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Abstrakt

Obojzivelnici po celém svété Celi nahlym poklesim populaci a vymirani celych druht nasledkem infekéniho
onemocnéni zvaného chytridiomykoza. KoZni onemocnéni zpiisobené chytridiomycétnimi houbami
Batrachochytrium dendrobatidis (Bd) a B. salamandrivorans (Bsal) ovliviyji vitalni funkce kiize obojzivelnikii.
Nasledky onemocnéni zavisi na citlivosti hostitele, intenzité infekce a environmentalnich faktorech. Siteni obou
patogenti je pravdépodobné zplisobeno mezinarodnim obchodem s obojzivelniky. Jelikoz v Ceské republice
roste popularita a zajem o chov obojzivelnikll, roste i riziko zavleCeni patogenti do chovii a odtud do volné
ptirody. V nasem vyzkumu jsme se zaméfili na sledovani Bd u obojzivelnikti chovanych v zajeti; v zoologickych
zahradach, herpetologickych stanicich, u soukromych chovatelti a prodejcti napii¢ Ceskou republikou. U
nakaZenych jedinc byla navrZena 1écba s ohledem na ekologii jednotlivych druhlt a doporu¢ena hygienicka
opatieni zabraujici dal§imu $ifeni patogenu. Prestoze je vyskyt patogenu Bd v Evropé velmi dobfe zmapovan,
jeji jihovychodni Cast a Balkansky poloostrov zlstavaly opomijeny. Balkansky poloostrov je druhové velmi
rozmanity a zejména Cerna Hora patii mezi vyznamna mista evropské i svétové biodiverzity. Proto se nas dalsi
vyzkum soustiedil na mapovéani patogenu Bd v Albanii, Makedonii a zejména v Cerné Hofe. V souvislosti
s devastujicimi dopady nové se objevujiciho patogenu Bsal jsme se dale zabyvali jeho sledovanim u ocasatych
obojzivelnikti v Ceské republice. Do studie byly zahrnuty druhy zvolné piirody (napf. mlok skvrnity,
Salamandra salamandra, patogenem nejohrozen&jsi druh) a ze zajmovych chovii (napf. Ambystoma spp.,
Cynops spp.) z Prahy a okoli.

Abstract

Amphibians around the world face the threat of sudden population decline and extinction of entire species
caused by the disease named chytridiomycosis. The skin disease caused by chytrid fungi Batrachochytrium
dendrobatidis (Bd) a B. salamandrivorans (Bsal) affects the vital function of amphibian skin. Consequences of
the disease depend on the host's susceptibility, the infection intensity and the environmental factors. The
spreading of both patogens is probably caused by the international amphibian trade. As the popularity and
interest in amphibians as pets in the Czech Republic is growing, the risk of introduction of pathogens into a
captive breeding is increases and subsequently into the wild. In our study we focused on monitoring of the Bd in
captive breeding of amphibians; zoological gardens, herpetological station, private breeders, pet shop sellers
across the Czech Republic. Infected individuals were treated with regards of its ecology and we recomended
hygiene measures to prevent further spread of the pathogen. Although the presence of the pathogen Bd in Europe
is very well known, its south-eastern part and the Balkan Peninsula remained neglected. Species diversity in the
Balkans is very high, and especially Montenegro belongs to europeen and world’s biodiversity hotspots.
Therefore, our further research was focused on mapping of Bd in Albania, Macedonia, and especially in
Montenegro. Related with the devasting effects of emerging pathogen Bsal, we investigated of monitoring of
Bsal in caudate amphibians in the Czech Republic. Our study included species in wild (e.g. fire salamander,
Salamandra salamandra, the most threatened species by this pathogen), and captive populations (e.g.

Ambystoma spp., Cynops spp.) from Prague and its surroundings.
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Uvod

Dizerta¢ni prace
1. Uvod

Predkladand dizertacni prace je zaméfena na patogeny obojzivelnikd, které je velmi
vazné ohrozuji. Vyznam obojzivelnika v pifirodé€ i pro Clovéka je nezanedbatelny, a proto
je tieba je chranit. Obojzivelnici predstavuji dilezitou soucast ekosystému, vyznamné
ovliviuji razné ekologické procesy vcetné toku energii a trofické interakce (funguji jako
predatofi i kofist, Gray et al. 2015). Pulci mnoha druht jsou dilezitymi herbivory,
filtratory vody a bioindikatory (Mendelson et al. 2005). V lidské spole¢nosti maji rovnéz
nezastupitelné misto. Jelikoz jejich potrava zahrnuje pfevdzné hmyz, mohou napi.
regulovat populace komari prenasejicich malarii a snizovat populace hmyzu $kodiciho v
zemédelstvi (Cohen 2001, Mendelson et al. 2005). Vzhledem Kk citlivosti vici toxickym
latkam se larvy 1 dospélci pouzivaji k toxikologickym testim kvality prostfedi (Burkhart
et al. 2000). V nékterych rozvojovych zemich jsou zaby dulezitym zdrojem Zivocisnych
bilkovin pro tamni obyvatele (Cohen 2001), napt. venkovské komunity Kambodzi
(Neang 2010). V rozvinutych zemich jsou Zabi stehynka vyznamnou komoditou pro
luxusni trhy (Schloegel et al. 2010). Neméné dilezity je jejich vyznam z hlediska védy,
vyzkumu a farmacie. Kiize obojzivelnikii obsahuje bioaktivni molekuly (peptidy,
proteiny, steroidy, alkaloidy, opiaty), které maji silné terapeutické ui¢inky; antibakterialni,
antivirové, fungicidni, protinadorové, antimalarické, antidiabetické a dalsi (Gomez et al.

2007). Nejen z téchto dtivodu je celosvétovy ubytek obojzivelniki vice nez alarmujici.

1.1 Shrnuti soucasné situace ohrozeni obojzivelniku

Obojzivelnici patii k nejvice ohrozenym skupindm obratlovcll (Pounds 2001, Stuart et al.
2004), jejichz populacni poklesy jsou zaznamenany jiz od roku 1970 (Stuart et al. 2004,
Mendelson et al. 2005). V poslednich desetiletich dochazi k nahlému poklesu populaci
volné zijicich obojzivelniki, k jejich masovym thyntim i K Giplnému vymizeni nékterych
druhit (Mendelson et al. 2005, Rachowicz et al. 2006). Podle TUCN se vice nez 2000
druhii obojzivelnikd fadi mezi zranitelné nebo kriticky ohrozené (IUCN 2016). K ubytku
obojzivelnikii dochazi v disledku mnoha faktord, které mohou pusobit Synergicky
(Alford et al. 2001, Keisecker et al. 2001). Dle Collinse a Crumpa (2009) existuje Sest
hlavnich pfi¢in globalniho poklesu a vymirdni populaci obojzivelnikii: (1) komeréni
vyuziti; (2) introdukce exotickych druht (kteti lovi, konkuruji a vytlacuji ptivodni druhy);

(3) zmény v krajiné€ a jeji fragmentace (ztraty biotoptl); (4) kontaminace prostredi; (5)
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klimatické zmény a (6) infekéni onemocnéni. Ztraty biotopl, které ptedstavuji pro
obojzivelniky nejvetsi hrozbu (Baillie et al. 2004), jsou vysledkem nékolika
spoluptisobicich faktord. Patii mezi né zejména destrukce piirozeného prostiedi,
fragmentace krajiny, nevhodné zasahy a zneCiStovani prostfedi, urbanizace a rozvoj
dopravni infrastruktury (Davidson et al. 2003, Dodd & Smith 2003). Obojzivelnici, ktefi
jsou vystaveni nevyhovujicim podminkam prostfedi a dalSim stresortim, pak mohou byt
nachyln€jsi k infekénim onemocnénim (Beebee &  Griffiths 2005). Jednim
Z nejvyznamné&jSich je chytridiomykoza. Jednd se o kozni onemocnéni zplusobené
chytridiomycetni houbou Batrachochytrium dendrobatidis (Bd, Berger et al. 1998,
Longcore et al. 1999). Chytridiomykdéza byla identifikovana jako jedno z hlavnich
infek¢énich onemocnéni, které vedlo k vyraznym ztratdm obojzivelnikd Stfedni Ameriky
(ztrata az 40 % lokalnich druhut, Lips et al. 2006), Severni Ameriky (Rachowicz et al.
2006), Australie (Berger et al. 1998) a Jizni Evropy (Bosch et al. 2001). Z celkovych
7803 druhti obojzivelnikti (udaj k 8. 2. 2018, AmphibiaWeb 2018) byla plisen
zpusobujici chytridiomykoézu detekovéna u vice nez 520 druhi, pficemz u vice nez 200
druhti jiz doslo k vyhynuti nebo je vyhynutim piimo ohrozeno (Stuart et al. 2004, Skerratt
et al. 2007, Olson et al. 2013). Z hlediska poctu zasazenych druhi obojzivelniki je plisen
Bd povazovana za nejhorsi globalné rozsiteny patogen (Amphibian Conservation Summit
2005) a chytridiomykoéza za nejhors$i infekéni onemocnéni (Gascon et al. 2007).
Ukazkovym piikladem je neotropicky rod Atelopus, u néhoz patogen Bd zapticinil
vyhynuti minimalné¢ 30 druhd z97 (IUCN 2016). Vzhledem Kk obrovskému vlivu
patogenu na volné Zijici populace oznacila Svétova organizace pro zdravi zvitat (the
World Organization for Animal Health, OIE) Bd spole¢né s ranavirem za puvodce
infekénich onemocnéni podléhajicich mezinarodnimu hlaseni (OIE 2009). Clenské zemé
OIE by mély monitorovat Bd a vykazovat tidaje o jejim pfipadném vyskytu (Schloegel et
al. 2010). Patogen Bd zptisobuje chytridiomykozu u Sirokého spektra druht obojzivelnikia
napfi¢ tfemi fady; zaby (Anura), ocasati (Urodela) a ¢ervofi (Gymnophiona), (Fisher et

al. 2012).

Donedavna byl patogen Bd povazovan za jedinou plisen zpusobujici chytridiomykozu
obojzivelnikid. V roce 2013 vsak byla objevena druhd vysoce patogenni plisen, popsana
jako Batrachochytrium salamandrivorans (Bsal, Martel et al. 2013), ktera zputsobila

masové uhyny populaci mloka skvrnit¢ého (Salamandra salamandra) v Belgii a
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Holandsku (Martel et al. 2013, Spitzen-van der Sluijs et al. 2013). Proto byla i tato plisefi
pfidana na seznam patogeni podléhajicich hlaseni (OIE 2017).

Siteni patogenu Bd a Bsal je ovlivnéno lidskou &innosti (Peel et al. 2012, Martel et al.
2014), zejména mezinarodnim obchodem s obojzivelniky ke konzumaci, k védeckym a
chovatelskym ucelim (Mazzoni et al. 2003, Weldon et al. 2004, Garner et al. 2006,

Cunningham et al. 2015). Se stoupajici popularitou chovu obojzivelnikii v Ceské
republice (CR) roste i riziko pienosu a §ifeni této ndkazy. Vzhledem k predpokladu, Ze
existuje vazba mezi pritomnosti Bd a Bsal u volné zijicich obojzivelnikii a obojzivelniki
chovanych v zajeti (Walker et al. 2008, Schloegel et al. 2010, Martel et al. 2014), je
nezbytné monitorovat oba ptivodce chytridiomykozy jak v prirodé, tak v chovech, jelikoz

ty mohou byt zdrojem nakazy pro volné zijici populace.
Predkladand prace predstavuje tii studie zabyvajici se problematikou chytridiomykdzy:

1) Prvni je vénovana sledovani patogenu Bd u obojzivelniki chovanych v zajeti;
mapuje infekci v zoologickych zahradach, herpetologickych stanicich, u soukromych
chovatell a prodejcti napii¢ CR. U nakaZenych jedinct byla navrzena 16¢ba s ohledem na
ekologii jednotlivych druht a doporucena hygienicka opatieni zabranujici dalsSimu Sifeni
patogenu (Havlikova et al. 2015).

2) Druha studie se zabyva mapovanim rozSifeni patogenu Bd v dosud
neprozkoumanych c¢astech Balkanského poloostrova. Pilotni studie byla provedena
v Albanii, Cerné Hofe a Makedonii vroce 2013. Nasledujici rok bylo provedeno
systematické mapovani patogenu v Cerné Hote (Vojar et al. 2017).

3) Tteti prace se zaméfuje na sledovani patogenu Bsal u ocasatych obojzivelniki
v CR. Do studie byly zahrnuty druhy z volné p¥irody (napf. mlok skvrnity, patogenem
nejohrozenéjsi druh) a druhy ze zajmovych chovt (napt. Ambystoma spp., Cynops spp.)

z Prahy a okoli (Balaz et al., in press).

