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Abstrakt

Tato prace se zabyvala studii diverzity kryptosporidii u v zajeti chovanych ptaka
patticich do fadu papousci. Vzorky trusu byly testovany na pfitomnost kryptosporidii
pomoci mikroskopického vySetfeni a molekularnich metod, konkrétné sekvenovanim
Casti gent kodujicich malou podjednotku rRNA, aktin a HSP70. Kryptosporidové
infekce byly detekovany u 27 papouskid ze 402 studovanych. Nejcastéjsi
detekovanou kryptosporidii v této studii byl Cryptosporidium avian genotyp 11 (22),
dale pak C. baileyi (4) a C. avium (1). V experimentalnich podminkach jsme
prokazali, ze Cryptosporidium avian genotyp III je infekéni pro korely s délkou
prepatentni periody Sest dni (DPI), ale neinfekéni pro andulky vinkované, kutata
nebo SCID mysi. Experimentalné infikované korely byly infekéni po dobu trvani
studie (30 DPI) a vylucovaly oocysty 0 intenzité infekce v rozmezi od 4 000
do 30 000 oocyst na gram trusu (OPG). Piirozené infikovana korela, ktera byla
zdrojem oocyst pro ucely této studie, vyluCovala oocysty s intenzitou infekce
v rozmezi od 10 000 do 30 000 OPG po dobu vice nez péti mesict. Cryptosporidium
avian genotyp Il infikuje proventrikulus a ventrikulus svych ptacich hostiteld
a oocysty méii 7,4 x 5,8 um. U zadného z ptakt, ktery byl infikovan
Cryptosporidium avian genotypem Ill, nedoslo k rozvinuti klinickych ptiznaku
kryptosporidiézy. Genetickd a biologickd data ziskand v této praci prokdzala,
ze Cryptosporidium avian genotyp Il je odlisSny od ostatnich druhd rodu
Cryptosporidium a bylo navrZzeno uznat tuto kryptosporidii jako samostatny druh
a pojmenovat ji jako Cryptosporidium proventriculi.

Kli¢ova slova

Cryptosporidium avian genotyp III; experimentalni infekce; velikost oocyst; PCR;

prevalence; taxonomie



Abstract

The diversity of Cryptosporidium spp. in captive parrots were studied. Faecal
samples of pet birds from Psittaciformes were screened for the presence
of Cryptosporidium by microscopy and sequencing of the small-subunit rRNA, actin
and 70 kDa heat shock protein genes. Cryptosporidium infections were detected
in 27 of 402 Psittaciformes. Cryptosporidium avian genotype Il as the most
prevalent Cryptosporidium (22), while C. baileyi (4) and C. avium (1) were detected
in four, respectively two cases. Cryptosporidium avian genotype Ill was infectious
for cockatiels under experimental conditions, with prepatent period of six days post-
infection (DPI), but not for budgerigars, chickens or SCID mice. Experimentally
infected cockatiels remained infection for the duration of the study (30 DPI), with
an infection intensity ranging from 4,000 to 30,000 oocysts per gram (OPG).
Naturally infected cockatiels shed oocysts with an infection intensity ranging from
10,000 to 30,000 OPG. Cryptosporidium avian genotype Ill infects
the proventriculus and ventriculus, and oocysts measure 7.4x5.8 pum.
None of the birds, infected with Cryptosporidium avian genotype Ill, developed
clinical signs. Genetic and biological data support the establishment of avian
genotype 11 as separate species of the genus Cryptosporidium and we propose the

name Cryptosporidium proventriculi sp. n.
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Prevalence; Taxonomy



Obsah

(A 617 Y TR 9
2 Literarni prehled ... 10
2.1 RO CryptoSPOriaiUM .......ciiiieiieieiesie ettt 10
2.2 Historie kryptosporidii parazitujicich u ptakli..........ccccevvviiiiiiiiiiiniieenn, 10
2.3  Kryptosporidie a kryptosporididza ptakil...........ccevvvvieiiiieiiieeiiieesiie e 11
2.4  Druhy a genotypy kryptosporidii parazitujicich u papouskii ...........ccccc..ee.. 12
2.4.1  Cryptosporidium meleagridiS...........ccvvveriiiiiieeie i e 12
2.4.2  Cryptosporidium DAHEYI .........ccooveiiiiiiiiiiiccee e 13
2.4.3  Cryptosporidium galli.........cccooeiiiiiiiiiieeeee e 15
2.4.4  Cryptosporidium aVIUM.........ccoeieiiriiiisiseseeee e 16
2.4.5  Cryptosporidium PArVUM ........cccoererieninineseeeese et 16
2.4.6  Cryptosporidium avian genotyp I ........cccooviiiiiiinieneeeen 17
2.4.7  Cryptosporidium avian genotyp Hl.........ccccocooveiiiiiiieieeeceee e, 17
CHle ... 20
Material @ Metody ...........ccooiiiiiiiiiii e 21
4.1 MALETIAL .o e 21
4.1.1  BiologiCKe€ VZOTKY ..c.eovviiiiiiiiieiieiecce e 21
4.1.2  Oocysty pro experimentalni infekce .........ccocoovvniiiiiiniiie 21
4.1.3  Laboratorni zvitata a jejich ChOV.........c.ccooiiiiiiiniic 21
4.2 MELOAY ..ot 22
4.2.1  Zpracovani VZOTKD ......ccocovviriiiiiieiiii e 22
4.2.2  PUFIfIKACE OOCYSL....cuiiiiiiiicie et 22
4.2.3  Barveni oocyst KryptoSporidif........cccvrieiiiiiiiiiiiiiiieis e 24
4.2.4  Morfometrickd analyza 00CYSt........ocvrieiiiiiiiiiciiii e 26
4.2.5  Oveéfeni Zivotaschopnosti 00CYSt.......cuviveriiiiirierisie e 26
4.2.6  Design experimentalnich infekci ..........coooovviiiiiiiiiici 27
4.2.7  Hodnoceni intenzity infekce ..........ccocviieiiiiiiiiiiiics e 27
4.2.8  1Z012CE DNA Z TIUSU......ccviviiiiiiieiecieneee e 27
4.2.9  Polymerazova fetézova reakce (PCR).....cccooviviiiiiiiiiiii e 29
4.2.10 Gelova elektroforéza ..........ccoviiiiiiiiiiiiie e 29
4.2.11  1Z0IACE Z GEIU.....eieiieeie e 30
4.2.12  SEKVENOVANT ....cuviiiiiiiiieiie ettt 31
4.2.13 Fylogenetick€ analyzy..........ccccovvveriiiiiiiiiiic e 31



© 00 N O

4.2.14  HistologiCKe VYSEIENI.....cciiiiiiiiieiiiie e 32
4.2.15 Piiprava preparatt pro skenovaci elektronovou mikroskopii (SEM) .. 34

4.2.16  Statistick€ analyzy........cccceviiiiiiiiii 35
VYSICAKY ... 36
5.1  Vyskyt a diverzita kryptosporidii u papousSKa.........cccovvverviiiiiiiieniiienns 36
5.2  Biologické vlastnosti Cryptosporidium avian genotyp Il ...........ccccoereennes 41
5.2.1  MOIrfOMELriE O0CYSL......eeiveeiiiieieecie e 41
5.2.2  Pribch a intenzita iINfeKCe .......cevevvviiiiiiiiiii e 42
5.2.3  KHNicke priznaky .......cccoviiiiiiiiiiiiiiiiiie e 43
DISKUZE ... 45
ZLAVETY.......oiiiiiieeeee ettt 49
Pi‘ehled pouZité literatury a zdrojii............ccccoeoiiiiiiiniiie 50



1 Uvod

Rod Cryptosporidium je tvofen vyhradné parazitickymi druhy a genotypy, které
infikuji lidi a hospodaiska a voln¢€ zijici zvifata a vykazuji Sirokou Skalu biologické
rozmanitosti, zejména Vv lokalizaci infekce a hostitelské specifité. VétSina druht
a genotypu kryptosporidii je hostitelsky specificka, tedy infikuje pouze omezené
mnozstvi hostitelskych druhi. Onemocnénim, kryptosporidiézou, mohou byt
postizeny vSechny vékové kategorie, ale obecné jsou mladsi jedinci infikovani Castéji
nez dospéli. Klinické ptiznaky se lisi v zavislosti na ve€ku, zdravotnim stavu
infikovaného hostitele a genetickych predispozicich.

S intenzivnim vyzkumem doslo na konci 20. stoleti k vyraznému zvySeni poctu
prozkoumanych druhli a genotypi kryptosporidii, avSak u vétSiny chybi zakladni
informace o jejich biologii. S témito nedostatky se v§ak nepotykame jen u genotypd,
ale 1 u platné popsanych druhii (Holubova a kol. 2016).

Zatimco studiu kryptosporidii u savcii a ¢lovéka je vénovéana vétsi pozornost,
u ptaku a u ostatnich obratlovci tomu tak zdaleka neni. Za poslednich 50 let byly
popsany pouze 4 platné¢ druhy kryptosporidii, které jsou hostitelsky specifické pro
ptaky: Cryptosporidium meleagridis (Slavin 1955), Cryptosporidium baileyi (Current
a kol. 1986), Cryptosporidium galli (Pavlasek 1999) a Cryptosporidium avium
(Holubova a kol. 2016), pficemz je na zakladé molekularnich udajii a terénniho
vyzkumu zfejmé, ze ptaci jsou parazitovani velkym mnozstvim rdznych druhi
kryptosporidii.

Cryptosporidium avian genotyp III je kryptosporidie pfevazné parazitujici u ptaki
patiicich do tadu papousci (Psittaciformes). Piestoze tento genotyp patii mezi
Zalude¢ni druhy kryptosporidii, u nichZ jsou €asto popisovany klinické ptiznaky
onemocnéni, infekce zpuisobené timto genotypem se nikterak neprojevuji (Ravich
a kol. 2014).

Cilem nasi prace bylo zaméfit se na studium Cryptosporidium avian genotyp Il

a doplnit informace o tomto pta¢im genotypu.



2 Literarni prehled

2.1 Rod Cryptosporidium

Kryptosporidie, patfici do kmene Apicomplexa, infikuji gastrointestinalni epitel
vSech hlavnich skupin obratlovct (Kvac a kol. 2014a) a zptisobuji onemocnéni zvané
kryptosporididza, ktera mize byt chronicka, ale i zivot ohrozujici (Checkley a kol.

2015).

Taxonomické zafazeni rodu Cryptosporidium je kontroverzni po mnoho let,
s fadou taxonomickych revizi (O'Donoghue 1995; Slapeta 2013). Dlouho byly
kryptosporidie fazeny mezi kokcidie, kvili jejich morfologické podobnosti oocyst
a vyvojovému cyklu (Fayer a Xiao 2008). Diky molekularnim analyzam vsak bylo
prokazano, ze kryptosporidie jsou piibuzné s gregarinami (Carreno a kol. 1999). Rod
Cryptosporidium patii do kmene Apicomplexa, pro ktery je charakteristicka
pritomnost apikalniho komplexu, alespoit v nékterém vyvojovém stadiu v ramci
vyvojového cyklu. Vzhledem k tomu, ze kryptosporidie se fadi mezi gregariny,
muzeme ocekavat, Ze pocet druhli a genotypl bude znacné rust, jelikoz jsou

v

povazovany za nejrozmanitéj$i skupinu protozoi (Thompson a kol. 2016).

2.2 Historie kryptosporidii parazitujicich u ptaki

Jiz z pocatku 19. stoleti se datuje prvni zminka o kryptosporidiich. Roku 1986 byl
popsan zivotni cyklus Cryptosporidium baileyi u domacich kufat (Gallus gallus
f. domestica) (Current a kol. 1896). Vyznamnym milnikem je vS$ak az rok 1907, kdy
parazitolog a lékai Ernest Edward Tyzzer nalezl prvoka parazitujiciho v zZaludku
laboratorni mysi (Mus musculus) a pojmenoval ho Cryptosporidium muris (Tyzzer
1907). Vroce 1910 navrhl tento druh jako typovy druh nového rodu
Cryptosporidium (Tyzzer 1910). V roce 1912 stejny autor popsal dal$i druh
kryptosporidie infikujici tenké stfevo mysSi a nazval ho Cryptosporidium parvum
(Tyzzer 1912). Druhy datovany zaznam o kryptosporidiovych infekcich ptaka
pochazi z roku 1929, kdy Tyzzer popsal kryptosporidie u mladych kufat v epitelu
céka (Tyzzer 1929). Tyto kryptosporidie vSak nebyly uvedeny jako samostatny druh,
protoze piipominaly jiz dfive popsany druh C. muris (Tyzzer 1929). Az do roku 1954
nebyl pta¢im kryptosporidiim pfipisovan prakticky zadny lékatsky ¢i veterinarni

vyznam. V roce 1955 byl popsan prvni druh kryptosporidie parazitujici u ptaka,
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konkrétn¢ u kriat (Meleagris gallopavo) a byl pojmenovan Cryptosporidium
meleagridis (Slavin 1955). Treti platny ptaci druh kryptosporidii popsal o 44 let
pozdéji Pavlasek (1999) z proventrikulu kufat a nazval ji Cryptosporidium galli.
Vroce 2003 jeho studii revidoval Ryan a kol. (2003a). Prvni zminka
0 Cryptosporidium avian genotyp Il se objevila v roce 2010 ve studii z Japonska,
kdy byl tento parazit popsan u korely chocholaté (Nymphicus hollandicus), kterou
publikovali Abe a Makino (2010). O Sest let pozdé&ji ve své praci Holubova (2016)
doplnila informace o tomto genotypu a jmenovala ho plnohodnotnym druhem

s nazvem Cryptosporidium avium.

Existuje také mnoho genotypti rodu Cryptosporidium popsanych u ptaku, které
jsou mnohem mlads$i nez platné druhy tohoto parazita. V roce 2001 byl poprvé
identifikovan ptac¢i genotyp Cryptosporidium duck genotyp z trusu kachny
prouzkované (Anas superciliosa) (Morgan a kol. 2001). O dva roky pozdé&ji byl
u sluky lesni (Scolopax rusticola) zaznamenan vyskyt Cryptosporidium Woodcock
genotyp, ktery dodnes neni dobie prozkouman (Ryan a kol. 2003a). Pti dalS$im
intenzivnim vyzkumu kryptosporidii byly hned nasledujici rok nalezeny dalsi
genotypy, a to hned c¢tyii, Cryptosporidium goose genotyp I-1V, u volné Zijici husy
kanadské (Branta canadensis) (Jellison a kol. 2004; Zhou a kol. 2004). Ng a kol.
v roce 2006 identifikovali Cryptosporidium avian genotyp 1-VI (Ng a kol. 2006).
Cryptosporidium avian genotyp I byl detekovan u kanara divokého (Serinus canaria)
a Cryptosporidium avian genotyp IV u kruhooc¢ka japonského (Zosterops japonicus).
Mezi jedny z nejnovéji popsanych genotypu patii Cryptosporidium avian genotyp
VI, ktery byl poprvé popsan vroce 2016 u vlhovce Cervenoktidlého (Agelaius
phoeniceus) (Chelladurai a kol. 2016).

2.3 Kryptosporidie a kryptosporidiéza ptaku

Kryptosporidie jsou hlavni pfi¢inou protozoalnich infekci u ptakti (Nakamura
a Meireles 2015). Druhy a genotypy kryptosporidii infikuji Siroké spektrum ptakt
a lisi se velikosti oocyst a mistem infekce (McLauchlin a kol. 2000).
Kryptosporidioza se vyskytuje ve tfech hlavnich formach: respiracni, stfevni
a ledvinovd, a to s klinickymi nebo subklinickymi projevy (Santin 2013).
V dychacim aparatu byly podle studii nalezeny oocysty C. baileyi, v travicim traktu
zase oocysty druhu C. meleagridis, C. baileyi, C. galli a C. avium a ve vylu¢ovaci
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soustavé pouze druhy C. baileyi a C. avium (Current a kol. 1986; Holubova a kol.
2016; Slavin 1955; Pavlasek 1999). Ng a kol. (2006) uvedli ve své studii vyskyt
klinickych piiznak®, jako je prijem a anorexie, u ptakdl pochazejicich z Ceské

republiky. Tito ptaci byli pozitivni na vyskyt C. galli, C. baileyi a C. avium.

U papousku se kryptosporidiéza projevuje jako akutni nemoc traviciho
a respiratniho traktu. Kryptosporidie jako je C. galli zptsobuje chronické
onemocnéni proventrikulu, které mutze vést k smrtelnému stavu jedince. Klinicky
vyznam zalude¢ni kryptosporidiézy u papousku je stale malo pochopen a je spojen
s klinickymi a subklinickymi infekcemi (Makino a kol. 2010; Ravich a kol. 2014).
Navic infekce ptakt parazity rodu Cryptosporidium jsou ¢asto doprovazeny i dalSimi
infekcemi zptisobenymi jinymi parazitarnimi, bakteridlnimi nebo virovymi patogeny
(Ravich a kol. 2014). Citlivéjsi a specifické molekularni techniky se tak staly
nezbytnymi prostiedky pro diagnostiku zalude¢ni a stievni kryptosporidioézy u ptaka
(Ferrari a kol. 2018).

2.4 Druhy a genotypy kryptosporidii parazitujicich u papouski

Z celkového poctu ¢tyf druhtt a 16 genotypu kryptosporidii, které mizeme najit
u ptakt, byly u papouski detekovany druhy: Cryptosporidium meleagridis,
Cryptosporidium  baileyi, Cryptosporidium galli, Cryptosporidium avium,
Cryptosporidium parvum a dva genotypy: Cryptosporidium avian genotyp Il a IlI.

Témto kryptosporidiim se budu vénovat v nasledujicim textu.

2.4.1 Cryptosporidium meleagridis

Morfologie: Oocysty C. meleagridis méii 4,8 + 0,02 x 4,2 + 0,03 um (Sréter a kol.
2000) a jsou téméf k nerozeznani od oocyst druhu C. parvum (Slavin 1955). Oocysty
jsou sférické, nepravidelné sférické nebo lehce protahlé. Uvnité oocysty jsou
pfitomny Ctyfi sporozoity a zbytkové reziduum. Mikropyle neni pfitomno (Lindsay

a kol. 1989a).

