
inkubovat 1 minutu pii laboratorni teploté, centrifugovat 1 minutu pii 14 000 g. V dalsi
fazi vylit odpad ze sbérné mikrozkumavky, napipetovat 500 pl Wash I na kolonu,
centrifugovat 1 minutu pii 14 000 g. Vylit odpad ze sbérné mikrozkumavky, napipetovat
800 pl Wash II na kolonu, centrifugovat 1 minutu pti 14 000 g. Vylit odpad a znovu
centrifugovat 3 minuty/14 000 g. V kone¢né fazi na Cistou ependorfku dat kolonu,
napipetovat 200 pl predehiatého Elution Buffer D (70 °C) na kolonu, inkubovat
3 minuty pfi laboratorni teploté, centrifugovat 1 minutu pfi 8 000 g. Ziskand DNA byla

uchovavana pii - 20 °C.

4.2.3. Polymerazova fetézova reakce (PCR)

Z vyizolované DNA byla provedena amplifikace Casti riznych gent dle povahy

studie.

Kryptosporidie byly genotypovany na genech kodujicich malou ribozomalni
podjednotku (Jiang et al. 2005), 60 kDa glykoprotein (gp60) (Alves et al. 2003),
Cryptosporidium oocyst wall protein (COWP; Pedraza et al. 2001b: Spano et al. 1997),
Thrombospondin-related adhesive protein of Cryptosporidium-1 (TRAP-C1; Spano et al.
1998), Heat shock protein (HSP70; Sulaiman et al. 2000) a 4 minisatelitni markery -
MS1, MS2, MS3 a MS4 (Feng et al. 2011b).
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Pro genotypizaci mikrosporidii rodu Encephalitozoon a Enterocytoozoon byl pouzit
nested PCR protokol amplifikujici 3" konec z SSU rRNA genu (mal& ribozomalni
podjednotka), ITS (internal transcribed spacer) a 5= konec z LSU rRNA genu (velka
ribozomalni podjednotka) dle Buckholt et al. 2002; De Bosschere et al. 2007; Didier
et al. 1995; Katzwinkel-WIladarsch et al. 1996.

Celkovy objem jednotlivych reakénich smési Cinil pro priméarni i sekundarni PCR
reakci 20 pl. V kazdé reakci byla vyuzita negativni kontrola (PCR voda) a pozitivni

kontrola v zavislosti na genu (C. parvum, C. muris, C. hominis, E. bieneusi genotype D,

E. cuniculi genotype 11).

4.2.4. Gelova elektroforéza

Ziskané PCR produkty byly vizualizovany pomoci elektroforézy na 1 % agar6zovém
gelu s pfidavkem ethidium-bromidu (0,2 ug/ml). Kvizualizaci je vyuzito UV zafeni

o vinové délce 302 nm.

Pouzité chemikalie:

« 50x TAE pufr (242 g tris baze, 47,1 ml ledové kyseliny octové, 100 ml 0,5 M

- EDTA)

agaroza (Serva)

ethidium-bromid (Sigma)

100 bp DNA Ladder (O’Gene Ruler™)

Pracovni postup:

Agar6zu smichat s 1x TAE pufrem (vyslednd koncentrace je 1%), rozpustit
v mikrovinné troubé a zchladit pod tekouci vodou na teplotu cca 50 °C. lhned
ptipipetovat ethidium-bromid a pfipraveny gel vylit do pfedem pfipravené formy
s vlozenymi hiebeny, nechat ztuhnout. Ztuhly gel vlozit do elektroforetické vany

naplnéné 1x TAE pufrem. Do jamek gelu napipetovat veskery produkt sekundarni PCR.
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Napéti nastavit na 100 V a nechat spusténé po dobu potiebnou pro separaci fragment
DNA. Pro vizualizaci DNA fragmentt vyuzit UV transiluminétor.

4.2.5. Priprava vzorki na sekvenaci a sekvenace

V piipad¢ pozitivniho vysledku byly jednotlivé PCR produkty vytiznuty z gelu
a extrahovany pomoci Gel extraction kitu (Qiagen) dle ndvodu vyrobce a poté byla

zmetena koncentrace DNA v programu Nanodrop.

Vysledné sekvence byly ru¢né upraveny v programu Chromas Pro Version 1.5
(Technelysium Pty. Ldt, Qld, Austalia) a konsenzus sekvenci byl porovnan pomoci
programu ClustalX 2.0.12 (ftp://ftp-igbmc.ustrasbg.fr/pub/ClustalX/). Vysledny
alignment byl ruéné editovan v programu Bioedit 7.0.5.3.
(http://www.mbio.ncsu.edu/BioEdit/bioedit.ntml). Ziskané sekvence byly porovnany

se sekvencemi ulozenymi v databazi GenBank.

4.2.6. Fylogenetickd analyza

Ke 7zjisténi fylogenetickych vztahi mezi jednotlivymi druhy a genotypy
kryptosporidii a mikrosporidii byly vyuzity Neighbor-Joining na Maximum Likelihood,
metody v programech Treecon a MEGA 5. Bootstrapova analyza byla pouzita
pro vyhodnoceni statistické podpory ziskanych topologii (1000 opakovéani). Ziskané
sekvence byly ulozeny v GenBank pod piistupovymi ¢isly uvedenymi v jednotlivych
publikacich.

4.2.7. Statisticka analyza

Vztahy mezi vyskytem kryptosporidiovych a mikrosporidiovych infekci v zavislosti
na véku, pohlavi a syst¢ému chovu byly analyzovany pomoci programu Epi Info (TM)
7.1.1.14 (Centers for Disease Control and Prevention, USA), Statistica® 6.0
a Vv programovacim prosttedi R 2.15.0 (R Development Core Team, 2007).
K vyhodnoceni jednotlivych proménnych byl vyuzit chi-kvadrat test.
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5. SHRNUTI NEJVYZNAMNEJSICH VYSLEDKU
DISERTACNI PRACE

5.1 Vyskyt a prevalence kryptosporidiovych a mikrosporidiovych
infekci v chovech koni, osli a volné Zijicich stadech divokych koni

Mezi roky 2011-2015 bylo na vyskyt kryptosporidiovych a mikrosporidiovych
infekci vySetfeno celkem 1300 vzorku koni a osli pochazejicich z riznych zemi svéta
(Ceska republika, Polsko, Severni Amerika a Alzir), z toho v Ceské republice bylo
v letech 2010-2011 molekularné vysetfeno 377 vzorkd koni na vyskyt a prevalenci
mikrosporidii E. bieneusi a E. cuniculi. Ve stejném roce bylo v Alziru odebrano
138 vzorkli pouzitych na vysetfeni vyskytu kryptosporidiovych infekci. Dale bylo
v letech 2012-2013 vysetieno 352 vzorkil pochézejicich z chovii v Ceské republice

a Polsku, 343 vzorkt koni a osld z Alziru.

V neposledni tadé bylo v letech 2013-2014 odebrano a vySetieno 90 vzorka
divokych koni ze Severni Ameriky pro porovnani vyskytu Kkryptosporidiovych

a mikrosporidiovych infekci mezi domestikovanymi a divokymi konimi.

Vyzkum zaméfeny na vyskyt mikrosporidiovych infekci u koni je unikatni tim,
Ze se danou problematikou doposud téméf nikdo nezabyval vyjma jediné publikace
tykajici se pozitivnich vysledkd na E. bieneusi u koni v Jizni Americe (Santin et al.
2010) a tfech publikaci, kde byl popsan prikaz mikrosporidie E. cuniculi
v abortovanych plodech koni v Jihoafrické republice (Van Rensburg et al. 1991), USA
(Patterson-Kane et al. 2003) a Mad’arsku (Szeredi et al. 2007).

Celkova prevalence kryptosporidii a mikrosporidii v jednotlivych zemich,
kde probihaly nase studie je shrnuta v tabulce 5. V Alziru byli krom¢é koni
do pozorovani zahrnuti i osli (publikace V). V ramci kryptosporidii byla nejvyssi
prevalence zaznamenana u divokych koni v Severni Americe. Mikrosporidie byly

vyrazn¢ vice zastoupeny u koni v ¢eskych chovech (publikace ).
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Tabulka5. Celkova prevalence kryptosporidii a mikrosporidii u konovitych

v jednotlivych zemich

Pocet vySetirenych

. Pocet o Pocet pozitivnich vzorki
Zemé vzorki

koni osli krypto/mikro kryptosporidie E. bieneusi E. cuniculi
Severni ) 0 0
Amerika 90 90/90 12 (13,4%) 7 (7,8%) 0
Polsko 81 - 81/81 7 (8,6%) 0 0
Ceska ) 0 0 0
republika 648 271/377 5 (1,8%) 66 (17,3%) 26 (6.9%)
AlZir 357 124 481/343 11 (2,3%) 17 (4,8%) 6 (1,7%)
Celkem 1176 124 923/891 35 (3,8%) 90 (10,1%) 32 (3,6%)

5.1.2 Prevalence kryptosporidii v zavislosti na technologii chovu

Byly testovany riizné technologie chovu koni. Rozdilny management i podminky

chovu vyznamné ovliviuji zdravi i vykonnost koni a s tim souvisejici vyskyt infekénich

onemocnéni a parazitdrnich chorob. Z rozsahlého vyzkumu zaméfeného na tuto

problematiku bylo zjisténo, ze kryptosporidie byly zaznamenany ve vSech technologiich

v Ceské republice, Polsku a AlZiru bez statistického rozdilu. Nicméné kryptosporidie

byly vice detekovany v chovech, které vyuzivaly kombinaci pastvy a ustajeni ptes noc

(publikace 1V) nebo pastvu v obdobi pastevni sezony (publikace I11).

5.1.3 Prevalence kryptosporidii v zavislosti na véku a pohlavi

Z celkového poétu 352 koni z 23 chovii z CR a Polska bylo 110 klisen a 242 hiebci,

z toho u 3 (2,7 %) klisen a 9 (3,7 %) hiebct byl molekularnimi metodami prokazan

pozitivni vysledek na piitomnost specifické DNA kryptosporidii. Prevalence u koni

star§ich tif let (3,9 %) pochazejicich z Ceské republiky a Polska se vyznamné neliila

od koni mladsich (2,9 %). Rovnéz u koni v Alziru nebyl prokazatelny rozdil v ptipadé

kryptosporidiovych infekci v zavislosti na véku nebo pohlavi (publikace 111 a V).
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5.1.4 Prevalence kryptosporidii u divokych koni a osli

Vzorky divokych koni byly ziskavany ze tfech oblasti Severni Ameriky (Severni
Dakota, Oregon, Maryland). Ptitomnost specifické DNA kryptosporidii byla
molekularnimi metodami prokéazana ve dvou oblastech - v Oregonu a v Marylandu.
U divokych mustangti v Oregonu byly detekovany 3 (8,8 %) pozitivni vzorky, kdezto
v Marylandu 17 (34 %) vzorki (publikace VI). Celkova prevalence u divokych koni v
Marylandu byla tedy vyznamné vy$§i v porovnani s domestikovanymi koiimi v Ceské
republice, Polsku a Alziru (publikace 111, 1V a V). Naopak u oslu z alzirskych provincii
byla zaznamenana nejniz§i prevalence, kdy ze 124 ziskanych vzorki byly pouze

2 pozitivni na kryptosporidie (publikace V).

5.1.5 Prevalence mikrosporidii v zavislosti na technologii chovu

Mikrosporidie byly zaznamenany celkem v 16 z 23 chovii v Ceské republice.
V 15 chovech byla detekovana mikrosporidie E. bieneusi a v 8 chovech E. cuniculi.
Celkové z 377 odebranych koni bylo 66 pozitivnich na E. bieneusi (17,5 %) a 26
na E. cuniculi (6,9 %). Z vysledki v prikladané publikaci | 1ze jednoznaéné usuzovat,
ze zavislost technologie chovu na vyskyt mikrosporidiovych infekci byla prokazéana,
kdyz statisticky vyssi prevalence u obou druhit mikrosporidii byla zjisténa ve stajovych
chovech. Co se ty¢e podrobného studia koni a oslti z AlZiru, zde nebyl prokazan vliv

technologie na vyskyt mikrosporidiovych infekci (publikace V).

5.1.6 Prevalence mikrosporidii v zavislosti na véku a pohlavi

Vliv pohlavi na vyskyt mikrosporidii nebyl prokazan (publikace | a V). Celkova
prevalence dosahovala 17,1 % u hiebct, 10,9 % u valachti a 21,4 % u klisen v ptipadé
E. bieneusi a 5,3 % u hiebct, 9,3 % u valachti a 7,9 % u klisen v pfipad¢ E. cuniculi
(publikace ).

Co se tyka véku koni, bylo konkrétné v Ceské republice zjisténo, ze mikrosporidie
E. cuniculi se statisticky vyznamné vice vyskytovala u koni starSich tii let (10,0 %)
V porovnani s mlads$imi (4,0 %, P = 0.0213). Jiny zavér vyplyva z vysledku v chovech
koni a oslt z Alziru, kdy vliv véku nebyl prokazan (publikace V).
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5.1.7 Prevalence mikrosporidii u divokych koni

7 90 vzorku divokych koni bylo 7 (7,8 %) pozitivnich na vyskyt E. bieneusi, pficemz
5 pozitivnich vzorki pochazelo z lokality v Marylandu od koni plemene chincoteaque
pony. V porovnani s prevalenci E. bieneusi u domestikovanych koni v Ceské republice
(17,3 %) je zjisténa prevalence v USA u divokych koni vyrazné nizsi. Mikrosporidie
E. cuniculi nebyla zaznamenana u zadného divokého kon¢ v testované oblasti v USA

(publikace VI).

5.2 Klinické priznaky kryptosporidiovych a mikrosporidiovych infekci
Statisticka analyza neprokézala na souboru 1300 individualnich vzorkt vztah mezi

vyskytem kryptosporidii ¢i mikrosporidii a prijmovym onemocnénim (publikace I, 111,

IV, V a VI). Zkoumani kon¢ ani osli nevykazovali zadné klinické pfiznaky, které by

vypovidali o infekci kryptosporidiemi.