10
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1.2 Batrachochytrium dendrobatidis
Taxonomické zatazeni Batrachochytrium dendrobatidis

Kmen: Chytridiomycota

Ttida: Chytridiomycetes

Rad: Rhizophydiales

Rod: Batrachochytrium

(Berger et al. 1999, Longcore et al. 1999, Williams et al. 2002).

Fyziologie patogenu Bd

Patogen Bd se vyskytuje ve vodnim prostiedi ve dvou Zzivotnich stadiich; jako pohybliva
zoospora (2 um) a piisedlé zoosporangium (10-40 pum), (Longcore et al. 1999, Berger et al.
2005). Bicikata zoospora pii kontaktu se substratem piiseda pomoci rhizoidl, encystuje a
béhem 4-5 dnti se vyvine v reprodukéni stélku s jednim zoosporangiem, které uvoliiuje nové
zoospory pomoci vypustni trubice do okoli, viz obr. 1 a obr. 2 (Williams et al. 2002,
Piotrowski et al. 2004, Kilpatrick et al. 2010). Uvolnéné zoospory jsou schopné piekonat
vzdalenosti do 2 cm a infikuji keratinizované bunky kize dospélct i pulct (Pessier et al.
1999, Williams et al. 2002). Vzhledem k omezenému pohybu zoospor se patogen Sifi
piedevsim pfimym kontaktem, napt. pfi rozmnoZzovani obojzivelniki (Piotrowski et al. 2004)
nebo kontaminovanou vodou obsahujici zoospory (Daszak et al. 2000, Morgan et al. 2007,
Collins & Crump 2009). Patogen Bd muize zustat ve vodé bez hostitele a byt infek¢ni vice nez
12 tydni (Johnson & Speare 2005). Dle studie, v niz se testovala voda po transportu Xenopus
laevis na ptitomnost patogenu Bd, se hodnoty GE (GE = geneticky ekvivalent jedné zoospory
Bd) pohybovaly v rozmezi 3390 az 16887 zoospor na litr vody (Kolby et al. 2014). Plisen Bd
miize rovnéz rust na uhynulych obojzivelnicich (Longcore et al. 1999), prezivat ve vlhkém
sterilnim Fi¢nim pisku (Johnson & Speare 2005), na sterilnich hadich kiazich (Piotrowski et al.
2004), na mrtvych fasach a exo-skeletonu c¢lenovcua (Johnson & Speare 2003). V dalsich
studiich byla dokonce prokazana schopnost Bd vyuzivat alternativni pienaseCe a hostitele;
vodni ptaky (Garmyn et al. 2012) a sladkovodni korySe (McMahon et al. 2012). Teplotni
optimum Bd je mezi 17 a 25 °Celsia, pti 28 °C se zastavuje rust a pfi teplotach nad 29 °C po
dobu jednoho tydne Bd hyne (Longcore et al. 1999, Piotrowski et al. 2004). Pfi teplotach nad

28 °C nebo pod 10 °C prestava Bd rlst, nebo roste velmi pomalu a infekce tak neni letalni.

11
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Plisent Bd je schopna ptetrvat pii 4 °C a prezimovat v hostiteli, a to i v mirnych klimatickych
podminkach (Piotrowski et al. 2004).

Obr. 1. Zoosporangium Batrachochytrium dendrobatidis, obrazek potizeny
rastrovacim mikroskopem. Zoosporangium na agaru uvolfiujici zoospory
dlouhou vypustni trubici. Usecka méfi 10 ©Berger 2001).

s ‘ Tl A iy

Obr. 2. Zivotni cyklus Bd. V &asti Zivotniho cyklu nezavislého na substratu
jsou bi¢ikaté zoospory volné pohyblivé. V ¢asti Zivotniho cyklu zavislého na
substratu (napt. po infikovani hostitele) zoospory encystuji a vytvaii
reprodukéni stélku s jedingm sporangiem, které produkuje a vypousti nové
zoospory (©Rosenblum et al. 2008).

Nezévislost na substréatu

Zoospory

—

Sporangia
Encystace zoospory vypoustéjici
zoospory
Sporangia
Vytvoreni sporangia tvofici

N

Zdvislost na substratu
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Pisobeni patogenu Bd a projevy onemocnéni

Pritomnost patogenu Bd v kuzi obojzivelnika je mozné detekovat ze svrchni vrstvy pokozky
stratum corneum a stratum granulosum, kde napada keratinizované vrstvy kuize (Berger et al.
1998), ¢imz narusuje jeji normalni funkci. Dochdzi k nadmérnému rohovaténi napadené kize
a k odlupovani zrohovatélé vrstvy, coz zpuisobuje zhorSeni schopnosti kozniho dychani a
vstiebavani vody (Berger et al. 1999, Daszak et al. 1999). Nasledkem osmotické nerovnovahy
zpusobené ztratou soli dochazi k porucham vedeni vzruchtl, k zastaveni srde¢nich kontrakei, k
omezeni proudéni krve az k uplnému kolapsu krevniho ob&hu a smrti (Voyles et al. 2009,
Campbell et al. 2012). Smrt muze byt rovnéz dusledkem absorpce toxickych latek
vylu¢ovanych houbou (Berger et al. 1998). Nespecifickymi projevy chytridiomykoézy jsou
strnulost v neptirozené poloze, letargie, nechutenstvi, ztrata ptirozenych reflexti a motoriky
(Berger et al. 1998, Daszak et al. 1999, Pessier et al. 1999, Boyle et al. 2003). U pulct, ktefi
nemaji vyvinutou keratinizovanou vrstvu klze, napada Bd pouze tkan ustniho otvoru
obsahujici keratin (Fellers et al. 2001, Rachowicz & Vredenburg 2004, Blaustein et al. 2005),

a pulci tak mohou slouzit jako rezervoar infekce (Briggs et al. 2010). V prib&hu metamorfozy

se pak Bd rozsiti z ustniho disku na kizi a mize byt pro juvenilni stidium obojzivelnika

fatalni (Rachowicz et al. 2006).

Obr. 3. Vlevo je zdravy jedinec Pelophylax lessonae. Vpravo je jedinec nakazeny chytridiomykdzou se
zménami na kazi a v typické pozici s nohama od téla (©Woodhams et al. 2011).

Obrana vicdi patogenu Bd
Rezistence vuci patogenu Bd miize byt ovlivnéna antimikrobialnimi vlastnostmi sekretii zlaz,
antimikrobialnimi vlastnostmi kozni mikroflory, funkci imunitniho systému nebo jejich

kombinaci (Harris et al. 2006, Woodhams et al. 2006, Woodhams et al. 2007a). Velké
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parotidalni zlazy produkuji fungicidni sekrety, které mohou inhibovat Bd. Jejich u¢innost se
vSak druhové lisi; napf. u rosnice siné (Litoria caerulea) zoosporangia prorustala piimo
seroznimi zlazami, coz indikuje netGéinnost sekretu proti Bd (Berger et al. 2005). Kuze
obojzivelniki mize rovnéz hostit fungicidni bakterie, napi. Janthinobacterium lividum, které
produkuji metabolity a indol-3-carboxaldehyd inhibujici rtst chytridnich hub (Brucker et al.
2008). Aplikace bakterie J. lividum na ktzi obojzivelnika jako zptisob probiotické 1éCby muize
byt efektivni, jelikoz se bakterie sama mnozi a mize poskytnout dlouhodobou ochranu pied
patogenem (Haas & Degafo 2005). Pfidanim nebo rozmnozZenim bakterii se zvétsi mikrobialni
komunita, ktera je pak schopna produkovat dostatecnou koncentraci antifungélnich
metabolitd, a poskytnout tak obojzivelnikovi rezistenci vici chytridiomykoéze (Brucker et al.
2008, Harris et al. 2009). Nekteré druhy obojzivelnikti jsou hostitely fungicidnich bakterii
diky jejich chovani, fyziologii a vliviim prostiedi (Carnaval et al. 2006).

Odolnost vuci patogenu Bd je druhové specificka; obojzivelnici, jejichz populace kdysi
poklesly v dusledku chytridiomykozy, mohou byt v soucasnosti vici této nemoci rezistentni
(Davidson et al. 2003, Retallick et al. 2004). Nékteré invazivni druhy, jako napi. skokan
volsky (Lithobates catesbeianus; diive Rana catesbeiana) a ropucha obrovska (Rhinella
marina; diive Bufo marinus), jsou pomérné odolné vici chytridiomykoze, a stavaji se tak
prenaseci tohoto patogenu (Daszak et al. 2004, Fisher & Garner 2007, Schloegel et al. 2010).
Dalsim znamym vektorem Bd je bezblanka koki (Eleutherodactylus coqui), ktera se $ifi do
mist mimo jeji puvodni vyskyt (Beard & O'Neill 2005). Akvatické druhy ocasatych, africka
drapatka (Xenopus laevis) a skokani (Lithobates pipiens a L. berlandieri) mohou byt dal§imi

moznymi prenaseci této nemoci (Davidson et al. 2003, Woodhams et al. 2007b).

Vliv environmentalnich podminek na vyskyt Bd

Vyskyt Bd mize byt ovlivnén environmentalnimi faktory, zejména teplotou, sezonnosti,
nadmotskou vyskou a intenzitou UV-B zafeni (Blaustein & Kiesecker 2002, Berger et al.
2004). Teplota hraje vyznamnou roli v ekologii tohoto patogenu. Jak jiz bylo feceno, plisen
Bd je schopna ptezit a dokonce pomalu rist pii teplotach kolem 4 °C (Piotrowski et al. 2004),
nejlépe prosperuje pii teplotach okolo 23 °C a hyne pfi teplotach nad 29 °C (Longcore et al.
1999). V zavislosti na sezéonnich zménach teplot v prostfedi se méni prevalence a intenzita
infekce Bd (Murray et al. 2013). Pokud se v disledku globalniho oteplovani zvySuje teplota
béhem zimy, patogen je schopny rychleji rast na prezimujicich larvach a po metamorféze
muze propuknout v zavaznou infekci (Pounds et al. 2001, Bosch et al. 2007). N¢&které
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rozmnozovaci lokality obojzivelniki se kvili zménam klimatu dokonce dostavaji do
klimatického optima patogenu, coz usnadnuje jeho rlst a zvySuje hustotu zoospor ve vodé
(Garner et al. 2009b). Podle Bosche et al. (2007) se v obdobi, kdy dochazelo ve studovanych
oblastech k masovym uhynim obojzivelnikd, vyznamné zménily meteorologické podminky.
Piibylo dna s teplotami mezi 21 a 27 °C, ale nezvysil se pocet dnu s teplotami pievySujicimi

28 °C, coz je kriticka teplotni mez pro preziti Bd (Bosch et al. 2007).

Obecné lze za priznivé prostfedi pro Sifeni patogenu povazovat teplejsi oblasti béhem
studengj$iho obdobi a ve vySSich nadmotskych vySkach (Berger et al. 1998, Bradley et al.
2002). Proto se v tropech infekce obvykle objevuje v chladngjsich mésicich a mizi v teplejsich
(Piotrowski et al. 2004), nebo se vyskytuje v horach (Kriger & Hero 2008). Nizké teploty
mohou mit negativni vliv na imunitu obojzivelniki a zvySovat tak virulenci patogenu. Pii
nizkych teplotach totiz miize dochazet ke snizené produkci antimikrobidlnich a slizni¢nich
sekretti ktize, niz8$i obnové epidermalnich buné€k, pfipadné i nizsi schopnosti metabolizovat

toxiny produkované houbou (Berger et al. 2004).

Zvysujici se intenzita UV-B zafeni mad na obojzivelniky subletdlni Gc¢inky, které mohou
ovlivnit rist a vyvoj, chovani, fyziologii a anatomii obojzivelnikt (Blaustein & Kiesecker
2002). Zareni muze pusobit i synergicky v interakci s dal§imi environmentalnimi stresory
(ztrata biotopt, kontaminace prostiedi) a snizovat tak odolnost jedinct (Searle et al. 2009).
Oslabeny imunitni systém se pak stava vstupni branou pro propuknuti infekce (Beebee &
Griffiths 2005).

Populacni poklesy obojzivelnikii souvisejici s chytridiomykézu jsou pravdépodobné
vysledkem komplexni sit¢ interakci, pficemz vliv klimatu je spoluptisobicim faktorem s
dalsimi vlivy (populacni hustota hostitele, zastoupeni vyvojovych stadii v populaci,

mikrobialni konkurenti atd., Bosch et al. 2007).