Hostitelska specifita: Oocysty C. meleagridis izolované z kufat jsou infekéni
pro nékolik druhd savcd (Mammalia), véetné kralikd, mysi, potkanti a skotu
(Darabus 1997). Prirozena infekce C. meleagridis byla prokazéana u ptaka celedi
bazantoviti (Phasianidac) (Maca a Pavlasek 2015) a u ptadku fadu hrabavi

(Galliformes), meékkozobi (Columbiformes), papousci, pévci (Passeriformes)
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a vrubozobi (Anseriformes) (Abe a Iseki 2004; Darabus a Olariu 2003; Jellison a kol.
2004; Morgan a kol. 2000; O’Donoghue 1995; Sreter a Varga 2000). U ptaku
z Celedi bazantoviti byl tento druh kryptosporidie popsan u orebice rudé (Alectoris
rufa) (Maca a Pavlasek 2015). Pfiznaky kryptosporidioz u papouskt byly také
zaznamenany u agapornisi (Agapornis sp.), alexandrit malych (Psittacula krameri),
andulek vinkovanych (Melopsittacus undulatus) a korel chocholatych (Belton
a Powell 1987; Goodwin a Krabill 1989; Lindsay a kol. 1990; Morgan a kol. 2000).
Pavlasek (1994a) popsal piitomnost tohoto druhu u kakadu moluckého (Cacatua

moluccensis).

Lokalizace: Cryptosporidium meleagridis infikuje pfedevsim tenké stievo (Current
a kol. 1986; Pavlasek 1994b). Ovsem studie, ktera se zabyvala experimentalni
infekci C. meleagridis u kufat, prokazala infekci také vileu, céku, kolonu
a Fabriciové burze (Bermudez a kol. 1988; Current a kol. 1986; Lindsay a kol.
1989a).

Patogenita a klinické priznaky: Klinickd infekce je charakterizovdna sniZenym
ptirdstkem hmotnosti, prijmem a distenzi tenkého stieva plynem ¢&i hlenem
(Gharagozlou a kol. 2006; Goodwin 1988). U kufat infikovanych C. meleagridis
dochdzi ke zkraceni stfevnich klkii a zméné povrchové vrstvy slizni¢niho epitelu

(Akiyoshi a kol. 2003).

Zoonoticky potencial: Cryptosporidium meleagridis je tfeti nejcastéjsi patogenni
druh napadajici lidskou populaci v rozvojovych zemich (Cama a kol. 2008).
V zemich jako je napiiklad Peru a Thajsko je C. meleagridis zodpovédna za 10-20 %
kryptosporidiovych infekci u lidi (Chalmers a Giles 2010; Elwin a kol. 2012;
Insulander a kol. 2013; Xiao a Feng 2008). Rada studii ukazala, ze C. meleagridis
je vyznamnou pfi¢inou kryptosporididzy u imunokompetentnich
i imunokompromitovanych jedincti (Cama a kol. 2003; McLauchlin a kol. 2000;

Xiao a Feng 2008).

2.4.2 Cryptosporidium baileyi

Vyvojovy cyklus: Current a kol. (1986) ve své publikaci podrobné popsal vyvojovy
cyklus C. baileyi. V prvnich tfech dnech infekce se vyvojova stadia u kufat objevila
v oblasti mikrovild ilea a tlustého stfeva. UZ 4. den po infekci byla poprvé

detekovana infekce Fabriciovy burzy a kloaky. Pozorované oocysty byly bud
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tenkosténné nebo tlustosténné, kterych bylo vice (Current a kol. 1986). Béhem
12 hodin od podani infekce byli detekovani meronti prvniho typu s8 merozoity
a mefili 50 x 4,9 um. Meronti druhého typu se4 merozoity se vyvinuli
po 48 hodinach po infekci a métili 5,1 x 5,1 um. Za dalSich 24 hodin, respektive
72 hodin po podani infekce, byli detekovani meronti tfetiho typu s 8 merozoity
o rozmérech 5,2 x 5,1 pm. Mikrogamonti méfili 4,00 x 4,00 um a produkovali
ptiblizné 16 mikrogamet, z kterych vznikly makrogamety o rozmérech 4,7 x 4,7 um.
Tyto vzniklé makrogamety sporoluji v hostitelskych buiikkach a tvoii se z nich dva
typy oocyst. Odolnéjs$i oocysty jsou tvofeny silnou sténou (6,3 x 5,2 um) a jsou
vylu¢ovany trusem. Druhy typ oocyst ma tenkou sténu a dokaze praskat v téle

hostitele, kde pomoci svych sporozoiti napada dalsi enterocyty (Current a kol.
1986).

Morfologie: Zivotaschopné oocysty jsou vétsi neZ oocysty druhu C. meleagridis
amefi 6,3 X 5,2 um (Current a kol. 1986).

Hostitelska specifita: Pfirozend infekce byla popsana u mnoha druhli ptacich
hostitelti, mezi které patii bulbul (Pycnonotus spp.), holub domaci (Columba livia
f. domestica), chocholou$ obecny (Galerida cristata), jefab bélosiji (Grus vipio),
kachna divoka (Anas platyrhynchos), kardinal dominikansky (Paroaria dominicana),
kur domaci, kiepelka japonska (Coturnix coturnix japonica), majna obecna
(Acridotheres tristis), orebice ruda, pstros dvouprsty (Struthio camelus), ryzovnik
Sedy (Padda oryzivora), snovac jacksonuv (Ploceus jacksoni), straka americka (Pica
pica), safranka velka (Sicalis flaveola), timalie ¢inska (Leiothrix lutea) a zebiicka
pestra (Taeniopygia guttata) (Baroudi a kol. 2013; Li a kol. 2015; Maca a Pavlasek
2015; Nakamura a kol. 2009; Ng a kol. 2006; Qi a kol. 2011; Seva a kol. 2011,
Wang a kol. 2010, 2011, 2012, 2014b). Ryan a kol. (2003a) zaznamenali vyskyt
tohoto druhu u zastupct fadu papouskl a to u amazonana zelenolicého (Amazona

dufresniana) a alexandra malého.

Lokalizace: Cryptosporidium baileyi se vyviji hlavné v respira¢nim traktu (Current
a kol. 1986). Infekce postihuje spojivky, nosohltan, pridusnici, vzdusné vaky, tenké,
slepé a tlusté stievo, kloaku, Fabriciovu burzu, ledviny a mocovy aparat (Lindsay

a Blagburn 1990).
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Patogenita a klinické priznaky: U infikovanych brojlerovych kufat byl autory
popsan snizeny piirtistek hmotnosti, vétsi vyskyt infekci vzdusnych vakl a zvySena
mortalita (Goodwin a kol. 1996; Gorham a kol. 1987). Pficina vysoké morbidity
a mortality je spojovana hlavné s onemocnénim dychaciho aparatu (Lindsay

a Blackburn 1990).

2.4.3 Cryptosporidium galli

Vyvojovy cyklus: O vyvojovém cyklu tohoto druhu je zndmo velmi malo, byly
pozorovany pouze stadia trofozoitli a makrogamontt v proventrikulu (Fayer a Xiao
2008).

Morfologie: Oocysty tohoto druhu jsou elipsoidni, plné vysporulované, postradaji
sporocysty a méfi 8,3 x 6,3 um (8,0-8,5 x 6,2-6,4 um). Morfologicky jsou
si podobné s C. baileyi, ale jsou vétsi (Pavlasek 1999).

Hostitelska specifita: Ptirozena infekce byla zaznamenana u ptak fadu hrabavi,
papousci, pévci, plamenaci (Phoenicopteriformes) a zoborozci (Bucerotiformes).
Nejpocetngjsi skupinu tvoii pévei, mezi které patii: astrild rudokrky (Emblema
picta), brkoslav severni (Bombycilla garrulus), drozd rezavobtichy (Turdus
rufiventris), hyl kiiv¢i (Pinicola enucleator), kanar divoky, kardinal dominikansky,
knézik Sedobily (Sporophila schistacea), louska¢ mensi (Oryzoborus angolensis),
panenka hnédoprsa (Lonchura castaneothorax), pasovnik kratkoocasy (Peophila
cincta), saltator zelenoktidly (Saltator similis), stehlik obecny (Carduelis carduelis),
Safranka velka, timalie stfibroucha (Leiothrix argentauris) (Nakamura a kol. 2009;
Ng a kol. 2006; Pavlasek 1999, 2001; Qi a kol. 2011; Ryan a kol. 2003b; Seva a kol.
2011). Ng a kol. (2006) do hostitelské specifity C. galli priradili zastupce tadu
zoborozci a plamenaci, a to dvojzoborozce velkého (Buceros rhinoceres)
a plamenaka karibského (Phoenicopterus ruber ruber). Ptirozena infekce C. galli
byla prokazana také u ptdkll z fadu hrabavi a papousci: jefdbek lesni (Tetrastes
bonasia rupestris), kur domaci, tetfev hlusec (Tetrao urogallus), neoféma tyrkysova
(Neophema pulchella) a korela chocholata (Ng a kol. 2006; Ryan a kol. 2003b).

Lokalizace: Cryptosporidium galli vyhradné infikuje proventrikulus (Blagburn
a kol. 1990; Morgan a kol. 2001).

Patogenita a klinické priznaky: Druh C. galli je schopen infikovat mladé a dospélé

ptaky a zpisobit chronickou Zzaludeéni infekei (Silva a kol. 2010). Infekce zptisobené
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C. galli jsou subklinické nebo spojené s anorexii, ibytkem hmotnosti a chronickym

zvracenim (Makino a kol. 2010; Ravich a kol. 2014).

2.4.4 Cryptosporidium avium

Morfologie: Oocysty méii 6,26 x 4,86 um. Pomér délky k Sifce je 1,29 um a jsou
mensi nez oocysty C. baileyi (Holubova a kol. 2016).

Hostitelska specifita: Mezi piirozené hostitele patii agapornis rizohrdly (Agapornis
roseicollis), amazonan modroc¢ely (Amazona aestiva), kakadu inka (Lophochroa
leadbeateri), kakariki rudocely (Cyanoramphus novaezelandiae), korela chocholata
(Abe a Makino 2010; Curtiss a kol. 2015; Holubova a kol. 2016; Nakamura a kol.
2014; Qi a kol. 2011; Wang a kol. 2014; Zhang a kol. 2015). Experimentalnimi

i pfirozenymi hostiteli je kur domaci a andulka vinkovana (Holubova a kol. 2016).

Lokalizace: K mistim infekce patii ileum, cékum, ledviny, mocovod a kloaka

(Curtiss a kol. 2015; Holubova a kol. 2016).

Patogenita a klinické piiznaky: Pfirozené nebo experimentalné infikovani ptaci
nevykazuji zadné znamky kryptosporidiézy a ani u nich nejsou detekovany zadné
patologické zmény (Holubova a kol. 2016). Vyvojova stadia C. avium byla odhalena
v ileu a céku pomoci skenovaci elektronové mikroskopie. Nicméné Curtiss a kol.
(2015) popsal klinické ptiznaky zptisobené C. avium u sedmiletého kakadu inka.
U papouska se projevila letargie a anorexie a nasledné histopatologické vySetfeni
po jeho smrti prokdzalo chronicky zanét ledvin, mocovodu a kloaky. Pfitomnost

C. avium byla prokazana pomoci molekularnich metod (Curtiss a kol. 2015).

2.4.5 Cryptosporidium parvum

Tato kryptosporidie patii mezi nejrozSifengjsi kryptosporidie s nejnizsi
hostitelskou specifitou. Cryptosporidium parvum je infekéni zejména pro telata
do véku 8 tydnd (Langkjer a kol. 2007). Cryptosporidium parvum neni povazovano
za hlavni pfi¢inu onemocnéni u ptak, ale existuje mnoho zprav o detekci specifické
DNA ve vykalech asymptomatickych ptakt z nékolika fadi (Nakamura a kol. 2009;
Oliveira a kol. 2017; Reboredo-Fernandez a kol. 2015). Oocysty C. parvum byly
nalezeny v korele chocholaté, papousickach (Forpus sp.) a v alexandrovi malém
(Ferrari a kol. 2018; Nakamura a kol. 2009).
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2.4.6 Cryptosporidium avian genotyp 11

Morfologie: Oocysty tohoto genotypu méii 6,5 X 6,6 um a jsou proto vetSi nez
oocysty C. baileyi (6,4 x 4,8 um) (Ng a kol. 2006).

Hostitelska specifita: Tento genotyp kryptosporidie byl nalezen u alexandra velkého
(Psittacula eupatria), aratigy sluneéni (Aratinga solstitialis), eklektuse
riznobarevného (Eclectus roratus), kakadu rizového (Eolophus roseicapilla), korely
chocholaté a kakadu inka, papouska Alexandiina (Polytelis alexandrae) (Nakamura
a kol. 2009; Ng a kol. 2006; Nguyen a kol. 2013; Meireles a kol. 2006; Santos a kol.
2005; Seva a kol. 2011; Wang a kol. 2014).

Lokalizace: Cryptosporidium avian genotyp Il infikuje kloaku, rektum a Fabriciovu
burzu (Makino a kol. 2010; Nakamura a Meireles 2015).

Patogenita a klinické priznaky: Experimentalni infekci pStrosa dvouprstého byla
zjisténa piitomnost vyvojovych stadii Cryptosporidium avian genotypu Il v epitelu

kloaky a Fabriciovy burzy (Santos a kol. 2005).

2.4.7 Cryptosporidium avian genotyp 111

Morfologie: Priaméma velikost oocyst Cryptosporidium avian genotyp Il
je vrozmezi 7,5 x 6,0 um (Ng a kol. 2006).

Hostitelska specifita: Tato kryptosporidie se nejCastéji vyskytuje u zéastupcu tadu
papousci, ale byla detekovana i u ptakd patficich do tada pévei, Splhavci

(Piciformes), dlouhoktidli (Charadriiformes) a vrubozobi (tabulka 1).

Lokalizace: Molekularni a histopatologické vysledky prokazuji, Ze Cryptosporidium

avian genotyp III proliferuje v duktalnim epitelu proventrikularnich zlaz (Makino

a kol. 2010; Ravich a kol. 2014).

Patogenita a klinické priznaky: Ng a kol. (2006) nezaznamenal ve své studii
u australskych ptakt pozitivnich na Cryptosporidium avian genotyp III Zadné

klinické ptiznaky jako je prijem, dusnost, kasel nebo kychani (Makino a kol. 2010).
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Tabulka 1. Vyskyt Cryptosporidium avian genotyp III u ptakt patficich do rada

papousci

(Psittaciformes)?,

pévci

(Passeriformes)?,

Splhavci

(Piciformes)?,

dlouhokiidli (Charadriiformes)* a vrubozobi (Anseriformes)® popsany na zakladé

detekce specifické DNA v trusu.

Hostitel « Lokus « p?éet,
(védecké jméno) Zeme [GenBank ¢islo] Vysefr.en),'ch/ Reference
pozitivnich
~ v 1
Amazofan modrocely Brazilie SSU* NS/L  Nakamura a kol. (2014)
(Amazona aestiva)
Aymara pruhovany! s .
(Bolborhynchus lineola) Brazilie = SSU [MF462155] 34/1 Ferrari a kol. (2018)
Australie  SSU [DQ650343] NS/3  Ng a kol. (2006)
SSU [GQ227480]° 8/1 Nakamura a kol. (2014)
Bragli SSU [GQ227481] 64/1 Nakamura a kol. (2009)
razilic
SSU [GU074385-87] NS/3  Gomes a kol. (2012)
s .
Korela chocholats ) SSU [GQ227480] 70/9  Ferrari a kol. (2018)
(Nymphicus hollandicus) Cina SSU [HM116385] 39/2  Qiakol. (2011)
Indie SSU [KX668210] NS Nepublikovano
SSU [AB694729] ® 10/1  lijima a kol. (2018)
Japonsko  SSU [AB471645]
COWP [AB471653] 4/1 Abe a Makino (2010)
Aktin [AB471659]
~r w 9
Knezik Sedomodry Brazilic SSU* 10/1  Nakamura a kol. (2014)
(Sporophila caerulescens)
wrw -1
Papousicei Brazilie  SSU [MF462156]  78/12  Ferrari a kol. (2018)
(Forpus sp.)
Kakadu riZovy* o )
(Eolophus roseicapilla) Australie  Aktin [DQ650349] NS/1  Ng akol. (2006)
Kanar divoky? . SSuU* 498/12 Camargo a kol. (2018)
(Serinus canaria) Brazilie
SSU* 13/2 Nakamura a kol. (2014)
Agapornist Braziliec  SSU [GQ227480]% 14/3  Ferrari a kol. (2018)
(Agapornis sp.) USA SSU [KJ661334] 18/2  Ravich a kol. (2014)
Agapornis riizohlavy' SSU [identické s
(Agaponis lilianae) Japonsko AB694729] 5/1 lijima a kol. (2018)
Neoféma' . * :
Brazilie SSU 91/1 Ferrari a kol. (2018)
(Neophema sp.)
vy ¥ vz a1l
Papousicek Sedokridly Japonsko SSU[AB694729]°  3/1 lijimaakol. (2018)
(Forpus coelestis)
Brazilie  SSU [GQ227480] 14/1  Nakamura a kol. (2009)
Agapornis rizohrdly! SSU [AB471641] .
(Agapornis roseicollis) Japonsko Aktin [AB471655] 37113 Makino a kol. (2010)
SSU [AB694729] % 29/5  lijimaa kol. (2018)
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Tabulka 1. (pokracovani). Vyskyt Cryptosporidium avian genotyp III u ptaku

patiicich do Fadii papousci (Psittaciformes)®, pévci (Passeriformes)?, $plhavci

(Piciformes)?, dlouhokfidli (Charadriiformes)* a vrubozobi (Anseriformes)® popsany

na zakladé detekce specifické DNA v trusu.

Papousek zpévavy? s . :
(Psephotus haematonotus) Brazilie SsuU 21/1 Ferrari a kol. (2018)
Aratiga sluneéni! -
(Aratinga solsitials) Australie  SSU [DQ650342]  NS/1  Nga kol. (2006)
M1 2
Saltator zelenokridly Brazilie SSU* 152/1  Nakamura a kol. (2014)
(Saltator similis)
v % ]
Ryzovnik Sedy Brazilie  SSU [GU074384] NS/ Gomes a kol. (2012)
(Padda oryzivora)
Kraska ¢ervenozob4? “, .
(Urocissa enythrortyncha) Cina  SSU [HM116386] 11 Qiakol. (2011)
)
Strnadec ranni® Brazilie SSU* NS/1  Nakamura a kol. (2014)
(Zonotrichia capensis)
v 9
Knézik® Brazilic SSU* NS/L  Nakamuraa kol. (2014)
(Sporophila sp.)
. r3
Arassari zlaty” Brazilie  SSU [KU885389] 2/l Novaes a kol. (2018)
(Pteroglossus bailloni)
z3
Tukan bledohrdly Brazilic  SSU [KU885388] 412 Novaes a kol. (2018)
(Ramphastos tucanus)
r3
Tukan obrovsky Braziliec  SSU [KU885387]  28/5  Novaes a kol. (2018)
(Ramphastos toco)
Racek hnédohlavy a
chechtavy* . s Koompapong a kol.
(Chroisooephalus Thajsko  SSU [AB694729] 02 oo
brunnicephalus and ridibundus)
Vodni ptaci 5# Spanélsko SSU [KT880495-97]  265/4  Cano a kol. (2016)

NS nespecifikovano; * druh ptika nebyl uréen; * na zéklad& duplexni real-time PCR amplifikujici SSU

gen Cryptosporidium avian genotyp Ill; ® neuvedeno v GenBank, pouze uvedena 100% shoda se

sekvenci v databazi GenBank
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Cile

Pomoci molekularnich metod provést srovnani izolati ziskanych ze zajmové
chovanych papousktl v Ceské republice s izolaty ze svéta.