5.3 Diverzita genotyptu kryptosporidii

Na zaklad¢ podrobného zpracovani sekvenci ziskanych z pozitivnich vzorki bylo
zjisténo, ze koné jsou vnimavi nejen k infekei zpusobené C. parvum, které je zndmo
svou Sirokou hostitelskou specifitou a Cryptosporidium horse genotype, ale i C. muris,
C. tyzzeri, C. erinacei a C. hominis. Cryptosporidium erinacei, v predchozich letech
znamé jako Cryptosporidium hedgehog genotype, bylo detekovano pouze ve 4 vzorcich
arabskych plnokrevnikti z Alzirského chovu v provincii Tiaret (publikace I111). VV tomto
samém chovu byl o dva roky pozdgji v jednom ptipadé u koné nalezen druh C. hominis
(publikace V). Ostatni druhy a genotypy byly detekovany celkem ve 4 chovech
natizemi Ceské republiky a Polska. Fylogenetické analyzy genu kédujiciho 60kDa
glykoprotein odhalily u importovaného hiebce infekci zptisobenou C. tyzzeri 1Xb (druh
specificky pro mysi). Vzhlem k tomu, Zze se jednalo o alelickou rodinu IXb, ktera
se nevyskytuje u mysi vychodoevropskych, tedy v mistech, kde byl hiebec v dob¢ studie
ustajen, jednalo se s nejvétsi pravdépodobnosti o aktivni infekci, kterou si hiebec piivezl
z domovske staje (publikace 1V). Cryptosporidium parvum subtyp 11aA15G2R1 znamy

jako IOWA izolat byl u koni diagnostikovan poprvé a to v jednom piipad€ u hiebce z

-57 -



Ceské republiky (publikace 1V) a u chincoteque ponikti z Marylandu (publikace VI). V
ptipadé¢ C. parvum byl detekovan jeste¢ subtyp IlaA13G2R1 ze vzorku z Marylandu
a llaA17G2R1 z mustangu v Oregonu (publikace VI1). Cryptosporidium horse genotype
subtyp V1aA15G4 nalezeny v Ceské republice (publikace 1V) byl identicky s izolatem
Z hiibéte z Italie (Caffara et al. 2013).

5.4 Diverzita genotypu E. bieneusi a E. cuniculi

Celkem bylo nalezeno 16 rtznych genotypi E. bieneusi a 3 rizné genotypy
E. cuniculi. Encephalitozoon cuniculi genotyp | byl nalezen pouze ve dvou chovech
v Ceské republice, narozdil od E. cuniculi genotyp II, ktery byl v chovech obecné vice
roz§ifen (publikace I). Mikrosporidie E. cuniculi genotyp Il byla detekovana pouze
ve vzorku koné z Alziru (publikace V). Nové genotypy E. bieneusi oznacené jako Horse
311 byly detekovany pouze v chovech v Ceské republice (publikace ). Dosud
nejkomplexn&jsi vyzkum tykajici se rozmanitosti genotypi E. bieneusi a E. cuniculi

U koni a oslt je podrobné popsan v publikaci | a V.

5.5 Prubéh experimentalni infekce zpisobené E. cuniculi

K experimentalnimu pokusu bylo pouzito 9 ponikii plemene minihorse (z toho 1
klisna a 8 hiebctl) ve vé€ku jednoho roku. VSichni ponici byli pfed pokusem molekulérné
vySetfeni na pfitomnost specifické DNA E. cuniculi, zadny z nich nebyl pozitivni. Prvni
3 tydny infekce byly charakterizovany rozsitenim E. cuniculi ve slezing. Akutni faze
infekce nastoupila 28. den a skoncila zhruba 42. den. V této fazi pocet infikovanych
organii vyrazn¢ narostl a zaroven bylo E. cuniculi detekovatelné v moci a trusu.
Nésledoval postupny pokles intenzity infekce, kdy rozsiteni infekce zacalo pozvolna
mizet z vétSiny zasazenych organu s vyjimkou ledvin a plic, které byly pozitivni jesté
v dobé 63. DPI, kdy byl pokus ukonc¢en. Nebyly pozorovany zadné patologické zmény
svyjimkou klisny, u které byl objeven absces v mozku v oblasti lobus piriformis.

Analyza DNA prokazala pritomnost E. cuniculi v tomto abscesu.

Pro stanoveni koncentrace specifickych protilatek v séru byl vyuzit neptimy ELISA

test. Byla prokazana korelace mezi pribéhem infekce a koncentraci specifickych
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protilatek, kdy v akutni fazi infekce byla koncentrace protilatek statisticky vyznamné
VySSi.
Podrobngjsi piiblizeni tohoto vyzkumu zabyvajiciho se experimentalni infekci koni

je shrnuto v publikaci I1.
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6. ZAVERY

Divoci kon¢ jsou kryptosporidiemi promofeni vice nez kon¢ domestikovani.

Koné¢ jsou vnimavi i k hostitelsky specifickym druhtim kryptosporidii jako

je C. erinacei, C. muris a C. hominis.

Vliv technologie chovu, véku ¢i pohlavi chovanych koni nebyl v pfipad¢ infekce

kryptosporidiemi prokazan.

Kryptosporidiove infekce koni i osli nejsou spojeny s klinickymi piiznaky

onemocnéni.

Vliv stajové technologie na vyskyt mikrosporidii byl prokazan pouze u koni

v Ceské republice.
Dospéli koné v ¢eskych chovech byli vice infikovani E. cuniculi nez mladsi koné.
Byla prokdzana znacna diverzita genotypu E. bieneusi detekovanych u koni.

Nové genotypy E. bieneusi oznacené jako Horse 3-11 byly detekovany pouze

u koni v Ceské republice.

Nejcastéji se vyskytujici genotyp E. bieneusi byl genotyp D.

Osli jsou hostitelé jak E. bieneusi, tak E. cuniculi.

Encephalitozoon cuniculi genotyp Il je v chovech koni obecné vice rozsifen.

Akutni faze mikrosporididzy byla u experimentélnich koni zachycena od 28.—42.
dne po infekci.

Z patologickych zmén vyvolanych E. cuniculi genotype Il byl pozorovan pouze

absces na mozku u klisny v experimentu v akutni fazi infekce.

Koné jako hostitelé nékterych druhti kryptosporidii a mikrosporidii se
zoonotickym potencidlem neptedstavuji velké riziko v pfenosu infekce a ohrozeni

zdravi lidské populace.
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Faecal samples were collected from 377 horses on 23 farms with varying management
systems in the Czech Republic. Microsporidia were found on 16 farms and the overall preva-
lence of Enterocytozoon bieneusi and Encephalitozoon cuniculi was 17.3% (66/377) and 6.9%
(26/377), respectively. The prevalence of E. cuniculi in horses over 3 years of age was sig-
nificantly higher (10.0%) compared to younger horses (4.0%). No significant differences in
prevalence were observed among stallions, geldings, and mares for both microsporidia. Sig-
Enterocytozoon bieneusi nificantly higher infection rates of E. bieneusi and E. cuniculi were recorded in horses kept
Encephalitozoon cuniculi in stables than those on pasture. Two genotypes of E. cuniculi (I and II) and 15 genotypes of
PCR E. bieneusi including six previously described and nine novel genotypes were detected. The
ITS most common genotype detected was E. bieneusi genotype D identified in 51.5% (34/66)
Natural infection of positive horses. The identification of E. bieneusi genotypes D, EpbA, G and WL15, which
were previously reported in pigs, humans, racoons and horses, indicates that horses could

Keywords:
Horse

be a potential source of zoonotic infection in humans.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Microsporidia are obligate intracellular parasites that
infect a wide range of vertebrate and invertebrate hosts.
There are approximately 1200 species of microsporidia,
but only 14 species are important opportunistic pathogens
in humans (Didier and Weiss, 2006). The most common
microsporidial species infecting humans are Enterocy-
tozoon bieneusi, Encephalitozoon cuniculi, Encephalitozoon
intestinalis and Encephalitozoon hellem (Didier et al., 2004).
E. bieneusi has been identified in several wild and domes-
tic animals except horses for a long time (Buckholt et al.,
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2002; Reetz et al., 2002; Fayer et al., 2003; Santin et al,,
2004). Although microsporidia were not detected in horses
and donkeys in Spain and Switzerland (Breitenmoser et al.,
1999; Lores et al., 2002), horses from four geographic
locations in Columbia were recently found to be posi-
tive for the presence of E. bieneusi (Santin et al., 2010).
E. cuniculi has rarely been reported to cause abortion and
placentitis in mares. A Lipizzan mare infected with E.
cuniculi aborted a few days before foaling without clini-
cal signs (Szeredi et al., 2007). E. cuniculi was identified
in a stillborn male Clydesdale foal in South Africa (Van
Rensburg et al., 1991) and late-term aborted female Quar-
ter Horse foetus from the United States (Patterson-Kane
et al., 2003).

The purpose of this study was to investigate the occur-
rence and prevalence of the microsporidial species E.
bieneusi and Encephalitozoon spp. in horses and evaluate
statistical associations between infections, age, sex and
farm management.
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2. Materials and methods

On two consecutive years (2010 and 2011), faecal sam-
ples were collected from 377 horses of different ages (1 day
to 39 years) on 23 farms in the Czech Republic with various
management systems including horses kept exclusively on
pasture (pasture), exclusively in stables (stable),and a com-
bination of pasture and stables (paddock). Two farms used
two separate management systems (pasture and stable).
All farms were exclusively horse farms, with the exception
of farms 5, 11, and 12, which had other animals such as pigs
and cattle. Samples were collected directly from the rectum
or mostly immediately after defecation. A total of 94 horses
from 5 farms were kept in the stable, 122 horses from 10
farms were kept on pasture and 161 horses from 10 farms
were kept in paddocks (Table 1). An individual faecal sam-
ple was taken from each horse, placed into a sterile plastic
container, and transported in an isotherm box to the labo-
ratory for examination. Faecal samples were homogenized
by 0.5 mm glass bead disruption and DNA was extracted
according to Sak et al. (2008). Extracted DNA was stored
at —20°C. A nested PCR protocol was used to amplify
the internal transcribed spacer (ITS) region of the rRNA
gene of E. bieneusi, as previously described by Buckholt
et al. (2002). Two primer sets, INT580F and INT580R
(Didier et al., 1995) and MSP3 and MSP4A (Katzwinkel-
Wiladarsch et al., 1996), were used to amplify the ITS
region of Encephalitozoon spp. Positive control DNA iso-
lated from E. intestinalis and E. bieneusi genotype D spores
and negative inhibition controls were included in each run.
PCR products were visualized following electrophoresis on
a 2% agarose gel containing 0.2 g/ml ethidium bromide.
PCR products were sequenced in both directions on an
ABI 3730XL sequence analyser (Applied Biosystems, Foster
City, CA). Sequences were assembled, edited, and aligned
using the ChromasPro (Technelysium, Pty, Ltd.), BioEdit,
and Clustal X (version 2.0.6) programs and were com-
pared with sequences in GenBank. The evolutionary history
of aligned sequences was inferred using the neighbour-
joining method based on the Kimura-2-parameter distance
model. The number of bootstrap replicates was 1000. Trees
were constructed using TREECON version 1.3b. Sequences
generated in this study were deposited under GenBank
ID: JQ804971-JQ804979. The associations between infec-
tions with microsporidia and potential risk factors, such
as different housing conditions, age and sex were ana-
lysed using the programs Statistica, Release 5.1 Software
(Statsoft, Tulsa, OK, USA, 1997) and Epi Info (TM) 3.5.3
(Centers for Disease Control and Prevention, USA). We used
Chi-square and Student’s t-test statistics to evaluate differ-
ences in continuous variables. Odds ratios were calculated
to determine the significance of risk factor variables.

3. Results

Microsporidia were found on 16 out of the 23 farms.
Of the 377 horse examined, 66 (17.3%) and 26 (6.9%) were
positive for E. bieneusi and E. cuniculi, respectively (Table 1).
Twelve horses were concurrently infected with E. bieneusi
and E. cuniculi (data not shown). E. bieneusi and E. cuni-
culi were detected on 15 and 8 farms, respectively. With

one exception, E. cuniculi infections were detected on farms
where E. bieneusi was also present (Table 1).

The prevalence of microsporidial genera showed no sex-
dependent association; 17.1% of stallions, 10.9% geldings,
and 21.4% of mares were positive for E. bieneusi, and 5.3%
stallions, 9.3% geldings, and 7.9% mares were positive for
E. cuniculi (data not shown). The prevalence of E. bieneusi
in horses <3 years (15.7%) and horses >3 years (19.6%) was
not significantly different. However, there was a signifi-
cantly higher prevalence of E. cuniculi in horses >3 years
(10.0%) compared to horses <3years (4.0%, P=0.0213).
Microsporidia were detected on farms using all manage-
ment strategies (Table 1). There was a significantly higher
prevalence of E. bieneusi in stabled horses (26.6%, odds
ratio=2.10, P=0.0097) than horses from other manage-
ment strategies (14.8%) (Table 1). Similarly, E. cuniculi was
more prevalent in stabled horses (12.8%, odds ratio=2.85,
P=0.0086) than horses from other management strategies
(4.9%).

Sequence analysis of the ITS region of E. cuniculirevealed
two genotypes, I (n=13) and Il (n=13). Genotype I was
only found on two farms (Table 1). Fifteen E. bieneusi geno-
types were detected (Table 1). Genotypes D, WL15, G, EpbA,
Horse 1, and Horse 2 were reported previously in various
hosts, including horses. Nine new genotypes (Horse 3-11)
were detected (Table 1). As shown in Fig. 1, phylogeny
segregated the sequences into several major groups and
an outlier group, all of which were supported by a boot-
strap value greater than 50%. Six of the new genotypes,
Horse 6-11, clustered with genotypes D, PIGEBITS 6, or
Peru 17 reported in pigs and humans. The ITS sequence
identified as genotype Horse 5 matched most closely
(97.9-98.3% sequence similarity) with a group of geno-
types reported from muskrats and raccoons (WL14 and
WL15). Genotype Horse 4 was related to the previously
reported horse-specific genotype Horse 1 (99.6% similar-
ity). The comparison of ITS sequences of genotype Horse 3
showed that the closest match (83.4% similarity) was with
genotype PtEb VIl isolated from cat.

The distribution of E. bieneusi genotypes on farms is
presented in Table 1. Genotype D, which was detected in
34 of 66 horses, was the most frequently detected geno-
type. Horse 1 and Horse 2, which were detected in 7 and 8
animals, respectively, were the most frequently occurring
host-specific genotypes. Other genotypes were detected
either in a few horses (G, Horse 3, Horse 11) or in a single
horse (WL15, EpbA, Horse 4-10) (Fig. 1).