Puvod a expanze Bd

Chytridiomykdza byla identifikovana a popsana koncem 20. stoleti jako nemoc zpiisobujici
vysokou mortalitu obojzivelnikl v Australii a Stfedni Americe (Berger et al. 1998, Longcore
et al. 1999). Z vysetfeni muzejnich vzorki byl zjistén vyskyt patogenu Bd v roce 1933 u
africké drapatky Xenopus fraseri (Soto-Azat et al. 2009) a nedavno byl objeven vzorek
dokonce zroku 1911 u druhu Rugosa emeljanovi (diive Rana nebo Glandirana rugosa)

pochazejici z Korey (Fong et al. 2015). Zda se, ze chytridiomykoza byla v Africe stabilni
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endemickou infekei ddvno pted tim, nez byl nalezen jakykoliv infikovany jedinec mimo
Afriku (Weldon et al. 2004). Piesny ptivod patogenu Bd neni znam, ale Afrika (Weldon et al.
2004), Severni Amerika (James et al. 2009), Asie (Bai et al. 2012, Fong et al. 2015) a

Atlantsky les v Brazilii (Rosenblum et al. 2013) jsou povazovana za mista mozného puvodu.

Existuji dvé hypotézy o plvodu patogenu; prvni se pfiklani k rychlé a recentni expanzi
patogenu do novych oblasti, kde se stal pti¢inou populacnich poklesii (,,hypotéza nového
patogenu); druha hypotéza popisuje Bd jako endemicky patogen a populacni tbytek je
vysledkem vyssi citlivosti hostitele, vyssi virulence patogenu, environmentalnich zmén a
kombinaci dalSich faktora (,,hypotéza endemického patogenu*), (Weldon et al. 2004, Ouellet
et al. 2005, Rachowicz et al. 2005, Morgan et al. 2007, Lips et al. 2008). Z poslednich studii
vyplyva, Ze geneticka diverzita Bd je mnohem S§irsi, nez se doposud myslelo, coz naznacuje

slozitou evolu¢ni historii patogenu (Rosenblum et al. 2013).

Je ziejmé, ze K Sifeni choroby dochazi hlavné v disledku lidské ¢innosti, jedna se predevsim
0: (1) umélé transporty obojzivelnikti do novych oblasti, (ii) reintrodukce obojzivelniku z
domacich a laboratornich chovii i z volné ptirody, (iii) vymény zvifat mezi zoologickymi
zahradami, (iv) unik zvifat z chovnych farem, (v) mezinarodni obchod s obojzivelniky a (V)
pravdépodobné i zachranné transfery (Pessier et al. 1999, Daszak et al. 2001, Mazzoni et al.
2003, Young et al. 2007, Goka et al. 2009, Civis et al. 2010). Nékteti autoii predpokladaji, Ze
se plisen rozsitila po celém svété prostiednictvim obchodu s drapatkami (Xenopus laevis),
které se v 50. letech minulého stoleti pouZzivaly k testovani gravidity a laboratornim ucelim
(Weldon et al. 2004, Soto-Azat et al. 2009). K celosvétovému Siteni chytridiomykozy rovnéz

piispiva obchod se skokanem volskym ur¢enym ke konzumaci (Schloegel et al. 2010).

Mezinarodni obchod s obojZivelniky

Nejvétsi objem mezinarodniho obchodu s obojZivelniky na svété je situovan v Cing
(Gratwicke et al. 2010). Ro¢né se vyvazi priblizné¢ 100 az 400 miliont obojzivelnikt
pochazejicich vétsinou z Indonésie. Zabi stehynka skokana volského pro luxusni trhy Francie,
Belgie a Spojenych Statd Americkych se v poslednich letech stala miliardovym obchodnim
artiklem (Schloegel et al. 2010). Napi. v roce 2006 se na farmach vyprodukovalo asi 75 000
tun skokana volského a kolem 8000 tun bylo odchyceno ve volné piirodé (Gratwicke et al.
2010). Vice nez 94 % obojzivelniki dovazenych do USA je omezeno pravé na import

skokana volského; ro¢né se doveze vice nez 2,5 milionu kust (Harrel et al. 2014). Pfi tak
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obrovském objemu importovanych zvitat je velka pravdépodobnost zavleceni nemoci. Na
trzich v USA byl zjistén vysoky vyskyt Bd infekce (41-62 %) u skokani dovazenych
predevsim z jihovychodni Asie a Jizni Ameriky (Fisher et al. 2007, Schloegel et al. 2010).
Navic byla na patogen Bd pozitivni i voda, ve které se skokani transportuji, coz muze byt
potencialnim zdrojem S$ifeni (Johnson & Speare 2003). Podle Teixeira et al. (2001) je téméf
95 % poptavky po Zabich stehynkach a produktech zajiStovano z volné pfirody, pfi€emz
V Indonésii ani v jinych zemich neni nastavena zadna kontrola dohliZzejici na potencialni
hrozbu napadeni potravinaiskych zdroji patogenem Bd (Gratwicke et al. 2010). Obojzivelnici
jsou mimo potravinové ucely vyuzivani také pro zajmovy chov (Andreone et al. 2005), jako
zdroj tradi¢ni mediciny (Rowley et al. 2010), k laboratornim t¢elim (Weldon et al. 2007) av
rybatrském prumyslu (Picco & Collins 2008). Se stale se zvySujici poptavkou roste i tlak na
divoké populace, kterym hrozi uplné vyhubeni (Collins 2010). Je pravdépodobné, ze
obojzivelnici odchyceni z volné pfirody pro komercéni ucely mohou pochazet z oblasti
vyskytu Bd a mohou byt infikovani (Peel et al. 2012). Nicméné ani legislativa zemi
zapojujicich se do mezinarodniho obchodu s obojzivelniky nestanovuje povinné vySetieni
zvitat vuci tomuto patogenu. Bai et al. (2012) zjistili, ze infekce Bd se objevila u vsech
testovanych jedinci v obchodech se zvifaty v Cing. A¢koli Cina patii mezi nejvétsi vyvozce
zabich stehynek na svété, prekvapivé zde nebyly zaznamendny zadné masové Uhyny
obojzivelniki (Swei et al. 2011). Infikované zaby se mohou jevit klinicky v poradku a jejich
mezinarodni transporty maji za nasledek Sifeni choroby (Young et al. 2007). Svétova
organizace pro zdravi zvifat (OIE) vramci potravinové politiky doporucuje odstranéni
infekénich ¢asti (ktize a koncové ¢asti koncetin s prsty) pred vyvozem (OIE 2009). Prevalence
chytridiomykdzy uvnitf mezinarodniho obchodu s obojzivelniky je vysokd a S nejvétsi

pravdépodobnosti se bude nemoc §ifit do dalSich oblasti.

Chov obojzivelniki v zajeti

Diilezitym cilem profesiondlniho chovu obojZivelnikli v zajeti je moznost poskytnuti zdroja
novych jedinct pro reintrodukci a vytvofeni odolnych a zdravych populaci, které podpoii ty
stavajici (Frias-Alvarez et al. 2008). Chov v zajeti tak mtze hrat klic¢ovou roli pfi omezovani
dopadu chytridiomykézy na volné zijici populace obojzivelnikt (Department of the
Environment and Heritage, 2006). Ale ani zichranné programy nejsou pro obojzivelniky
jistotou. Napiiklad v Mexiku na Instituto de Biologia bylo zjisténo, ze v chovech axolotll

mexickych (Ambystoma mexicanum) urc¢enych k reintrodukci se patogen Bd vyskytoval u
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85 % jedincu (Frias-Alvarez et al. 2008). Z Evropy je znamy ptipad ropusky balearské (Alytes
muletensis), endemita Malorky a pravdépodobné nejvzacnéjsi evropské zaby, u které se
prokéazalo zavleCeni infekce do divokych populaci pravé zachrannymi chovy a zpétnym
posilovanim mistni populace (Walker et al. 2008). Introdukce infikovanych obojzivelnik do
volné piirody muze zpusobit dalsi poklesy jednotlivych druhti a ndkaza se muze Sifit také
heterospecificky (Frias-Alvarez et al. 2008). Je proto nutné provést koordinované postupy in
situ (napf. vyzkum, monitoring a ochrana biotopt) a realizovat chovatelské programy ex situ
(napf. zajisténi preziti populaci a jejich vyzkum), (Mendelson et al. 2005). Snaha 0 zachovani
zdravych populaci by také méla poskytovat prehled o dynamice chytridiomykézy, interakcich

mezi hostitelem a patogenem i dopady na pieziti populaci (Carnaval et al. 2006).

Piestoze existuji spolehlivé metody k testovani a rychlé detekci patogenu Bd, diagnosticka
vySetieni nejsou béznou praxi vétsSiny svétovych ani tuzemskych zoologickych zahrad (Peel et
al. 2012). Obojzivelnici odchyceni zvolné piirody tak mohou zpusobit epidemii
v zavedenych chovech. (Nichols et al. 1998). Vypusténi infikovanych zvifat z umélych chovi
mize byt naopak fatalni pro volnd Zijici populace. U&inné vnitrostatni a mezinarodni
karanténni a kontrolni postupy jsou asi jedinym efektivnim zptsobem zabranujicim Sifeni
chytridiomykézy (Nichols et al. 1998). Cim dfive se provede diagnostika u podezielych
jedinci, tim diive se muze zah4jit vhodna 1é¢ba a zvysSuje se tak nadéje na uzdraveni
nakazenych jedinct, piipadné celych chovi. Globalizace bez adekvatni karantény, dozoru a
antiparazitnich programt bude mit za nasledek vznik dalsich ohnisek nakazy, coz povede ke
ztraté biodiverzity (Skeratt et al. 2007). Zachranné programy a schopni chovatelé jsou tak

mozné posledni nad&ji pro mnoho vzacnych druhti obojzivelnikli ohrozenych vyhynutim.

Rozsifeni Bd ve svété

Patogen Bd byl zaznamenan v 56 zemich svéta (www.bd-maps.net). Nejintenzivngjsi vyzkum
chytridiomykozy je v Australii a Neotropické oblasti, kde méla piitomnost Bd nejhorsi
dopady na populace obojzivelnikd (Berger et al. 1998, Berger et al. 2004). Nejvyssi pocet
ohrozenych druhti se v soucasné dobé vyskytuje v zemich Latinské Ameriky (Kolumbie,
Mexiko, Ekvador). Nicméné¢, nejhorsi stav je v Karibiku, kde je ohrozeno nebo zaniklo vice
nez 80 % obojzivelnikt; v Dominikanské republice, na Kubé, Jamajce a neuvétitelnych 92 %
na Haiti (JIUCN 2008). Pliseni byla rovnéz diagnostikovana v Argentin¢ (Barrionuevo &
Mangione 2006), Bolivii (Barrionuevo et al. 2008) a Brazilii (Carnaval et al. 2005, 2006),
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Peru (Seimon et al. 2005), Uruguayi (Mazzoni et al. 2003) a v dalSich zemich.
Chytridiomykoza zptsobila rovnéz epidemické viny spojené s vysokou mortalitou na Novém
Zélandu a v Africe (Young et al. 2007). V ramci Asie byla ptitomnost patogenu potvrzena
v nasledujicich zemich: Cina, Filipiny, Indie, Indonésie, Japonsko, Jizni Korea, Kyrgyzstan,
Laos, Malajsie, Rusko, Sri Lanka a Vietnam (Swei et al. 2011, Bai et al. 2012, Dahanukar et
al. 2013, Reshetnikov et al. 2014). Prevalence Bd v asijskych je zpravidla velmi nizka (Swei
etal. 2011).

Prvni pozitivni nalezy z Evropy pochazi ze Spanélska z r. 1997 (Bosch et al. 2001). Z dalsich
jihoevropskych stati byla plisein Bd zaznamenana v Italii (Stagni et al. 2002) a Portugalsku
(Garner et al. 2005). Zapadni Evropa je rovnéz dobfe zmapovana na pfitomnost Bd; pozitivni
nalezy se objevily v Belgii (Spitzen-van der Sluijs et al. 2010), Francii (Garner et al. 2006),
Holandsku (Spitzen-van der Sluijs et al. 2010), Lucembursku (Wood et al. 2009) i Velké
Britanii (Garner et al. 2005). Ze zemi stiedni Evropy byl monitoring proveden v CR (Balaz et
al. 2009, Civis et al. 2012, Balaz et al. 2014b), Mad’arsku (Gal et al. 2012), Némecku (Garner
et al. 2005), Polsku (Sura et al. 2010), Rakousku (Sztatecsny & Glaser 2011), Slovensku
(Balaz et al. 2014a) a Svycarsku (Garner et al. 2005). Jedinou, zatim téméi neprozkoumanou
casti Evropy, ziistdvala prave jeji jihovychodni ¢ast a Balkansky poloostrov. Monitoring
ptitomnosti Bd byl proveden pouze v Chorvatsku (Voros & Jeli¢ 2011) a Rumunsku (Vo6ros et
al. 2013), a to spozitivnimi vysledky. Nejvétsi druhova rozmanitost obojzivelnikl je
soustfedéna v jizni Casti Balkanského poloostrova, vtzv. Jadranském trojihelniku
(Lymberakis & Poulakakis 2010), ve kterém leZi Cerna Hora. Vzhledem k samotnému
postaveni Cerné Hory na Balkanském poloostrové, rozmanitosti jejiho geologického
podkladu, krajiny, klimatu a pady se zde vytvofily podminky, diky nimz patii Cernd Hora
mezi vyznamna mista evropské i svétové biodiverzity. Pocet jednotlivych druhti na jednotku
plochy je 0,837, coZ je nejvyssi zaznamenany index ve viech evropskych zemich (Séepanovié
et al. 2010). Batrachofauna Cerné Hory je druhové velmi rozmanita — Zije zde 17 druht
obojzivelniki, z toho 11 druhti Zab a 6 druhti ocasatych (http://amphibiaweb.ogr/). Napiiklad
horské oblasti Lovéen a Prokletije jsou obzvlast vhodné pro obojzivelniky (Séepanovié et al.
2010), ale vysoké nadmoiské vysky s vlhkym klimatem mohou byt zaroven ideadlnim mistem

vyskytu Bd (Alford et al. 2001, Bovero et al. 2008).