Popsat genetickou a biologickou charakteristiku Cryptosporidium avian genotyp
M.

Popsat prub¢h infekce Cryptosporidium avian genotyp III u vybranych hostiteld,
popsat lokalizaci vyvojového cyklu a patogenitu pro hostitele.

Popsat morfometrii oocyst.

Porovnat ziskané vysledky s publikovanymi tdaji.
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4 Material a metody

4.1 Material

4.1.1 Biologické vzorky

V letech 20162018 bylo vysetieno celkem 402 vzorkt trusu ptaki fadu papousci
pochézejicich z 9 chovii z Ceské republiky a 2 chovi ze Slovenska (tabulka P1
v piiloze). Kazdy vzorek byl odebran z podlozky ptaci klece, ihned po vykaleni
zvitete, a trus byl umistén do samostatnych plastovych mikrozkumavek bez
fixacniho prostiedku. Pfi odebirani vzorkli byla zaznamendna konzistence stolice
(fidka, pokud méla podobu nadoby a pevna, pokud byl zachovan ptivodni tvar).
Kazdému zviteti byl odebran vzorek trusu pouze jednou denn€. VSechna zvitata byla
vySetfena bez piedchozi znalosti jejich zdravotniho stavu. VSechny vzorky byly

skladovany pfi teploté¢ 4 °C, dokud nebyly pouzity k dalsi analyze.
4.1.2 Oocysty pro experimentalni infekce

Pro experimentalni infekce byly pouzity oocysty izolatu Cryptosporidium avian
genotyp I, ziskané ze &ty ptirozené infikovanych korel z Ceské republiky. Tyto
oocysty byly pouzity k infekci dospélé korely, ktera byla negativni na ptfitomnost
oocyst a specifické DNA Cryptosporidium spp.

4.1.3 Laboratorni zviFata a jejich chov

K experimentim byly pouzity andulky vinkované, korely chocholaté, kur domaci
a myS$i domaci. Kazda experimentalni skupina se skladala z péti zvifat. Dale byly tii
zvifata od kazdého hostitelského druhu pouzita jako negativni kontrolni skupina.
Tt1 tydny pied experimentalnimi infekcemi byla zvifata kazdy druhy den testovana
na piitomnost oocyst a specifické DNA Cryptosporidium spp., s vyjimkou kufat,
ktera byla lihnuta za kontrolovanych podminek v laboratofi. Andulky a korely,
negativni na piitomnost kryptosporidii, pochazely od chovateli z Ceské republiky
a SCID mysi byly zakoupeny (Charles River, Némecko). VSechna zvifata byla
krmena sterilizovanym krmivem a napajena sterilizovanou vodu ad libitum.
Osetrovatelé zvirat nosili jednorazové kombinézy, ochranné navleky na boty
a sterilni rukavice pokazdé, kdyz vstoupili do experimentdlni mistnosti. VeSkera

podestylka, vykaly a jednorazové ochranné odévy byly ulozeny do plastovych pytla
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a spaleny. VSechna zvifata byla umisténa ve zvéfinci Parazitologického tstavu BC

AV CR, v.v.i.

Jednodenni a dvaceti jednadenni kufata byla chovana v plastovych nadobach se
savou podlozkou. Nadoby umisténé ve zvétinci byly Cistény 1x denné. V prvnich
péti dnech byly pouzity lampy jako zdroj tepla. Laboratorni SCID mysi byly chovany
v plastovych chovnych nadobach (TOP-VELAZ, Praha, Ceskd republika)
s podestylkou z dievénych pilin. Dospélé andulky a korely byly chovany samostatné

Vv klecich. Podlozku tvofil papir pro snadnéjsi odebirani ¢erstvého trusu.

4.2 Metody
4.2.1 Zpracovani vzorki

U Cerstvé odebranych vzorkt ¢i vzorku skladovanych v dichromanu draselném,
byla nejprve provedena purifikace oocyst pro experimentalni infekce, dale specifické

barveni, morfologické analyzy a izolace DNA pro genotypizaci.

4.2.2 Purifikace oocyst

Vzorek trusu obsahujici oocysty kryptosporidii byl homogenizovan
Vv deionizované vod¢ ve tfeci misce a precistén na sachar6zovem gradientu. Sediment

obsahujici oocysty byl ndsledné precistén pomoci cesium chloridového gradientu.

Sacharézovy gradient (Arrowood a Stearling 1987)

Zasobni roztoky:

e Sheatertv cukerny roztok (deonizovana voda (dH20 259 ml, cukr 405 g)

e 1% PBS Tween (1% Tween 20 v PBS (dH20 1 I; NaCl 80g; KCI 2 g; Na2HPO4
(14,4 g) x 12 dH20; KH2P042,4 g)

e Pracovni Sheaterovy roztoky
1+2 (1 dil zasobni Sheatertv roztok + 2 dily PBS Tween)
1+4 (1 dil zasobni Sheatertv roztok + 4 dily PBS Tween)

Postup:

1. Trus byl zhomogenizovan ve tfeci misce a vznikla suspenze byla precedéna

ptes jemné (Cajové) sitko.
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2. Do 4 silnosténnych sklenénych centrifugac¢nich zkumavek o objemu 100 ml byl
pomoci pasteurovy pipety navrstven gradient:
1. vrstva: 30 ml Sheater 1+2
2. vrstva: 30 ml Sheater 1+4
3. vrstva: 15 ml vzorku trusu
3. Zkumavky byly vyvaZzeny a vlozeny do centrifugy na dobu 20 minut pii 4 °C
a 1370 g.
4. Horni zbarvena vrstva (cca 1/3) byla odsata a zbyly supernatant byl pfenesen
do nové Cisté zkumavky.
5. Zkumavky byly doplnény dH2O a centrifugovany pii 4 °C po dobu 20 minut
pti 1370 g.
6. Polovina objemu zkumavky byla odsata a vzorky byly doplnény dH20.
7. Vzorky byly opakované vlozeny do centrifugy po dobu 20 minut pfi 4 °C
a 1370 g.
8. Do cisté zkumavky byly pfeneseny sedimenty a nasledné uchovany pii 4 °C

v PBS.

Cesium chloridovy gradient (Arrowood a Donalson 1996)
Zasobni roztoky:

e Roztok cesium chloridu (1,15 g/ml)
e PBS (0,025 M; pH 7,2)

Postup:

1. Po pteciSténi oocyst na sachar6zovém gradientu byly oocysty centrifugovany
10 minut pti 1450 g a 4 °C.

2. Vznikly supernatant byl odebran a sediment obsahujici oocysty byl
resuspendovan v PBS.

3. Do cisté 2 ml mikrozkumavky bylo napipetovano 1 ml CsCl a navrstveno 0,5
ml roztoku oocyst v PBS.

4. Vzorek byl centrifugovan po dobu 3 minut pii 16 000 g a pii 20 °C.

5. Do ¢isté 50 ml centrifugacni zkumavky byl pfepipetovan supernatant a vznikly
sediment byl vyhozen.

6. Vzorek byl natedén dH20 a pii 4 °C byl centrifugovan 20 minut pii 1370 g.
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7. Ze zkumavky byl odsan supernatant na objem 5 ml.

8. Vzorek byl doplnén dH20, obsah byl zvortexovén a vlozen do centrifugy na 20
minut pii 20 °C a pii 1370 g.

9. K vymyti CsCl byl opakovéan 3—4x krok ¢. 8

10. Oocysty byly uchovany pti 4 °C v dH20.

4.2.3 Barveni oocyst kryptosporidii

Na podloznim skle byl proveden tenky natér trusu, zafixovan pomoci methanolu
a protazenim plamenem. Vzorky byly obarveny metodou anilin-karbol-methyl-
violeti (Milaéek a Vitovec 1985), metodou dle Ziehl-Neelsena (Henriksen at Pohlenz

1981) a byla provedena detekce pomoci protilatek.

Barveni oocyst kryptosporidii pomoci anilin-karbol-methyl-violeti dle Milacka
a Vitovce (1985)

Zasobni roztoky:

e Roztok methyl-violeti (methylviolet' 0,6 g; anilin 1 ml; fenol 1 g; alkohol 30 ml;
deonizovand voda 70 ml)
e 2% kyselina sirova

e Roztok tartrazinu (1% tartrazin v 1% kyseliné octové)
Postup:

1. Tenky natér trusu na podloznim sklicku byl fixovan methanolem a protaZzenim
plamenem.

Zchladly zaschly natér byl barven roztokem methylvioleti 30 minut.

Nater byl oplachnut pod tekouci vodou.

V 2% kyselin€ sirové byla provedena diferenciace po dobu 4 minut.

Natér byl oplachnut pod tekouci vodou.

Nater byl dobarven roztokem tartrazinu po dobu 5 minut.

Nater byl oplachnut pod tekouci vodou a nasledné ususen.

© N o g B~ WD

Po zaschnuti byl vzorek prohlizen mikroskopem pfi zvétSeni 1000x za pouZziti

imerzniho oleje.
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Barveni dle Ziehl-Neelsena v modifikaci dle Henriksena a Pohlenze (1981)
Zasobni roztoky:

e Roztok karbolfuchsinu (rozpusténé fenolové krystaly 2,5 ml; 100% ethanol
5 ml; praskovy basicky fuchsin 0,5 g, deionizovana voda 50 ml)

¢ 1% kysely alkohol (koncentrovana kyselina solna 1 ml; 70% ethanol 99 ml)

e 0,8% fast green zelen (svétla zelen — prasek light green 0,8 g; deionizovana
voda 100 ml)

Postup:

1. Do roztoku karbolfuchsinu byl vlozen zafixovany vzorek na 2-3 hodiny.

2. Vzorek byl oplachnut pod tekouci vodou.

3. V1% kyselém alkoholu bylo provedeno odbarveni, dokud nepfestala
Z nabarveného vzorku odtékat Cervena barva.

Vzorek byl oplachnut pod tekouci vodou.

Vzorek byl barven svétlou zeleni po dobu 1 minuty.

Vzorek byl oplachnut pod tekouci vodou a nasledné ususen.

N o g &~

Po zaschnuti byl vzorek prohlizen mikroskopem pii zvétSeni 1000 za pouziti

imerzniho oleje.

Znaceni oocyst kryptosporidii specifickymi protilatkami (FITC)

Pro detekci byl pouzit komer¢ni kit Crypto Cel (Cellabs Pty Ltb, Brookvale, NSW
2100 Australia).

Soucdasti kitu:

¢ Crypto Cel Reagent
e Positive Control Slide

e Mounting Fluid
Postup:

1. Pomoci metody cesium chloridového gradientu bylo ptecisténo 20 pl vzorku
a nasledné naneseno na podloZzni sklo.
2. Vzorek byl osusen pii laboratorni teploté.
3. Zaschly vzorek byl fixovan methanolem 5 minut a poté byl opét osusen.
4. Na fixovany vzorek bylo ptidano 25 ul Crypto Cel Reagent.
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5. Vzorek byl ponechéan ve vlhké komtirce po dobu 30 minut a inkubovéan ve tmé
pti 37 °C.

6. V roztoku PBS byl vzorek opatrné oplachovan po dobu 1 minuty.

7. Ke vzorku byla pfidana kapka Mounting Fluid a pfi pfiloZzeni kryciho skla
na vzorek byly odstranény bubliny.

8. Vzorek byl osusen.

9. Vzorky byly prohlizeny mikroskopem s UV lampou pii zvétSeni 1000x
za pouziti imerzniho oleje.

10. Vzorek byl uchovan ve tmé pti 2—8 °C po dobu 24 hodin.

4.2.4 Morfometricka analyza oocyst

Morfologie a morfometrie purifikovanych oocyst Cryptosporidium avian genotyp
Il byly zkoumany pomoci diferencialni interferen¢ni kontrastni mikroskopie (DIC),
barveni anilin-karbol-methyl violeti, barveni dle Ziehl-Neelsena (ZN; Henriksen
a Pohlenz 1981) a pomoci znaéeni oocyst kryptosporidii specifickymi protilatkami
(FITC). Pro morfologickou a morfometrickou analyzu byla pouzita digitalni analyza
obrazu (Olympus cellSens Entry 2.1, Olympus Corporation, Shinjuku, Tokio,
Japonsko) a Olympus Digital Color Camera DP73. U experimentaln¢ infikovanych
korel byla délka a Siika oocyst (n = 100) métena pomoci metody diferencialniho
interferenéniho kontrastu pti zvétSeni 1000x. Jako kontrola byly pouzity oocysty
C. baileyi (n = 100) a C. avium (n = 50) z experimentaln¢ infikovanych kufat

a andulek, méfené pomoci stejného mikroskopu.

4.2.5 Ovéreni zivotaschopnosti oocyst

Zivotaschopnost oocyst byla testovana s pouZitim barveni propidium jodidem (PI)
(Sauch a kol. 1991). Mrtvé oocysty pii excitaci svétlem o vinové délce 590 nm
emituji ¢ervenou fluorescenci.

Zasobni roztoky:
e Roztok propidium jodidu (1 mg Plv1ml 0,1 M PBS; pH 7,2)
Postup:
1. Ke 100 pl suspenze piecisténych oocyst bylo piidano 10 pl zasobniho roztoku
PI.
2. Smés byla promichana a 30 minut barvena ve tmé pfi laboratorni teploté.

3. Nasledné¢ byla centrifugovana 3 minuty pii 16 000 g, 20 °C.
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4. Oocysty byly promyty 2x v dHO.
5. Oocysty byly pozorované fluorescenénim mikroskopem s filtrem o vlnové

délce 590 nm a zvétsenim 1000x,

4.2.6 Design experimentalnich infekci

Od ptirozené infikovanych korel byl odebiran trus, ktery byl nasledné ptecistén na
cesium chloridovém gradientu pfes sitko o velikosti 40 um. Takto ziskana infek¢ni
davka byla podana experimentalnim zvifatim. VSechna laboratorni zvifata byla
infikovana pomoci jicni sondy izolatem Cryptosporidium avian genotyp Il v davce
1x10* oocyst/zvite v 200 pl dH20. Od viech nainfikovanych zvifat byl odebiran trus
do oznacenych mikrozkumavek po dobu 30 dni po infekci. Vzorky byly vySetieny
mikroskopicky pomoci barvici metody anilin-karbol-methyl violet. U vzorku byla
dale provedena izolace DNA a nasledna amplifikace genu SSU. Intenzita infekce

byla hlaSena jako pocet oocyst na gram stolice (OP G) stolice.

4.2.7 Hodnoceni intenzity infekce

U vzorku, které byly mikroskopicky pozitivni, byla odhadnuta intenzita infekce

a vyjadfena jako pocet oocyst na gram trusu (OPG) (Kvac a kol. 2007).

Postup:

Podlozni sklo bylo zvaZeno s piesnosti na 3 desetinnd mista.

Na pfedem zvazeném skle byl proveden natér trusu.

Sklo s natérem bylo znovu zvazeno S piesnosti na 3 desetinna mista.
Byla vypocitana hmotnost natéru.

Byly spocitany oocysty na skle.

© o k~ w N oE

Byl vypocitan pocet oocyst na 1 gram trusu.

4.2.8 l1zolace DNA z trusu

Izolace byla provedena pomoci komercéniho kitu Exgene Stool DNA mini

(GeneAll Biotechnology, Korea).
Soucasti kitu:
o FL pufr

e PB pufr
o NW pufr

27



e EzPass kolona
e Kolonatyp G
¢ 1,5 ml mikrocentrifugacni zkumavky

Postup:

1. Do mikrozkumavky (Safe-Lock-Tube) byl piidan vzorek trusu (200 mg),
sklenéné (0,5 mm) a zirkonové (1,0 mm) kuli¢ky, 1 ml FL pufru. Nasledné
byl vzorek homogenizovan vortexovanim a rozbijen 1 minutu pii rychlosti
5,5 m/s v pfistroji FastPrep®24 Instrument (MP Biomedicals).

2. Vzorky byly inkubovany 5 minut pii laboratorni teploté a centrifugovany
5 minut pti 16 000 g.

3. Supernatant byl pienesen na EzPass kolonku, centrifugovan 1 minutu
pti 16 000 g.

4. Ze sbérné zkumavky byl vylit odpad a na kolonku bylo napipetovano 100 pl
EB pufru. Vzorek byl ponechan inkubovat 1 minutu pii laboratorni teploté
a nasledn¢ centrifugovan 1 minutu pii 16 000 g.

5. Z mikrozkumavky (EzPass) byla vyhozena kolonka a do sbérné zkumavky
bylo pfipipetovano 500 pl PB pufru, pomoci pipety bylo provedeno
promichani a poté byl obsah pfenesen na MiniSpin column (zelena kolonka
se sbérnou zkumavkou).

6. Zelena kolonka byla centrifugovana 1 minutu pii 16 000 g a poté byl odstranén
filtrat ze sbérné zkumavky.

7. Na stfed EzPass kolonky bylo napipetovano 500 pl pufru NW a vloZeno
do centrifugy na 1 minutu pti 16 000 g.

8. Sbérné zkumavky byly vyhozeny a zelena kolonka byla pfenesena na ¢istou
mikrocentrifugacni zkumavku.

9. Na kolonku bylo napipetovano 200 pl EB pufru, ponechano inkubovat
1 minutu a centrifugovano 1 minutu pii 16 000 g.

10. Z mikrozkumavky byla odstranéna kolona a fitrat s vyizolovanou DNA byl

skladovéan v mrazicim boxu pfi teploté -20 °C.
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4.2.9 Polymerazova retézova reakce (PCR)

Pritomnost specifické DNA kryptosporidii byla detekovdna pomoci metody
nested PCR amplifikujici ¢ast genu kodujiciho malou podjednotku rRNA (SSU;
~830 bp; Jiang a kol. 2005; Xiao a kol. 1999), aktin (~1066 bp; Sulaiman a kol.
2002) a 70 kDa Heat Shock Protein (HSP70; ~1950 bp; Sulaiman a kol. 2000).