4. Discussion

Microsporidia represent one of the most prevalent
groups of intracellular parasites, with an extensive zoo-
logical distribution, including most animal species. Four E.
cuniculi genotypes have been identified using biochemical,
immunological, and molecular approaches (Talabani et al.,
2010). Over 100 E. bieneusi genotypes have been identified
to date based on ITS region variability, including 34 in
humans, 11 in both humans and animals, 12 in cattle,
11 in pigs, and other host-adapted genotypes in specific
animal groups (Santin and Fayer, 2011). Results of the
present study show that microsporidia could be a common



P. Wagnerovd et al. / Veterinary Parasitology 190 (2012) 573-577 575

Table 1
Overview of genotypes found in different farms and positive horses according to age.
Farms No. of horses Age
<3year >3 year
Stable
1 9 1x E. bieneusi Horse 7 -
2 8 - 1x E. bieneusi Horse 1
3 16 - 1x E. bieneusi Horse 3
4 15 - 2x E. bieneusi D, 1x E. bieneusi Horse 10, 2x E. bieneusi
Horse 11, 3x E. cuniculi 11
5 46 3x E. bieneusi D, 1x E. bieneusi WL15, 1x E. bieneusi 7x E. bieneusi D, 3x E. bieneusi Horse 1, 1x E. bieneusi
Horse 4, 1x E. cuniculi | Horse 5, 1x E. bieneusi Horse 8, 8 x E. cuniculi |
Subtotal 94 7 30
Pasture
2 7 - -
5 23 6x E. bieneusi D, 2x E. bieneusi Horse 1 1x E. bieneusi Horse 1, 3 x E. bieneusi G, 4x E. bieneusi
D, 2x E. cuniculil
6 18 - 1x E. cuniculi Il
7 10 - -
8 16 1x E. bieneusi Horse 2 2x E. bieneusi Horse 2
9 8 -
10 17 1x E. cuniculi Il 1x E. bieneusi Horse 3, 2x E. cuniculi Il
11 4 - 1x E. bieneusi EpbA
12 10 1x E. bieneusi Horse 2, 1x E. bieneusi EpbA -
13 9 - -
Subtotal 122 12 17
Paddock
14 14 2x E. bieneusi Horse 2 2x E. bieneusi Horse 2
15 9 - -
16 30 1x E. bieneusi D, 1x E. bieneusi Horse 9, 2x E. cuniculi Il -
17 37 2x E. bieneusi D, 3x E. cuniculi Il -
18 5 - -
19 3 - 2x E. bieneusi D, 2x E. cuniculi |
20 34 5x E. bieneusi D, 1x E. cuniculi Il -
21 13 2x E. bieneusi D, 1x E. bieneusi Horse 6 -
22 10 - -
23 6 - -
Subtotal 161 20 6
Total 377 39 53

Stable: each horse was kept individually in a separate box without access to pasture. Pasture: horses were grazed in a group in an extensive pasture all
the year round. Paddock: each horse was kept individually in a separate box overnight and in groups (3-10 animals each) in paddocks over day.

parasite in horses, since they were identified on 16 out of
23 farms regardless of management strategy; however,
stabled horses were more frequently infected than pasture
or paddock-kept horses. The higher prevalence among
these horses could be explained by a higher parasitic
pressure in stables caused by an elevated number of new
incomers compared to horses kept on pasture, where the
individuals in the herd stay mostly the same.

Although the proposed hypothesis about predominant
parasitation in males (Klein, 2004) was previously con-
firmed in males in dogs, cats, mice and fur-bearing wild
mammals infected with microsporidia (Sulaiman et al,,
2003b; Santin et al., 2006, 2008; Sak et al., 2011), no statis-
tical differences in the prevalence of Encephalitozoon spp.
and E. bieneusi among stallions, geldings and mares were
observed in the present study.

Compared to the results of Santin et al. (2010), where
the prevalence of E. bieneusi was higher in horses younger
than 1year of age than in older horses, no age associ-
ated differences of E. bieneusi prevalence were observed in

present study. Moreover, the prevalence of E. cuniculi was
significantly higher in horses older than 3 years. Although
no clinical signs were observed in microsporidia-positive
horses in the present study, E. cuniculi is reported to be
a potential causative agent of reproductive problems in
horses, including placentitis, abortion, or stillbirth (Van
Rensburg et al., 1991; Patterson-Kane et al., 2003).
Enterocytozoon bieneusi genotypes Horse 2 and Horse
3 are probably host-specific, since they are located sepa-
rately in the phylogenetic tree. Genotype Horse 2 (detected
in 8 horses on 3 farms) occurred more frequently than
Genotype Horse 1 (detected in 4 horses on 2 farms) in
the present study. This finding is in contrast to a previous
study, which found a higher prevalence of genotype Horse 1
(62%) than Horse 2 (19%) in South American horses (Santin
et al., 2010). Given that genotypes Horse 6-11 are cluster
with non-specific genotype D in a neighbour-joining tree,
it is possible that these genotypes are similarly non host-
specific and zoonotic. Genotype D, the most frequently
detected genotype in this study, is a widespread genotype,
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Fig. 1. Neighbour-joining tree based on nucleotide sequences of whole ITS region of Enterocytozoon bieneusi isolates, including those detected in our study
(highlighted, underlined). Values on branches are percent bootstrapping using 1000 replicates. The bootstrap proportions greater than 50% are shown
at each branch. Nucleotide sequences generated from this study were deposited in the GenBank under Accession numbers JQ804971-]Q804979 (Horse

3-Horse 11).

which on the basis of standardized nomenclature belongs
to group 1 (Thellier and Breton, 2008). Group 1 is the
largest of five groups, and genotypes within this group have
been isolated from a wide diversity of hosts worldwide,
including humans, pigs, cattle, beavers, foxes, muskrats,
raccoons, falcons, dogs and macaques (Chalifoux et al.,
2000; Buckholt et al., 2002; Sulaiman et al., 2003a,b; Santin
et al., 2005; Lobo et al., 2006; Espern et al., 2007; Miiller
et al., 2008; Sak et al., 2008). This group also includes less

common genotypes, EpbA, G and WL15 (Peru 14) (Thellier
and Breton, 2008). Moreover, genotypes Horse 1, Horse 4
and Horse 5 detected in present study cluster with WL15,
which is a group 1 member.

The previous detection of genotypes G and EpbA in
pigs in Germany (Rinder et al., 2000; Dengjel et al., 2001)
could explain our finding of these genotypes in horses on
farms 5, 11 and 12, where other farm animals such as
pigs and cattle were kept. Genotype WL15 was previously
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detected in humans in Peru (Cama et al., 2007), and a fox,
beaver, muskrat, and raccoon in the USA (Sulaiman et al.,
2003b); however, we found this genotype in a 4-month-
old stabled foal on one farm, which differs from the other
farms in this study in having a higher proportion of horses
of different ages. Incoming horses were imported from
various countries including Poland, Netherlands and Slo-
vakia, which could explain the higher occurrence of various
genotypes.

The source of E. cuniculi infection remain unknown,
since E. cuniculi genotypes are not host specific and have
been identified in variety of animal hosts such as rodents,
lagomorphs, carnivores, human and nonhuman primates,
and birds (Canning and Hollister, 1987; Reetz, 1993;
Kasickova et al., 2009). However, since we found E. cuniculi
genotype | predominantly in stabled horses and E. cuni-
culi genotype Il predominantly in horses on pasture, it is
possible that these genotypes have different sources.

This study confirms that horses are parasitized by
various E. cuniculi genotypes and both host-specific and
zoonotic E. bieneusi genotypes. Thus, horses could be con-
sidered to be a potential source of infection in humans.
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ARTICLE INFO ABSTRACT

Article history: A total of 9 (8 stallions and 1 mare) 1 year old ponies were used for the experimental infec-
Received 15 March 2013 ) tion caused by Encephalitozoon cuniculi genotype II (107 spores per animal). Subsequently,
Received in revised form 18 April 2013 individual horses were slaughtered 7, 14, 21, 28, 35, 42, 49, 56, and 63 days post infection.

Accepted 7 May 2013 Immediately after slaughter, tissues samples of stomach, duodenum, jejunum, ileum, cae-

cum, colon, spleen, liver, kidney, bladder, heart, lungs, and brain were sampled. In addition,

{,(;JI'] ‘i’gds' urine, feces and blood specimens were collected. Enzyme-linked immunosorbent assay
Encephalitozoon cuniculi genotype 11 was used for determination of humoral immune response and nested PCR targeting 16S
PCR rDNA, whole ITS, and 5.8S rDNA was used for detection of E. cuniculi in collected organs,
Antibodies blood, feces and urine. No clinical signs of microsporidiosis including diarrhea or colic,
Experimental infection neurological signs and fever were observed in any horses during whole experiment. Acute

microsporidiosis in ponies was characterized by the dissemination of microsporidia into
almost all organs and significant increase of concentration of specific antibodies in blood
was observed from 28 to 42 DPI. After this acute stage microsporidia disappeared from
most organs with the exception of the kidney, which was positive up to 63 DPI when the
experiment was terminated. No pathological changes were observed in any organs with
exception of one mare’s brain, where E. cuniculi-positive cavity measuring 5cm x 3 cm in
diameter formed in the lobus piriformis.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction they are primarily the cause of disease when the host’s
immunity is reduced and so the parasite can easily over-

Microsporidia are obligate intracellular protozoan para- spread (Shadduck et al., 1979). Out of more than 1400
sites that infect a wide range thOStS,inCluding vertebrates described microsporidia Species from at least 170 gen-
and invertebrates (Canning and Lom, 1986). Microsporidia era, only 14 species have been reported as opportunistic
are considered to be opportunistic pathogens, because pathogens in mammals (Wittner and Weiss, 1999; Didier

and Weiss, 2006). Domestic animals including horses
are most often infected with four microsporidia namely
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character of Encephalitozoon spp. and E. bieneusi was con-
firmed in the past(De Grotte etal., 1995; Mathis etal.,2005)
and microsporidia are responsible for various pathological
changes including infection affecting the nervous system,
respiratory and digestive tract, causing inflammation of the
liver, peritoneum, lung, bladder and kidney (Weber et al.,
1994; Mertens et al., 1997; Didier et al., 1998), it was gen-
erally erroneously assumed, that immunocompetent hosts
are able to clean infection by the means of T-cell medi-
ated immunity (Braunfuchsovaetal.,2001; Sak et al., 2006;
Lawlor et al., 2010). However, recent studies showed that
E. cuniculi causes chronic infection in both immunocom-
petent and immunodeficient humans, wild and domestic
animals with potentially fatal course (Weber et al., 1997;
Kiinzel and Joachim, 2010; Sak et al., 2010; Ditrich et al.,
2011). The latest data suggest, that immunologically com-
petent hosts that are naturally infected with E. cuniculi may
not express any clinical signs, infection becomes latent and
could be relapsed following immunosuppression (Kotkova
etal., 2013).

E. cuniculi, which is one of the major agents of
microsporidiosis in immunocompetent individuals, is most
frequent microsporidium found in horses (Santin et al,,
2010; Wagnerova et al., 2012). In addition, E. cuniculi was
reported to cause abortion and placentitis in mares; a Lip-
izzan mare aborted a few days before foaling without any
clinical signs (Szeredi et al., 2007). This microsporidian was
also demonstrated in a stillborn male of Clydesdale foal
in South Africa (Van Rensburg et al., 1991) and late-term
aborted female fetus of Quarter Horse from the United
States (Patterson-Kane et al.,, 2003). Currently, there is
very limited information about course of infection during
the latent phase and factors triggering relapse of infection
(Kotkova et al., 2013). All around the world, horses play
a role in economics and microsporidia could be agents of
diseases with unidentified cause. The purpose of this study
was to evaluate the dynamics and spreading of experimen-
tal infections caused by E. cuniculi in different organs and
tissues in the ponies breed minishetland and to compare
the progression of the infection with anti-E. cuniculi anti-
body concentration.

2. Materials and methods
2.1. Ethics statement

All of the experimental procedures were conducted in
accordance with Czech legislation (section 29 of Act No.
246/1992 Coll., on protection of animals against cruelty,
as amended by Act No. 77/2004 Coll.). We hereby declare
that animal handling complies with the relevant European
and international guidelines on animal welfare, namely
Directive 2010/63/EU on the protection of animals used
for scientific purposes and the guidelines and recommen-
dations of the Federation of Laboratory Animal Science
Associations. The study was approved by the University of
South Bohemia, faculty on Agriculture in Ceské Bud&jovice
of the Czech Republic and Institutional and National Com-
mittees (protocols no. 070/2010).

2.2. Inoculum

Spores of E. cuniculi strain EC II originally isolated
from a dexamethasone-treated laboratory mouse (Koudela
et al., 1994) and grown in vitro in Green monkey kidney
cells (VERO, line E6) maintained in RPMI-1640 medium
(SIGMA) supplemented with 2.5% heat-inactivated fetal
bovine serum were used for experiments. Spores were
isolated and purified from cells by centrifugation over
50% Percoll (SIGMA) at 1100 x g for 30 min and washed
three times in deionized water before storing in deionized
water supplemented with antibiotics (SIGMA, 100 U/ml
penicillin, 100 pg/ml streptomycin, and 2.5 pg/ml ampho-
tericin B) at 4°C. Immediately before use the spores were
washed in deionized water.

2.3. Experimental animals

A total of 9 (8 stallions and 1 mare) 1 year old ponies
(minishetland) were used for the experimental infection in
this study. Ponies were housed in the pathogen free sta-
ble, had no access to pasture during the experiment and
were fed only hay and water ad libitum. All animals were
tested daily for the presence specific microsporidial DNA
in feces and urine using molecular methods for 2 weeks
prior infection (Section 2.5). In addition, sera of all horses
were weekly tested for presence of specific anti E. cuniculi
antibodies using ELISA test before infection (Section 2.7).
Groups of 8-week old SCID mice (AnLab, Czech Republic)
were used as control animals for verification of infectivity
of used inoculum.

2.4. Infectivity assays

All horses and SCID mice were infected with a dose of
107 E. cuniculi spores in 20ml and 200 .l distilled water
via a gastric tube, respectively. Subsequently, horses were
slaughtered in a slaughterhouse 7, 14, 21, 28, 35, 42, 49,
56 and 63 days post infection. Blood sample was taken
into evacuated tubes from jugular vein of each horse before
slaughtering. Immediately after slaughter, tissues samples
of stomach, duodenum, jejunum, ileum, caecum, colon,
spleen, liver, kidney, bladder, heart, lungs, and brain were
sampled. In addition, urine and feces specimens were
collected. Spreading of E. cuniculi during the course of
infection was evaluated on the basis of presence of spe-
cific microsporidial DNA in blood, tissue, fecal and urine
samples using molecular methods and using histology
examination of multiple samples taken from various loca-
tions of every tissue. If at least one of these multiplications
were positive, the tissue was considered positive. Enzyme-
linked immunosorbent assay was used for determination
of humoral immune response. Infectivity of used inocu-
lum was assessed on the basis of SCID mice succumb as
previously described Sak et al. (2006).