V CR zapocal vyzkum patogenu v roce 2008, kdy byl vyskyt Bd poprvé potvrzen u ropuchy
obecné (Bufo bufo) a u skokanti rodu Pelophylax (Balaz et al. 2009). Od roku 2009 probiha
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systematické vzorkovani. Doposud byla pliseii u nés zjiSténa u deviti druhti na vétsin€ lokalit,
kde byla pritomnost patogenu Bd zjistovana (Civis et al. 2010, 2012, Balaz et al. 2014b).
Zatimco ve sveété se pozornost veénuje jak voln€ Zijicim, tak v zajeti chovanym
obojzivelnikiim (Raphael & Pramuk 2007; Frias-Alvarez et al. 2008), u nas se choviim, resp.

vyzkumu piitomnosti nemoci v nich, nevénoval donedavna nikdo (Havlikova et al. 2015).

Diagnéza onemocnéni patogenem Bd

Diagnoza tohoto onemocnéni Se miize provadét pomoci histologické analyzy, histochemické
analyzy, nebo kombinaci obou, nicméné u jedinct infikovanych pouze nékolika houbovymi
stéelkami je to Casto obtizné (Annis et al. 2004). Pfitomnost chytridiomycétni houby je
identifikovana mezibunéénymi sporangii a stélkou uvniti epidermis (Daszak et al. 1999). V
soucasné dobé je nejpouzivanéj$i metodou detekce chytridiomykézy TagMan real-time
polymerazové fetézové reakce (PCR) nebo kvantitativni polymerazové fetézové reakce
(gPCR) pouzitim primerti Bd. Analyza Tagman real-time PCR odhali pfitomnost a prevalenci
Bd zoospor (Boyle et al. 2004). Pro analyzu je mozné pouzit ustiizka prstt, kousky ktize nebo
celych jedincu, ale tyto metody jsou pro obojzivelniky invazivni az destruktivni. Stéry z ktize
pomoci standardizovanych vytérek (MW100, Medical Wire & Equipment Co-UK) patii k
jedné z nejcastéji pouzivanych metod, a to predevsim pro jeji Setrnost (Hyatt et al. 2007). Tato
metoda je vysoce citlivd (zaznamena infekci v fadu jednotlivych bungk), specificka (pouzité
primery jsou navrzeny pouze pro Bd a byly testovany proti mnozstvi jinych ptibuznych plisni)
a umoznuje kvantifikaci PCR produktu v prubéhu reakce (Boyle et al. 2004, Hyatt et al.
2007). Vysledek se uvadi v tzv. GE, neboli genomickych ekvivalentech jedné zoospory, jako
standardy jsou pouzity vzorky DNA s riznym poctem zoospor (100, 10, 1 a dokonce 0,1).

Lécba patogenu Bd

Z poznatka teplotniho optima Bd (Longcore et al. 1999, Piotrowski et al. 2004) vychazi 1é¢ba
zvySenou teplotou. To je ovSem mozné jen u druht, které tyto podminky snaSeji (druhy
Z teplych oblasti, druhy s denni aktivitou, druhy, které se sluni). K pteléCeni obvykle staci
jeden tyden pfi teplotach kolem 30 °C, pfi silngjsi nakaze se doporucuje opakované vystaveni

teplotam az 37 stupnd po dobu tii hodin (Woodhams et al. 2003).

V piipadé nesnaSenlivosti vysokych teplot (u vétSiny druhil), pfi akutnich nadkazach nebo
uhynech je dal$i moznosti 1é¢ba itraconazolem (sodium itraconazol, Forzan et al. 2008). U

akvatickych druhi se 16¢ivo s obsahem itraconazolu (napt. Sporanox® sirup, Janssen Cilag
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S.p.A., Beerse, Belgie) aplikuje do akvaria v koncentraci 0,01 % (tj. 10 ml sirupu Sporanox / |
vody) a necha se 30 minut pusobit. U terestrickych druhi je nejvhodnéjsi pouziti
jednorazovych kelimka s roztokem Sporanoxu (10 ml / I vody, fedénych izotonickym solnym
roztokem tj. 0,6 g soli / | vody), roztok se necha pét minut pusobit a 1é¢ba se opakuje po dobu
11 dni (Forzan et al. 2008). U nové¢ metamorfovanych jedincti se doporucuje snizit
koncentraci intraconazolu na 0,0025 % a délku 1écby zkratit na Sest dni (Brannelly et al.
2012). Nicméné pouziti této 1écby neni vhodné pro pulce, u nichz zptsobuje depigmentaci
pokozky (Garner et al. 2009a). Navic pii 1é¢bé velkého poctu zvifat je tento postup Casove i
technicky naro¢ny a itraconazol v kapalné¢ form¢ je hure dostupny (Martel et al. 2011).
postiikem v koncentraci 1,25 pg/ml po dobu sedmi dnti. Tento postup se ukazal jako vysoce
ucinny 1 pro citlivé druhy, pro jejichz pulce byly jiné postupy 1écby toxické (napt. 1écba
amphotericinem B, formaldehydem, malachitovou zeleni, Martel et al. 2011). B€hem 1é¢by je
nutné dodrZovat pfisna hygienicka a karanténni opatfeni. Je nezbytné, aby byli lé¢eni jedinci
izolovani od ostatnich ve specidlni karanténni mistnosti; aby byly jejich boxy dezinfikovany,
vSechen organicky material odstranén nebo sterilizovan, pomucky desinfikovany, jednorazové
rukavice ménény pii kontaktu skazdym novym jedincem a voda desinfikovana pied

vypusténim do odpadu (Johnson & Speare 2003, Forzan et al. 2008).
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1.3 Batrachochytrium salamandrivorans
Taxonomické zatazeni Batrachochytrium salamandrivorans

Kmen: Chytridiomycota
Ttida: Chytridiomycetes
Rad: Rhizophydiales
Rod: Batrachochytrium
(Martel et al. 2013)

Fyziologie, piisobeni patogenu Bsal a projevy onemocnéni

Patogen Bsal se vyskytuje ve vodnim prostfedi ve dvou formach: jako pohybliva zoospora a
encystovana zoospora. Zoospora pii kontaktu s kizi obojzivelnika pfisedd a vytvaii centralni
stélku, ktera se muze spojovat do segmentl kolonialni stélky (obr. 4). Kolonialni stélka (15,7—
50,3 pum, primérné 27,9 pum) obsahuje nékolik ohrani¢enych sporangii (6,9-17,2 pm,
pramérné 12,2 + 1,9 um). Bunééna sténa na povrchu sporangii vybihd v n¢kolik vypustnich
trubic, ze kterych se uvoliuji pohyblivé zoospory (4,0-5,5 um, praimérné 4,6 um), (Martel et
al. 2013, Stegen 2017).

Obr. 4. In vitro kultura B. salamandrivorans. (A) Monocentrické stélky ptevazuji,
vzéacnd pritomnost kolonidlnich stélek (Cerna Sipka). Sporangia vytvari vypustni
trubice (bila Sipka) k uvolnéni zoospor (métitko 100 pm). (B) Obrazek pofizeny
elektronovym rastrovacim mikroskopem; zralé sporangium s rhizoidy (R), vypustni
trubice (D), (méfitko 10 pm), (©OMartel et al. 2013).
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Schopnost patogenu dovést populace obojzivelniki k rychlému zaniku mize souviset s jeho
dvéma Zivotnimi strategiemi: jako pohybliva zoospora se dostava k hostiteli a jako
encystovana zoospora si vytvari trvalou virulenci (infek¢ni kmen se udrzel v populaci pres
dva roky a byl stale stejné virulentni) a dlouhodobou rezistenci (minimalné 31 dni ve
filtrované vodé bez hostitele, Stegen et al. 2017). Zptsob pfenosu Bsal neni zcela jasny, ale
pravdépodobné se prenasi piimym kontaktem mezi jedinci, kontaminovanou vodou a
substratem (Stegen et al. 2017), stejn¢ jako je tomu v piipadé Bd (Morgan et al. 2007). Stegen
et al. 2017 zjistili, ze Bsal neumérné vice napada pohlavné dospé€lé jedince, coz mize mit

souvislost praveé se vzajemnym kontaktem pii rozmnozovani a teritoridlnim chovani.

Tento patogen parazituje na epidermalnich bunkach ocasatych obojzivelnikd, ¢imz dochazi
Kk tvorbé hlubokych viedl a koznich 1ézi s vyraznou degradaci pokozky (obr. 5). Rohovaténim
a rozruSovanim pokozky je narusena jeji celistvost s naslednym poskozenim zivotné
dilezitych funkci (homeostdza elektrolyti, vyména plynii, termoregulace, antimikrobialni
schopnost). U mlokt skvrnitych dochdzi k thynim béhem dvou az tii tydnii od napadeni
jedince patogenem (Martel et al. 2013, Martel et al. 2014). Jsou ale zaznamenany i ptipady,
kdy infikovani mloci uhynuli béhem sedmi dnt od napadeni. Kromé vyraznych zmén na kizi
se infekce projevuje i zménami v chovani; anorexii, apatii, ataxii, setrvanim v nepfirozené

poloze (Martel et al. 2013, Martel et al. 2014, Gray et al. 2015).

Obr. 5. Na obrazku A je zfetelné vidét hluboka kozni léze S. s. bernadezi infikovaného Bsal, (B) S. s. fastuosa vykazuje
typické 1éze — mnohocetné kozni viedy (bila Sipka) a napadné rozruSovani pokozky (Cerna Sipka), (©Sabino-Pinto et al.
2015).

Do nedavna se ptedpokladalo, ze je Bsal omezena pouze na hostitele fadu Urodela (Martel et
al. 2014). Podle nejnovéjsich studii se ukazuje, ze je houba stejné tak schopna infikovat fad
Anura, coz muze mit zasadni dusledky v epidemiologii patogenu (Nguyen et al. 2017, Stegen

et al. 2017). V porovnani s Bd byla v souvislosti sBsal u testovanych ¢olki a mlokd
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pozorovana vyssi patogenita zplisobujici mortalitu (Martel et al. 2013, Martel et al. 2014). Pti
testovani citlivosti mlokd skvrnitych vuci Bsal se zjistilo, ze mortalita neni ovlivnéna
teplotou, ani intenzitou zoospor a nakazené zvife si nevytvaii imunitu ani po viceCetném
experimentalnim naockovani patogenu. Nemoc byla u mloka pfi nizké i vysoké intenzité
(Stegen et al. 2017). Ostatni druhy ocasatych obojzivelnikti vykazuji rizny stupen citlivosti
Vv zavislosti na mnozstvi zoospor (Martel et al. 2014). Obojzivelnici mohou byt rezistentni
(bez infekce a bez projevii onemocnéni), tolerantni (s infekci bez projevii onemocnéni), mirné
citlivi (infekce vedouci k onemocnéni s moznosti nasledného zotaveni) nebo vysoce citlivi
(infekce vedouci k letalnimu onemocnéni, EFSA 2017; European Food Safety Authority). U
olka horského (Ichthyosaura alpestris) pii vysoké intenzité zoospor (10* zoospor/jedinec)
dochazi k umrti do tii tydnd, zatimco pii nizké intenzit€¢ (100 zoospor/jedinec) miize po
neékolika mésicich dojit az k uplnému odstranéni zoospor a klinickému uzdraveni jedince
(Stegen et al. 2017). Zatim jedinym evropskym druhem, ktery se zdd byt viici patogenu
ukazovaly vyrazné niz$i teplotni preference patogenu Bsal nez ma Bd (schopnost ristu jiz pfi
nizkych teplotach kolem 5 °C, teplotni optimum pro rast mezi 15-20 °C a pii teplotach nad
24 °C thyn patogenu, Martel et al. 2013, Blooi et al. 2015a). Pfi porovndni dynamiky infekce
Bsal v zavislosti na teploté se zjistilo, ze pfi nizSich teplotach (4 °C) se sice plisen Sifi
pomaleji nez pfi teplotach 15 °C, nicméné i tak dochazi k letalni infekci (Stegen et al. 2017).
Soucasné vysledky ukazuji, Ze patogen je schopen infikovat a zabijet obojzivelniky v Sirokém
teplotnim rozmezi. To potvrzuje i dal§i studie, podle které se vétSina infikovanych
obojzivelnikii nachazela v rybnicich a potocich o teploté vody 20-25 °C s maximem az 26,43
°C (Laking et al. 2017). Patogen Bsal je tedy schopen tolerovat mnohem vyssi teploty, nez se

doposud myslelo.