Primarni produkt PCR obsahoval z celkovych 50 pl reakéniho objemu: 2 ul
templatové DNA, 2,5 U Taq DNA polymerazy (Dream Taq Green DNA Polymerase,
Thermofisher Scientific, Waltham, MA, USA), 0,5x PCR buffer (SSU) nebo 1x PCR
buffer (aktin a HSP70; Thermofisher Scientific), 6 mM MgCl, (SSU) nebo 3 mM
MgCl (aktin a HSP70), 200 uM deoxyribonukleosidu trifosfat, 100 mM kazdého
primeru a 2 pL bovinniho sérového albuminu (BSA; 10 mg mlt; New England
Biolabs, Beverly, MA, USA). Pro amplifikaci sekundarniho PCR produktu bylo
slozeni reakéni smési podobné jako pro primarni PCR s tim rozdilem, ze zde byly
pouzity 2 ul primarniho produktu PCR, koncentrace MgCl, byla 3 mM a nebylo
pfidano BSA. Jako negativni kontrola byla pouzita PCR voda a jako pozitivni
kontrola byla pouzita DNA C. parvum.

4.2.10 Gelova elektroforéza

Vysledny sekundarni PCR produkt byl detekovan na 1% agarézovém gelu
s pfidavkem ethidium-bromidu (EtBr) a vizualizovan pomoci UV zéfeni (302 nm)
transiluminatorem (Ultra-Lum Inc, USA) a dokumentovan (High Performance UV

Transilluinator, Biotech, Ceska republika).

Zasobni roztoky:

e 50x TAE pufr (Tris baze 242 g; ledova kyselina octovéd 47,1 ml; 0,5 M EDTA
100 ml; pH 8,00)

e Agarosa (Biotech, Ceska republika)

e Ethidium bromid (Sigma Aldrich, St. Louis, MO, USA)

e 100 bp DNA Ladder (Fermentas International Inc., Kanada)

Postup:

1. Do forem byly pfipraveny hiebeny.
2. Byl pripraven 1% agar6zovy gel, v bance byla smichana agaréza s TAE

pufrem, a poté vloZena do mikrovlnné trouby.
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Barika byla ochlazena pod studenou tekouci vodou na teplotu pfiblizné 50 °C.

Do tekutého gelu v baiice byly napipetovany 2 ul ethidium bromidu.

Roztok byl v bance promichan a nalit do forem, kde byl ponechan ztuhnout.

Po ztuhnuti byly hiebeny vyndany a gel vlozen do elektroforetické vany s TAE
pufrem.

Do prvni jamky v gelu bylo napipetovano 10 pl ladderu, do dalSich 20 ul
naamplifikovaného produktu sekundarni PCR.

Elektroforéza byla spusténa pii napéti 90 V na dobu potiebnou pro separaci

fragmentu DNA (cca 50 minut).

. Vysledek elektroforézy byl vizualizovany pomoci UV transiluminatoru a byl

pofizen snimek vysledného gelu.

4.2.11 lzolace z gelu

Fragmenty DNA po elektroforetické separaci vhodné k osekvenovani byly

1.

vyizolovany pomoci Kitu Gen Elute (Sigma) podle doporuceni vyrobce.

Soucasti kitu:

Column Preparation solution
Gel Solubilization Solution
Woash Solution Concentrate G

Elution Solution

Postup:

Fragment DNA byl vyfiznut z gelu Cistym skalpelem a dan do pfipravené

eppendorfky.

. Do eppendorfky s fragmentem gelu bylo ptidano 500 ul Gel Solubilization

Solution.

Eppendorfka byla ponechdna v inkubatoru po dobu 10 minut pii 50 °C a kazdé
2-3 minuty byla provedena kontrola s promichanim gelu.

PCR voda na eluci byla vlozena do inkubatoru na teplotu 65 °C.

Na jiz sestavenou kolonu (Binding Column G) bylo napipetovano 500 pl
Column Preparation Solution a kolona byla vlozena do centrifugy na
1 minutu pti 16 000 g.

Ke wvzniklému zlutému roztoku bylo pfipipetovano 150 pl isopropanolu

a promichano.
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7. Na kolonu byl pfenesen veSkery objem vzorku pomoci pipety a kolona byla
centrifugovana po dobu 1 minuty pti 16 000 g.

8. Ze sbérné zkumavky byl vylit odpad a zkumavka byla opét pouzita s kolonou.

9. Na kolonu bylo pfipipetovano 700 pul Wash Solution G a centrifugovano
po dobu 1 minuty pti 16 000 g.

10. Ze sbérné zkumavky byl vylit odpad a zkumavka byla opét pouzita s kolonou.

11. Kolona byla centrifugovdna 1 minutu pii 16 000 g bez jakychkoli ptidavki
roztokd.

12. V centrifuze byla kolona oto¢ena o 180 ° a znovu centrifugovdna 3 minuty
pti 16 000 g.

13. Do 1,5 ml eppendorfky byla vloZzena kolona a provedena eluce napipetovanim
30 ul PCR vody ptedehtaté na 65 °C ptimo na stied kolony.

14. Eppendorfka byla inkubovdna 1 minutu pii laboratorni teplot¢ a poté

centrifugovana 1 minutu pii 16 000 g.

4.2.12 Sekvenovani

Sekundarni PCR produkty byly sekvenovany pomoci ABI BigDye Termitor
v 3.1 Cycle Sequencing Kit a sekvenatoru ABI123130 za pouziti sekundarnich

primert.
4.2.13 Fylogenetické analyzy

Analyza nukleotidovych sekvencich byla v této studii ziskana pomoci programu
Chromas Pro v 2.4.1 (Technelysium, Ptym Ltd, Jizni Brisbane, Australie). Ziskané
sekvence byly porovnany se sekvencemi ulozenymi v GenBank. Sekvence byly
porovnany pomoci MAFFT verze 7 s automatickym srovndvacim vybérem

(https://mafft.cbrc.jp/alignment/server/). Nejvhodn&jsi fylogeneticky model byl

vybréan v programu MEGA 7.

Metodou Maximum likelihood (ML) byly vypoéteny fylogenetické vztahy mezi
jednotlivymi druhy a genotypy kryptosporidii. Bootstrapovy konsenzus vysledného
stromu byl ziskan na zaklad¢ 1 000 opakovani. Fylogramy byly vytvofeny pomoci
programu MEGA7 a byly ruéné upraveny pomoci CorelDrawX7. Sekvence SSU,
aktinu a HSP70 ziskané v této studii byly ulozeny v GenBank pod pfistupovymi Cisly
MK311133-MK311180.

31


https://mafft.cbrc.jp/alignment/server/

4.2.14 Histologické vySetieni

Po wusmrceni experimentalnich zvifat (20 DPI) infikovanych izolatem
Cryptosporidium avian genotyp 11 jim byly odebrany vzorky vnitinich organa (jicen,
ventrikulus, proventrikulus, tenké a tlusné stievo). Na kazdy orgéan byla pouzita nova
sada pitevnich néstroji, aby nedoslo ke kontaminaci jednotlivych vzorkd. Vzorky
byly fixovany ve 4% roztoku formaldehydu. Zhotovené fezy (5 um) byly zpracovany
parafinovou metodou a tkan¢ nabarveny hematoxylin-eosinem, metodou PAS

a Wolbachovou modifikaci Giemsova barveni.
Zasobni roztoky:

e [. vzestupné alkoholovd odvodiiovaci fada (70% alkohol; 80% alkohol; 96%
alkohol; aceton; xylen 2x)

e Parafinova fada (4 nasledné roztoky parafinu, 1:3, 1:1, 3:1, 100% parafin)

e Alkoholova sestupnd fada, odparafinovaci fada (xylen; alkohol 96%, alkohol
80%:; alkohol 70%, deionizovana voda)

e II. Vzestupnd zavodnovaci fada (70% alkohol; 80% alkohol; 96% alkohol;
karboxylen; xylen)

e Kanadsky balzam
Postup:

1. U vzorku bylo provedeno odvodnovani I. vzestupnou alkoholovou fadou a po
60 minutach byl vyménén roztok.

2. V xylenu byly vzorky ponechény 90 minut.

3. Vzorky byly prosyceny parafinem (2—4 hodiny v parafinu I; 4-6 hodin
v parafinu 11; 8-12 hodin v parafinu I11, 8-12 hodin ve 100% parafinu)

4. Po zaliti vzorkl Cistym tekutym parafinem byly vytvofeny malé blocky.

5. Pomoci mikrotomu byly nakrdjeny 5 pm histologické fezy a ty pfeneseny na
podlozni skla, kde byly ponechany 24 hodin na plotné o teploté 42 °C.

6. Rezy byly odparafinovany v xylenu a sestupnou alkoholovou fadou vzdy po
5 minutach.

7. Vzorky bylo barveny ptisloSnym barvenim a poté pokracovalo odvodnovani II.
alkoholovou vzestupnou fadou vzdy po 5 minutach.

8. Preparaty byly zality do kanadského balzdmu a ususeny pfi teplote 42 °C.

9. Vzorky byly prohlizeny mikroskopem (Olympus 1X70) s vhodnym zvétSenim.
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Barveni hematoxylin-eosin

Zasobni roztoky:

e Roztok hematoxylinu (hematoxylin 0,5g, dH20 500 ml; siran hlinito-amonny
25 g; jodi¢nan sodny 0,1 g, kyselina octova 20 ml)
e Roztok eosinu (eosin 0,5 g; dH20 250 ml; kyselina octova 10 ml)

Postup:

1. Vzorky byly vloZeny na 10 minut do hematoxylinu.
2. Vzorky byly oplachovéany 10 minut pod tekouci vodou.
3. Vzorky byly barveny 5 minut v eosinu.

Barveni dle Wolbacha

Zasobni roztoky:

e Roztok Giemsa (zasobni roztok — 4 ml kalafuny do 100 ml 96% ethanolu;

pracovni roztok — 1 ml zasobniho roztoku do 100 ml 96% ethanolu)

e Roztoku kalafuny (zasobni roztok — 10 g kalafuny do 100 ml 96% ethanolu;
pracovni roztok — 1 ml zasobniho roztoku do 100 ml 96% ethanolu)

Postup:

1. Vzorky byly barveny roztokem Giemsa pies noc.

2. Vzorky byly oplachnuty deionizovanou vodou.

3. Vzorky byly oplachnuty 96% ethanolem.

4. Vzorky byly ponofeny do pracovniho diferencidlniho roztoku kalafuny na
nékolik sekund.

5. Vzorky byly oplachnuty 96% ethanolem a poté pokrac¢ovalo odvodiovani II.

alkoholovou vzestupnou fadou.

Barveni PAS
Zasobni roztoky:

e Schiffovo reagens (H20 100 ml; basicky fuchsin 1 g; 1N Kkyselina
chlorovodikova 10 ml; pyrosificitan draselny 1g; aktivni uhli 0,5 g)
e Sificita voda (1IN kyselina chlorovodikova 5 ml; pyrosific¢itan draselny 0,5 g;

dH20 100 ml)
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Postup:

[EEN

. Bylo provedeno odparafinovani fezi.

N

. Rezy byly vloZeny na 10 minut do roztoku kyseliny jodisté (0,8 g do 100 ml
dH:0).
3. Rezy byly oplachnuty pod tekouci vodou po dobu 10 minut.

IS

. Vzorky byly na 30 minut vlozeny do Schiffova reagens.

5. Vzorky byly ponofovany na 5 minut ve 2 laznich sifi¢ité vody a poté
oplachovany 15 min pod tekouci vodou.

6. Rezy byly na 1-2 minuty ponoteny do hematoxylinu.

7. Rezy byly oplachnuty v 96% alkoholu, butylalkoholu a xylenu.

4.2.15 Priprava preparati pro skenovaci elektronovou mikroskopii (SEM)

Zasobni roztoky:

3% glutaraldehyd

0,1 M fosfatovy pufr

2% oxid osmicely

Acetonova fada (25%, 75% a 100% roztok)

Postup:

1. Vzorky stievni sliznice byly fixovany pies noc pti 4 °C v 2,5% glutaraldehydu
ve fosfatovém pufru.

2. Vzorky byly promyty ve fosfatovém pufru 3x15 minut.

3. Po dobu 2 hodin byly vzorky fixovany ve 2% oxidu osmicelém ve fosfatovém
pufru.

4. Vzorky byly promyty 3x15 minut ve fosfatovém pufru.

5. U vzorki byla provedena dehydratace vzestupnou acetonovou fadou pomoci
metody kritického bodu (CPD). V tlakové komote byly vzorky, pomoci
kapalné¢ho COz vysuSeny.

6. Vysusené vzorky byly pomoci oboustranné lepici pasky nalepeny na hlinikovy
tercik a poté pozlaceny.

7. Nalepené vzorky byly prohliZzeny pomoci elektronového mikroskopu JOEL
JSM-7401F-FE SEM
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4.2.16 Statistické analyzy

Hypotéza testovana v analyze morfometrie oocyst byla takova, ze dvourozmérné
sttedni vektory méfeni jsou stejné ve dvou srovnavanych populacich. K testovani
nulové hypotézy byl pouzit test T2 Hotelling. VSechny analyzy byly provedeny v
programu R 3.5.0. (https://www.r-project.org/).
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5 Vysledky

5.1 Vyskyt a diverzita kryptosporidii u papouski

Celkem bylo vySetifeno 402 vzorku trusu pochazejicich od ptakia fadu papousci.
Pritomnost specifické DNA kryptosporidii byla pomoci PCR prokazana celkem
ve 27 (6,7 %) vzorcich. Pomoci mikroskopického vySetfeni vzorka trusu barvenych
anilin-karbol-methyl violeti byly oocysty kryptosporidii detekovany pouze
ve 13 (3,2 %) vzorcich trusu. VSechny mikroskopicky pozitivni vzorky byly také
molekularné pozitivni.

Z celkového poctu 27 pozitivnich vzorkd trusu jednotlivych ptakl jsme uspésné
ziskali 27 c¢astecnych sekvenci SSU, aktinu a HSP70 genu specifickych pro rod
Cryptosporidium (tabulka 2). Fylogenetické analyzy zalozené na sekvenci SSU
ziskanych v této praci a sekvencich ulozenych v GenBank prokdzaly pfitomnost
2 druht, C. avium a C. baileyi, a jednoho genotypu Cryptosporidium avian genotyp
I1l, ve vySetfovanych vzorcich (Obrazek 1-3). Nasledné analyzy sekvenci gent pro
aktin a HSP70 ukazaly shodné vysledky s analyzami (SSU) (tabulka 2). Zatimco
C. avium bylo detekovano pouze u jednoho papouska zchovu CZE/3,
Cryptosporidium baileyi bylo detekovano u ¢étyf papouskd pochazejicich za tii
raznych chovi CZE/1, CZE/5, CZE/7. V této studii byla vSak dominantni
kryptosporidii Cryptosporidium avian genotyp Ill. Tato kryptosporidie byla nalezena
v 8 chovech papouskt CZE/1, CZE/2, CZE/3, CZE/S, CZE/6, CZE/7, CZE/8; SK/2.

Z celkového poctu 4 ptakl pozitivnich na C. baileyi, pouze 1 (25 %) vylucoval
oocysty detekované mikroskopicky s intenzitou infekce méné nez 2 000 OPG.
Z 23 ptakl pozitivnich pro Cryptosporidium avian genotyp 11, 11 (48 %) vykazalo
mikroskopicky detekovatelné oocysty s intenzitou infekce v rozmezi od 2000 do
30 000 OPG.

Ptitomnost oocyst Cryptosporidium avian genotyp III byla prokazana u 15 korel
chocholatych, 3 papouskli konZskych, 3 agapornisii rizohrdlych a u andulky
vinkované, z nichz 12 korel chocholatych vykazovalo intenzitu infekce v rozmezi
2 000 do 30 000 OPG a agapornis razohrdly vylu¢oval oocysty v intenzité mensi
nez 4 000 OPG (tabulka 2).
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U zadného z pfirozené¢ infikovaného papouska nebyly v dobé odbéru trusu
pozorovany klinické ptiznaky kryptosporididzy, ani nebyly hlaSeny zadné klinické

zmény chovatelem. Zadny z monitorovanych ptakd nemél v dobé sledovéani prijem.

Tabulka 2. Druhy a genotypy kryptosporidii zjisténé v této studii vychazely
z amplifikace ribozomalni rRNA (SSU), aktinu 70 kDa HSP70 a mikroskopického
vySetfeni u ptaka z fadu papouskd (Psittaciformes) z Ceské republiky (CZE)
a ze Slovenska (SVK). Intenzita infekce Cryptosporidium spp. je vyjadiena jako

pocet oocyst na gram stolice (OPG).

Genotypizace

Hostitel Vlz(fcet, Y .:iD ich Zemé/¢islo Mlkro§lt<iop|§ Y Cryptosporidium spp.
(védecké jméno) vysetrenyc pozitivnic e pozitivni SSU
pozitivnich zvirat (OPG) AKT I’N HSP70
8/1 28471 CZE/3 Ne Avian 111 Avian 111
Andulka vinkovana - .
(Melopsittacus undulatus) 9/1 26150 CZE/1 Ne C. baileyi  C. baileyi
711 35382 CZE/5 Ne C. baileyi  C. baileyi
34758 Ano (2 000) Avian 111 Avian 111
18/3 23772 CZE/1 Ne Avian Il Avian Il
25137 Ano (2 000) C. baileyi  C. baileyi
6/1 35508 CZE/2 Ne Avian Il Avian Il
34306 Ne Avian 111 Avian 111
10/2 CZE/5 . .
34320 Ano (30 000) Avian 111 Avian 111
34759 Ano (2 000) Avian 111 Avian 111
6/2 CZE/6
35506 Ano (16 000) Auvian 111 Avian 111
Korela chocholata
(Nymphicus hollandicus) 14384 Ano (2 000) Auvian 111 Avian 111
14/3 14385 CZE/7 Ano (6 000) Avian Il Avian Il
17618 Ne C. baileyi  C. baileyi
34751 Ano (8 000) Avian 111 Avian 111
34331 Ano (6 000) Auvian 111 Avian 111
25/4 CZE/8
34749 Ne Avian 111 Avian 111
34750 Ano (4 000) Avian 111 Avian 111
34305 Ano (24 000) Auvian 111 Avian 111
20/2 SVK/2
36598 Ano (8 000) Auvian 111 Avian 111
Kakariki rudocely 4/1 19287 CZE/3 Ne C. avium C. avium
(Cyanoramphus novaezealandiae)
22127 Ne Avian 111 Avian 111
(PP?PO“hselk kOHIZ_S‘I<Y_) 2713 33626 CZE/8 Ne Avian Il Avian Il
oicephalus gulielmi
P g 25108 Ne Avian 111 Avian 111
o ) 6/1 26156 CZE/l Ne Avian lll Avian Ill
Agapornis riZohrdly 4 37339 CZEIT Ano (4000)  Avianlll  Avian Il
(Agapornis roseicollis) . .
6/1 37244 SVK/2 No Avian 111 Avian 111
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Obrazek 1. Fylogeneticky strom ukazujici vztahy mezi izolaty kryptosporidii
ziskanych v této bakalafské praci (zvyraznéno) a dalsimi druhy rodu
Cryptosporidium zkonstruovany na zakladé ¢asteénych sekvenci genu kodujiciho
malou podjednotku rRNA metodou maximalni pravdépodobnosti (ML)
a Tamura 3-parametrovym modelem v programu MEGA 7. Cisla u jednotlivych uzlt
udéavaji hodnotu bootstraptt ML vyssi nez 50 %. M¢ftitko délky vétvi je uvedeno

u stromu. Jako outgroup byla pouzita sekvence Plasmodium falciparum [JQ627151].