2.5. DNA isolation
A total of 200 mg of fecal, 200 .l blood or 200 mg tis-

sue sample were homogenized by bead disruption using a
FastPrep®-24 Instrument (MP Biomedicals, CA, USA) using
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0.5mm glass beads (Biospec Products, Inc., Bartlesville,
OK, USA) at the speed of 5.5m/s for 1min. Total DNA
was extracted using commercial column based isolation
kits QIAamp® DNA Stool Mini Kit and DNeasy® Blood &
Tissue Kit, respectively (both QIAGEN, Hilden, Germany).
Acquired DNA was stored at —20°C.

2.6. PCR amplification

Nested PCR protocol amplifying partial sequence of 16S
rRNA, whole ITS (internal transcribed spacer), and partial
sequence of 5.8S rRNA using modified microsporidia-
specific primers described by De Bosschere et al. (2007)
and Katzwinkel-Wladarsch et al. (1996) was used. The
upstream primers M2F (CGG AGA GGA AGC CTT AGA GA)
and MFNest (GAG AGA TGG CTA CTA CGT CCA AGG) were
targeted to the 3’ region of the SSU coding segment of E.
cuniculi. The downstream primers M2R (ATA GTG ACG GGC
GGT GTG T) and MSP1R (ACA GGG ACM CAT TCA) were tar-
geted to the 5’ region of the coding segment of E. cuniculi.
For the primary PCR step, the PCR mixture contained 1x
PCR buffer, 3 mM MgCl,, 0.2 mM each dNTPs, 1U Taq, 1 pl
BSA (10 g), and 200 nM each primer. For the secondary
PCR step, the PCR mixture was identical except that BSA
was excluded. For both PCR steps a total of 35 cycles, each
consisting of 94°C for 45, 58 °C for 45 s, and 72 °C for 60s,
were performed. Initial incubation at 94 °C for 3 min., final
extension at 72°C for 7 min., and final soak at 4°C were
included. PCR products were visualized on a 1% agarose
gel containing 0.2 pg/ml ethidium bromide. One to three
randomly selected positive samples from each horse were
sequenced directly in both directions using an ABI 3130
sequencer analyzer (Applied Biosystems, Foster City, CA)
and the identity of obtained sequences was examined by a
BLAST search (www.ncbi.nlm.nih.gov/blast).

2.7. Histology

Tissues samples were fixed in 10% buffered formalin and
by the usual paraffin method. Five-micron sections were
routinely stained with hematoxylin and eosin (HE), Brown
and Brenn Gram stain (Brown and Brenn, 1931), Weber’s
modification of chromotrop (Weber et al., 1992) and Cal-
cofluor M2R (Vavra and Chalupsky, 1982).

Table 1
Seropositivity of Encephalitozoon cuniculi in experimentally infected ponies.

2.8. Enzyme-linked immunosorbent assay

Sera were separated from the clotted blood samples
by centrifugation at 2500g for 10 min. Sera were stored
at —20°C until testing. Elisa test used as the diagnostic
method to determine specific anti E. cuniculi antibodies
was performed according to the method of Hollister and
Canning (1987). Briefly, E. cuniculi spores were incubated
with serially diluted tested sera (1:2, 1:4, 1:8, 1:16, 1:32,
1:64, 1:128, 1:256 and 1:512) along with negative (1:64)
and positive (1:256) control serum specimens originating
from naive and naturally infected horses, and then with
1:10,000 diluted peroxidase labeled rabbit antihorse IgG
(Anti Horse IgG Whole molecule, SIGMA). Serum speci-
mens with titers>128 were considered positive on the
basis of positive/negative control serum titration (data
not shown). The color reaction was developed with 0.1 M
acetate substrate solution (pH 5.5) supplemented with
2.5mM o-phenylendiamine (OPD) and 0.03% H,0,. The
reaction was then stopped with 2 M H,SO4.

2.9. Statistical analyses

The statistical evaluation of increase of titer and number
of affected organs in individual animals was utilized using
student’s t-test (Statistica 1, Release 5.1 Software, Statsoft,
Tulsa, OK, USA, 1997). The correlation between occurrence
of microsporidia in organs and antibody concentration was
evaluated using Pearson’s product-moment correlation in
R 9.2.0 programming environment (R Development Core
Team, 2007).

3. Results

Used spores of E. cuniculi were fully infectious; they
caused a fatal disease in SCID mice within 4 weeks. None of
the ponies shed any E. cuniculi spore in feces or urine prior
infection. In addition, neither E. cuniculi specific DNA nor
anti-E. cuniculi antibodies were detected in blood of any
pony prior infection (Table 1 and Fig. 1). No clinical signs of
microsporidiosis including diarrhea nor colic, neurological
signs and fever were observed in any horses during whole
experiment. The first 3 weeks of infection has been charac-
terized by spreading of E. cuniculi to spleen. Concurrently,
neither specific DNA in feces and tissues of gastrointesti-
nal tract nor increase of specific antibodies were detected

Horses Sacrificing (DPI) Maximum titer of IgG in blood

No. Sex Prior infection Post infection
1 Male 7 <32 64
2 Male 14 <32 64
3 Male 21 64 128
4 Female 28 64 256
5 Male 35 64 128
6 Male 42 64 256
7 Male 49 <32 128
8 Male 56 <32 128
9 Male 63 64 128

" Statistically significant increase of antibody concentration.
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Fig. 1. Course of Encepahalitozoon cuniculi genotype Il infection, including pattern of spores shedding and dissemination of infection to selected organs and

tissues.

(Table 1 and Fig. 1). Acute microsporidiosis caused by E.
cuniculi in ponies characterized by the dissemination of
microsporidia into almost all organs were observed from 28
to 42 DPI. The numbers of affected organs were significantly
increased (Fig. 1; p<0.05). The infection has been firstly
detected in the most part of small and large intestine, and
all horses started to shed spores in fecal and urine samples.
The acute stage was connected with significant increase
of concentration of specific antibodies in blood (Table 1)
in two ponies (nos. 4 and 6), which were euthanized in
acute phase of infection (p <0.05). The pony no. 5 had also
increased volume of antibodies, but the increase was not
statistically supported. Moreover, there was strong statis-
tical support between antibody concentration increase and
number of affected organs in individual horse. While horse
nos. 4 and 6 had 13 and 11 positive samples out of 16
examined, respectively, horse no. 5 had 8 positive sam-
ples. After this acute stage microsporidia disappeared from
most organs with the exception of the kidney and lung,
which was positive up to 63 DPI when the experiment
was terminated (Fig. 1). Above that, microsporidia infec-
tion was repeatedly detected in various part of intestine
and fecal samples were positive up to 63 DPI. Macroscopic
nor histology examination of organs of all slaughtered
ponies did not show any pathological changes related to
microsporidial infection except pony no. 4. In brain of
this mare we observed a cavity (5cm x 3cm) in the lobus
piriformis left sided rear. Although PCR analyses of cav-
ity content revealed presence of E. cuniculi, the histology
examination did not reveal any foci of infection. Sequences
of secondary PCR product obtained from both cavity con-
tent and randomly selected organs were identical with
sequence of original E. cuniculi used for infection.

4. Discussion
Although microsporidia are environmentally resis-

tant opportunistic parasites representing a potentially
important threat for both immunodeficient and

immunocompetent individuals, limited or any data
concerning the course of microsporidiosis in naturally
and experimentally infected immunocompetent hosts
including horses has been reported. E. cuniculi, the best
studied species of microsporidia, causes disease when the
host’s immunity is impaired. The most documented cases
of clinical infections have been recorded in patients with
severe immunodeficiency mostly caused by AIDS (Mertens
et al., 1997; Tosoni et al., 2002; Weber et al., 1997) or
other damage to the immune system (Orenstein et al.,
2005). In experimental infections, severe immunodeficient
(SCID) mice were used as a suitable model to study the
pathogenesis and potential chemotherapeutics with anti-
microsporidial effect (Koudela et al., 1993; Kotkova et al.,
2013). Microsporidiosis in these hosts with dysfunctional
immune system has rapid course with fatal consequence
(Braunfuchsova et al., 2001; Sak et al., 2006; Salat et al.,
2006). However, recent epidemiological studies showed,
that microsporidia occur also in hosts without evident
immunological deficit (Sak et al., 2011a,b,c; Wagnerova
et al., 2012) and can cause life threatening disease in these
individuals (Ditrich et al., 2011).

In our study we used clinically healthy ponies as the
experimental models for infection with E. cuniculi. The
infection dynamics was fully consistent with the results of
Kotkova et al. (2013) obtained in murine model, showing
a progressive course of infection at the beginning charac-
terized by the dissemination of microsporidia into almost
all organs within 35 days p.i. and subsequent disappearing
from most organs (Kotkova et al., 2013). The present study
revealed a lower onset of the acute stage in ponies (28 DPI)
compared to 14 DPI recorded in BALB/c mice. Moreover,
pony’s fecal samples were positive from 28 DPI to 63 DPI
but murine ones were positive only 5 to 7 DPI. In chronic
stage the infection persisted in lung, kidney and caecum
in ponies, whereas the spleen was the only whole term
affected organ in the case of mice (Kotkova et al., 2013).

Microsporidian E. cuniculi is found in horses (Santin
et al,, 2010; Wagnerova et al., 2012), but very little is
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known about the course of infection. Since antibodies
against microsporidia remain detectable for a long period
of time, the basic prevalence among individual host popu-
lation could be determined using serological methods such
as immunofluorescent antibody staining, complement
fixation, enzyme-linked immunosorbent assay (ELISA),
western immunoblot assays (Garcia, 2002) and indirect
immunofluorescence antibody assay (IFA). However, with-
out the sera titration and reference to repeated sampling of
individual animal, we are not able to discriminate between
residual antibody levels or ongoing acute infection. Since
the antibody concentration was highest during acute phase
of infection suggesting intense spore multiplication, the
change in titer height can provide us the rough estimation
of the progression of microsporidiosis. This hypothesis is
strongly supported by results of Levkutova et al. (2004),
who performed the seroprevalence-based study in horses
in Izrael. They revealed, that majority of horses with vari-
ous clinical sings were seropositive and most of them had
the titer of anti-E. cuniculi antibodies 1: 512.

It is well documented, that E. cuniculi infects wide spec-
trum of host cell types with the predilection to brain
and kidneys leading to various pathologies affecting the
nervous system, respiratory and digestive tracts. Many
neurological signs were observed in rabbits and some
other animals, similar changes were also seen in horses
infected with E. cuniculi in Izrael (Levkutova et al., 2004).
Microsporidia, most probably E. cuniculi, were detected in
the placenta, brain, liver, kidneys, myocardium and lungs of
aborted fetuses from two Holstein-Friesian heifers (Reetz,
1995). The clinical signs seen in seropositive horses in
Izrael were colic, neurological signs and fever (Levkutova
et al., 2004). Only the study by Van Rensburg et al. (1991)
described morphological lesions due to E. cuniculiin horses.
This report deals with an isolated case of a still born foal,
showing renal lesions in the form of diffuse intestinal
lymph plasmatic infiltrate and perivascular cuffing. Post
necropsy we detected E. cuniculi-positive lesions in brain of
one mare at day 28 p.i. This mare had also maximum titer of
antibodies to E. cuniculi. Similarly, brain cavity caused by E.
cuniculi genotype I together with Streptococcus intermedius
was observed in a patient without major immunocompro-
mise and with diabetes (Ditrich et al., 2011). Unlike the
patient who suffered with hemiparesis and epilepsy in rela-
tion to microsporidiosis, any neurological and pathological
symptoms in experimentally infected ponies with brains
lesion were observed, probably due to short time of infec-
tion.

In conclusion, our study showed acute infection in clin-
ically healthy ponies and progressive dissemination of the
E. cuniculi infection to different organs. E. cuniculi may be
the source of the hidden disease with unknown etiology,
which may or may not clinically manifest. It is noteworthy,
that E. cuniculi is able to overcome hematopoietic bar-
rier and infects brain of immunocompetent individuals.
Sport horses with high performance (racing, showjump-
ing, dressage, military and endurance) have great economic
importance for their breeders and microsporidia infections
can negatively affect their health, performance and fertil-
ity. Future studies are important to evaluate the effect of
E. cuniculi on the health and performance of human and

animals and assess what kind of hidden diseases they can
cause.
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Faecal samples from two horse farms in Algeria keeping Arabian, Thoroughbred, and Barb
horses were examined for the presence of Cryptosporidium in 2010-2011. A total of 138
faecal samples (16 from a farm keeping 50 animals and 122 from a farm with 267 horses)
were screened for Cryptosporidium spp. infection using molecular tools. DNA was extracted
from all samples. Nested PCR was performed to amplify fragments of the SSU rDNA and

fl?/r ';V:SrdS: gp60 genes to determine the presence of Cryptosporidium species and genotypes. Sequence
Cryptosporidium hedgehog genotype analyses of SSU and gp60 genes revealed four animals positi_ve for.the presence of suptype
PCR Xllla A22R9 of the Cryptosporidium hedgehog genotype. The infections were not associated
SSU with diarrhoea. This study reports, for the first time, the occurrence of Cryptosporidium in
GP60 Algeria and the first occurrence of the hedgehog genotype in horses. These findings support

the potential role of infected horses in sylvatic-domestic transmission of Cryptosporidium.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Protozoa of the genus Cryptosporidium are apicom-
plexan parasites inhabiting the digestive tract and/or
respiratory systems of birds, fish, reptiles, and mammals,
including humans (Fayer, 2010). Although equine cryp-
tosporidiosis was first reported in the USA in 1978 in
six Arabian foals with inherited combined immunodefi-
ciency (Snyder et al., 1978), the prevalence, genotypes and
zoonotic potential of Cryptosporidium spp. affecting horses
remains poorly understood. This is in contrast to general
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understanding of cryptosporidiosis in ruminants, pigs, and
humans. Natural horse cryptosporidiosis has been reported
in the USA (e.g. Burton et al., 2010); Canada (e.g. Gajadhar
et al., 1985); Brazil (de Souza et al., 2009); New Zealand
(e.g. Grinberg et al., 2009); Europe, including Poland (e.g.
Majewska et al., 1999), Italy (Veronesi et al., 2010), Czech
Republic (e.g. Ryan et al., 2003), Germany (Epe et al., 2004),
UK (e.g. Sturdee et al., 2003), and Switzerland (Imhasly
et al., 2009); and the Middle East (Mahdi and Ali, 2002).
However, only 8 out of 30 reports of horse cryptosporidio-
sis were supported by molecular data (Burton et al., 2010;
Grinberg et al., 2003, 2008, 2009; Chalmers et al., 2005;
Imhasly et al., 2009; Ryan et al., 2003; Veronesi et al., 2010).