Puvod a vyskyt Bsal ve svété

Molekularni vyzkumy vedou k pfesvédceni, Ze tento patogen pochazi pravdépodobné z vychodni

Asie (Thajsko, Vietnam a Japonsko), kde je vétSina tamnich druhii rezistentnich ¢i tolerantnich

vici Bsal (Martel et al. 2014, Laking et al. 2017). Nejstarsi dolozeny ptipad vyskytu Bsal

pochazi z roku 1861 z muzejniho vzorku ¢olka mecoocasého (Cynops ensicauda). Zda se, ze

patogen Bsal koexistuje s asijskymi druhy ocasatych obojzivelniki poslednich 30 miliond let a

Asie je tak jeho pfirodnim rezervoarem (Martel et al. 2014). Tuto hypotézu podporuje i nedavna
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studie provadéna ve Vietnamu, kde byl patogen Bsal objeven u vietnamskych ocasatych
obojzivelnikil ve velmi nizké intenzité (2,92 %) bez zjevnych projevii onemocnéni. Pfitomnost
Bsal v kombinaci s absenci symptomil naznacuje endemismus patogenu a vietnamské druhy se
jevi jako jeho rezervoar (Laking et al. 2017). Zatimco asijské druhy jsou vii¢i patogenu prevazné
rezistentni, evropské a americké druhy jsou vétSinou vysoce citlivé a po ndkaze patogenem
propukd zavazné onemocnéni (Mutchmann et al. 2015). Vzhledem k diskontinuité globalniho
roz$iteni Bsal se zda, Ze zavleCeni patogenu z Asie do Evropy muselo byt zprostfedkovano
Clovékem (Martel et al. 2014). Od roku 2008 byly v Holandsku zaznamendny opakované nalezy
uhynulych dospélci mloka skvrnit¢tho a v roce 2010 doSlo k vyraznym poklesim uvniti
pozorovanych populaci (Spitzen-van der Sluijs et al. 2013). Do roku 2013 zbyla z pivodnich
populaci C¢itajicich stovky jedinct (Gubbels 2009) pouze 4 %, ¢imZz mloci skvrniti témér
vymizeli z volné piirody (Spitzen-van der Sluijs et al. 2013). Masové vymirani celych populaci
v Holandsku m¢l na svédomi pravé patogen Bsal, ktery byl nalezen, izolovan a popsan az v roce
2013 (Martel et al. 2013). Z Holandska se plisen rozsitila do Belgie, kde zptsobila v roce 2013 a
2014 ohniska onemocnéni (Martel et al. 2014). Patogen Bsal byl u volné Zijicich ocasatych
obojzivelniki rovnéz detekovan v Némecku blizko hranic Holandska a Belgie, kde se kromé
mlokt skvrnitych objevil i na €olcich obecnych (Lissotriton vulgaris) a colcich horskych

(Spitzen-van der Sluijs et al. 2016).
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Obr. 6. Hlasena ohniska infekci Bsal u volné Zijicich populaci mloku a ¢olka od roku 2013 do roku 2017 (OWouter
Beukema, Ghent University, EFSA 2017).
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Ptestoze mloci skvrniti jsou vysoce citlivi vi¢i patogenu Bsal a pifi nakazeni vykazuji 100%
mortalitu (Martel et al. 2014, Stegen et al. 2017), objevily se ptipady, kdy se infekce ziejmée
nerozsifila na celou populaci. Na nékolika lokalitach v Holandsku, Belgii i Némecku byla
zaznamenana piitomnost Bsal u nahodné nalezenych mrtvych jedinct, zatimco pocetnost jejich
populaci se nezménila a neprojevily se ani zadné klinické ptiznaky chytridiomykézy (Spitzen-
van der Sluijs et al. 2016). Uginky chytridiomykézy tak miZou byt na Grovni populaci
devastujici, zatimco na trovni jedince nemusi byt zaznamenany (Van Rooij et al. 2015). Dalsi
nalez plisné¢ Bsal byl potvrzen ve Velké Britanii u ¢olka velkych (Triturus cristatus) chovanych
v zajeti (Cunningham et al. 2015). Nedavno byl patogen objeven rovnéz v soukromém chovu ve
Spanélsku (Fitzpatrick et al. 2016). Ze studie Sabino-Pinto et al. (2015) vyplyva, Ze patogen Bsal
ma devastujici dopady na vSechny ¢tyfi druhy mloku (S. salamandra, S. algira, S. corsica a S.
infraimmaculata) véetné dvanacti poddruht mloka skvrnitého. V jednom soukromém chovu v
Némecku doslo k vice nez 50% ztratdm, pfi¢emz chovani mloci vykazovali témét 100%
prevalenci infekce touto plisni. Jelikoz mloci maji velmi Siroky areal rozsifeni (S. algira pochazi
ze severni Afriky, S.corsica z ostrova Korsika, S.infraimmaculata z Blizkého Vychodu a
evropsky druh S. salamandra s dvanacti poddruhy se rozprostira od Portugalska po Ukrajinu),
zavleCeni a Sifeni patogenu Bsal do divokych populaci miize mit v budoucnu naprosto zniCujici

dopad (Sabino-Pinto et al. 2015).

Mezinarodni obchod s ocasatymi obojzivelniky

Nedavné studie predpokladaji, Zze se patogen Bsal rozsifil z Asie do Evropy mezinarodnim
obchodem s obojzivelniky (Martel et al. 2014, Cunningham et al. 2015, Yap et al. 2015). Z Asie
se ro¢n¢ dovazi obrovské mnoZstvi mlokii a Colkd do celého svéta. Nicméné oficialni
kvantitativni udaje tykajici se pohybu zvifat v rdmci obchodu mezi EU a zemémi tfetiho svéta
nejsou K dispozici, protoze neexistuje zadny univerzalni harmonizovany systém kodovani
komodit (EFSA 2017). Mezi tii nejcastéji dovazené druhy patti: ¢olek modroocasy (Cynops
cyanurus), ¢. ohnobiichy (Cynops pyrrhogaster) a pacolek vietnamsky (Paramesotriton
deloustali), jez byly identifikovany jako pravdépodobny rezervoar patogenu (Martel et al. 2014).
Naptiklad do Spojenych Stati Americkych se ro¢né doveze 100 000 kust obojzivelnikt rodu
Cynops spp. a Paramesotriton spp. (Richgels et al. 2016). V roce 2013 se do Holandska dovezlo
21 000 jedincti druhu Paramesotriton chinensis, Notophthalamus viridescens a Cynops spp.
(Spitzen-van der Sluijs et al. 2015). Dalsimi asijskymi obojzivelniky (a potencialnimi vektory

Bsal) hojn¢ dovazenymi do EU jsou ¢olci roda Pachytriton, Tylototriton a Salamandrella (EFSA
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Podle nejnovéjsich studii je zfejmé, Ze potencidlnim vektorem patogenu mohou byt kromé
ocasatych obojzivelnikii 1 zdby (Nguyen et al. 2017, Stegen et al. 2017). Druh vietnamské kuiiky
(Bombina microdeladigitora), ktery byl nedavno importovan do Evropy, byl pozitivni jak
v misté¢ puvodu (Sa Pa, Lao Cai Province, Vietnam), tak v némeckém obchod¢ se zviraty,
pficemz se jednalo o stejny kmen patogenu Bsal (Nguyen et al. 2017). Experimentalni
naockovani ropusky starostlivé (Alytes obstetricans) houbou Bsal bylo rovnéz uspésné. Prestoze
intenzita zoospor byla po né¢kolika tydnech od inokulace nizkd a infekce asymptomaticka,
K pfenosu patogenu na citlivé mloky skvrnité to stacilo (Stegen et al. 2017). Vhledem k témto
poznatkiim dostdva riziko pfenosu prostfednictvim mezinarodniho obchodu mnohem Sirs$i
rozmér. Bombina microdeladigitora sice neni druhem, ktery by se ve velkém mnozstvi vyvazel
do svéta (Nguyen et al. 2017), ale napf. jeji piibuzna Bombina orientalis patii k bézné
prodavanému druhu v naSich obchodech se zvifaty a je pro svou nenaro¢nost, vyrazné zabarveni

a denni aktivitu mezi chovateli a zoologickymi zahradami velmi oblibena (Havlikova et a. 2015).

V Severni Americe najdeme nejvyznamnéjSi ohniska biodiverzity ocasatych obojzivelnikl
Citajici 48 % z 676 znamych druht; 190 druhti v USA, 137 druhi v Mexiku a 21 druht v Kanadé
(Yap et al. 2015). Prestoze se v téchto zemich nalez plisné Bsal zatim nepotvrdil, je vysoka
pravdépodobnost jejiho zavleceni pravé diky masovému obchodu s obojzivelniky (Richgels et al.
2016). Ze zdroju databaze CITES vyplyva, Ze nejvétsim dovozcem obojzivelnikii do CR jsou
USA, Kanada a Hong kong (zdroj: CITES.org).

Diagnoéza a 1é¢ba patogenu Bsal

Neinvazivni metodou odbéru vzorku je kozni stér ze Zivého obojzivelnika, po kterém nasleduje
detekce Bsal DNA pouzitim kvantitativni polymerazové reakce qPCR. Minimalni intenzita
zoospor pro detekci touto metodou je teoreticky 0,1 GE. Analyzovat lze 1 Gstfizky prstii a vzorky
ktze (Blooi et al. 2013). Tato metoda je velmi citliva a je schopnd detekovat houbu, aniz by se
projevily klinické ptiznaky chytridiomykoézy (Martel et al. 2014). Alternativnimi metodami
detekce patogenu je histopatologie kiize, imunohistochemie s pouzitim polyklonalnich protilatek

a nové vyvinuta metoda lateralniho pritoku (Dillon et al. 2017).

Neschopnost mlokli skvrnitych vyvolat imunitni reakci vic¢i patogenu vylucuje ockovani jako

moznost zmirnéni citlivosti a vytvoreni kolektivni imunity (Stegen et al. 2017). JelikoZ patogen
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Bsal napada hlavné ocasaté obojzivelniky (Martel et al. 2014), 1é¢ba zvySenim teploty je vhodna
pouze pro nékteré¢ druhy. Pro eliminaci sesterské plisn¢ Bd je potieba vystavit jedince teplotam
30 °C 1 vyssim (Woodhams et al. 2003), coz ptesahuje kritickou teplotni mez u vétSiny
ocasatych (Bury 2008). Nejvhodnéjsi teplota pro Géinnou 1é¢bu ocasatych obojzivelnika byla
stanovena na 25 °C, po dobu 10 dni, obr. 7 (Blooi et al. 2015a), nicméné nedavné poznatky
ukazaly, ze minimaln¢ jeden z kmenti Bsal odolal teplotam i nad 26 °C (Laking et al. 2017). Pri
experimentalnim nakazeni a 1éceni jedincti mloka skvrnitého byla 1écba zvySenim teploty na 25

°C po dobu 10 dnti uspésna (Stegen et al. 2017).

Dals8i mozZnosti je 1é€ba farmaky, konkrétné kombinaci polymixinu E a voriconazolu pfi teploté
20 °C. Infikované zvite se ponoii do roztoku polymyxinu E (2000 IU/ml) na 10 minut. Poté je
oSetfeno postiikem voriconazolu (12,5 pg/ml). K Gplnému potlaceni patogenu Bsal je nutné

1é¢bu opakovat dvakrat denné po dobu 10 dnt (Blooi et al. 2015b).

Obr. 7. Na obrazku A jsou patrné kozni 1éze zplsobené infekci Batrachochytrium salamandrivorans. Po
oSetfeni zvySenim teploty na 25 °C po dobu 10 dni jsou 1éze zietelné mensi (B) a nakonec zcela zmizi (©OBlooi et
al. 2015b).