- C. meleagridis [AF112574]
@\ - C. parvum [AF093493]
N C. erinacei [KF612324]
= C. hominis [AF093492]
5_3{— C. ubiquitum [EU827424]
—{| "c. suis [AF108861]
C. apodemi [MG266033]
5‘{— C. canis [AF112576)
[ C. viatorum [JN846705]
C. ryanae [EU410344]
C. scrofarum [JX424840]
goose genotyp Il [AY504512]
goose genotyp | [AY120912]

C. avium [KU058876]
19287 ex Cyanoramph landi: C. avium

28471 ex Melopsittacus undulatus
84[ avian genotyp Il [DQ002931]
avian genotyp | [DQ650339]
C. baileyi [AF093495]
95| [ 26150 ex Melopsittacus undulatus
35382 ex Melopsittacus undulatus C. baileyi
17618 ex Nymphicus hollandicus
25137 ex Nymphicus hollandicus
50 — C. varani [EU553556]
C. felis [AF159113]
avian genotyp |V [DQ650344]
53 C. muris [AB089284]
Wﬂﬁs [AF151376]
C. fragile [EU162751]
— Eurasian woodcock genotyp [AY273769]
avian genotyp |1l [AB471645]
26156 ex Agapornis roseicollis
37244 ex Agapornis roseicollis

0.05

91

37339 ex Agapornis roseicollis

experimentalni infekce 34300 ex Nymphicus hollandicus

o8| | 14384 ex Nymphicus hollandicus
14385 ex Nymphicus hollandicus
23772 ex Nymphicus hollandicus
— 34305 ex Nymphicus hollandicus
34306 ex Nymphicus hollandicus
34320 ex Nymphicus hollandicus

Cryptosporidium

o3 34331 ex Nymphicus hollandicus avian genotyp IIl

34749 ex Nymphicus hollandicus
34750 ex Nymphicus hollandicus
34751 ex Nymphicus hollandicus
34758 ex Nymphicus hollandicus
34759 ex Nymphicus hollandicus
35506 ex Nymphicus hollandicus
35508 ex Nymphicus hollandicus
36598 ex Nymphicus hollandicus
22127 ex Poicephalus gulielmi

25108 ex Poicephalus gulielmi

33626 ex Poicephalus gulielmi
C. huwi [AY52477]
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Obrazek 2. Fylogeneticky strom ukazujici vztahy mezi izolaty kryptosporidii,
ziskanych v této bakalarské praci (zvyraznéno), a dalsimi druhy rodu
Cryptosporidium zkonstruovany na zakladé ¢asteénych sekvenci genu kodujiciho
aktin metodou maximalni pravdépodobnosti (ML) a general time reversible modelem
v programu MEGA 7. Cisla u jednotlivych uzli udavaji hodnotu bootstrapti ML
vys$si nez 50 %. Méftitko délky vétvi je uvedeno u stromu. Jako outgroup byla pouzita

sekvence Plasmodium falciparum [M22719].

92] C. erinacei [KF612326]

98} C. parvum [AF382338]

C. hominis [AF382337]

C. meleagridis [AF382351]

C. viatorum [JN846707]

C. macropodum [EU124664]
C. ubiquitum [GQ337961]

C. suis [AF382344]

C. apodemi [MG266041]

C. canis [AF382340]

goose genotyp | [AY120929]
C. ryanae [EU410345]

avian genotyp Il [DQ650347]

96| C. avium

19287 ex Cy ph landi C. avium
28471 ex Melopsittacus undulatus
—
0.05 83| - avian genotyp | [DQ650346]
C. baileyi [EU741853]
50 26150 ex Melopsittacus undulatus

9g] 35382 ex Melopsittacus undulatus C. baileyi
17618 ex Nymphicus hollandicus

251378 ex Nymphicus hollandicus

C. proliferans [KT731194]

C. muris [AF382350]

C. serpentis [AF382353]

C. galli [AY163901]

Eurasian woodcock genotyp [DQ650345]

avian genotyp Il [DQ650350]

26156 ex Agapornis roseicollis

66 | 137244 ex Agapornis roseicollis

37339 ex Agapornis roseicollis

experimentalni infekce 34300 ex Nymphicus hollandicus
% 14384 ex Nymphicus hollandicus

14385 ex Nymphicus hollandicus
— 23772 ex Nymphicus hollandicus
34305 ex Nymphicus hollandicus
34306 ex Nymphicus hollandicus
34320 ex Nymphicus hollandicus

G L Cryptosporidi
SRR G, avian genotyp llI

98|
34749 ex Nymphicus hollandicus

34750 ex Nymphicus hollandicus
34751 ex Nymphicus hollandicus
34758 ex Nymphicus hollandicus
34759 ex Nymphicus hollandicus
35506 ex Nymphicus hollandicus
35508 ex Nymphicus hollandicus
36598 ex Nymphicus hollandicus
22127 ex Poicephalus gulielmi

25108 ex Poicephalus gulielmi

33626 ex Poicephalus gulielmi

— C. huwi [AY524772]
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Obrazek 3. Fylogeneticky strom ukazujici vztahy mezi izolaty kryptosporidii,
ziskanych v této bakalarské praci (zvyraznéno), a dalsimi druhy rodu
Cryptosporidium zkonstruovany na zakladé ¢asteénych sekvenci genu kodujiciho
70 kDa Heat Shock Protein metodou maximalni pravdépodobnosti (ML)
a Tamura 3-parametrovym modelem v programu MEGA 7. Cisla u jednotlivych uzl
udéavaji hodnotu bootstrapti ML vyssi nez 50 %. M¢titko délky vétvi je uvedeno

u stromu. Jako outgroup byla pouzita sekvence Plasmodium falciparum
[NC 004328.2].

66] C. parvum [XM625373]
C. erinacei [KF612325]
C. tyzzeri [AF221530]
C. hominis [XM661662]
C. cuniculus [AY273775]
C. wrairi [AF221536]
C. meleagridis [AF221537]
C. ubiquitum [DQ898163]
C. suis [DQ898164]
_:— C. canis [EU754843]
o7 C. felis [KP642069]
— C. avium [KU058883]
il 19287 ex Cyanoramphus novaezealandiae C. avium
28471 ex Melopsittacus undulatus

C. baileyi [AF221539]

26150 ex Melopsittacus undulatus

961 35382 ex Melopsittacus undulatus C. baileyi
17618 ex Nymphicus hollandicus

25137 ex Nymphicus hollandicus

0,05 C. galli [AY168849]

971~ C. muris [AF221543]

'ﬁ[{C. andersoni [FJ463201]
C. serpentis [AF221541]

Eurasian woodcock genotyp [AY273773]
26156 ex Agapornis roseicollis
37339 ex Agapornis roseicollis
37339 ex Agapornis roseicollis
experimentalni infekce 34300 ex Nymphicus hollandicus
14384 ex Nymphicus hollandicus
14385 ex Nymphicus hollandicus
23772 ex Nymphicus hollandicus
34305 ex Nymphicus hollandicus
34306 ex Nymphicus hollandicus

©
E=11

34320 ex Nymphicus hollandicus

34331 ex Nymphicus hollandicus

94134749 ex Nympbhicus hollandicus o
Cryptosporidium

34750 ex Nymphicus hollandicus avian genotyp Il

34751 ex Nymphicus hollandicus

34758 ex Nymphicus hollandicus

34759 ex Nymphicus hollandicus

35506 ex Nymphicus hollandicus

35508 ex Nymphicus hollandicus

36598 ex Nymphicus hollandicus
22127 ex Poicephalus gulielmi

25108 ex Poicephalus gulielmi
33626 ex Poicephalus gulielmi

40



5.2 Biologické vlastnosti Cryptosporidium avian genotyp 111

5.2.1 Morfometrie oocyst

Oocysty Cryptosporidium avian genotyp Il jsou u hostitele vylu¢ovany zcela
vysporulované¢ a obsahuji 4 sporozoity a rezidualni télisko. Oocysty,
Cryptosporidium avian genotyp III vyloucené ptirozen¢ infikovanou korelou, méfily
6,70-8,40 um (* + SD = 7,35 £ 0,41 um) x 5,10-6,3 um (* + SD = 5,70 + 0,32
um) s pomérem mezi délkou a Sitkou 1,08-1,41 (* + SD = 1,23 £ 0,11) a byly
morfometricky shodné s oocystami ziskanymi z experimentalné infikovanych korel,
které métily 6,60-8,40 pm (* £ SD = 7,37 £ 0,44 um) x 5,00-6,40 um (* =+ SD =
5,80 + 0,35 um) s pom&rem mezi délkou a §itkou 1,06-1,43 (* + SD = 1,25 +0,10)
(Obrazek 4). Oocysty Cryptosporidium avian genotyp III jsou vétSi nez oocysty
C. avium a C. baileyi (P < 0,001) a nepatrné mensi nez oocysty C. galli. Morfologie

a morfometrie jinych vyvojovych stadii neni zndma.

Obrazek 4. Oocysty Cryptosporidium avian genotyp Ill zobrazené raznymi
barvicimi technikami: (A) diferencialni interferen¢ni kontrast; (B) anti-
Cryptosporidium FITC-konjugované protilatky; (C) barveni anilin-karbol-methyl
violeti; (D) barveni dle Ziehl-Neelsena. Méfitko 10 um.
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5.2.2 Prubéh a intenzita infekce

Ptirozen¢ infikované korely (€. 34305, 34320, 34751 a 35506) byly zdrojem
oocyst Cryptosporidium avian genotyp III pouzivanych pii pokusnych infekcich
(tabulka 2). Vylucovaly oocysty po dobu del$i nez pét mésici. Oocysty, u kterych
byla provedena metoda barveni pomoci propidium iodidu (PI), mély vice nez 90 %
zivotaschopnosti. Na zdkladé mikroskopického, histologického a molekularniho
vysetieni gastrointestinalniho traktu bylo zjisténo, ze SCID mysi, andulky vinkované
a kufata nejsou vnimavy k infekci Cryptosporidium avian genotyp Ill. Oocysty
Cryptosporidium avian genotyp Il byly infekéni pouze pro korely, u kterych byly
oocysty a specifickh DNA poprvé detekovany v Sesti dnech po infekci (DPI).
Po dobu trvani experimentu byla u vSech zvifat prokdzand ptitomnost specifické
DNA Cryptosporidium avian genotyp Il v trusu (obrazek 5). Oproti tomu pfitomnost
oocyst Vv trusu pomoci mikroskopického vysetieni byla intermitentni. Prepatentni
perioda u korely chocholaté byla 6 dnd (obrazek 5). Patentni perioda
u experimentalné infikovanych korel byla nejméné 30 DPI, u pfirozené infikovanych

korel vice nez 5 mésici. Nejvyssi intenzita infekce byla zaznamenana 20 DPI,

a to s hodnotou 60 000 OPG.
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Obrazek 5. Prubéh infekce Cryptosporidium avian genotyp III u korel chocholatych
(Nymphicus hollandicus). A) Intenzita infekce je vyjadiena jako pocet oocyst
na gram stolice (OPG) B) kazdodenni sbirani trusu zaloZzené na mikroskopickém
a molekularnim vysetieni; kazdy ¢tverec oznacuje detekci specifické DNA, Cerny

¢tverec oznacuje mikroskopickou detekci oocyst a Sedy obdélnik oznacuje usmrceni

a pitvu.
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5.2.3 Klinické priznaky

V pribéhu experimentu nebyly pozorovany zadné ptiznaky kryptosporidiové
infekce u zadné z korel. Taktéz nebyly u zvitete pitvaného 20 DPI pozorovany zadné
makroskopické zmény na vnitinich organech. Vyvojova stadia Cryptosporidium
avian genotyp Il nebyla detekovana pomoci histologickych metod. VySeteni
pomoci elektronové skenovaci mikroskopie prokazalo pfitomnost vyvojovych stadii
v proventrikulu a ventrikulu (obrazek 6). Histopatologické zmény Vv souvislosti

s infekci Cryptosporidium avian genotyp 1l nebyly pozorovany.
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Obrazek 6. Piitomnost vyvojovych stadii Cryptosporidium avian genotyp Il (hrot
sipky) v A) proventikulu a B) ventrikulu u experimentaln¢ infikované korely

chocholaté¢  (Nymphicus hollandicus) detekované elektronovym skenovacim

mikroskopem. Méfitko 10 um.
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6 Diskuze

Druhy a genotypy kryptosporidii infikuji Sirokou skdlu ptacich druhii (Ryan
2010). Obdobn¢ jako u sav¢ich kryptosporidii, také v rdmci ptacich druhti a genotypt
kryptosporidii byla zaznamenana variabilita v hostitelské specifit¢ (Nakamura
a Meireles 2015). Zatimco druhy C. meleagridis, C. galli a C. baileyi maji nizkou
hostitelskou specifitu a infikuji velké mnozstvi druhti ptakt napti¢ nékolika ptacimi
fady, napiiklad druh C. avium a vétSina ptacich genotypu, vcetné studovaného
Cryptosporidium avian genotyp III, vykazuji uzkou hostitelskou specifitu (Holubova
a kol. 2016; Nakamura a Meireles 2015).

Cryptosporidium avian genotyp III byl popsan u méné nez 30 riznych druht
ptakt patiicich do fadu papousci, pévci, Splhavci a vrubozobi. Nicméné tento
genotyp byl nejcastéji detekovan pravé u papousku (Cano a kol. 2016; Ferrari a kol.
2018; Koompapong a kol. 2014; Li a kol. 2015; Ravich a kol. 2014). Papousci jsou
vyjma Cryptosporidium avian genotyp III dale parazitovani i dal$imi druhy
a genotypy kryptosporidii (Abe a Makino 2010; Ferarri a kol. 2018; Nakamura
a Meireles 2015; Qi a kol. 2011).

V souladu s vysledky Ng a kol. (2006), Ferrari a kol. (2018) jsme prokazali,
ze Cryptosporidium avian genotyp III byl dominantni kryptosporidii parazitujici
uv zajeti chovanych papouskl sledovanych v této praci (22 z 27 pozitivnich).
Naopak Abe a Makino (2010), Nakamura a kol. (2009), Nakamura a kol. (2014)
uvadéji, ze vyskyt Cryptosporidium avian genotyp III u papouski je stejny jako
vyskyt ostatnich druhti kryptosporidii: C. meleagridis, C. baileyi a C. galli. V nami
provedené studii bylo C. baileyi detekovano jako druha nejéastéjsi kryptosporidie
u papouskl. Ve shodé¢ s publikovanymi udaji jsme detekovali nizky vyskyt druhu
C. avium, ktery je povazovan za hostitelsky specificky pro papousky (Abe a Makino
2010; Curtiss a kol. 2015; Holubova a kol. 2016; Nakamura a kol. 2014; Qi a kol.
2011; Zhang a kol. 2015). Na rozdil od praci Abe a Makino (2010), Ferrari a kol.
(2018) Nakamura a kol. (2014) Ng a kol. (2006) jsme v nasi studii nedetekovali dalsi
druhy (C. canis, C. galli, C. meleagridis a C. parvum) a genotypy (avian genotyp II)

kryptosporidii, které byly v minulosti u papouskt nalezeny.

V této praci jsme potvrdili, ze Cryptosporidium avian genotyp Il je parazit,

ktery primarné parazituje u zastupci fadu papousci. Dale jsme identifikovali
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papouska konzského a agapornise rizohrdlého jako nové hostitele Cryptosporidium
avian genotyp III, coz opét svéd¢i o adaptaci této kryptosporidie na zéastupce fadu

papousci.

Kryptosporidie mohou zpiisobovat prijmovd onemocnéni a ohrozit zdravi
a zivot hostitele (Cheun a kol. 2010; Khan a kol. 2017; Tzipori a kol. 1981a,b,c;
Vinayak a kol. 2016), nicmén¢ infekce vSech druhti a genotypl kryptosporidii
je spojovana s klinickymi piiznaky onemocnéni (Condlovéa a kol. 2018; Holubova
a kol. 2016; Hor¢ickova a kol. 2018; Jezkova a kol 2016; Kva¢ a kol. 2013).
Kryptosporididéza se u ptakli projevuje v rtiznych klinickych formach v zavislosti
na druhu kryptosporidie a na misté¢ infekce (Nakamura a Meireles 2015). Navzdory
pomérn¢ velkému poctu studii a popist nékolika genotypt Cryptosporidium spp.,
jsou znalosti o prib&hu kryptosporidiovych infekei u ptdki omezené (Nakamura

a Meireles 2015).

Nejlépe prostudovany druh kryptosporidie u ptaka je C. galli infikujici
proventrikulus svych hostiteltt (Antunes 2008; Blagburn a kol. 1990; Pavlasek 1999;
Ryan a kol. 2003b). Na rozdil od Zalude¢nich kryptosporidii, které infikuji savce
a nezpusobuji morbiditu a mortalitu, je C. galli spojen s klinickym onemocnénim
a vysokou mortalitou u ptaka (Blagburn a kol. 1987; Blagburn a kol. 1990; Morgan
a kol. 2001; Pavlasek 1999, 2001). PtestoZe, v souladu s praci Ng a kol. (2006), jsme
v této praci potvrdili, ze Cryptosporidium avian genotyp III nezptsobuje Zadné
klinické onemocnéni ¢i Umrtnost u pfirozen¢ nebo experimentalné infikovanych
ptaka, Ravich a kol. (2014) popsali kryptosporididozu u 31 ptaka s lokalizaci infekce
v proventrikulu a ventrikulu. Navic popsali, Ze kryptosporidie byly S nejvétsi
pravdépodobnosti pfi¢inou tmrti 10 z téchto ptadkd. Na druhou stranu Ravich a kol.
(2014) identifikovali Cryptosporidium avian genotyp IIl pouze u dvou ptakd,
u kterych byla provedena genotypizace, ale z prace neni zcela jasné, zda tito ptaci
patfili mezi téch 10 ptakd, ktefi uhynuli na kryptosporidiozu. Pfi¢ina smrti téchto
popsal u pfirozené infikovanych agapornisii rizohrdlych klinické zmény (ptivodce
kryptosporidiové infekce byl uréen). U 20 z 37 ptakd se objevily gastrointestinalni
pfiznaky onemocnéni, jako je chronické zvraceni, meléna a ubytek hmotnosti.
Radiografické vySetieni nasledné ukazalo rozSiteny isthmus a zesileni

proventrikuldrnich stén u 16 2z 20 symptomatickych ptaki. Nekropsie
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a histopatologické vySetfeni u tfi mrtvych ptdka ukazalo zvétSeni proventrikulu
a isthmu s hypertrofii sliznice pozorovanou v sagitalni roviné. U vSech tii
postizenych ptaki byla charakteristickd népadnd ztrdta hmotnosti se silné
atrofovanymi  hrudnimi svaly. Histopatologicky byla pozorovana rozsahla
hyperplazie duktdlniho epitelu proventrikularnich zlaz. Histopatologické zmény
popsané Makino a kol. (2010) jsou podobné tém, které uvedli Blagburn a kol. (1990)
a Morgan a kol. (2001) u australské amadiny diamantové (Stagonopleura guttata)
infikované C. galli. Na rozdil od téchto studii nebyly u nami experimentalné
infikovanych ptakG Cryptosporidium avian genotypem III zjistény zadné
histopatologické zmény. Tento rozdil 1ze vSak vysvétlit i délkou probihajici infekce.
Zatimco naSe experimenty trvaly po omezenou dobu 30 dnd, pfirozené infikovani
ptaci mohli byt infikovani i nékolik mésicu.