Horses appear susceptible to at least two cryp-
tosporidia: Cryptosporidium horse genotype, which was
detected by Ryan et al. (2003) in Przewalski’s horse (Equus
ferus przewalskii), and Cryptosporidium parvum, which is a
more frequent cause of horse cryptosporidial infection, and
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is occasionally associated with diarrhoea (e.g. Chalmers
etal.,2005; Grinberg et al., 2008, 2009; Imhasly et al., 2009;
Veronesi et al., 2010). Thus, more thorough investigations
are needed to better understand horse cryptosporidiosis
and fully assess its zoonotic potential.

The purpose of this study was to investigate the dis-
tribution of Cryptosporidium species/genotypes in horses
from Algeria using molecular tools based on the genus-
specific amplification of the small subunit ribosomal RNA
gene, and to assess the distribution and diversity of poten-
tially zoonotic subtypes by sequence analyses of a gene
encoding a 60-kDa glycoprotein.

2. Materials and methods
2.1. Origin of samples

The research was performed over a two-year period
(2010-2011)on two horse farms in Algeria, which keep dif-
ferent breeds of horses (Pure Arabian, Thoroughbred and
Barb), and represent two different management systems
(small private farm (A) and large commercial farm (B)). The
farms were selected randomly without previous knowl-
edge of horse parasitization. No other farm animals were
kept on the studied farms. The first farm (farm A) was an
equestrian centre located in the Algiers that bred approx-
imately 50 horses. Horses were maintained in individual
boxes under standard hygienic conditions. The second farm
(farm B) was located in the province of Tiaret and kept
267 horses. Broodmares were kept in stables or on pasture,
depending on the season. During the summer, mares and
foals spent the night on pasture. Breeding stallions were
stabled regardless of season.

2.2. Sample collection and coprological examination

More than 30% of animals were sampled on each farm to
evaluate prevalence. Faecal samples were collected directly
from the rectum or immediately after defecation by horses.
Each sample was placed into an individual sterile plastic
container and transported in an isotherm box to the lab-
oratory. Repeated analyses of the same animals were not
included in the survey to prevent estimation of cumulative
prevalence.

2.3. Gene amplification and sequencing

To identify the Cryptosporidium sp. or genotype present,
genomic DNA was extracted using the QIJAamp® DNA Stool
Mini Kit (QIAGEN, Hilden, Germany) from all samples
(200mg from each specimen) as described previously
(Sak et al.,, 2008). Nested PCR was used to amplify a
partial sequence of the small subunit rRNA (SSU) and
Cryptosporidium 60-kDa glycoprotein (gp60) genes (Alves
et al.,, 2003; Jiang et al., 2005). All samples were analyzed
in duplicate. Negative and positive controls (DNA of
Cryptosporidium suis for SSU and Cryptosporidium hominis
for gp60) were included with each PCR amplification.
The PCR amplicons were electrophoresed in 2% agarose
gels with 0.2mg/ml ethidium bromide and visualized
under ultraviolet light. The secondary PCR products were

Table 1
Prevalence of Cryptosporidium spp.in mares, stallions and foals on selected
farms in Algeria.

Farm Category No. of screened samples No. of positive samples (%)

A Mare 9 0
Stallion 7 0
Subtotal 16 0

B Mare 51 3(5.9)
Stallion 18 1(5.5)
Foal 53 0
Subtotal 122 4(3.3)

Total 138 4(2.9)

sequenced in both directions using ABI BigDye Terminator
v3.1 Cycle Sequencing Kit and an ABI 3730XL sequence
analyser (Applied Biosystems, Foster City, CA).

2.4. Phylogenetic analyses

The identity of obtained sequences was examined by
a BLAST search (www.ncbi.nlm.nih.gov/blast). Alignment
adjustments were made manually to remove artificial gaps
using BioEdit. Phylogenetic analyses were performed using
the software MEGAS5. Neighbour joining (NJ) and maximum
likelihood (ML) trees were constructed. All ambiguous
positions were removed from each sequence pair. The reli-
ability of branches in trees was assessed using bootstrap
analysis with 1000 pseudo-replicates, with values above
50% reported. Partial SSU and gp60 sequences recovered
from the horses have been submitted to GenBank under
the accession numbers KC305643-KC305650.

2.5. Statistical analyses

A two-sample test for equality of proportions without
Yate’s continuity correction was used to assess rela-
tionships between Cryptosporidium species/genotype and
parameters such as age, sex, and farming practices. All com-
putations were performed with R. 15.1.

3. Results

An individual faecal sample was taken from 16 horses
from the farm A and 122 horses from the farm B. Cryp-
tosporidium was not detected in faecal samples from
horses on farm A; whereas, 4 of 122 horses from farm
B were Cryptosporidium positive (Table 1). Analysis of
partial sequences of the SSU rRNA gene showed the
presence of Cryptosporidium hedgehog genotype in all
positive horses. SSU sequences formed one cluster in
both neighbour-joining and maximum likelihood analy-
ses. Sequences within a cluster shared 100% identity and
differed by 1-6 substitution from SSU sequences pre-
viously reported from hedgehogs (99.2-99.8% similarity
among GQ214082, GQ214078, GQ259137, and GQ259141;
data not shown). Neighbour-joining and maximum like-
lihood trees constructed from gp60 sequences from this
study and sequences published in GenBank revealed the
presence of Cryptosporidium hedgehog genotype belong-
ing to the Xllla family. In all sequences, 22 serine-encoding
TCA nucleotide repeats were followed by 9 repeats of the
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Fig. 1. Phylogenetic relationships between Cryptosporidium sp. obtained

Vllla ferret genotype [GQ121029]

in this study (highlighted) and other Cryptosporidium spp. Maximum likelihood

tree (likelihood = —17475.61) with Kimura 2-parameter model. Numbers at the nodes represent bootstrap values (NJ/ML) for the nodes gaining more than

50% support. Scale bar is given in the tree.

ACATCA consensus sequence, identifying the subtype as
A22R9 (Fig. 1). One transition (G > A) resulting in an amino
acid change in the non-repeat region (G >S) was detected
in one of the obtained sequences. Cryptosporidium preva-
lence did not vary significantly with age (x? =2.5686; df=1;
p-value =0.1090), sex ( x%=0.0057; df=1; p-value =0.9398)
or farming practices (2 =0.5402; df=1; p-value=0.4623).
No infected horses showed signs of diarrhoea at the time
of sampling. Also no diarrhoeal diseases were observed in
animals at least 2 weeks prior to sampling.

4. Discussion

The overall prevalence at the animal level was low
(3%). This is in agreement with other studies of horses,
where Cryptosporidium oocyst prevalence varied from 1%
to 31%. In contrast to the present report of Cryptosporid-
ium in adult horses, previous studies have found foals to
be more frequently infected (range 1-31%) than adults
(1-12%) (e.g. de Souza et al., 2009; Mahdi and Ali, 2002;
Majewska et al., 1999; Veronesi et al., 2010; Xiao and Herd,
1994). Also, in contrast to previous studies of cattle and
pigs (Kvac et al., 2006; Némejc et al., 2013), there was no
association between age, management system, or sex and
Cryptosporidium infection.

The course of cryptosporidial infection in horses could
be influenced, in part, by the Cryptosporidium species or
genotypes causing the infection. While Grinberg et al.
(2009) and Perrucci et al. (2011) specifically linked C.
parvum with diarrhoea in horses, other studies did not
specify the Cryptosporidium species or genotype and there-
fore association between Cryptosporidium infection and
diarrhoea remains unclear. Similar to the present study,

which found no association between Cryptosporidium
hedgehog genotype and diarrhoea in horses, Xiao and Herd
(1994), Veronesi et al. (2010), and Olson et al. (1997) found
no association between oocyst shedding and diarrhoea in
horses. Although Dyachenko et al. (2010) reported rela-
tively frequent occurrence of Cryptosporidium hedgehog
genotype and C. parvum mainly in juvenile hedgehogs suf-
fering from diarrhoea, they did not distinguish causative
agents of clinical cryptosporidiosis in their study.

Phylogenetic analysis of SSU and gp60 sequences from
the present study showed that horses were infected with
the Cryptosporidium hedgehog genotype. The nomencla-
ture previously described by Sulaiman et al. (2005) was
used to describe subtype families and subtypes of gp60
gene sequences. Sequences clustered with the subtype
family originally reported from European hedgehogs (Eri-
naceus europaeus) (GQ259140, GQ214085, and GQ214081),
which was named subtype family VII (Dyachenko et al.,
2010). However, in a contemporary publication, gp60
sequences from Cryptosporidium wrairi were also named
subtype family VII (Lv et al., 2009). It is unclear which
publication has priority; therefore, it is proposed to con-
tinue using the subtype family designation VII for C. wrairi
(valid species) and to introduce a novel family XIII for
the Cryptosporidium hedgehog genotype. gp60 sequences
from horses belonged to subtype family Xllla. All the
detected hedgehog genotype isolates had nine copies of the
sequence ACATCA immediately following 22 TCA repeats.
This subtype has not been detected previously in hedge-
hogs or other hosts (Dyachenko et al., 2010).

The host specificity of Cryptosporidium in horses is
unclear. Although Cryptosporidium horse genotype was
identified in a Przewalski’s wild horse foal in the Prague Zoo
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and was initially considered as an equine-specific genotype
(Ryan et al., 2003), this genotype was detected recently in
humans (e.g. Robinson et al., 2008) and a calf from Northern
Ireland (Thompson et al., 2007). Moreover, both experi-
mental and molecular epidemiology studies revealed the
susceptibility of horses to zoonotic C. parvum (Bjorneby
et al., 1991; Chalmers et al., 2005; Grinberg et al., 2009;
Imhasly et al., 2009; Veronesi et al., 2010). To our best
knowledge, this is the first report of horse cryptosporidial
infection associated with Cryptosporidium hedgehog geno-
type. The zoonotic potential of the hedgehog genotype
is unknown; nevertheless, occurrence of this genotype
in horses indicates that host specificity is broader than
previously thought. Also, the number of Cryptosporidium
species/genotypes infecting horses should be expanded to
three (C. parvum, horse genotype, and hedgehog genotype).
Future studies should employ molecular tools to better
understand the epidemiology of Cryptosporidium in horses.
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Abstract Faecal samples were collected from 352 horses on
23 farms operating under six different management systems in
the Czech Republic and Poland during 2011 and 2012. Farms
were selected without previous knowledge of parasitological
status. All faecal samples were screened for Cryptosporidium
spp. presence using microscopy, following aniline-carbol-
methyl violet staining and PCR analysis of the small-subunit
(SSU) rRNA and the 60-kDa glycoprotein (gp60) genes.
Cryptosporidium muris-positive samples were additionally
genotyped at four minisatellite markers: MS1 (encoding a
hypothetical protein), MS2 (encoding a 90-kDa heat shock
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protein), MS3 (encoding a hypothetical protein) and MS16
(encoding a leucine-rich repeat family protein).
Cryptosporidium spp. was detected by PCR in 12/352
(3.4 %) samples from 4 out of 13 farms. None of the samples
tested by microscopy was positive. There was no relationship
between Cryptosporidium prevalence and age, sex, diarrhoea
or management system; however, Cryptosporidium was found
only on farms where horses were kept on pasture during the
day and in a stable overnight. Sequence analyses of SSU and
gp60 genes revealed the presence of C. muris RN66 (n=9),
Cryptosporidium parvum 11aA15G2R1 (n=1), Cryptosporid-
ium tyzzeri IXbA22R9 (n=1), and Cryptosporidium horse ge-
notype VIaA15G4 (n=1). The C. muris subtypes were iden-
tified as MS1-M1, MS2-M4, novel MS2-M7 and MS16-M1
by multilocus sequence of three minisatellite loci. The MS3
locus was not amplified from any isolate. This is the first
report of C. tyzzeri and C. muris subtypes from horses.

Keywords Horse - Cryptosporidium - SSU - gp60 - MLST

Introduction

Cryptosporidium is among the most common parasites of do-
mestic and wild animals and humans. Interest in
Cryptosporidium has heightened in the veterinary field, not
only because of the potential for zoonotic transmission, but
also because of difficulties controlling economic losses in
production animals (Ramirez et al. 2004). A large body of
work has been published on Cryptosporidium and cryptospo-
ridiosis in domestic and captive animals (Kvac et al. 2014a).
Although cryptosporidiosis was initially considered to occur
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rarely in horses and was associated with immunodeficiency
(Snyder et al. 1978), more recent studies have shown that
horses are frequently infected with Cryptosporidium (Olson
et al. 1997; Xiao and Herd 1994). Natural equine cryptospo-
ridiosis has been reported in many countries worldwide, in-
cluding America (Cole et al. 1998; de Souza et al. 2009; Xiao
and Herd 1994), Canada (Gajadhar et al. 1985; Olson et al.
1997), New Zealand (Grinberg et al. 2003, 2009), Africa
(Laatamna et al. 2013) and a number of European countries
(Majewska et al. 2004; Ryan et al. 2003; Sturdee et al. 2003;
Veronesi et al. 2010). Horses appear susceptible to at least
three Cryptosporidium spp.: Cryptosporidium horse geno-
type, Cryptosporidium parvum and Cryptosporidium erinacei
(previously known as hedgehog genotype) (Grinberg et al.
2003; Laatamna et al. 2013; Ryan et al. 2003). All
Cryptosporidium spp. detected in horses to date are also in-
fectious for humans (Kvac et al. 2014b; Robinson et al. 2008;
Xiao et al. 2009). The aim of this study was to determine the
diversity of Cryptosporidium spp. in horses under various
conditions in the Czech Republic and Poland and to determine
any associations between infection occurrence and age, sex,
housing systems and consistency of faeces.

Material and methods

During 2011 and 2012, faecal specimens were collected from
352 horses of different ages (5 days to 32 years) on 23 horse
farms throughout the Czech Republic (CR; n=20) and Poland
(P; n=3). The farms were screened without previous knowl-
edge of parasitological status. The management systems in op-
eration on the farms, which were exclusively horse farms were
as follows: (i) year-round grazing with shelters (CR farm #1—
4), (i) year-round grazing with overnight housing in stables
during winter (CR #5-7), (iii) year-round housing in stables
on concrete floors (CR #8-10), (iv) year-round housing in the
stables on the deep straw bedding (CR #11), (v) daytime graz-
ing and overnight housing in stables on deep straw bedding
(CR #12-16) and (vi) daytime grazing and overnight housing
in stables on concrete floors (CR #17-20; P #21-23). Each
sample was individually placed in a plastic dish without fixa-
tion, stored in at 4 °C and analysed within 48 h for the presence
of Cryptosporidium using the aniline-carbol-methyl violet
staining method (Milac¢ek and Vitovec 1985). The faecal con-
sistency (loose if it took the form of the container and solid if it
maintained its original shape) was noted at the time of sam-
pling. Repeated analyses of the same animals were excluded
from the survey to avoid estimating cumulative prevalence.