Soucasti uspésné 1écby a prevence je i1 dodrZeni pfisnych hygienickych opatieni. Na zakladé
vysledkt studie je doporuceno dezinfikovat v§echny pomiicky pouzité v terénu, laboratorni a
chovatelské zafizeni desinfekénimi ptipravky: 1% Virkon S®, 4% chlornan sodny a 70%

etanol, minimaln¢ pét minut 1% Virkonem a jednu minutu ostatnimi desinfek¢énimi ptipravky

(Van Rooij et al. 2017).
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2.1 Sledovani patogenu Bd v CR — chovy

Prvni projekt byl zaméfen na zoologické zahrady, herpetologické stranice, komeréni prodejce
a soukromé chovatele. Hlavnim cilem této studie bylo potvrdit/vyvratit vyskyt Bd u
obojzivelnikii chovanych v zajeti u nds, ptfipadné uréit prevalenci onemocnéni a porovnat
patogenitu v riznych typech chovnych zatizeni a mezi druhy. V piipad€ pozitivnich néleza
byla snaha o zjisténi ptivodu zvifat a navrzeni konkrétnich postupli zabranujicich dal§imu

Sifeni nemoci (1é¢ba, karanténa, hygienicka opatieni).

2.2 Sledovani patogenu Bd na Balkanském poloostrové — volné Zijici populace

Vzhledem k tomu, ze znalosti o vyskytu ptivodce chytridiomyko6zy jsou nezbytné pro uc¢innou
ochranu obojzivelnikd, hlavnim cilem projektu bylo zmapovani vyskytu Bd v dosud
neprobadanych oblastech Balkanského poloostrova, piedeviim v Cerné Hote. Konkrétné jsme
se snazili zjistit 1) pfitomnost patogenu v oblasti, 2) porovnat intenzitu ndkazy mezi
jednotlivymi druhy a mezi lokalitami, 3) v pfipadé pozitivnich vysledkli srovnani mezi
stejnymi nebo piibuznymi druhy, ¢i mezi oblastmi s podobnymi klimatickymi a

geografickymi podminkami.

2.3 Sledovini patogenu Bsal u ocasatych obojZivelniki v CR — volné Zijici populace a
chovy

CR, zvlaté pak Praha, patii k oblastem se zvy§enym rizikem vyskytu patogenu Bsal. Je zde
pomérné bohata diverzita ocasatych obojzivelnikt (Sillero et al. 2014, Stastny et al. 2015),
CR sousedi s Némeckem s potvrzenym vyskytem Bsal v chovech (Sabino-Pinto et al. 2015) a
zejména v Praze je situovana rozsahla sit’ chovatelii a komer¢nich prodejcti (Havlikova et al.
2015). Hlavnim cilem tfetiho projektu bylo zmapovani vyskytu Bsal u ocasatych

obojzivelniki v Praze a ptilehlém okoli jak ve volné ptirodé, tak 1 v chovech obojzivelniki.
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3. Metodika

3.1 Sbér dat

Odbér vzorkli probihal u vSech tii dil¢ich studii stejnym zplsobem, proto je tato cast
metodiky spole¢nd. Pfipadné odliSnosti jsou uvedeny u jednotlivych studii.

Vzorkovani bylo provadéno nedestruktivni metodou stéry z pokozky obojzivelnikl
standardizovanymi vytérkami Dryswab® (MW100, Medical Wire & Equipment Co, UK)
podle uznavané metodiky (Hyatt et al. 2007). S obojzivelniky se manipulovalo velmi Setrné za
pouziti jednorazovych gumovych rukavic, které byly ménény pii kazdém kontaktu s novym
jedincem, aby se zabranilo mozné kontaminaci mezi jedinci (Forzan et al. 2008). Stér byl
proveden péti tahy tam a zpét po obou bocich, bfise, zadech, vnitini strané stehen a poté jeden
stér z plovaci blany zadnich nohou. Pfi vzorkovéani kazdého jedince byly dodrzovany
predepsané hygienické bezpecnostni predpisy; dezinfekce veskerych pouzitych pomtcek,
pfipadné pouziti jednordzového materidlu, dikladné ocisténi a dezinfikovani obuvi pfi
pfesunech na dalsi lokality (Wellington & Haering 2008). NejSetrnéjsi metodou dezinfekce
pro okoli je tplné vysuseni na slunci po dobu nejméné tfi hodin (Williams et al. 2002). Kazdy

vzorkovany jedinec byl evidovan'véetné fotografického zdznamu k piipadnému pozdgjsimu

zjisténi pritomnosti symptomd.

Obr. 8. (A) Odber stéru standardizovanou vytérkou (zoo Zlin, Phyllobates terribilis © Barbora Havlikova).
(B) Identifikace jedince? (Cerna Hora, Virpazar, Hyla arborea®© Jiii Vojar).

*Evidence kazdého jedince byla provedena co nejpodrobngji; méfenim, uréenim pohlavi, uréenim vyvojového
stadia (juvenil/adult), popisem lokality (typ habitatu, zemépisna délka a Sitka, nadmotska vyska), piidélenim
identifika¢niho kédu: prvni dvé pismena — nazev lokality, druha dvé pismena — druhové jméno, tfeti dvé pismena
—rodové jméno, Cislo — poradi ptislusného druhu v fade.

’V tomto piipadé kéd VIZHYARO2 znamena: lokalita Virpazar 2, Hyla arborea, druhy vzorkovany jedinec
nalokalité.
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Vzorkovani na pfitomnost patogenu Bd v chovech se uskutecnilo v obdobi mezi Cervnem
2012 a unorem 2014. Vzorky byly odebirdny v ridznych typech chovnych =zatfizeni
obojzivelniki. Vzorkovani bylo zaméfeno jak na statni instituce (zoologické zahrady,
herpetologické stanice), tak na komer¢ni obchod s obojzivelniky (prodejny se zvitaty, burzy)
a na soukromé chovatele. Riizné typy zatizeni byly sledovany zamérné, aby bylo mozné
provést jejich srovnani, co se ty¢e prevalence vyskytu Bd. Z kazdého teraria bylo odchyceno

tf1 az pét jedinct stejného druhu, u kterych byl proveden stér.

U akvatickych druhti; napt. drapatka vodni (Xenopus laevis), zebrovnik Waltlav (Pleurodeles
waltl), ¢olek vychodni (Cynops orientalis), axolotl mexicky (Ambystoma mexicanum) byla
provedena detekce patogenu Bd piimo ze vzorkti vody, ve které se dany obojzivelnik
nachazel. Zde je totiz velkd pravdépodobnost ndkazy kontaminovanou vodou obsahujici
zoospory Bd, tzv. environmentalni DNA (Daszak et al. 2000, Johnson & Speare 2005).
Akvatické druhy se chovaji vétSinou ve velkém mnozstvi a odebrani vzorku z kazdého jedince
by bylo finan¢n¢ 1 Casové narocné. Vyhodou této metody je detekce patogenu z jediného
vzorku vody, ¢imz se ovzorkuje celé akvarium. V piipad¢ pozitivnich nalezii je zapotiebi

prelécit celé akvarium, takze neni nutné védét, ktery konkrétni jedinec byl nakazeny.

Na Balkanském poloostrové se na piitomnost Bd vzorkovalo v Cerné Hofe, Albanii a
Makedonii. Pilotni studie byla provedena v roce 2013, kdy se vzorky odebiraly spiSe nahodné
na jedné lokalité v Cerné Hote, aby se ziskaly pfedbézné informace o piitomnosti Bd v této
oblasti. O rok pozdgji byl v Cerné Hofe proveden intenzivni vyzkum na tfinacti lokalitach. Na
kazdé lokalité bylo odchyceno a ovzorkovano minimalné 30 jedinct stejného druhu, aby bylo

dosazeno vérohodnosti v ptipadé negativnich vysledku (Digiacomo & Koepsell 1986).

Béhem podzimu 2015 a nasledujiciho jara 2016 se vzorkovalo na pfitomnost patogenu Bsal
vV Praze a prilehlém okoli jak ve volné pfirodé, tak i v chovech obojzivelniki. Bylo
vytipovano devét lokalit s volné Zijicimi populacemi mloka skvrnitého, Colka obecného a
colka horského. Z chovatelskych zafizeni byly vybrany Cctyfi sbirky obojZivelnikil
soukromych chovatelli a prazskd zoologicka zahrada, kterd se mimo jiné specializuje na chov

velemloka ¢inského (Andrias davidianus).
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3.2 Analyza vzorku

Detekce Bd byla provedena kvantitativni real-time PCR (QPCR) metodou (Boyle et al. 2004)
s ptidanim bovinniho séra albumin (BSA) kvili omezeni inhibice PCR (Garland et al. 2010).
Tato metoda je vysoce citlivd (schopnd zachytit infekci jednotlivych bungk), specificka
(primery jsou navrzeny pfimo pro Bd a byly testovany proti mnozstvi piibuznych skupin hub)

a umoznuje kvantifikaci cilové DNA ve vzorku (Hyatt et al. 2007).

Vzorky ze stért byly uchovany v ptivodnim obalu v lednici pfi teploté 4 °C, vzorky tkané byly
uchovény v etanolu. Spicky vytérek nebo malé kousky tkané byly smichany s PrepMan®
(reagencie pro piipravu vzorku), homogenizovany na MagNA Lyseru (Roche Diagnostics) a
vafeny po dobu 10 minut. Takto pfipravené vzorky DNA se 10x fedily a poté se analyzovaly
metodou gPCR. Vysledky analyzy jsou prezentovany jako genomicky ekvivalent jedné
zoospory (GE). Kvantifika¢ni standardy o koncentracich 0.1, 1, 10 a 100 GE byly poskytnuty
od Institute of Zoology, Zoological Society of London. Vzorek byl povazovan za pozitivni,
pokud se zobrazila typicka rostouci fluorescen¢ni kiivka a vysledné mnozstvi bylo nad 0,1
GE. Analyzy vzorku se provadély na Veterinarni a farmaceutické univerzité v Brn¢, coz bylo
do nedavna jediné pracovisté v celé CR, kde bylo mozné tyto analyzy provadét. Nyni uz jsou

analyzy provadény i v nagich laboratoiich na FZP CZU v Praze.

Detekce patogenu Bd ze vzorkt vody byla provedena standardni PCR metodou (Annis et al.
2004) za pouziti jednoduchého filtraéniho systému k izolaci DNA (Walker et al. 2007)
v laboratofi molekularni genetiky na FZP CZU.

Pfitomnost patogenu Bsal se zjistovala SYBR Green kvantitativni polymerazovou reakci
(gPCR) podle Blooi et al. (2013) a porovnavala se proti genomickym standardim Bsal,
poskytla An Martel, Ghent University. U této metody byl Casto zjistén fluorescencni rust
nespecifickych  produktl, coz ponckud komplikovalo interpretaci vysledki. U
nejednoznacnych vysledkl byla po standardni PCR pouzita gelova elektroforéza k potvrzeni
identity produkti PCR. K detekci Bsal byla pozd¢&ji pouzita doporu¢ovana metoda qPCR pro
duplex Bd+Bsal (Blooi et al. 2013), ktera pracuje se specifickymi sondami pro Bd a Bsal a
jednoznaéné detekuje tyto dva patogeny. Vyss$i ndklady na tuto analyzu jsou vyrovnany
jasn&jSimi a konkrétnéjsimi vysledky. Analyzy na pritomnost patogenu Bsal jsou provadény

na VFU v Bré i na FZP CZU.
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3.3 Statistické zpracovani dat

Porovnani intenzity nakazy Bd mezi chovnymi za¥izenimi a druhy

Podil Bd-pozitivnich oproti Bd-negativnim vzorkim mezi typy chovnych zafizeni (ZOO,
herpetologicka stanice, soukromy chovatel, obchod se zvifaty) a mezi jednotlivymi druhy
obojzivelnikii byl analyzovan pomoci zobecnénych linearnich modeltt (GLM) statistickym
softwarem R, verze 2.10.1 (R Development CoreTeam 2009). Pro tyto tcely jsme pouzili
GLM log-linearni model s Poissonovym rozdélenim, kde frekvence nakazenych/Cistych byly
vysvétlovanymi a parametry prostiedi vysvétlujicimi proménnymi. ObojZivelnici chovani ve
spole¢né nadrzi nemohli byt povazovani za nezavislé méteni v disledku pseudo-replikaci (t].
zvitata ze stejné nadrze méla vyssi pravdépodobnost, Ze budou nakazena, Crawley 2007). Z
tohoto davodu jsme jako jednotku pro analyzu pouzili nadrz misto jedince. Pfi porovnani
ptritomnosti Bd mezi zoologickymi zahradami nasledoval stejny postup. K otestovani
vyznamnosti Kazdé vysvétlované proménné v modelu jsme pouzili chi-kvadrat test (Crawley

2007).