Prabéh infekce, veetné prepatentni a patentni periody je v soucasné dobé znam
pouze u Ctyi platnych ptacich druhti (Current a kol. 1986; Holubova a kol. 2016;
Ryan a kol. 2003b; Slavin 1955). Délka prepatentni periody Cryptosporidium avian
genotyp 111 (6 DPI) byla podobna druhtim C. meleagridis a C. baileyi, které infikuji
stievo (4-8 dnli; Hornok a kol. 1999; Lindsay a kol. 1988; Rhee a kol. 1991; Timova
a kol. 2002), a zarovent mnohem kratsi nez 25 dnti, kterou popsal Pavlasek (2001)

u kufat infikovanych C. galli.

Oocysty Cryptosporidium avian genotyp III jsou morfometricky identické
s témi, které popsali ve své studii Ng a kol. (2006). Ac¢koliv jsou mensi nez u C. galli
(Ryan a kol. 2003b) a Cryptosporidium woodcock genotyp (Ryan a kol. 2003a),
rozdil je =zanedbatelny a neni prakticky pouzitelny pro diferenciaci druht
pti mikroskopickém vySetfeni (Hor¢ickova a kol. 2018).  Pomoci fylogenetickych
analyz provedenych v této praci jsme prokazali, ze Cryptosporidium avian genotyp
III je geneticky odlisny od platnych druhd rodu Cryptosporidium. Cryptosporidium
avian genotyp III sdili 98,4% a 94,5% sekven¢ni identitu s Cryptosporidium
woodcock genotypem a s C. galli na SSU lokusu. Na lokus kodujici aktin
je sekvencni shoda s Cryptosporidium woodcock genotypem 98,9 % a s C. galli
96,9 %. Napriklad pro srovnani, sekven¢ni shoda SSU mezi C. muris a C. andersoni
je 99,3 % a mezi C. tyzzeri a C. parvum je 99.4 %. Tatéz shoda mezi C. muris
a C. andersoni je 96,6 % nebo mezi C. tyzzeri a C. parvum v sekvenci genu kodujci
aktin je 98,7 % (Jezkova a kol. 2016).
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Vysledky morfometrickych, genetickych a biologickych analyz provedenych
Vv této praci prokazaly, ze Cryptosporidium avian genotyp III je odlisny od ostatnich
druhti rodu Cryptosporidium. Na zakladé téchto zjisténi a v souladu s kritérii
Mezinarodniho kédu zoologické nomenklatury a S minimalnimi pozadavky pro popis
druhu v ramci rodu Cryptosporidium (Egyed a kol. 2003; Jirkt a kol. 2008; Xiao
a kol. 2004) jsme navrhli uznat tuto kryptosporidii jako samostatny druh

a pojmenovat ho Cryptosporidium proventriculi.

Publikace, vychazejici mimo jiné i z této prace, a v niz byl Cryptosporidium

avian genotyp III popséan jako samostatny druh, je pfilozena k této praci (ptiloha).
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7 Zavéry
e U papouskt jsme detekovali C. baileyi, C. avium a Crytosporidium avian

genotyp I11.
e Crytosporidium avian genotyp III byl dominantni kryptosporidii u papouska.

e Cryptosporidium avian genotyp III byl poprvé nalezen u papouska konzského

a agapornise rizohrdlého.

e Crytosporidium avian genotyp III byl infekéni pouze pro korely a neinfekéni

pro andulky vinkované, kura domaciho a SCID mysi.
¢ Crytosporidium avian genotyp Il infikuje proventrikulus a ventrikulus.

e Prepatentni a patentni perioda Crytosporidium avian genotyp |IlI
u experimentalné infikovanych korel chocholatych je 6, respektive 30 dnu.

Patentni perioda u pfirozen¢ infikovanych korel je delsi nez 5 mésict.

e Oocysty Cryptosporidium avian genotyp III jsou vétsi nez oocysty C. avium

a C. baileyi a nepatrné mensi nez C. galli.

e Cryptosporidium avian genotyp III Ize molekularné odlisit od ostatnich druhd
a genotypu rodu Cryptosporidium na genech kodujicich malou podjednotku
rRNA, aktin a 70 kDa Heat Shock Protein.

e Geneticka a biologicka data ziskana v této praci ukazala, ze Cryptosporidium
avian genotyp III je samostatnym druhem rodu Cryptosporidium a bylo

navrzeno jeho pfejmenovani na Cryptosporidium proventriculi.
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9 Piilohy
Tabulka P1. Cryptosporidium spp. u ptakt fadu papousci (Psittaciformes) v Ceské
republice (CZE) a na Slovensku (SVK) na zakladé PCR vySetfeni trusu.

Zem&/Sislo Hostitel Pocet ID pozitivnich
chovu (védecky nazev) vyse?r‘en),fch/ zvirat
pozitivnich
Agapornis ruzohrdly (Agapornis roseicollis) 6/1 26156
Amazoiian modroéely (Amazona aestiva) 2/0
Andulka vilnkovana (Melopsittacus undulatus) 9/1 26150
23772
CZE/1 . . .
Korela chocholata (Nymphicus hollandicus) 18/3 25137
34758
Papousek senegalsky (Poicephalus senegalus) 4/0
Papousek Sedy (Psittacus erithacus) 1/0
Amazonian modrocely (Amazona aestiva) 4/0
Andulka vinkovana (Melopsittacus undulatus) 7/0
CZE/] Ara ararauna (Ara ararauna) 2/0
Korela chocholata (Nymphicus hollandicus) 6/1 35508
Papousek senegalsky (Poicephalus senegalus) 3/0
Papousek Sedy (Psittacus erithacus) 2/0
Agapornis riZohrdly (Agapornis roseicollis) 3/0
Amazoiian modrodely (Amazona aestiva) 4/0
Andulka vinkovana (Melopsittacus undulatus) 8/1 28471
CZE/3 |Kakariki rudogely (Cyanoramphus al 19287
novaezealandiae)
Korela chocholata (Nymphicus hollandicus) 8/0
Papousek zpévavy (Psephotus haematonus) 5/0
Agapornis razohrdly (Agapornis roseicollis) 1/0
Andulka vlnkovana (Melopsittacus undulatus) 5/0
CZE/4 | Kakadu bily (Cacatua alba) 5/0
Korela chocholata (Nymphicus hollandicus) 5/0
Papousek senegalsky (Poicephalus senegalus) 2/0
Andulka vlnkovana (Melopsittacus undulatus) 7/1 35382
CZE5 | Korela chocholata (Nymphicus hollandicus) 10/2 gjggg
Agapornis riZzohrdly (Agapornis roseicollis) 2/0
Amazonian modrocely (Amazona aestiva) 1/0
Andulka vlnkovana (Melopsittacus undulatus) 6/0
CZE/6 | Korela chocholata (Nymphicus hollandicus) 612 3‘5‘232
Papousek senegalsky (Poicephalus senegalus) 2/0
Papousek Sedy (Psittacus erithacus) 2/0
Agapornis ruzohrdly (Agapornis roseicollis) 4/1 37339
Agapornis $kraboskovy (Agapornis personatus) 3/0
Amazoiian modrodely (Amazona aestiva) 4/0
Andulka vinkovana (Melopsittacus undulatus) 4/0
CZE/7 14384
Korela chocholata (Nymphicus hollandicus) 14/3 14385
17618
Papousek senegalsky (Poicephalus senegalus) 2/0
Papousek Sedy (Psittacus erithacus) 3/0
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Tabulka P1 pokracovani. Cryptosporidium spp. u ptakd fadu papousci
(Psittaciformes) v Ceské republice (CZE) a na Slovensku (SVK) na zikladé PCR

vySetteni trusu.

Zem&/Sislo Hostitel Podet 1y ozitivnich
« , vySetienych/ "\
chovu (védecky nazev) pozitivnich zvirat
Agapornis ruzohrdly (Agapornis roseicollis) 3/0
Agapornis $krabo$kovy (Agapornis personatus) 5/0
Alexandr maly (Psittacula krameri) 4/0
Amazonan modrocely (Amazona aestiva) 5/0
Andulka vinkovana (Melopsittacus undulatus) 8/0
Ara ararauna (Ara ararauna) 4/0
Kakadu bily (Cacatua alba) 4/0
Kakadu riZovy (Eolophus roseicapilla) 5/0
CZE/8 Kakariki rudodely (Cyanoramphus novaezealandiae) 2/0
34331
Korela chocholata (Nymphicus hollandicus) 25/4 34749
34750
34751
22127
Papousek konZsky (Poicephalus gulielmi) 2713 25108
33626
Papousek senegalsky (Poicephalus senegalus) 5/0
Papousek Sedy (Psittacus erithacus) 4/0
Alexandr maly (Psittacula krameri) 2/0
Amazonan modrocely (Amazona aestiva) 2/0
Andulka vinkovana (Melopsittacus undulatus) 7/0
Kakadu bily (Cacatua alba) 3/0
CZE/9 | Kakariki rudocely (Cyanoramphus novaezealandiae) 2/0
Korela chocholata (Nymphicus hollandicus) 7/0
Papousek senegalsky (Poicephalus senegalus) 4/0
Papousek Sedy (Psittacus erithacus) 4/0
Papousek zpévavy (Psephotus haematonus) 6/0
Agapornis razohrdly (Agapornis roseicollis) 6/0
Amazonan modrocely (Amazona aestiva) 3/0
Andulka vinkovana (Melopsittacus undulatus) 10/0
SVKI/1 - - -
Korela chocholata (Nymphicus hollandicus) 5/0
Papousek senegalsky (Poicephalus senegalus) 5/0
Papousek Sedy (Psittacus erithacus) 4/0
Agapornis ruzohrdly (Agapornis roseicollis) 6/1 37244
Amazonan modrocely (Amazona aestiva) 2/0
Andulka vinkovana (Melopsittacus undulatus) 7/0
Kakadu bily (Cacatua alba) 3/0
SVK/2 | Kakadu rizovy (Eolophus roseicapilla) 2/0
Korela chocholata (Nymphicus hollandicus) 20/2 34305
36598
Papousek senegalsky (Poicephalus senegalus) 3/0
Papousek Sedy (Psittacus erithacus) 4/0
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Abstract

Cryptosporidiosis is a common parasitic infection in birds that is caused by more than 25 Cryptosporidium species and
genotypes. Many of the genotypes that cause avian cryptosporidiosis are poorly characterized. The genetic and biological char-
acteristics of avian genotype III are described here and these data support the establishment of a new species, Cryptosporidium
proventriculi. Faecal samples from the orders Passeriformes and Psittaciformes were screened for the presence of Cryptosporid-
ium by microscopy and sequencing, and infections were detected in 10 of 98 Passeriformes and in 27 of 402 Psittaciformes.
Cryptosporidium baileyi was detected in both orders. Cryptosporidium galli and avian genotype I were found in Passeriformes,
and C. avium and C. proventriculi were found in Psittaciformes. Cryptosporidium proventriculi was infectious for cockatiels
under experimental conditions, with a prepatent period of six days post-infection (DPI), but not for budgerigars, chickens or
SCID mice. Experimentally infected cockatiels shed oocysts more than 30 DPI, with an infection intensity ranging from 4,000
to 60,000 oocysts per gram (OPG). Naturally infected cockatiels shed oocysts with an infection intensity ranging from 2,000
to 30,000 OPG. Cryptosporidium proventriculi infects the proventriculus and ventriculus, and oocysts measure 7.4 x 5.8 wm.
None of the birds infected C. proventriculi developed clinical signs.

© 2019 Elsevier GmbH. All rights reserved.

Keywords: Cryptosporidium avian genotype I1I; Experimental infections; Oocyst size; PCR; Prevalence; Taxonomy

Introduction

Cryptosporidium parasites belong to the phylum Apicom-

*Corresponding author at: Institute of Parasitology, Biology Centre of the plexa and infect the gastrointestinal tract of a broad range of
Academy of Sciences of the Czech Republic, v.v.i Ceské Bud&jovice, Czech vertebrate species (Smith et al. 2007; Sreter and Varga 2000).
Republic. Currently, 41 species of Cryptosporidium are recognized in
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fish, amphibians, reptiles, birds, and mammals (Kvac et al.
2014; Liuetal. 2013; Qietal. 2011). In contrast, more than 70
genotypes have been described that await the morphological
and biological characterization necessary to describe them
as separate species (Chalmers et al. 2018; Ryan et al. 2014,
Xiao et al. 1999; Xiao and Ryan 2004).

To date, four avian Cryptosporidium spp. have been
described in birds: Cryptosporidium meleagridis (Slavin
1955), Cryptosporidium baileyi (Current et al. 1986), Cryp-
tosporidium galli (Ryan et al. 2003b) and Cryptosporidium
avium (Holubova et al. 2016). In addition, 21 Cryptosporid-
ium genotypes have been identified in more than 30 avian
species worldwide (Ryan 2010), and these appear to be
avian specific. They include avian genotypes I-I'V and VI-IX
(Helmy et al. 2017), goose genotypes I-IV (Zhou et al. 2004)
and Id (Cano et al. 2016), duck genotypes I and II (Jellison
et al. 2004; Morgan et al. 2001; Zhou et al. 2004) and duck
genotype b (Cano et al. 2016), Eurasian Woodcock genotype
(Ryan et al. 2003a), Finch genotypes I-III (Morgan et al.
2000) and YS-2017 genotype from owls (Makino et al. 2018).
Mammal-specific Cryptosporidium spp., including C. ander-
soni, C. hominis, C. muris, C. parvum, C. canis, have been
reported rarely in birds (Ferrari et al. 2018; Helmy et al. 2017;
Nakamura et al. 2009; Ng et al. 2006; Oliveira et al. 2017;
Qi et al. 2014; Santin et al. 2004).

Cryptosporidium meleagridis, C. baileyi and C. galli infect
the intestine, lungs, and proventriculus, respectively, and have
been found in several avian orders, suggesting low host speci-
ficity in avian hosts (Baroudi et al. 2013; Jellison et al. 2004;
Liet al. 2015; Ng et al. 2006; Wang et al. 2014). In contrast,
C. avium, which is closely related to C. baileyi and infects the
same site, appears to be restricted to hosts in the order Psittaci-
formes (Holubova et al. 2016; Slavin 1955). Most avian
Cryptosporidium genotypes have been detected in a small
number of avian hosts, but the data are insufficient to support
the conclusion that they have a narrow host range, similar to
C. avium (Nakamura and Meireles 2015). The present study
aimed to address this deficiency for Cryptosporidium avian
genotype III, which infects the proventriculus and ventriculus
of birds belonging to five orders of class Aves (Table 1). We
use experimental infections to confirm that avian genotype
IIT has a different host range than C. galli, and we also show
that it differs from C. galli in other biological characteris-
tics, oocyst morphology, and nucleotide sequence at multiple
loci. Based on these and other reported data, we propose
that Cryptosporidium avian I1I be recognized as a new Cryp-
tosporidium species, Cryptosporidium proventriculi sp. n.

Material and Methods
Specimens studied

Faecal samples from pet birds owned by private breeders
in the Czech Republic (n=10), Slovakia (n=2) and Poland
(n=3) were sampled. Each sample was collected from the

floor of the bird cage immediately after defecation and placed
into a separate plastic tube without fixative. 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
sampling. Each animal was sampled only once. All animals
were screened without previous knowledge of parasitologi-
cal status. A total of 402 and 98 samples were obtained from
birds in the order Psittaciformes and Passeriformes, respec-
tively (Table 2). All samples were stored at 4 °C until used
for further analysis.

Origin of specimens for transmission studies

Isolates of Cryptosporidium proventriculi sp. n. (pre-
viously known as Cryptosporidium avian genotype III)
were obtained from four naturally infected adult cockatiels
(Nymphicus hollandicus) (Czech Republic). Cryptosporid-
ium proventriculi sp. n. oocysts from positive birds were
pooled and used to infect an adult cockatiel, which was neg-
ative for Cryptosporidium DNA by PCR and was sourced
from a breeder that had no Cryptosporidium-positive birds.
Oocysts from the infected cockatiel were purified using
caesium chloride gradient centrifugation (Arrowood and
Donaldson 1996) and used for oocyst morphometry and
infectivity studies (see Transmission studies).

Parasitological examination and oocyst
preparation

All animal faeces were screened for Cryptosporidium
oocysts using faecal smears stained with aniline-carbol-
methyl violet (ACMV) (Milacek and Vitovec 1985). Faecal
specimens were collected daily and stored in a 2.5% potas-
sium dichromate solution at 4-8 °C.

Cryptosporidium oocysts from cockatiels were purified
using caesium chloride gradient centrifugation prior to mor-
phometric analyses and transmission studies (Kilani and
Sekla 1987). The viability of oocysts was examined using
propidium iodide (PI) staining by a modified assay of Sauch
et al. (1991). Briefly, examined oocysts were washed in dis-
tilled water (DW; 10,000 oocysts in 10 wl) and mixed with
0.1 pl of PI (1% solution, SIGMA). After 30 min of incuba-
tion at room temperature in the dark, the oocysts were washed
twice with DW. Oocyst viability was examined using fluo-
rescence microscopy (filter 420 nm, Olympus IX70). Oocysts
with red fluorescence were considered to be dead, and those
without fluorescence were considered viable.

Oocyst morphometry

The morphology and morphometry of Cryptosporidium
proventriculi sp. n. oocysts were examined using differ-
ential interference contrast (DIC) microscopy, brightfield
microscopy following ACMV and modified Ziehl-Neelsen
(ZN; Henriksen and Pohlenz 1981) staining and fluorescence
microscopy following labelling with genus-specific FITC-
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Table 1. Occurrence of Cryptosporidium proventriculi sp. n. (formerly known as Cryptosporidium avian genotype III) in birds from orders
Psittaciformes!, Passeriformes?, Piciformes?, Charadriiformes* and Anseriformes® demonstrated on the basis of molecular tools amplifying
partial sequences of Cryptosporidium small-subunit rRNA (SSU), actin and Cryptosporidium oocyst wall protein (COWP) genes.