Total DNA was extracted from 200 mg of faecal samples
from each specimen by bead disruption for 60 s at 5.5 m/s
using 0.5 mm glass beads in a FastPrep®24 Instrument (MP
Biomedicals, CA, USA) using QIAamp® DNA Stool Mini
Kit (QIAGEN, Hilden, Germany).

@ Springer

The extracted DNA was kept frozen at —20 °C until
used for genotyping. Nested PCR protocols amplifying a
fragment of the small-subunit (SSU) rRNA, the 60-kDa
glycoprotein (gp60) and four minisatellite markers, in-
cluding the MS1 (encoding a hypothetical protein), MS2
(encoding a 90-kDa heat shock protein), MS3 (encoding a
hypothetical protein) and MS16 (encoding a leucine-rich
repeat family protein) genes of Cryptosporidium were per-
formed in duplicate as previously described by Alves
et al. (2003); Jiang et al. (2005); and Feng et al. (2011).
Negative (PCR water) and positive controls (samples con-
taining DNA of Cryptosporidium suis for SSU, Crypto-
sporidium hominis for gp60, Cryptosporidium andersoni
for MS genes) were included with each PCR amplifica-
tion. PCR products were visualized following electropho-
resis on a 1 % agarose gel containing 0.2 g/ml ethidium
bromide. All sequences were confirmed by sequencing
amplicons from two independent DNA extractions. PCR
products were sequenced in both directions on an ABI
3730XL sequence analyser (Applied Biosystems, Foster
City, CA). Sequences were assembled, manually edited
and aligned using the ChromasPro 1.7.4 (Technelysium,
Pty, Ltd.), BioEdit v7.0.5.3 (Hall 1999 and MAFFT ver-
sion 7 online server with automatic selection of alignment
mode (http://mafft.cbrc.jp/alignment/server/), and were
compared with sequences in GenBank. Phylogenetic
trees were inferred by the neighbour-joining method, with
pairwise deletions, from distances estimated using the
Kimura 2-parameter distance model (MEGAS5) (Tamura
et al. 2011). Bootstrap support for branching was based
on 1000 pseudoreplicates. Phylograms were edited for
style using CorelDrawX5. Sequences have been deposited
in GenBank under the accession numbers KJ469983,
KJ469985-KJ469989 and KP176787-KP176793.

Relationships between Cryptosporidium spp. presence and
the age or sex of the animal or farm management practices
were determined using a classical chi-squared test of indepen-
dence without Yates’ continuity correction. Statistical analy-
ses were performed using R (version 2.15.0), a software envi-
ronment for statistical computing.

Results

Cryptosporidium spp. was detected in 12/352 (3.4 %) samples
tested by PCR and none of the samples was tested by micros-
copy. Positive samples were from 4/23 (17.4 %) of farms.
Statistical analyses did not show any association between
sex or age of the animal and Cryptosporidium prevalence
(data not shown). Cryptosporidium was detected only on
farms operating under management systems combining pas-
ture grazing and housing in stables. None of horses showed
signs of diarrhoea at the time of sampling or during the
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2 weeks prior to sampling. Analysis of partial sequences of the
SSU gene showed the presence of C. parvum (n=1),
Cryptosporidium horse genotype (n=1) and C. muris (n=9)
(Fig. 1a). Neighbour-joining trees constructed using on gp60
sequences obtained in this study and sequences published in
GenBank revealed the presence of C. parvum (n=1), C. tyzzeri
(n=1) and Cryptosporidium horse genotype (n=1) belonging
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and MS16), six, five, zero and seven C. muris-positive isolates
were sequenced, respectively (Table 1). A total of four out
nine C. muris isolates were subtyped at three loci.

Discussion

Results of this study are consistent with the reported low
worldwide prevalence of Crypfosporidium infection in
horses (e.g. de Souza et al. 2009; Majewska et al. 2004;
Olson et al. 1997; Veronesi et al. 2010; Xiao and Herd
1994). Unlike pigs or cattle, we found no association be-
tween management system or sex and Cryptosporidium in-
fection (Maddox-Hyttel et al. 2006; Mohammed et al.
1999). However, this may be due to the very low prevalence
of Cryptosporidium in horse populations. Most studies, in-
cluding the present one, have found no association between
Cryptosporidium infection and clinical signs in horses and
foals, suggesting that cryptosporidiosis is frequently sub-
clinical in healthy horses (e.g. McKenzie and Diffay 2000;
Majewska et al. 2004; Veronesi et al. 2010; Xiao and Herd
1994). However, Grinberg et al. (2009), Perrucci et al.
(2011) and Diaz et al. (2012) reported an association be-
tween infection by C. parvum and diarrhoea primarily in
foals. The C. parvum subtypes, I[la A15G2R1 and
[TaA18G3R1, associated with clinical cryptosporidiosis in
foals (Diaz et al. 2012; Grinberg et al. 2008) also cause
diarrhoea in humans and livestock (Glaberman et al. 2002;
Trotz-Williams et al. 2006; Wielinga et al. 2008). Absence
of clinical disease in horses infected with Ila AI5G2R1 in
this study could be due to the age of infected horses (older
than 3 years). In addition, the failure to detect C. parvum
oocysts by microscopy suggests that the infection intensity
was low. It is possible that asymptomatically infected adult

horses are sources of C. parvum causing cryptosporidiosis
in foals.

The Cryptosporidium horse genotype detected was iden-
tical to an isolate found in a foal in Italy (VIaA15G4;
Caffara et al. 2013) and belonged to the same subtype fam-
ily as a horse genotype previously found in Prezewalski’s
and domestic horses (Burton et al. 2010; Ryan et al. 2003).
In contrast, two human isolates from England (Robinson
et al. 2008) and New Mexico (Xiao et al. 2009) belonged
to the Cryptosporidium horse genotype VIb family, which
has never been found in horses. Consistent with previous
studies, we found a low frequency of Cryptosporidium
horse genotype occurrence (e.g. Grinberg et al. 2003,
2008, 2009; Veronesi et al. 2010). Unexpectedly, we also
found rodent-specific C. muris and C. tyzzeri in horses in
this study. Both rodent-specific Cryptosporidium species
have been found previously in non-specific hosts, including
humans and domestic animals such as pigs, cattle and
camels (Kvac et al. 2014a). It is not known whether the
presence of C. muris and C. tyzzeri DNA in horse faeces
was due to an active infection or mechanical passage of
oocysts through the digestive tract. Previous studies sug-
gested that the presence of C. muris and C. tyzzeri in faecal
samples of snakes, lizards, raptors and pigs was due to the
ingestion of mice or contamination from the environment.
The association of these rodent species with horses kept in
stables with straw bedding supports the hypothesis of pas-
sive transport. However, the C. #yzzeri subtype (IXbA22R9)
was previously found only in Mus musculus domesticus,
and all positive horses were bred within an area where mice
(Mus musculus musculus) were infected with IXa family
only (Kvac et al. 2013). The presence of C. tyzzeri IXb in
horses kept in an area of [Xa distribution could be explained
by an ongoing infection in incoming horses, as the farm

Table 1  Specimens detected in the study and their species/subtype identity at the SSU, gp60 and four minisatellite MS loci
Specimen ID #farm Country SSU gp60 MLST minisatelite
MS1 MS2 MS3 MS16

5949CZ #16 Czech Republic C. muris - M1 - - M1
5650CZ C. muris - Ml M7 - Ml
5656CZ #21 - IXbA22R9 - -
5982CZ Horse genotype VIaA15G4 - - - -
5999CZ C. parvum aA15G2R1 - - - -
9687CZ C. muris - - - - -
13167CZ C. muris - M1 M7 - Ml
13169CZ C. muris - M4 - -
13174CZ C. muris - M1 M4 - M1
13175CZ C. muris - - - - Ml
13194PL #22 Poland C. muris - Ml - - Ml
13200PL C. muris - Ml M4 - Ml
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served as breeding centre for young horses, which could be
more susceptible to infection.

MLST subtyping provided a data on the occurrence of
C. muris subtypes on the monitored farms. The C. muris
subtypes obtained from horses in the Czech Republic and
Poland included variants of MS1-M1, previously found in a
camel, Tawny frogmouth, laboratory mouse and human;
MS2-M4, found in an ostrich, Siberian chipmunk, hamster,
mara, laboratory mouse and human; and MS16-M1, found
in a siberian chipmunk, hamster, mara, cat, domestic and
laboratory mouse (Feng et al. 2011; Wang et al. 2012).
While isolates originating from horses kept in Poland had
the same subtypes at MS1, MS2 and MS16 loci as isolates
from Czech Republic, novel variant at the MS2 locus,
named M7, were found in horses in the Czech Republic.
Although it is likely that various subtypes of C. muris could
cause infections in various hosts, the susceptibility of horses
to C. muris and C. tyzzeri remains unclear. Understanding of
the epidemiology of Cryptosporidium infections in horses is
gradually improving with an increasing number of studies
supported by molecular analyses, but there remains much to
discover.
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1. Introduction

Both horses and donkeys are used worldwide for work,
food, and social activities. Both wild and domestic equines
are exposed to a complex mixture of multicellular and
unicellular parasites. Although most of these parasites are
equine-specific, horses and donkeys can be infected by
host-nonspecific and zoonotic parasites including Cryp-
tosporidium and several microsporidia (Grinberg et al.,
2003; Kouam et al., 2010; Santin et al., 2010).

Approximately 1200 species of microsporidia are
known, and they infect all major animal groups. Most
of these ubiquitous obligate intracellular parasites infect
invertebrates and fish, but 14 species in eight genera infect
mammals (Didier et al., 1995; Didier and Weiss, 2006).
Although equine microsporidiosis is known to cause abor-
tion (Patterson-Kane et al., 2003; Szeredi et al., 2007; van
Rensburg et al., 1991), microsporidia in horses remains on
the periphery of scientific interest. Three recent reports
have described the prevalence of Enterocytozoon bieneusi
and Encephalitozoon cuniculi and the course of infection of
E. cuniculi in horses from Colombia and the Czech Republic
(Santin et al., 2010; Wagnerova et al., 2012, 2013).

Protozoans of the genus Cryptosporidium are parasites
inhabiting the digestive tract and/or respiratory systems
of birds, fish, reptiles, and mammals, including equines
(Mtambo etal., 1997; Ryan et al., 2003). Twenty five species
and more than 40 genotypes of Cryptosporidium have been
described to date (Ryan and Xiao, 2014), and only three
of these - C. parvum, C. erinacei (previously known as
Cryptosporidium hedgehog genotype) and Cryptosporidium
horse genotype — are known to infect horses (Chalmers
etal.,, 2005; Laatamna et al., 2013; Ryan et al., 2003). How-
ever, only eight of the 30 studies of horse cryptosporidiosis
reported the species/genotype present (Burton et al., 2010;
Grinberg et al., 2008, 2003, 2009; Chalmers et al., 2005;
Imhasly et al., 2009; Ryan et al., 2003; Veronesi et al., 2010),
so the actual number of Cryptosporidium taxa infecting
horses may be greater.

A number of Cryptosporidium spp. (C. parvum, C. erina-
cei and Cryptosporidium horse genotype) and microsporidia
(Encephalitozoon intestinalis, E. cuniculi genotypes I and
I, and E. bieneusi - genotypes D, EbpA, G and WL15)
detected in horses and donkeys to date have been shown
to cause human infection (Didier et al., 2000; Mathis
et al., 2005; Nichols et al., 2014). Therefore, there is a
need to better understand the zoonotic potential of horse
microsporidiosis and cryptosporidiosis. This study exa-
mines the prevalence of Cryptosporidium and microsporidia
in wild and domestic horses and donkeys from Algeria.

2. Materials and methods
2.1. Origin of samples and animals

The research was performed from November 2011
to May 2013 on 4 horse farms in an urban area and
20 small private farms of horses and donkeys in rural
areas located in 4 provinces in Algeria. The farms were
selected without previous knowledge of parasitological
status, with the exception of one farm (no. 1), where

four cases of Cryptosporidium erinacei infection (previously
known as Cryptosporidium hedgehog genotype) were pre-
viously reported (Laatamna et al., 2013). Farm 1, situated
in province of Tiaret in west Algeria, is a national center
of horse breeding that keeps up to 280 horses and serves
as a supplier of horses to other farms located in the differ-
ent provinces of Algeria. The management system at Farm
1 depended on the season: breeding stallions, mares, and
foals spent most of the time on the pasture, except dur-
ing winter, when they were housed in stables. Equestrian
centers 2, 3 and 4, focus exclusively on horse breeding,
are located in the capital Algiers, and breed approximately
50, 70, and 90 horses, respectively. Horses are used for
horseback riding, horseracing, and show jumping and are
maintained in individual boxes. Twenty farms in rural areas
included 12 private farms in Bourdj Bou Arréridj (B.B.A)
province and eight in Setif province. These rural areas are
regions of high plateaus that are almost exclusively agricul-
tural, and horses live in close association with cattle, other
ruminants, and domestic birds. Donkeys live unrestricted
in these areas and are used for transport and work. Both
horses and donkeys are on pasture during the entire year,
except during winter, when they are primarily housed in
stables.

2.2. Sample collection

Fecal samples from horses and donkeys were collected
directly from the rectum or from the ground immediately
after defecation. Specifically, all horse fecal samples from
farms 1-3 (n=94), 40 out of 55 horse samples from farm
4, and three donkey samples from farm 15 were collected
directly from rectum (Table 1). Each sample was individu-
ally placed into a sterile plastic container without fixatives,
and transported in an isotherm box to the laboratory. No
repeated analyses of the same animals were included in the
survey to prevent cumulative prevalence.

2.3. DNA isolation and molecular analyses

Total DNA was extracted from 200mg of feces by
bead disruption for 60 s at 5.5m/s using 0.5mm glass
beads in a FastPrep®24 Instrument (MP Biomedicals, CA,
USA) followed by isolation/purification using a commer-
cially available kit in accordance with the manufacturer’s
instructions (QIAamp® DNA Stool Mini Kit, Qiagen, Hilden,
Germany). Purified DNA was stored at —20°C prior to
being used for PCR. Due to the predicted low number
of oocysts (<100) in examined samples, a nested PCR
was required (Smith, 2008). The nested PCR approach
was used to amplify a region of the small subunit of
rRNA gene (SSU; ~830bp; Jiang et al., 2005; Xiao et al,,
1999) and 60kDa glycoprotein (GP60; ~830bp; Alves
et al, 2003) in all samples. In addition, nested PCR
amplifying a region of Cryptosporidium Oocyst Wall Pro-
tein (COWP; ~550bp; Pedraza-Diaz et al.,, 2001; Spano
et al., 1997), Thrombospondin-Related Adhesive Protein
of Cryptosporidium-1 (TRAP-C1; ~780bp; Spano et al.,
1998) and Heat Shock Protein (HSP70; ~1950 bp; Sulaiman
et al., 2000) were used in case of detection of a novel
isolate of Cryptosporidium. Negative and positive controls
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Table 1

A survey of Cryptosporidium spp. and microsporidia in fecal samples of horses and donkeys.