Porovndani intenzity nakazy Bd mezi balkanskymi druhy a zemémi

Konfidenéni intervaly prevalence (95%, Sterne's exact method) mezi balkanskymi druhy byly
pocitany pomoci softwaru Quantitative Parasitology (Rozsa et al. 2000). Piitomnost Bd mezi
tfemi zemémi (Albanie, Cerna Hora, Makedonie) byla porovnavana metodou zobecnénych
linearnich modeli (GLM) a statistickym softwarem R, verze 2.10.1 (R Development
CoreTeam2009). Pro GLM jsme pouzili log-linearni model s Poissonovym rozdélenim
vysvétlované proménné (tj. frekvence Bd-pozitivnich a Bd-negativnich vzorki v kazdé zemi

¢i podle druhu). Spravnost vysledného modelu byla diagnostikovana standardnimi metodami

Porovndni intenzity nikazy Bsal ve volné piirodé a chovech CR
Konfidenéni intervaly (99 % Sterne-Wald) jsou pii nulové prevalenci Bsal 0,0-4,2 %
v divo¢iné a 0,0-2,6 % Vv zajeti (Rosza et al. 2000). Vzhledem k absenci Bsal + byly pocitany

konfiden¢ni intervaly prevalence. Standardni testy provedeny byt nemohly (bez Bsal +).
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4. Vysledky

Problematika chytridiomykozy je diskutovanym tématem po celém svété. Prestoze se
vyzkumem plisné Bd zabyvaji védci témét 20 let (Berger et al. 1998, Longcore et al. 1999),
v CR je studovan polovinu této doby, od roku 2008 (Balaz et al. 2009, Civis et al. 2010). Je to
ziejmé zpisobeno tim, Ze v CR nebyly doposud zjistény zadné dramatické thyny souvisejici s
chytridiomykézou (Civi$ et al. 2010, 2012, Balaz et al. 2014), jako tomu bylo v tropickych
zemich (Collins 2010) a jizni Evropé¢ (Bosch et al. 2001). Nicméné vétSina druht
obojzivelniki zije pfevazné skryté, a tak jejich umrtnost miize ziistat bez povsimnuti (Gray et
al. 20017). Ac¢koli je vyskyt nasich obojzivelniki dobfe zmapovany (Moravec 1994, Vojar et
al. 2008, Sandera et al. 2010, www.biolib.cz), studie tykajici se popula¢ni dynamiky
obojzivelnikii obecné chybi, takze nelze tvrdit, ze patogen Bd (potazmo Bsal) nema na nase
obojzivelniky Zadny vliv.

cey

Vramci CR se vyzkum patogenu Bd nejprve soustiedil na obojZivelniky Zijici ve volné
ptirod¢ (Civi§ et al. 2012, Balaz et al. 2014). Od roku 2012 jsme zacali monitorovat i
obojzivelniky chované v zajeti se zaméfenim na zoologické zahrady, herpetologické stanice a
soukromé chovatele (Havlikova et al. 2015, priloha I. a). V roce 2014 se na$ vyzkum
ptesunul do jihovychodni Evropy na Balkansky poloostrov, kde se monitoring na pfitomnost
Bd dosud neprovadél (Vojar et al. 2017, pFiloha 1. b). S objevem, nebezpecnym S$ifenim a
devastujicim dopadem nové popsané plisné¢ Batrachochytrium salamandrivorans (Martel et
al. 2013) se nase pozornost zaméfila na ocasaté obojzivelniky ve volné piirodé i v chovech

CR, konkrétné v Praze a ptilehlém okoli (BalaZ et al., in press, p¥iloha L. c).

4.1 Potvrzeni vyskytu patogenu Bd v umélych chovech v Ceské republice (pFiloha I. a)

Na zakladé naSich vysledkti byla piitomnost Bd potvrzena v CR vumélych chovech
obojzivelniki. Z 610 ziskanych vzorkii jsme zaznamenali pozitivni vysledky na pfitomnost
Bd u 31 znich (5,1 %). Z celkovych 117 vzorkovanych druhti se u osmi z nich (6,8 %)
potvrdila infekce touto plisni. Jednalo se o druhy: Bombina scabra, Dendrobates azureus,
Neurergus kaiserii, Osteopilus septentrionalis, Silurana amieti, Silurana sp. (nepopsany druh

importovany z Ghany), Theloderma bicolor a Theloderma stellatum.

Vzorky jsme odebirali ve 21 chovnych zatfizenich; v osmi zoologickych zahradach, jedné
herpetologické stanici, ve tfech obchodech se zvitaty, u jednoho prodejce na burze a u osmi

soukromych chovatelt. Patogen Bd jsme nasli ve dvou zoologickych zahradach, jedné
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herpetologické stanici a u dvou soukromych chovatel. Po¢ty zdravych a nakazenych jedinct
se na pritomnost Bd mezi riznymi typy chovnych zafizeni vyznamné nelisily. Pomér
pozitivnich jedinci se ale vyznamné¢ liSil mezi jednotlivymi taxony. Zatimco u fadu Anura se
ze 416 vzorkovanych jedinct pliseni objevila ve 34 ptipadech (8,2 %), u fadu Caudata byl
pozitivni pouze jediny vzorek (1/198). Nejvyssi mira infekce (69,6 %) byla nalezena u celedi
Pipidae, rodu Silurana spp.; konkrétné u druhu Silurana amieti a Silurana sp. (blize
nepopsany druh importovany z Ghany). Nakazeni jedinci vSak nevykazovaly zadné typické
symptomy chytridiomykdzy. Bez zjevnych symptomt byla vétSina vzorkovanych jedinci,
¢emuz odpovidala i intenzita ndkazy. Ta se pohybovala v mirnych hodnotach GE (0,4-188,3
GE), pouze u dvou pfipadi jsme zaznamenali vyssi a velmi vysoké intenzity (331,3 a 9230
GE), stypickymi pfiznaky chytridiomykézy a naslednym thynem jedinci (Dendrobates
azureus). Mirné pfiznaky (zmény na kuzi) se objevily u celedi Rhacophoridae, kde jsme
ptitomnost Bd zaznamenali u 22,5 %; u druhti Theloderma bicolor a Theloderma stellatum.
Oba zminéné druhy projevily vysokou citlivost vici lécbé itraconazolem. U druhu
Theloderma bicolor doslo po prvni 1é¢ebné koupeli ke ztraté zraku a k naslednému uhynu
Sesti lécenych jedinct. Nekolik metamorfovanych jedinct T. stellatum uhynulo po mésici od
zahajeni 1éCby a u péti pulct se projevila malformace tstniho disku. Vysledky nam potvrdily,
7ze se lécba musi volit velmi uvazlivé; na zaklad¢ intenzity onemocnéni a citlivosti
jednotlivych druht (Bielby et al. 2008, Searle et al. 2011). Neni vhodné aplikovat 1é¢bu
itraconazolem (dle Forzana et al. 2008) preventivné, pfi nizkych intenzitach patogenu ani pfi
1é¢bé larvalnich a juvenilnich stadii. V téchto ptipadech je vhodnéjsi pouzit 1écbu zvySenim
teploty (Woodhams et al. 2003), snizenim koncentrace itraconazolu u metamorfovanych
jedinct (Brannelly et al. 2012) nebo pouzitim voriconazolu (Martel et al. 2011), ktery je
bezpecny jak pro citlivé druhy, tak pro pulce.

Vysledky detekce patogenu Bd piimo ze vzorkt vody nebyly zcela jednoznaéné. Nékteré
vzorky vody vysly na piitomnost Bd pozitivné, zatimco vSechny kontrolni vzorky ze stérd
byly negativni. K protichiidnosti vysledkii mohlo dojit z vice diivodii; ve vodé mohla byt
environmentalni zbytkovda DNA, kterd se na obojzivelnicich nenachazela, mohlo jit o mrtvé
zoospory, stéry mohly byt ndhodné odebrany z mist, kde se zoospory na obojzivelnikovi
nenachazely, stéry nebyly odebrany ze vSech zvitat v nddrzi, takZze mohlo dojit k ndhodnému
odbéru neinfikovanych zvifat, vzorky ze stérii mohly byt kontaminovany. Vzhledem

k nejednoznacénosti vysledkt nelze délat zavéry.
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4.2 Prvni rozsahly pruzkum patogenu Bd na Balkianském poloostrové (piiloha 1. b)
V priibéhu dvou let (2013 a 2014) jsme odebrali 454 vzork na uzemi Cerné Hory, Albanie a
Makedonie. Patogen Bd byl detekovan u 65 vzorkd (14,3 %), u péti druhti z 11 testovanych
(Bombina variegata, Hyla arborea, Lissotriton vulgaris, Pelophylax sp. a Triturus
macedonicus), na 13 lokalitach z celkovych 38. Pomér nakazenych jedincti se mezi zemémi
vyznamné neliSil. JelikoZ byl v Albanii a Makedonii odebran pomérné nizky pocet vzorkda,
detailngji jsme se v rimci porovnani mezi druhy zaméfili pouze na Cernou Horu. V roce 2013
byl vyskyt plisné Bd v Cerné Hofe potvrzen u 12, 5 % vzorkovanych jedincti, v roce 2014 u
14,6 % testovanych. Intenzivni vyzkum v Cerné Hofe v roce 2014 potvrdil piitomnost Bd u
18,7 % zab z 267 testovanych a pouze u jednoho ocasatého z 84 (1,2 %). Pomér nakazenych a
zdravych jedincti se vyznamné lisil jak mezi druhy, tak mezi lokalitami. Nejvyssi mira infekce
se objevila u rodu Pelophylax sp.; ze 160 vzorkovanych jedincti bylo 49 (30,6 %) Bd
pozitivnich. Tento vysledek je vyznamny z hlediska vyskytu skokana Pelophylax shqipericus,
endemita Albanie a jihu Cerné Hory, ktery je podle Cerveného seznamu IUCN ohroZzenym
druhem. Jeho budouci existence je ohrozena zejména zneciSténim vodnich zdroji a odchytem
pro komerc¢ni Ucely. Proto je nezbytné zjistit, jaky vliv mé chytridiomyko6za na pokles jeho
populaci. Nase data podporuji vyznamnou roli skokanti rodu Pelophylax sp. jako pfenasecu
Bd (Woodhams et al. 2007b, Balaz et al. 2014a). Nizka variabilita prevalence Bd mezi
vyskytu Bd, zatimco faktory prostfedi mohou mit sekundarni vliv. Vzhledem k tomu, Ze jsou
vodni skokani schopni se §ifit na velké vzdalenosti, jejich populace jsou pocetné a navic jsou
vaci Bd imunni (Woodhams et al. 2012), méli by byt dalezitym pifedmétem studia pro

pochopeni dynamiky infekce Bd.

4.3 Vyzkum nového patogenu Bsal u obojzivelniki ve volné piirodé a v chovech v ramci
CR (p¥iloha L. ¢)

Béhem podzimu 2015 a jara 2016 bylo odebrano 126 vzorki z ocasatych obojzivelnikl ve
volné pifirod¢ na deviti lokalitdich Prahy a pfilehlého okoli. U vSech tii testovanych druht
(mlok skvrnity, ¢olek obecny, ¢. horsky) nebyla pfitomnost patogenu Bsal detekovana.
V umélych chovech obojZivelnikii byly vzorky odebirany v prazské zoologické zahradé a
ctyfech soukromych chovatelli. V ramci 198 vzorkli z 60 druhl rovnéZ nebyla pfitomnost

patogenu Bsal potvrzena.
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Vzhledem k potencialni hrozbé Bsal pro nase obojzivelniky (Martel et al. 2014) budou
nezbytné dal$i kroky véetné prevence, navazujiciho vyzkumu na dalSich lokalitach a
kontrolach jiz sledovanych populaci. Zejména pii monitoringu musi byt kladen obrovsky
diiraz na dodrZovani pfisnych hygienickych pravidel a opatrnost pii jakékoli manipulaci se
zviraty. V idealnim ptipadé je snaha se manipulaci zcela vyhnout — tzv. pasivni kontrola, kdy
se symptomy nemoci sleduji pouze vizualné. Zapojit by se méli vSechny zainteresované
strany navstévujici stanovisté obojzivelnikl (terénni pracovnici, védci, vyzkumnici, ochranci
ptirody, dobrovolnici atd.) Shromazd'uji se podezielé ptipady, sleduje se umrtnost a teprve
pak nasleduje konkrétni vysetfeni na ptitomnost Bsal (aktivni kontrola). To je v mnoha
ohledech, a zvlasté u ocasatych obojzivelnikd, nejvhodnéjsi metodou detekce patogenu
(EFSA 2017).
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5. Zavér

Vzhledem k vaznému ohrozeni obojzivelnikti patogeny Bd a Bsal je intenzivni vyzkum
pritomnosti, prevalence a dynamiky obou plisni naprosto nezbytny (pifi zachovani striktnich
hygienickych pravidel). Monitoringem plisné Bd se na§ vyzkumny tym zabyva od roku 2008,
kdy byl poprvé potvrzen jeji vyskyt ve volné piirodé v CR u ropuchy obecné a skokanii rodu
Pelophylax (Balaz et al. 2009). Ackoli v naSich podminkach nebyly doposud zjistény masové
uhyny v dasledku chytridiomyké6zy a mira infekce byla u vétSiny testovanych jedinct nizka,
odpovidajici evropskému priimeéru, je tieba tomuto patogenu vénovat zvySenou pozornost.
Samotna piitomnost plisné mize pusobit synergicky s ostatnimi negativnimi vlivy, coz mize
byt pro obojzivelniky fatalni. V souvislosti se zménami klimatu se mlize ménit i vliv patogenu

Bd a nase druhy se vi¢i nému mohou stat casem citlivejsi.