Host Country Loci for genotyping No. of screened/ References
(scientific name) [GenBank Acc. No.] positive
Blue-fronted parrot! Brazil SsuP NS/1 Nakamura et al. (2014)
(Amazona aestiva)
Barred parakeet! Brazil SSU [MF462155] 34/1 Ferrari et al. (2018)
(Bolborhynchus lineola)
Cockatiel' Australia SSU [DQ650343] NS/3 Ng et al. (2006)
(Nymphicus hollandicus)
Brazil SSU [identical with GQ227480] 8/1 Nakamura et al. (2014)
SSU [GQ227481] 64/1 Nakamura et al. (2009)
SSU [GU074385-87] NS/3 Gomes et al. (2012)
SSU [identical with GQ227480] 70/9 Ferrari et al. (2018)
China SSU [HM116385] 39/2 Qietal. (2011)
India SSU [KX668210] NA unpublished
Japan SSU [identical with AB694729] 10/1 [ijima et al. (2018)
SSU [AB471645] 4/1 Abe and Makino (2010)

COWP [AB471653]
Actin [AB471659]

Forpus sp.! Brazil SSU [MF462156] 78/12 Ferrari et al. (2018)
Galah! Australia Actin [DQ650349] NS/1 Ng et al. (2006)
(Eolophus roseicapilla)
SsuP 13/2 Nakamura et al. (2014)
Lovebird! Brazil SSU [identical with GQ227480] 14/3 Ferrari et al. (2018)
(Agapornis sp.)
USA SSU [KJ661334] 1872 Ravich et al. (2014)
Lilian’s lovebird! Japan SSU [identical with AB694729] 51 Iijima et al. (2018)
(Agaponis lilianae)
Neophema sp. ! Brazil SsuP 91/1 Ferrari et al. (2018)
Pacific parrotlet! Japan SSU [identical with AB694729] 3/1 [ijima et al. (2018)
(Forpus coelestis)
Peach-faced lovebird' Brazil SSU [GQ227480] 14/1 Nakamura et al. (2009)
(Agapornis roseicollis)
Japan SSU [AB471641] 37/13 Makino et al. (2010)
Actin [AB471655]
SSU [identical with AB694729] 29/5 [ijima et al. (2018)
Red-rumped parrot! Brazil SSU* 21/1 Ferrari et al. (2018)
(Psephotus haematonotus)
Sun parakket! Australia SSU [DQ650342] NS/1 Ng et al. (2006)
(Aratinga solstitialis)
Double-collared seedeater? Brazil SsuP 10/1 Nakamura et al. (2014)
(Sporophila caerulescens)
Green winged saltator? Brazil SSU* 152/1 Nakamura et al. (2014)
(Saltator similis)
Island canary® Brazil Ssub 498/12 Camargo et al. (2018)
(Serinus canaria)
Java sparrow2 Brazil SSU [GU074384] NS/1 Gomes et al. (2012)
(Padda oryzivora)
Red-billed blue magpie? China SSU [HM116386] 171 Qietal. (2011)
(Urocissa erythrorhyncha)
Rufous-collared sparrow’ Brazil SSuU* NS/1 Nakamura et al. (2014)

(Zonotrichia capensis)
Sporophila sp.? Brazil SSU* NS/1 Nakamura et al. (2014)
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Host Country Loci for genotyping No. of screened/ References
(scientific name) [GenBank Acc. No.] positive

Saffron toucanet’ Brazil SSU [KU885389] 2/1 Novaes et al. (2018)
(Pteroglossus bailloni)

Red-billed toucan? Brazil SSU [KU885388] 4/2 Novaes et al. (2018)
(Ramphastos tucanus)

Toco toucan? Brazil SSU [KU885387] 28/5 Novaes et al. (2018)
(Ramphastos toco)

Seagul* Thailand SSU [identical with AB694729] 70/2 Koompapong et al. (2014)
(Chroicocephalus
brunnicephalus and
ridibundus)

Waterbird>? Spain SSU [KT880495-97] 265/4 Cano et al. (2016)

NS not specified.
4bird species was not determined.

Ybased on the duplex real-time PCR targeting the SSU gene in Cryptosporidium avian genotype III.

conjugated antibodies (IFA; Cryptosporidium IF Test, Crypto
cel, Cellabs Pty Ltd., Brookvale, Australia).

Morphology and morphometry were determined using
digital analysis of images (Olympus cellSens Entry 2.1,
Olympus Corporation, Shinjuku, Tokyo, Japan) collected
using an Olympus Digital Colour camera DP73 microscope.
Length and width of oocysts (n=100) from experimen-
tally infected cocktails were measured under DIC at
1000 x magnification and these measurements were used to
calculate the length-to-width ratio. As a control, the mor-
phometry of C. baileyi (n=100) and C. avium (n=50) from
experimentally infected chickens (Gallus gallus f. domestica)
and budgerigars (Melopsittacus undulatus), respectively,
were measured by the same person using the same micro-
scope. Photomicrographs of C. proventriculi sp. n. oocysts
observed by DIC, ACMYV, ZN and IFA were deposited as a
photo type at the Institute of Parasitology, Biology Centre of
the Czech Academy of Sciences, Czech Republic.

Molecular characterization

DNA was extracted from 200 mg of faeces, 10,000 puri-
fied oocysts, or 200mg of tissue by bead disruption for
60s at 5.5m/s using 0.5 mm glass beads in a FastPrep®24
Instrument (MP Biomedicals, CA, USA) followed by iso-
lation/purification using a commercially available kit in
accordance with the manufacturer’s instructions (Exgene™
Stool DNA mini, GeneAll Biotechnology Co. Ltd, Seoul,
Korea). Purified DNA was stored at —20 °C prior to being
used for PCR. A nested PCR approach was used to amplify a
partial region of the small ribosomal subunit rRNA (~830 bp;
SSU; Xiao et al. 1999), actin (~1950 bp; Sulaiman et al.
2000), and 70 kilodalton heat shock protein genes (~515 bp;
HSP70; Chelladurai et al. 2016). For the SSU fragment, pri-
mary amplification was employed with the primers 5'TTC
TAG AGC TAA TAC ATG CG3’ and 5CCC ATT TCC TTC

GAA ACA GGAZ3' followed by secondary amplification with
the primers 5GGA AGG GTT GTA TTT ATT AGA TAA
AG3’ and 5’AAG GAG TAA GGA ACA ACC TCC A3'. For
the actin fragment, primary amplification was employed with
the primers 5’ATC RGW GAA GAA GWA RYW CAA GC3’
and 5’AGA ARC AYT TTC TGT GKA CAA T3 followed by
secondary amplification with the primers 5CAA GCW TTR
GTT GTT GAY AA3 and 5TTT CTG TGK ACA ATW
SWT GG3'. For the HSP70 fragment, primary amplification
was employed the primers 5’GCT CGT GGT CCT AAA GAT
AA3) and 5 ACG GGT TGA ACC ACC TAC TAA T3’ fol-
lowed by secondary amplification with the primers 5’ACA
GTT CCT GCC TAT TTC3’) and 5’GCT AAT GTA CCA
CGG AAA TAA TC3'.

The primary PCR mixtures contained 2 pl of template
DNA, 2.5 U of Taqg DNA Polymerase (Dream Taq Green DNA
Polymerase, Thermofisher Scientific, Waltham, MA, USA),
0.5 x PCR buffer (SSU) or 1 x PCR buffer (actin and HSP70;
Thermofisher Scientific), 6 mM MgCI2 (SSU) or 3mM
MgC12 (actin and HSP70), 200 uM each deoxynucleoside
triphosphate, 100 mM each primer and 2 p.L non-acetylated
bovine serum albumin (BSA; 10 mg ml—1; New England
Biolabs, Beverly, MA, USA) in 50 .l reaction volume. The
secondary PCR mixtures were similar to those described
above for the primary PCR, with the exception that 2 pl of the
primary PCR product was used as the template, the MgCl12
concentration was 3 mM and no BSA was used. DNA of C.
parvum and molecular grade water were used as positive and
negative controls, respectively.

Secondary PCR products were detected by agarose gel
electrophoresis, visualized by ethidium bromide staining
and extracted using Gen Elute Gel Extraction Kit (Sigma,
St. Louis, MO, USA). Purified secondary products were
sequenced in both directions with an ABI 3130 genetic
analyser (Applied Biosystems, Foster City, CA) using the
secondary PCR primers and the BigDyel Terminator V3.1
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Table 2. Cryptosporidium species and genotypes from this study, detected by amplification of small subunit ribosomal rRNA (SSU), actin
and 70 kDa Heat Shock Protein (HSP70) gene fragments in birds from the orders Psittaciformes and Passeriformes from the Czech Republic
(CZK), Poland (POL) and Slovakia (SVK). Infection intensity of Cryptosporidium spp. is expressed as the number of oocysts per gram of
faeces (OPG).

Order Host Number of D of positive Country/ Microscopical Genotyping at the gene loci
(scientific name) screened/ animal No. breed positivity
positive (OPG)
SSU, ACTIN HSP70
Psittaciformes ~ African grey 1/0 NA CZE/1 NA NA NA
parrot
(Psittacus
erithacus)
2/0 NA CZE/2 NA NA NA
2/0 NA CZE/6 NA NA NA
3/0 NA CZE/7 NA NA NA
4/0 NA CZE/8 NA NA NA
4/0 NA CZE/9 NA NA NA
4/0 NA SVK/1 NA NA NA
4/0 NA SVK/2 NA NA NA
Blue-and- 2/0 NA CZE/2 NA NA NA
yellow macaw
(Ara ararauna)
4/0 NA CZE/8 NA NA NA
Blue-fronted 2/0 NA CZE/1 NA NA NA
parrot
(Amazona
aestiva)
4/0 NA CZE/2 NA NA NA
4/0 NA CZE/3 NA NA NA
1/0 NA CZE/6 NA NA NA
4/0 NA CZE/7 NA NA NA
5/0 NA CZE/8 NA NA NA
2/0 NA CZE/9 NA NA NA
3/0 NA SVK/1 NA NA NA
2/0 NA SVK/2 NA NA NA
Budgerigar 8/1 28471 CZE/3 No C. avium C. avium
(Melopsittacus
undulatus)
9/1 26150 CZE/1 No C. baileyi C. baileyi
771 35382 CZE/5 No C. baileyi C. baileyi
7/0 NA CZE/2 NA NA NA
5/0 NA CZE/4 NA NA NA
6/0 NA CZE/6 NA NA NA
4/0 NA CZE/7 NA NA NA
8/0 NA CZE/8 NA NA NA
7/0 NA CZE/9 NA NA NA
10/0 NA SVK/1 NA NA NA
7/0 NA SVK/2 NA NA NA
Cockatiels 18/3 34758 CZE/1 Yes (2,000) C. proventriculi  C. proventriculi
(Nymphicus
hollandicus)
23772 No C. proventriculi  C. proventriculi
25137 Yes (2,000) C. baileyi C. baileyi
6/1 35508 CZE/2 No C. proventriculi ~ C. proventriculi
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Table 2 (Continued)
Order Host Number of D of positive Country/ Microscopical Genotyping at the gene loci
(scientific name) screened/ animal No. breed positivity
positive (OPG)
SSU, ACTIN HSP70
1072 34306 CZE/5 No C. proventriculi  C. proventriculi
34320 Yes (30,000) C. proventriculi  C. proventriculi
6/2 34759 CZE/6 Yes (2,000) C. proventriculi  C. proventriculi
35506 Yes (16,000) C. proventriculi  C. proventriculi
14/3 14384 CZE/T Yes (2,000) C. proventriculi  C. proventriculi
14385 Yes (6,000) C. proventriculi  C. proventriculi
17618 No C. baileyi C. baileyi
25/4 34751 CZE/8 Yes (8,000) C. proventriculi  C. proventriculi
34331 CZE/8 Yes (6,000) C. proventriculi  C. proventriculi
34749 CZE/8 No C. proventriculi  C. proventriculi
34750 CZE/8 Yes (4,000) C. proventriculi  C. proventriculi
20/2 34305 SK/2 Yes (24,000) C. proventriculi  C. proventriculi
36598 SK/2 Yes (8,000) C. proventriculi  C. proventriculi
8/0 NA CZE/3 NA NA NA
5/0 NA CZE/4 NA NA NA
7/0 NA CZE/9 NA NA NA
5/0 NA SK//1 NA NA NA
Red-crowned  4/1 19287 CZE/3 No C. avium C. avium
parakeet
(Cyanoramphus
novaezealan-
diae)
2/0 NA CZE/8 NA NA NA
2/0 NA CZE/9 NA NA NA
Red-fronted 2713 22127 CZE/8 No C. proventriculi  C. proventriculi
parrot
(Poicephalus
gulielmi)
33626 CZE/8 No C. proventriculi  C. proventriculi
25108 CZE/8 No C. proventriculi ~ C. proventriculi
Red-rumped 5/0 NA CZE/3 NA NA NA
parrots
(Psephotus
haematonotus)
6/0 NA CZE/9 NA NA NA
Rose-breasted  5/0 NA CZE/8 NA NA NA
cockatoo
(Eolophus
roseicapilla)
2/0 NA SK72 NA NA NA
Rose-ringed 4/0 NA CZE/8 NA NA NA
parakeet
(Psittacula
kramert)
2/0 NA CZE/9 NA NA NA
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Table 2 (Continued)
Order Host Number of D of positive Country/ Microscopical Genotyping at the gene loci
(scientific name) screened/ animal No. breed positivity
positive (OPG)
SSU, ACTIN HSP70
Rosy-faced 6/1 26156 CZE/1 No C. proventriculi  C. proventriculi
lovebird
(Agapornis
roseicollis)
4/1 37339 CZE/T Yes (4,000) C. proventriculi  C. proventriculi
6/1 37244 SK/2 No C. proventriculi  C. proventriculi
3/0 NA CZE/3 NA NA NA
1/0 NA CZE/4 NA NA NA
2/0 NA CZE/6 NA NA NA
3/0 NA CZE/8 NA NA NA
6/0 NA SK/1 NA NA NA
Senegal parrots 4/0 NA CZE/1 NA NA NA
(Poicephalus
senegalus)
3/0 NA CZE/2 NA NA NA
2/0 NA CZE4 NA NA NA
2/0 NA CZE/6 NA NA NA
2/0 NA CZE/7 NA NA NA
5/0 NA CZE/8 NA NA NA
4/0 NA CZE/9 NA NA NA
5/0 NA SK1 NA NA NA
3/0 NA SK72 NA NA NA
White 5/0 NA CZE/4 NA NA NA
cockatoos
(Cacatua alba)
4/0 NA CZE/8 NA NA NA
3/0 NA CZE/9 NA NA NA
3/0 NA SK72 NA NA NA
Yellow-collared 3/0 NA CZE/7 NA NA NA
lovebird
(Agapornis
personatus)
5/0 NA CZE/8 NA NA NA
Passeriformes Gouldian finch 10/1 22153 POL/1 No C. galli NA
(Erythura
gouldiae)
8/1 37242 POL/2 No C. baileyi C. baileyi
5/0 NA CZE/1 NA NA NA
6/0 NA CZE/5 NA NA NA
7/0 NA CZE/10 NA NA NA
Island canary  25/3 30887 CZE/10 No avian genotype I avian genotype I
(Serinus
canaria)
31040 No avian genotype I avian genotype I

31056 No avian genotype I avian genotype [
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Table 2 (Continued)
Order Host Number of D of positive Country/ Microscopical Genotyping at the gene loci

(scientific name) screened/ animal No. breed positivity

positive (OPG)

SSU, ACTIN HSP70

Lesser 10/1 19900 POL/1 No C. galli NA
goldfinch
(Carduelis
psaltria)

51 24068 CZE/10 Yes (6,000) C. baileyi C. baileyi

3/1 NA CZE/1 NA NA NA

5/0 NA CZES8 NA NA NA

3/0 NA CZE/9 NA NA NA
Zebra finch 3/1 19418 CZE/10 Yes (10,000) C. baileyi C. baileyi
(Taeniopygia
guttata)

472 24067 POL/3 No C. galli NA

4/0 37242 POL/3 No C. galli NA

cycle sequencing kit (Applied Biosystems, Foster City, CA,
USA) in 10 pl reactions.

Phylogenetic analyses

The nucleotide sequences of each gene obtained in
this study were edited using the ChromasPro 2.4.1soft-
ware (Technelysium, Pty, Ltd., South Brisbane, Aus-
tralia) and aligned with each other and with reference
sequences from GenBank using MAFFT version 7
online server with automatic selection of alignment
mode (http://mafft.cbrc.jp/alignment/software/). Phyloge-
netic analyses were performed and best DNA/Protein
phylogeny models were selected using the MEGA7 software
(Guindon and Gascuel 2003; Tamura et al. 2011). Phyloge-
netic trees were inferred by the maximum likelihood (ML)
method, with the substitution model that best fit the align-
ment selected using the Bayesian information criterion. The
Tamura 3-parameter model (Tamura 1992) was selected for
SSU and HSP70 alignments, and the general time reversible
model (Tavaré 1986) was selected for actin alignment. Boot-
strap support for branching was based on 1000 replications.
Phylograms were drawn using the MEGA7 and were manu-
ally adjusted using CorelDrawX7. Sequences of SSU, actin
and HSP70 derived in this study have been deposited in Gen-
Bank under accession numbers MK311133-MK311180.

Transmission studies

Animals

Groups of adult cockatiels, adult budgerigars (Melop-
sittacus undulates), one-days-old and 21-day-old chickens
(Gallus gallus . domestica), and eight-week-old SCID mice
(Mus mucus; strain C.B-17), each consisting of five animals,

were used for experimental infection studies. In addition,
three animals from each host species were used as nega-
tive control. Three weeks prior to experimental infections,
animals were screened every other day for the presence of
specific DNA and oocysts of Cryptosporidium spp., except
chickens, which were hatched under monitored conditions in
the laboratory. Cockatiels and budgerigars originated from
breeders with Cryptosporidium-free birds (Czech Republic)
and SCID mice from Charles River (Germany).

Animal care

To prevent environmental contamination with oocysts, lab-
oratory rodents were housed in plastic cages (TOP-VELAZ,
Prague, Czech Republic). Chickens were housed in the plastic
boxes that were appropriately sized for their age. An external
source of heat was used in the first five days. Budgerigars
and cockatiels were kept in bird cages, appropriate to animal
species. All animals were supplied with a sterilized diet and
sterilized water ad libitum.