Province No. of Animal No. of Cryptosporidium Microsporidia
farm examined
samples
No. of positive Species No. of positive E. bieneusi E. cuniculi
samples (strain/family) samples
Tiaret 1 Horse 62 3 1x C parvum 9 6x horsel 1x E.
(IlaA16G1R1) 1x horse2 cuniculi |
1x C. hominis 1
(IkA15G1)
1x C. muris
(RN66)
2 Horse 15 - - - - -
Algiers 3 Horse 17 - - 1 -
4 Horse 55 - - 2 1 1x E.
cuniculi |
5 Horse 2 - - 1 - 1x E.
cuniculi Il
6 Horse 6 - 1 1 -
7 Horse 5 - - - - -
8 Donkey 3 - - - - -
9 Donkey 3 - - - - -
10 Donkey 5 - - -
Horse 8 - - 3 1 1x CZ3 1x E.
diBouArréridi n cuniculi 111
BourdjBouArréridj Donkey 29 _ _ 1 _ 1xE
cuniculi Il
Horse 6 - - 1 1xD -
12 Donkey 3 - - - - -
Horse 7 1x C. parvum - - -
13 (I1aA16G1R1)
Donkey 28 2 1x C. muris 1 1 -
(TS03) 1x C.
parvum
(1aA16G1R1)
Horse 3 - - - - -
14 Donkey 3 - - - - -
Horse 2 - - - - -
15 Donkey 4 - - - - -
Horse 2 1x C. parvum - - -
16 (I1aA16G1R1)
Donkey 13 - - 1 1 -
17 Horse 5 - - - - -
18 Horse 7 - - - - -
19 Donkey 3 - - - - -
20 Donkey 23 - - 1 - 1x E.
cuniculi Il
Setif 21 Donkey 1 - - - - -
Horse 11 - - 1 1x CZ3 -
22 Donkey 1 - - - - -
Horse 3 - - - - -
23 Donkey 1 - - - -
Horse 3 - - - - -
24 Donkey 4 - - - - -
Horse 219 5 19 15 4
Total Donkey 124 2 4 2 2
All 343 7 23 17 6

" Unsuccessful re-sequencing at ITS locus.

(DNA of C. tyzzeri family IXa) were included in each PCR
amplification. To identify microsporidia, a nested PCR pro-
tocol was used to amplify the internal transcribed spacer
(ITS) region of the rRNA gene of E. bieneusi, as previously
described Buckholt et al. (2002). Two primer sets, INT580F
and INT580R (Didier et al., 1995) for primary and MSP3

and MSP4A (Katzwinkel-Wladarsch et al., 1996) for sec-
ondary PCR reaction, were used to amplify the ITS region
of Encephalitozoon spp. Positive control DNA isolated from
E. intestinalis and E. bieneusi genotype D spores and nega-
tive controls were included in each run. Both primary and
secondary PCR reactions were carried out in a volume of



138 A.E. Laatamna et al. / Veterinary Parasitology 208 (2015) 135-142

20 wl; the primary reaction contained 2 .l of genomic DNA
(or water as a negative control) and the secondary reac-
tion contained 2 pl of the primary reaction as template.
PCR amplicons were electrophoresed in 1% agarose gels and
visualized with 0.2 mg/ml ethidium bromide under ultra-
violet light. Purified secondary products were sequenced
in both directions with an ABI 3130 genetic analyser
(Applied Biosystems, Foster City) using the secondary PCR
primers and the BigDye1TerminatorV3.1cycle sequencing
kit (Applied Biosystems, Foster City) in 10l reactions.
DNA extraction and the amplification and sequencing of
each locus were repeated twice for each positive sam-
ple.

2.4. Phylogenetic analyses

The nucleotide sequences of each gene obtained in
this study were manually edited using the program Chro-
masPro 1.7.5 (Technelysium, Pty, Ltd.), and aligned with
previously published sequences using the MAFFT ver-
sion 7 online server using the Q-INS-i algorithm for
SSU sequences, L-INS-i algorithm for GP60 sequences,
and the FFT-NS-1 algorithm for COWP, TRAP-C1 and
HSP70 sequences (http://mafft.cbrc.jp/alignment/server/)
(Katoh and Standley, 2013). Alignment adjustments were
made manually to remove artificial gaps using BioEdit
7.0.5.3. Phylogenetic relationships of aligned sequences
was inferred using Neighbor-Joining (N]) methods (Saitou
and Nei, 1987) based on the Kimura 2-parameter (K2P)
distances model (Kimura, 1980) with pairwise dele-
tions. Phylogenetic analyses were performed using MEGA5
(Tamura et al., 2011). The reliability of branches in trees
was assessed using the bootstrap analysis with 1000 pseu-
doreplicates. Bootstrap values above 50% were reported.
Phylograms were constructed using MEGA5 and visually
edited for style using CorelDrawX5 (without changing
the tree topography). Sequences generated in this study
were deposited in GenBank under the accession numbers
KJ941130-KJ941151.

2.5. Statistical analyses

A two-sample z-test for proportions (independent
groups) was used to assess relationships between par-
asite detection (Cryptosporidium species/genotype or
microsporidia) and animal attributes (age, sex, and species)
or management practices. Odds ratios were used to
determine the significance of potential risk factor vari-
ables. The predictor variables were gender, age, housing,
and host species. These were considered separately, not
simultaneously. All computations were performed with R
2.15.1.

3. Results

A total of 343 individual fecal samples from 219 horses
and 124 donkeys on 18 and 15 farms, respectively, were
examined using molecular tools for the presence of Cryp-
tosporidium and microsporidia (Encephalitozoon spp. and
E. bieneusi) specific DNA (Table 1). No samples collected

from the ground were positive for Cryptosporidium or
microsporidia.

3.1. Cryptosporidium in horses and donkeys

Overall, Cryptosporidium was detected on 3 of 18 exam-
ined horse farms and on one farm in a rural area where
donkeys were kept. The prevalence of Cryptosporidium DNA
in fecal samples on all farms and the distribution by age cat-
egory and housing system is described in Table 2. Targeting
the SSU gene, Cryptosporidium was detected in five horses
(2.3%) and two donkeys (1.6%). Partial SSU sequences
shared 100% identity with sequences of the following
species in GenBank: 4x C. parvum (GenBank accession
number: AF093493), 1x C. muris TSO3 (EU245043) and
1x C muris RN66 (EU245045). Additionally, novel SSU
sequence from a horse (isolate 12328) shared 99.4% and
99.3% similarity, respectively, with Cryptosporidium homi-
nis and C. cuniculus (Table 1, Fig. 1A). Sequences of COWP,
TRAP-C1, and HSP70 genes from isolate 12328 shared 100%
identity with C. hominis (Fig. 1B-E). All C. parvum gp60
sequences were subtype A16G1R1 in the family Ila. The
C. hominis gp60 subtype, A15G1, belonged to a new sub-
type family, Ik, which clustered with the C. hominis monkey
genotype family Ii and C. cuniculus family Vb (Fig. 1D). All
genotypes are based on sequences from three independent
DNA extractions from positive samples. Cryptosporidium
prevalence did not vary significantly with age, sex, or farm-
ing practices of equines (all resulted in non-significant odds
ratios; P>0.05). There were no differences in Cryptosporid-
ium detection between horses and donkeys in rural areas.
No Cryptosporidium positive horses or donkeys showed
signs of diarrhea at the time of sampling.

3.2. Entrocytozoon bieneusi and Encephalitozoon
cuniculi in horses and donkeys

Nineteen (8.7%) of 219 horses were positive for
microsporidia. Of these, 15 (6.8%) were positive for E.
bieneusi and four (1.8%) were positive for Encephalito-
zoon spp. Two (1.6%) out of 124 donkeys were positive
either for E. bieneusi or Encephalitoozon spp. Sequence anal-
ysis of the ITS region of Encephalitozoon spp. revealed
the presence of three genotypes of E. cuniculi, I (n=2), I
(n=3), and IIl (n=1) (Table 1; GenBank accession num-
bers: KJ]941140-K]941142). All three E. cuniculi genotypes
were found in horses but only genotype II was found in
donkeys (Table 1). Genotypes of E. cuniculi are based on ITS
sequences from three independent DNA extractions from
positive samples.

Ten genotypes were identified from 17 E. bieneusi posi-
tive samples: eight in horses and two in donkeys (Table 1).
Genotypes are based on sequences from three independent
DNA extractions from positive samples. Sequencing was
not reproducible in the remaining seven E. bieneusi posi-
tive samples, so isolates from these samples are identified
only as E. bieneusi.

Horses were positive for E. bieneusi genotype horse 1,
horse 2, D and CZ3, previously found also in horses. In
addition, five horses and two donkeys were positive for E.
bieneusi (Table 1). The prevalence of microsporidial DNA in
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Fig. 1. Neighbor-joining trees depicting phylogenetic relationships among Cryptosporidium

spp. and genotypes, including those detected in present study

(highlighted), inferred from a partial fragment of (A) small subunit of ribosomal gene (743 base positions in the final dataset), (B) COWP (384 base positions

in the final dataset), (C) TRAP-C1 (523 base positions in the final dataset), (D) GP60 (859
positions in the final dataset) genes. The Kimura 2-parameter (K2P) model was used in all t

base positions in the final dataset) and (E) HSP70 (277 base
rees. The percentage of replicate trees in which the associated

taxa clustered together in the bootstrap test (1000 replicates). Numbers at the nodes represent bootstrap values for the nodes gaining more than 50%

support. Scale bar included in each tree.
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Table 2

Distribution of Cryptosporidium spp. and microsporidia in horses and donkeys by housing management, age and sex.

Animal Variable Cryptosporidium Microsporidia
n No. of positive animals (%) No. of positive animals (%)
Gender
Male 98 3(3.7) 8(8.2)
Female 121 2(1.7) 11(9.1)
Age
>3yr 147 2(1.4) 10(6.8)
Horses 6 mth-3yr 26 1(3.8) 2(7.7)
<6 mth 46 2(4.3) 7(15.2)
Housing
Commercial 149 3(2.0) 12(8.1)
Rural areas 70 2(2.9) 7(10.0)
Gender
Male 11 0(0.0) 0(0.0)
Female 113 2(1.8) 4(3.5)
Donkeys Age
>3yr 114 2(1.8) 4(3.5)
6mth-3yr 2 0(0.0) 0(0.0)
<6 mth 8 0 0

fecal samples on all farms and the distribution by age cate-
gory and housing systemis described in Table 2. Although E.
bieneusi was 2.5-times more likely to occur in horses than
donkeys, the difference was not statistically different. In
addition, the prevalence of microsporidial genera in horses
and donkeys showed no sex, age, or management depend-
ent association (all resulted in non-significant odds ratios;
P>0.05).

4. Discussion

The prevalence of Cryptosporidium and microsporidial in
horses and donkeys in Algeria was low in this study. Low
occurrence of microsporida is in agreement with previous
studies performed in Colombia and Czech Republic (Santin
et al., 2010; Wagnerova et al., 2012). The low prevalence
of Cryptosporidium is in agreement with most previous
studies (e.g. Cole et al., 1998; De Souza et al., 2009; Epe
et al., 2004; Laatamna et al., 2013; Majewska et al., 2004,
1999; Sturdee et al., 2003). In contrast, some studies have
reported prevalence rates between 10-31% (Caffara et al.,
2013; Grinberg et al., 2009; Netherwood et al., 1996; Xiao
and Herd, 1994). However, relative to cattle and pigs, where
prevalence often exceeds 50-60%, and cumulative preva-
lence approaches 100% (e.g. Sak et al., 2008; Santin et al.,
2008), horses are rarely infected with Cryptosporidium and
microsporidia. While most previous studies have shown a
higher prevalence of Cryptosporidium, primarily C. parvum,
in foals worldwide (see Burton et al., 2010), any variability
in presence of Cryptosporidium spp. between age categories
was not observed in this study. Similarly, this study found
that Cryptosporidium prevalence did not differ between
males and females. Santin et al. (2010) found a signifi-
cantly higher prevalence of E. bieneusi in horses younger
than 1 year of age; however, similar to Wagnerova et al.
(2012), any dependence of microsporidial presence on age
of equines was not detected in the present study. In addi-
tion, microsporidia prevalence did not differ between the
sexes in the present study, which is consistent with previ-
ous findings in horses (Santin et al., 2010).

Cryptosporidium parvum is the only Cryptosporidium
spp. reported to cause diarrheal disease in horses:
similar to cattle, disease is associated with younger animals
(Caffara et al., 2013; Grinberg et al., 2009; Perrucci et al.,
2011).None of the species identified in this study, including
C. parvum, was associated with diarrheal disease in horses
or donkeys. The association between microsporidia infec-
tion and diarrhea in horses remains unclear. No signs of
diarrhea were reported in microsporidia positive horses
in the present and previous studies (Santin et al., 2010;
Wagnerova et al., 2012). Microsporidia, primarily E. cuni-
culi, has been reported to cause reproductive problems
in horses, including placentitis, abortion, and stillbirth
(Patterson-Kane et al., 2003; van Rensburg et al., 1991).

This is the first report of C. muris DNA detected in horse
feces. Although this species has been found in wide spec-
trum of vertebrate hosts including mammals, birds, and
reptiles (Kvac et al., 2014), it is considered to be relatively
specific for some rodents and camels and its presence in
hosts such as pigs, snakes, and raptors is due to mechan-
ical transport (Kvac et al., 2012). By targeting DNA in the
present study, it was not possible to differentiate active
infections from passive carriage. Further research will be
required to determine the extent to which horses can be
actively infected with C. muris.

Cryptosporidium parvum belonging to gp60 family Ila,
subtypes A15G2R1 and A18G3R1, have been reported pre-
viously in horses (Diaz et al., 2012; Grinberg et al., 2008).
Cryptosporidium parvum isolates from horses and donkeys
in the present study were identified as [laA16G1R1 sub-
type at gp60 locus. Although this subtype is common in
domestic ruminants and humans worldwide (Herges et al.,
2012; Robertson et al., 2014), this is the first report on its
occurrence in horses and donkeys.