Animal caretakers wore new disposable coveralls, shoe
covers, and gloves every time they entered the experimental
room. All wood-chip bedding, faeces, and disposable protec-
tive clothing were sealed in plastic bags, removed from the
experimental room and incinerated. All housing, feeding and
experimental procedures were conducted under protocols

approved by the Institute of Parasitology, Biology Centre
and Central Commission for Animal Welfare, Czech Repub-
lic (Protocols No. 115/2013 and 35/2018).

Experimental design

Each animal was inoculated orally by stomach tube with
10,000 purified viable oocysts suspended in 200 pl of dis-
tilled water. Animals serving as negative controls were
inoculated orally by stomach tube with 200 pl of distilled
water. Faecal samples from all animals were screened daily
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Fig. 1. Maximum likelihood tree based on partial small subunit ribosomal RNA gene sequences of Cryptosporidium, including sequences
obtained in this study (bolded). The alignment contained 458 base positions in the final dataset. Numbers at the nodes represent the bootstrap
values with more than 50% bootstrap support from 1000 pseudoreplicates. The branch length scale bar, indicating the number of substitutions
per site, is given in the tree. Sequences from this study are identified by isolate number (e.g. 22127).

for the presence of Cryptosporidium oocyst using ACMV
staining and the presence of Cryptosporidium specific DNA
was confirmed using nested PCR targeting the SSU gene. All
experiments were terminated 30 days post infection (DPI).
Infection intensity was reported as the number of oocysts per
gram (OPG) of faeces, as previously described by Kvac et al.
(2007). In addition, faecal consistency and colour and general
health status were examined daily.

Histopathological and scanning electron
microscopy examinations

An animal from each host group that was positive for Cryp-
tosporidium proventriculi sp. n. was euthanized at 20 DPI
(this time was selected based on preliminary results; data
not shown). The oesophagus, ventriculus, proventriculus and
entire small and large intestine was divided into 1 cm sections
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Fig. 2. Maximum likelihood tree based on partial sequences of gene coding actin of Cryptosporidium, including sequences obtained in this
study (highlighted and bolded). The alignment contained 969 base positions in the final dataset. Numbers at the nodes represent the bootstrap
values with more than 50% bootstrap support from 1000 pseudoreplicates. The branch length scale bar, indicating the number of substitutions
per site, is given in the tree. Sequences from this study are identified by isolate number (e.g. 22127).

and samples were processed for histology, scanning electron
microscopy (SEM) and DNA sequencing. Specimens for his-
tology were fixed in 4% buffered formalin and processed by
the standard paraffin method. Sections (5 wm) for histology
were stained with haematoxylin and eosin, Wolbach’s modi-
fied Giemsa stain and periodic acid—Schiff stains. Specimens
for SEM were fixed overnight at 4 °C in 2.5% glutaraldehyde

in 0.1 M phosphate buffer, washed three times for 15 min
in the same buffer, post-fixed in 2% osmium tetroxide in
0.1 M phosphate buffer for 2 h at room temperature and finally
washed three times for 15 min in the same buffer. After dehy-
dration in a graded acetone series, specimens were dried using
the critical point technique, coated with gold and examined
using a JEOL JSM-7401F-FE SEM.
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Fig. 3. Maximum likelihood tree based on partial sequences of gene coding 70 kDa Heat Shock Protein of Cryptosporidium, including
sequences obtained in this study (highlighted and bolded). The alignment contained 488 base positions in the final dataset. Numbers at the
nodes represent the bootstrap values with more than 50% bootstrap support from 1000 pseudoreplicates. The branch length scale bar, indicating
the number of substitutions per site, is given in the tree. Sequences from this study are identified by isolate number (e.g. 22127).

Statistical analysis

The hypothesis tested in the analysis of oocyst morphom-
etry was that two-dimensional mean vectors of measurement
are the same in the two populations being compared.
Hotelling’s T2 test was used to test the null hypothe-
sis. Analyses were performed using the program R 3.5.0.
(https://www.r-project.org/).

Results

Out of 500 faecal samples from Psittaciformes and Passer-
iformes birds, 37 (7.4%) were positive for the presence
of specific DNA of Cryptosporidium spp. and 15 (3.0%)
were microscopically positive for the presence of oocysts of

Cryptosporidium sp. (Table 2). All microscopically positive
samples were also positive using PCR.

Out of 37 birds positive for Cryptosporidium, 37, 37
and 33 were genotyped by sequence analysis of SSU, actin
and HSP70 genes, respectively (Table 2). The remaining
four positive samples failed to amplify at the HSP70 locus.
Sequence analysis revealed the presence of five different
Cryptosporidium spp., clustering with C. avium, C. baileyi, C.
galli, Cryptosporidium avian genotype I and Cryptosporid-
ium avian genotype III in ML trees inferred from sequences
of SSU, actin and HSP70 (Figs. 1-3). Cryptosporidium avian
genotype Il is described here as anew species, Cryptosporid-
ium proventriculi sp. n., and this name will be used in the
following text.

Cryptosporidium avian genotype I (n=3) and C. galli
(n=4) were found only in Passeriformes birds, and infected
birds did not shed microscopically detectable oocysts
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(Table 2). Cryptosporidium baileyi (n=7) was detected in
species from the orders Psittaciformes and Passeriformes,
with infection intensities less than 10,000 OPG. Cryp-
tosporidium avium was detected in two species from the
order Psittaciformes. Cryptosporidium proventriculi sp. n.,
which was also exclusive to Psittaciformes, was detected in
21 birds from three species (Table 2), and was the most abun-
dant species detected in this study. Out of 21 birds positive
for C. proventriculi sp. n., 12 (57%) shed microscopically
detectable oocysts, with an infection intensity ranging from
2,000 to 30,000 OPG. Naturally infected cockatiels (ID Nos.
34305, 34320, 34751 and 35506), which were the source
of oocysts used in experimental infections, shed oocysts for
more than five months (data not shown). None of the moni-
tored birds had diarrhoea at the time of the screening.

Cryptosporidium proventriculi sp. n.

Fifteen cockatiels (12.1%), three red-fronted parrots
(11.0%) and three rosy-faced lovebirds (9.7%) were positive
for the presence of C. proventriculi sp. n. DNA, of which 12
cocktails and one rosy-faced lovebird shed oocysts detectable
by microscopy, with infection intensity ranging from 2,000 to
30,000 OPG (Table 2). Oocyst used for experimental infec-
tions had >90% viability, determined by PI staining. SCID
mice, budgerigars and chickens were not susceptible to infec-
tion with C. proventriculi sp. n. oocysts, as determined by
PCR and microscopic examination of faecal samples and his-
tological and molecular examination of gastrointestinal tract
tissue.

Oocysts of C. proventriculi sp. n. were infectious for all
cockatiels, with oocysts and specific DNA first detected at
six DPI (Fig. 4). Following first detection, specific DNA of
C. proventriculi sp. n. was detected in the faeces of all ani-
mals for the duration of the experiment. In contrast, oocysts
were detected by microscopy almost every day (Fig. 4). The
infection intensity of C. proventriculi sp. n. in cockatiels
ranged from 4,000 to 60,000 OPG. Infected birds showed
no symptoms of disease and a cockatiel necropsied at 20
DPI had no macroscopic signs of cryptosporidiosis. Devel-
opmental stages of C. proventriculi sp. n. were not detected
by histology, but scanning electron microscopy showed the
presence of developmental stages attached to the microvilli
in the proventriculus and ventriculus (Fig. 5). Pathological
changes were not observed.

Atthe SSU locus, all isolates of C. proventriculi sp. n., from
naturally and experimentally infected birds, shared 100%
identity with each other and with Cryptosporidium avian
genotype III from different Psittaciformes hosts worldwide
(e.g. HM116385, KX668210 or HM116386; see Table 1
for more details). At the actin locus, all C. proventriculi
sp. n. isolates shared 100% identity with each other and
with GenBank sequences of Cryptosporidium avian geno-
type III obtained from peach-faced lovebirds and cockatiels
(e.g. AB471655-AB471658, AB471659 or DQ650350). Par-
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Fig. 4. Course of infection of Cryptosporidium proventriculi sp.
n. in experimentally infected cockatiels (Nymphicus hollandicus).
A) Infection intensity as number of oocysts per gram of the fae-
ces (OPG) and B) daily shedding of C. proventriculi based on
coprological and molecular examination of faces; any square indi-
cates detection of specific DNA, black square indicates microscopic
detection of oocysts and grey rectangle indicates sacrifice and dis-
section.

tial sequences of the HSP70 locus shared 100% identity with
each other and shared 98.7% identity with Cryptosporidium
Eurasian woodcock genotype (AY273773), which was the
most similar sequence reported in GenBank.

Taxonomic summary

Description: Oocysts are shed fully sporulated with four
sporozoites and an oocyst residuum.

Oocysts of C. proventriculi n. sp. originated from
naturally infected cockatiels measured 6.70-8.40 um
(mean£S.D.=7.354+0.41 pwm) x 5.10-6.3 pm
(mean+S.D.=5.70+0.32 pm) with a length/width
ratio of 1.08-1.41 (mean+S.D.=1.23+0.11) and were
morphometrically identical to those recovered from exper-
imentally infected cockatiels measured 6.60-8.40 um
(mean £ S.D.=7.37 £ 0.44 pm) x 5.00-6.40 wm
(mean+S.D.=5.804+0.35pm) with a length/width
ratio of 1.06-1.43 (mean=+S.D.=1.25+0.10) (Fig. 6).
Morphology and morphometry of other developmental
stages are unknown.

Type host: cockatiel (Nymphicus hollandicus)

Other natural hosts: barred parakeet (Bolborhynchus
lineola), blue-fronted parrot (Amazona aestiva), Forpus
sp., galah (Eolophus roseicapilla), green-winged saltator
(Serinus canaria), lovebird (Agapornis sp.), java sparrow
(Padda oryzivora), peach-faced lovebird (Agapornis rose-
icollis), red-billed blue magpie (Urocissa erythrorhyncha),
red-billed toucan (Ramphastos tucanus), red-fronted par-
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Fig. 5. Scanning electron photomicrograph of the A) proventriculus and B) ventriculus of a cockatiel (Nymphicus hollandicus). Attached
developmental stage of Cryptosporidium proventriculi sp. n. (arrowhead). Bar=10 pm.

rot (Poicephalus gulielmi), rosy-faced lovebird (Agapornis
roseicollis), rufous-collared sparrow (Zonotrichia capensis),
saffron toucanet (Pteroglossus bailloni), seagul (Chroico-
cephalus brunnicephalus and ridibundus), Sporophila sp.,
sun parakeet (Aratinga solstitialis) and toco toucan (Ram-
phastos toco) (see Tables 1 and 2).

Type locality: Ceské Bud&jovice (Czech Republic)

Other localities: Czech Republic (Ceské Budgjovice
48°58'29” N, 14°28'29” E; Lanzhot 48°43'28.03” N,
16°58'0.97” E; Osek u Plzné 49°26'36.33” N, 14°18'0.43”
E; Strakonice 49°15'41.39” N, 13°54’8.63" E and Tvrdonice
48°45'37.81” N, 16°59'40.03” E), Slovakia (KoSice 48°42'0”
N, 21°15'0” E and Zilina 49°13'22" N, 18°44'24" E), Poland
(Wroclaw 51°7°0” N, 17°2'0" E).

Site of infection: proventriculus and ventriculus (Fig. 5)

Distribution: Australia, Brazil, China, India, Japan,
Poland, Slovakia, Spain, Thailand and USA

Prepatent period: 6 DPI (cockatiel)

Patent period: at least 30 DPI in experimentally infected
cockatiels and more than 5 months in naturally infected cock-
atiels.

Type material/hapanotype: Tissue samples in 10%
formaldehyde and histological sections of infected ventricu-
lus (nos. 176/2017 and 177/2017) and provetriculus (nos.
199/2017); genomic DNA isolated from faecal samples of
naturally (isolation no. 34320) and experimentally (isolation
no. 34300) infected cockatiel; genomic DNA isolated from
proventriculus and ventricular and of experimentally infected
cockatiel (isolation nos. 34300); digital photomicrographs
nos. DIC 1-13/34300, MV 1-11/34300, IF 1-9/34300, HI
176-177, 199/2017 and SEM 199/2017) and faecal smear
slides with oocysts stained by ACMYV staining from exper-
imentally infected cockatiel (nos. 10/34300, 11/34300 and
12/34300). Specimens deposited at the Institute of Parasitol-
ogy, Biology Centre of the Czech Academy of Sciences,
Czech Republic.

Reference sequences: Partial sequences of SSU, actin
and HSP70 genes were deposited at GenBank under Acc.

Nos. MK311133, MK311150 and MK311167, respec-
tively.

Etymology: The species name is derived from the Latin
noun ‘proventriculus’, because the described Cryptosporid-
ium species predominantly inhabits this part of digestive tract
of its hosts.

Differential diagnosis: Oocysts in faecal smears showed
typical Cryptosporidium ACMV (Fig. 6) and Ziehl-Neelsen
(Fig. 6) staining characteristics. Fixed C. proventriculi sp.
n. oocysts are detectable with a FITC conjugated anti-
Cryptosporidium oocyst wall antibody developed primarily
for C. parvum (Fig. 6). Oocysts of C. proventriculi are
larger than those of C. avium and C. baileyi (P=0.001) and
marginally smaller than C. galli. Cryptosporidium proven-
triculi sp. n. can be differentiated genetically from other
Cryptosporidium spp. based on sequences of SSU, actin and
HSP70 genes.

Discussion

Birds are naturally infected with several Cryptosporidium
spp. While C. meleagridis, C. galli and C. baileyi infect a
large number of birds across several avian orders, C. avium
and most of the avian genotypes exhibit a narrow host speci-
ficity (Holubovd et al. 2016). Although C. proventriculi sp.
n. has been reported from birds in the orders Psittaciformes,
Passeriformes, Piciformes and Anseriformes, it has been
reported predominantly in Psittaciformes birds (Cano et al.
2016; Ferrari et al. 2018; Koompapong et al. 2014; Li et al.
2015; Ravich et al. 2014). Consistent with those reports, we
found C. proventriculi sp. n. exclusively in Psittaciformes
birds, and we identified the red-fronted parrot and rosy-faced
lovebird as novel hosts in that order.

Cryptosporidiosis in birds manifests in various clinical
forms depending on the species of Cryptosporidium and the
site of infection (Nakamura and Meireles 2015). Despite the
relatively large number of studies and descriptions of sev-



N. Holubovi et al. / European Journal of Protistology 69 (2019) 70-87

Fig. 6. Cryptosporidium proventriculi sp. n. oocysts visualized in various preparations: A) differential interference contrast microscopy,
B) labelling with anti-Cryptosporidium FITC-conjugated antibody, C) aniline-carbol-methyl violet staining and D) Ziehl-Neelsen staining.
Bar=10 pm.
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eral Cryptosporidium genotypes, knowledge of the course
of infection and disease presentation of Cryptosporidium in
birds remains quite poor. Cryptosporidium galli is the only
well-studied gastric Cryptosporidium species in birds. Unlike
gastric Cryptosporidium species infecting mammals, which
generally do not cause morbidity and mortality, C. galli is
associated with clinical disease and high mortality in birds
(Blagburn et al. 1987; Blagburn et al. 1990; Morgan et al.
2001; Pavlasek 1999, 2001). However, similar to Ng et al.
(2006), we found that C. proventriculi does not cause clinical
disease or mortality in naturally or experimentally infected
birds. Ravich et al. (2014) reported proventricular and ven-
tricular cryptosporidiosis in 31 birds at necropsy and found
evidence that Cryptosporidium was the likely cause of death
in 10 of those birds. The authors identified C. proventriculi
from samples of two birds, which were the only samples
subjected to genotyping, but it is not clear whether those
birds were among the 10 that likely died from cryptosporid-
iosis. While C. proventriculi could be the cause of death
in those birds, infection by other Cryptosporidium species
cannot be ruled out. Makino et al. (2010) described clinical
gastrointestinal signs such as chronic vomiting, melena and
weight loss in 20 out of 37 peach-faced lovebirds naturally
infected with C. proventriculi. Radiographic examination
showed enlargement of the isthmi and thickened proven-
tricular walls in 16 of the 20 symptomatic birds. Necropsy
and histopathologic examination of three dead birds showed
enlargement of the proventriculus and isthmi with mucosal
hypertrophy observed on the sagittal plane. The progressive
weight loss with severely atrophied thoracic muscles was
characteristic for all three affected birds. Histopathologically,
extensive hyperplasia of the ductal epithelium of the proven-
tricular glands was observed. Similarly, Blagburn etal. (1990)
and Morgan et al. (2001) reported histopathological changes
similar to those caused by C. galli infection in the Australian
diamond firetail finch and other finches infected with Cryp-
tosporidium sp. and C. proventriculi, respectively. In contrast,
we found no histopathological changes in birds infected with
C. proventriculi. These differences can be explained by the
length of the ongoing infection. While our experiments lasted
only 30 days, naturally infected birds could be infected for
many months. Similarly, histopathological changes and clin-
ical signs were observed in mammals chronically infected
with the gastric species C. proliferans, C. andresoni or C.
muris (Anderson 1987; Esteban and Anderson 1995; Kvac
et al. 2016; Ozkul and Aydin 1994; Pospischil et al. 1987).

Course of infection, including prepatent and patent period,
of avian-derived Cryptosporidium is currently known only in
the four valid avian species (Current et al. 1986; Holubova
et al. 2016; Ryan et al. 2003b; Slavin 1955). The prepatent
period of C. proventriculi sp. n. (6 DPI) was similar to C.
meleagridis and C. baileyi, which infect the intestine (4—8
days; Hornok et al. 1999; Lindsay et al. 1988; Rhee et al.
1991; Timova et al. 2002), and much shorter than the 25 days
reported for C. galli infection in the proventriculus of chick-
ens (Pavlasek 2001).

Oocysts of C. proventriculi sp. n. are morphometri-
cally identical to those reported as Cryptosporidium avian
genotype III (Ng et al. 2006). Although they are smaller
than those of C. galli (Ryan et al. 2003b) and Eurasian
woodcock genotype (Ryan et al. 2003a), the difference
is marginal and not practically useful for differentiation
(Horc¢ickova et al. 2018).

Cryptosporidium proventriculi sp. n. is genetically dis-
tinct from other known species of Cryptosporidium, sharing
98.4 and 94.5% sequence identity, respectively, with Cryp-
tosporidium Eurasian woodcock genotype and C. galli at the
SSU locus and sharing 98.9 and 96.9% identity, respectively,
at the actin locus. In comparison, C. muris and C. andersoni
share 96-99% identity and C. hominis and C. parvum share
98-99% identity at these loci.

In conclusion, morphological, genetic, and biological data
support the establishment of Cryptosporidium avian geno-
type III as a new species. According to ICZN and criteria
for naming species, we propose the name Cryptosporidium
proventriculi.
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