Considering the high specificity of C. hominis for
humans, detecting this species in horses (isolate 12328) in
the present study was unexpected. Based on SSU data, it is
possible that isolate 12328, which shares 99.4% similarity
with C. hominis and 99.3% similarity with C. cuniculus,
represents a distinct species/genotype. There is precedent
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for closely related Cryptosporidium SSU genotypes being
recognized as separate species: C. andersoni and C. muris
share 99.1% similarity, and C. bovis and C. xiaoi share 99.5%
similarity at the SSU locus. However, the findings that
isolate 12328 did not differ from C. hominis at the HSP70,
COWP, and TRAP-C1 loci supports the conclusion that
it is C. hominis. Other Cryptosporidium spp. varies intra-
specifically at the SSU locus, probably due to the presence
of divergent gene paralogs; for example, C. ubiquitum SSU
sequences share 96.3-99.8% similarity, although COWP,
HSP70, and actin sequences of this species are identical.
At the gp60 locus, isolate 12328 formed a novel subtype
family, Ik, which clustered with C. cuniculus family Vb and
C. hominis monkey genotype family Ii. Isolate 12328 could
represent a recently horse-adapted lineage of C. hominis
that has not yet diverged sufficiently to be recognized as
a separate species. It is worth noting that rabbit-adapted
C. cuniculus and human-adapted C. hominis are only
marginally more divergent at the HSP70 locus, and share
100% similarity at the COWP locus.

A phylogenetic analysis of all ITS sequences, performed
on a multiple alignment that included representatives
of E. bieneusi genotypes accessible in GenBank, revealed
occurrences of E. bieneusi genotypes previously reported
in horses (D, CZ3, Horse 1 and 2). With the exception
genotype horse 2, all genotypes detected in this study
belonged to group 1, which comprises numerous geno-
types from diverse hosts worldwide, including human and
non-human primates, and domestic, captive, and wild ani-
mals (Thellier and Breton, 2008). Genotypes horse 1 and
2 have been detected only in horses (Santin et al., 2006;
Wagnerova et al., 2012). In contrast, genotype CZ3 also has
been described from mice and humans in Germany and
Czech Republic, respectively, and genotype D, which is one
of the most widespread genotypes, has been reported in at
least 15 hosts, including human, gorilla, cynomolgus mon-
key, cattle, alpaca, domestic pig, wild boar, cat, fox, dog,
beaver, muskrat, raccoon, falcon, and pigeons worldwide
(Sak et al., 2011; Santin and Fayer, 2011).

Genotype horse 1 (detected in 6 horses) occurred more
frequently than genotype horse 2 (detected in 1 horse on
the same farm) in the present study. This is consistent with
the findings of a study of South American horses, where
genotypes horse 1 and horse 2 were found in 62% and
19% of horses, respectively (Santin et al., 2010). In contrast,
Wagnerovaetal.(2012) detected genotype horse 2 at twice
the frequency of genotype horse 1 in the Czech Republic.

Analysis of the ITS region of Encephalitozoon spp.
showed the presence of all three E. cuniculi genotypes in
horses; whereas only genotype Il was found in donkeys.
While E. cuniculi genotype I was found on suburban farms
focused exclusively on horse breeding, genotypes Il and III
were detected in rural areas. Wagnerova et al. (2012) also
found differences in the distribution of E. cuniculi genotypes
in horses: genotype | predominated in stabled horses and
genotype Il predominated in horses on pasture. Encephali-
zozoon cuniculi genotypes infect a wide range of mammals,
including rodents, rabbits, carnivores, swine, human and
nonhuman primates, and birds (Mathis et al., 2005); there-
fore, differences in genotype distribution may be associated
with different sources of infection.

5. Conclusion

The finding of C. hominis and C. muris in horses increases
the number of Cryptosporidium spp. reported in horses
from three to five. Although the relationship between
Cryptosporidium and microsporidia of horses and disease
remains unclear, this study has shown that horses and
donkeys have the potential to transmit human-pathogenic
parasites. However, given the low prevalence of all parasitic
taxa, this risk appears to be low.
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Abstract
The prevalence of Cryptosporidium and microsporidia in feral horses, which have minimal
contact with livestock and humans, is not currently known. We report the findings of a study on
Cryptosporidium and microsporidia in 34 Mustangs and 50 Chincoteague ponies in the USA.
Fecal samples were screened for presence of Cryptosporidium spp. by analysis of the small-
subunit rRNA (SSU) and 60-kDa glycoprotein (gp60) genes, and Enterocytozoon bieneusi and
Encephalitozoon spp. by analysis of the ribosomal internal transcribed spacer region (ITS).
Cryptosporidium spp. and E. bieneusi were detected in in 28/84 (33.3%) and 7/84 (8.3%)
samples, respectively. Sequence analysis of SSU and ITS revealed the presence of C. parvum
(n=20) and E. bieneusi genotype horse 1 (n=7), respectively. Subtyping of C. parvum isolates at
the gp60 locus showed the presence of subtype 11aA17G2R1 in Mustangs and subtypes
11aA13G2R1 and 11aA15G2R1 in Chincoteague ponies. Enterocytozoon bieneusi genotype horse
1 was detected in Mustangs (n=2) and Chincoteague ponies (n=5). No Cryptosporidium or E.
bieneusi positive animals had diarrhea. Feral Mustangs and Chincoteague ponies host the same
Cryptosporidium and microsporidia species found horses that are closely managed by humans.
Introduction

The extant horse species are Equus ferus caballus (domestic horse) and Equus ferus
przewalskii (Przewalski’s horse or wild horse). Most domestic horses are closely managed by
humans and are used for work and recreation, but some horses of domestic ancestry became feral
through escape and release from human settlements and they subsequently adopted behaviors

more similar to wild horses. These feral horses are minimally managed by humans.



Cryptosporidium parasitizes cells of the gastrointestinal epithelium, causing a diarrheal
disease that can be chronic and fatal in immunocompromised individuals. Cryptosporidium horse
genotype was originally identified in a Przewalski’s horse at a zoo in the Czech Republic (Ryan
et al., 2003) and subsequently in domestic horses in the Czech Republic (Wagnerova et al.,
2015), USA (Burton et al., 2010), and Italy (Caffara et al., 2013). Domestic horses also host C.
parvum, a major zoonotic species, and rarely C. hominis, C. muris, C. tyzzeri, C. erinacei, and C.
felis (Guo et al., 2014; Laatamna et al., 2013; 2015; Wagnerova et al., 2015). Although there
have been more than 30 reports worldwide describing the natural occurrence of Cryptosporidium
spp. in domestic horses (Burton et al., 2010; Imhasly et al., 2009; Laatamna et al., 2013;
Laatamna et al., 2015; Majewska et al., 2004; Majewska et al., 1999; Wagnerova et al., 2015;
Xiao and Herd, 1994), there is no record of the occurrence of this parasite in feral horses.

Microsporidia are obligate intracellular parasites that infect a wide range of invertebrate and
vertebrate hosts (Didier and Weiss, 2006). There are more than 1,200 microsporidian species and
several are important parasites of vertebrates, including Encephalitozoon hellem in birds, E.
intestinalis in humans, and the broadly-specific E. cuniculi and Enterocytozoon bieneusi (Caccio
and Pozio, 2001; Camero et al., 1999). Although microsporidia are known to cause abortion in
horses (Patterson-Kane et al., 2003; Szeredi et al., 2007; van Rensburg et al., 1991), there have
been few studies describing the prevalence of these parasites in horses (Laatamna et al., 2015;
Santin et al., 2010; Wagnerova et al., 2012; 2013).

The objective of this study was to determine the prevalence and diversity of Cryptosporidium
spp. and microsporidia in feral Mustangs and Chincoteague ponies the USA.

Material and methods

Origin of samples and sampling



The research was performed at two locations in the USA. Thirty-four Mustangs were sampled
from Oregon. Fifty Chincoteague ponies were sampled from Chincoteague National Wildlife
Refuge in Virginia.

Each fecal sample was collected from the ground after defecation, placed into a separate
plastic container, and transported to the laboratory for examination. The fecal consistency was
noted at the time of sampling.

Parasite genotyping

Total DNA was extracted from 0.2 g faecal samples by phenol-chloroform extraction and
purified using the Ql1Aamp DNA Stool Mini Kit (Qiagen, Valencia, CA, USA) as previously
described (Feltus et al., 2006; Peng et al., 2003).

Nested PCR protocols were used to amplify fragments of the Cryptosporidium small-subunit
(SSU) rRNA (Jiang et al., 2005) and 60-kDa glycoprotein (gp60) genes (Alves et al., 2003).
Only samples that were positive for SSU were screened for the gp60 gene. All samples were
analyzed in duplicate. A nested PCR protocol was used to amplify the internal transcribed spacer
(ITS) region of the rRNA gene of E. bieneusi, as previously described (Buckholt et al., 2002).
Negative (water instead of DNA) and positive (DNA of C. muris for SSU, C. hominis for gp60
and E. bieneusi genotype D for ITS) controls were used in each reaction.

PCR products were visualized following electrophoresis on a 2% agarose gel containing 0.2
g/ml ethidium bromide. Sequencing was performed on an ABI 3730XL sequence analyser
(Applied Biosystems, Foster City, CA, USA ). The sequences were assembled by using
ChromasPro 1.7.6. ( www.technelysium.com.au/ChromasPro.html), edited by using BioEdit 7.04
(www.mbio.ncsu.edu/BioEdit/bioedit.html), and aligned using MAFFT version 7

(http://mafft.cbrc.jp/alignment/server/) online server with automatic selection of alignment



mode. The optimal nucleotide substitution model was selected and phylogenetic trees were
inferred by the Neighbor-Joining (NJ) method using MEGAG (http://www.megasoftware.net/)
(Tamura et al., 2011). Bootstrap support for branching was based on 1000 replications.
Phylograms were edited for style using CorelDrawX7 (Corel Corporation, Ottawa, Ontario,
Canada). Sequences have been deposited in GenBank under the accession numbers KT148950-
KT148960.

Statistical analyses

We used the chi-squared test of independence to test relationship between the variables. In some
cases we used Generalized Fisher exact test due to small cell counts in analyzed contingency
tables. All computations were performed by programming environment R 3.0.2. (http://www.r-
project.org/).

Results

Seven out of eight-four (8.3%) samples from horses in Oregon and Virginia were positive for
E. bieneusi DNA, and isolates from five positive samples were successfully genotyped.
Phylogenetic analysis revealed the presence of E. bieneusi genotype horse 1 in all samples
(Table 1).

Twenty-eight out of eight-four (33.3%) samples were positive for Cryptosporidium spp. DNA
(Table 1), and isolates from 20 and 13 positive samples were successfully sequenced at the SSU
and gp60 genes, respectively. Phylogenetic analysis revealed the presence of three
Cryptosporidium parvum subtypes from the gp60 family Ila. Subtype 11aA17G2R1 was found in
Mustangs from Oregon, and subtypes 11aA13G2R1 and 1laA15G2R1 were found in

Chincoteague ponies (Figure 1). Cryptosporidium was detected in Chincoteague ponies more



frequently than Mustangs (p-value = 3.847x107). None of the positive horses showed signs of
diarrhea at the time of sampling.

Discussion

The present study is the first on Cryptosporidium and microsporidia in feral horses. North
American feral horses have a domesticated ancestry, but they behave like wild horses in that they
live in small bands and have minimal contact with humans. It was therefore unexpected to find
that feral Mustangs and Chincoteague ponies had a high prevalence of C. parvum, a zoonotic
pathogen of humans and neonatal ruminants. Previous studies on Cryptosporidium in
domesticated horses that are closely managed by humans have shown a prevalence of C. parvum
ranging from 1 to 24%. Although C. parvum has been reported in adult horses (Laatamna et al.,
2015; Majewska et al., 2004; Veronesi et al., 2010; Wagnerova et al., 2015), it most frequently
infects foals (Caffara et al., 2013; Grinberg et al., 2009; Perrucci et al., 2011; Veronesi et al.,
2010). The high prevalence in Chincoteague ponies could be explained by the limited area
occupied by the animals in Chincoteague National Wildlife Refuge, thereby increasing the
environmental burden and infection through contaminated water (Herges et al., 2012).

The C. parvum gp60 subtypes from Mustangs and Chincoteague ponies have previously been
found in humans and livestock worldwide (Caffara et al., 2013; Herges et al., 2012; Wielinga et
al., 2008; Xiao et al., 2007), but only 11aA15G2R1 has been reported previously in horses
(Wagnerova et al., 2015).

Although C. parvum is the only Cryptosporidium spp. reported to cause diarrheal disease in
horses (Caffara et al., 2013; Grinberg et al., 2009; Perrucci et al., 2011), fecal samples from
horses in the present study showed no signs of diarrhea, and the horses may be asymptomatic

carries of C. parvum infection (Laatamna et al., 2015; Wagnerova et al., 2015).



The absence of Encephalitozoon spp. from horses in the present study is in contrast to
previous studies on microsporidia in farmed horses (Laatamna et al., 2015; Wagnerova et al.,
2012). The prevalence of E. bieneusi in the present study, ranging from 5 to 11%, is similar to
the burden observed in horses that are closely managed by humans (Laatamna et al., 2015;
Wagnerova et al., 2012; 2013). The detection of E. bieneusi genotype horse 1 in both
Chincoteague ponies and Mustangs is consistent with reports on horses from Algeria, Colombia,
the Czech Republic, and Poland (Laatamna et al., 2015; Santin et al., 2010; Wagnerova et al.,
2012). Although E. bieneusi genotype horse 1 belongs to group 1 (zoonotic or those without host
specificity) on the basis of standardized nomenclature (Thellier and Breton, 2008), it has only
ever been detected in horses and therefore appears to be horse specific.

Conclusions

In conclusion, despite having minimal contact with humans, feral Mustangs and Chincoteague
ponies host Cryptosporidium and microsporidia species that are similar to those found in closely
managed horses and they could be a source of zoonotic disease.
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Table 1. List of Cryptosporidium and E. bieneusi positive specimens detected in the study in

feral horses and their species/subtype identity at the SSU, gp60, and ITS loci, respectively.

Breed 4 of # of positive

. ree 0 — - -
Location of horses Age horses Cryptosporidium E. bienusi

SSU GP60 ITS
Oregon Mustang A 34 3x C. parvum 3x 11laAl7G2R1 2x horse 1
17x C. parvum 2x 11aA13G2R1
Virginia Chincoteague A ol 7% Cryptosporidium sp. 8x 11aA15G2R1 5x horse 1
J 3 1x Cryptosporidium sp.

A — adult; J — foal (younger than 6 months)
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Figure 1. Neighbor-joining trees depicting phylogenetic relationships among subtypes of
Cryptosporidium spp. and genotypes, including those detected in present study (highlighted),
inferred from a partial fragment of GP60 gene (859 base positions in the final dataset). The
Kimura 2-parameter (K2P) model was used. The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (1000 replicates). Numbers at the nodes
represent bootstrap values for the nodes gaining more than 50%support. Scale bar included in

each tree.
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