Jelikoz Sifeni chytridiomykozy tzce souvisi s mezinarodnim obchodem s obojzivelniky,
zaméfili jsme se v této praci mimo jiné na umélé chovy. V ramci naseho vyzkumu jsme
zmapovali vyskyt plisn¢ Bd a Bsal u obojzivelniki chovanych v zajeti, zjistili a porovnali
prevalenci mezi jednotlivymi druhy a chovnymi zatizenimi a v pfipad¢ pozitivnich nalezl
jsme navrhli vhodnou lé¢bu. Piitomnost patogenu Bd jsme zaznamenali hlavné ve formé
mirnych asymptomatickych infekci, ale vyskytly se i1 ptipady akutnich onemocnéni, ktera
mohou ohrozit celé chovy. V pfipadé vzacnych a ndkladnych druhli tak mize pfitomnost
patogenu zpusobit i zna¢né finan¢ni Skody. Mnohem zavazné;j$i Skody ale mlze zpusobit
pienos plisn¢ do volné pfirody. Proto je nezbytné riziko pienosu zmirnit. Na zaklad¢ vysledka
a poznatkli tohoto vyzkumu bychom méli byt schopni nastavit opatieni zabranujici dalSimu
Sifeni patogenu. Na zacatku je potieba presné urcit distribuci nemoci, zajistit kontrolu a
ochranu zdravych chovi. Uz k tomuto cili je nutné optimalizovat systém sbéru vzorka a
zrychlit cely proces od odbéru vzorku po oznameni vysledkd. Néslednd 1écba nebo zrusSeni
chovi je uz na chovatelich, ale 1ze oc¢ekavat, ze v ptipad€ cennych chovli budou mit o 1écbu
zajem. V mezinarodnim méfitku vznikaji snahy o detailni dohled, implementaci ptisnych
hygienickych a karanténnich opatfeni a v celkovém disledku o omezeni importu a chovu
obojzivelniki (Young et al. 2007). Jenze pravé schopni chovatelé mohou mnohym vzacnym
druhiim umoznit jejich pieziti v zajeti a omezit tak dopad chytridiomykozy na volné zijici

populace (napf. posilenim stavajicich populaci reintrodukcemi).

Na zéklad¢ vysledki nasich vyzkumi se zatim nepodafilo prokazat ani vyvratit, Ze by pliseni

Batrachochytrium dendrobatidis bezprostfedné ohrozovala obojzivelniky ve volné ptirodé
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CR. Vylouéeno to oviem neni, jelikoz piisobeni Bd u nis neni zatim zcela jasné. Pokud se
plisent objevi v umélych chovech, miize byt fatalni nejen pro obojzivelniky v zajeti (vétSinou
se chovaji citlivé tropické druhy), ale mize ohrozit i volné zijici populace (riziko pfenosu
patogenu do pfirody). Tyto vysledky koresponduji s nasim dal§im vyzkumem provedenym ve
volné piirodé v Cerné Hofe, kde jsme rovnéZ zaznamenali pouze mirné infekce bez zjevnych
symptomu a thynti. Nelze ovSem tvrdit, Zze patogen nema na obojzivelniky zadny vliv. Zda se
ale, Ze vyznamnou roli z hlediska Sifeni patogenu zde maji skokani rodu Pelophylax, kteti
jsou vici nému rezistentni a v piirod¢ ptsobi jako potencialni pienaseci (Woodhams et al.

2012, Balaz et al. 2014a).

Plisen Batrachochytrium salamandrivorans muize mit v naSich podminkdch mnohem
chovech v CR nepotvrdili, jeho devastujici uginky jsou znamy z Holandska a Belgie, kde
témef vymizely populace mlokd skvrnitych (Martel et al. 2013, Spitzen-van der Sluijs et al.
2013, Martel et al. 2014). V ramci Evropy byl vyskyt patogenu také potvrzen v chovech ve
Velké Britanii, Némecku a Spanélsku (Cunningham et al. 2015, Joana Sabino-Pinto et al.
2015, Fitzpatrick et al. 2016), takze pravdépodobnost zavleCeni na nase tizemi je pomérné
vysoka. Staly vybor Bernské iimluvy proto vydal doporuceni ¢. 176 tykajici se prevence a
kontrol patogenu Bsal. Podle n&¢j by mély evropské zemé piijmout opatfeni zahrnujici
programy pro kontrolu a monitoring mozného Sifeni patogenu, zejména v rizikovych
oblastech, a vypracovat akéni plany umoziujici rychlou reakci v piipadé propuknuti infekce
(Council of Europe 2015).

Staty Nového sveta maji jesté piisnéjsi legislativu. V USA byl v lednu 2016 vydéan zékaz
importu ocasatych obojzivelnikl za Gcelem ochrany divokych populaci pted timto smrticim
patogenem. Zakaz plati jak pro dovoz obojZivelnikéi® do USA, tak pro mezistatni prepravu
mezi staity Columbia, Puerto Rico a veSkerymi staty USA. Vztahuje se na zivé 1 mrtvé
exemplare a jejich casti S vyjimkou povoleni pro zoologické, vzdélavaci, lékatské nebo
védecké ucely (U. S. Fish and Wildlife Service 2016). V Kanad¢ byl od kvétna 2017 rovnéz
zakézan dovoz ocasatych obojzivelnikti. Kanadska vlada vydala zakaz importu pro vSechny

druhy fadu Caudata po dobu jednoho roku, pokud neni k dispozici povoleni. Toto omezeni

*Zakaz importu ocasatych obojzivelnikéi do USA plati pro nasledujici rody: Chioglossa, Cynops, Euproctus,
Hydromantes, Hynobius, Ichthyosaura, Lissotriton, Neurergus, Notophthalmus, Onychodactylus,
Paramesotriton, Plethodon, Pleurodeles, Salamandra, Salamandrella, Salamandrina, Siren, Taricha, Triturusa
Tylototriton.
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dovozu zahrnuje zivé i mrtvé exemplare, jejich vajicka, spermie, tkanové kultury a embrya
nebo jakékoli Casti ¢i derivaty téchto zivocichi (Environment and Climate Change Canada
2017). V ramci Evropy vsak veSkera bezpecnostni opatfeni spadaji pod politiku jednotlivych
evropskych statt. V Belgii a Holandsku se bezpecnostni opatfeni zamétuji zejména na
zvySeni informovanosti vefejnosti a vypracovani nouzovych akénich plant (Gray et al. 2015).
Zatim jedinou evropskou zemi, kde je dovoz vSech druhli ocasatych obojzivelnikl zakazany,

je Svycarsko (Gray et al. 2015).

Do CR se ocasati obojzivelnici dovazi predevsim z USA a Asie (Hong Kong, Singapur).
Statni veterinarni sprava CR rovnéZ vydala opatieni proti §ifeni nebezpeéného patogenu. Od
1. zari 2016 by méla kontrolovat vSechny zasilky ze tietich zemi obsahujici pfedevsim druhy
rodu Cynops, Notophthalmus a Plethodon. Zvitata maji byt po dovozu na misto urceni drzena
v izolaci nékolik dni oddé€lené od ostatnich zvitat a jsou pod dozorem mistné ptislusné krajské
veterinarni spravy (Statni veterinarni sprava 2016). Otazkou zlstava, zda tato opatieni budou
skutecné dodrzovana a zda budou dostacujici. Podle EFSA 2017 by méla karanténa trvat
minimaln¢ 40 dni. Navic podle nejnovéjsich studii mohou byt vektorem pro pfenos patogenu
Bsal i zaby (Nguyen et al. 2017, Stegen et al. 2017), takze by se zadkaz importovanych
obojzivelniki musel rozsifit o dal$i druhy. VétSina zemi kontroluje pouze importy domacich
zvitat, u nichz hrozi nemoci vefejného ¢i hospodaiského vyznamu (slintavka, kulhavka,
vzteklina atd.). Importy volné Zijicich zvitat vSak nepodléhaji kontroldm ani v ptipade, ze jsou
jejich nemoci uvedeny na seznamu OIE (Cunningham et al. 2017). Clenské zemé OIE
vétSinou ani nemaji nastavené piislusné hygienické pozadavky pro importovana zvitata,
protoze mezinarodni obchod s obojzivelniky je obecné neregulovany a neevidovany (Peel et
al. 2012). Obchodni dohody EU c¢asto zakazuji preruseni mezinarodniho importu zvifat za
ucelem kontroly infekénich chorob, pokud nejsou zemé EU piimo soucésti specifického
programu pro jejich kontrolu. Dokonce i v ptipad¢, kdy je omezeni v souladu s pravidly
Svétové obchodni organizace (WTO), jsou zemé EU neochotné zavadét tato omezeni, pokud
by je to ekonomicky znevyhodiiovalo. Pokud by byla tato omezeni implementovéana pfimo na
chytridiomykdzu, mohlo by se zabranit dalSimu Sifeni skrze mezinarodni obchod (Hudson et
al. 2016). Prestoze je snaha o zavadéni bezpecnostnich opatieni, kontrol a hygienickych
doporuceni, z vySe uvedeného vyplyva, Ze jen malé procento zemi se jimi bude opravdu fidit.
Vzhledem Kk nekontrolovatelnému mezinarodnimu obchodu s obojzivelniky, potazmo i
roz$itenému ¢ernému trhu, je vysoka pravdépodobnost, Ze se tento smrtici patogen bude déle

Sifit. Bez restriktivni politiky, kterd by pfesné stanovovala pravidla mezinarodniho obchodu
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(napt. zékaz importd obojzivelniki ze tfetich zemi, testovani importd evropskych
obojzivelniktl na Bsal atd.), se bude situace nejspise zhorsovat. Usp&§nému zabranéni §ifeni
Bsal l1ze pravdépodobné dosahnout jen kombinaci pfisné karantény a vstupnich kontrol
kazdého importovaného obojzivelnika do EU (EFSA 2017), coz je prakticky nemozné. Pokud
propukne infekce v dalsich zemich EU, véfim, ze se vynalozi veskeré usili, aby se ochranily
nenakazené populace a vylécily ty napadené. Otazkou ovSem ziistava, zda uz nebude pozdé.
Nejvyssi pozornost by se v prvni fadé méla vénovat prevenci, ochrané volné zijicich populaci,
systematickému monitoringu, kontrolam, dodrzovani pfisnych hygienickych pravidel a
informovanosti vetejnosti. Nas§ vyzkumny tym v lofiském roce navazal spolupraci se Statni
veterinarni sprdvou ohledné¢ piipadné pomoci pii kontroldch a monitoringu importi.
Momentalné zadame o podporu Technologické agentury Ceské republiky (TACR), konkrétné
v ramci programu TACR Beta, kde bychom chtéli v ramci projektu zavést systém aktivniho a
pasivniho monitoringu obou patogenti ve volné ptirod¢ i v chovech, vyvinout metody 1écby,
nastavit systém spoluprace mezi univerzitami VFU, CZU, Statni veterinarni spravou, MZP
CR a AOPK CR, chovateli, zoologickymi zahradami a dal§imi zainteresovanymi subjekty.
Vzhledem ke globalnim dopadim na obojzivelniky se Bd/Bsal staly jednim znejvice
studovanych patogenti volné zijicich zvitat. Védecké poznatky mohou pomoci pfi prevenci i

ochran¢ obojzivelnikii a zachovani jejich biodiverzity.
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First systematic monitoring of Batrachochytrium dendrobatidis in
collections of captive amphibians in the Czech Republic

Barbora Havlikov4', Vojtech Bal47>3, Jif{ Vojar'*

Abstract. The popularity of amphibians as pets in the Czech Republic is growing. Private keepers breed mainly exotic
species that are available at popular exotic animal fairs and in pet shops. This growing demand for amphibians also brings
increasing risk of disease transmission. In our study, we focused on two objectives: detecting the pathogen Batrachochytrium
dendrobatidis (Bd) in captive amphibians across the Czech Republic and summarizing the results of itraconazole treatments.
We performed a systematic survey, focusing on public institutions, the pet trade and private breeders. Of 610 amphibians
tested, we recorded 5.1% to be infected with Bd. The fungus was present mainly as a mild asymptomatic infection, but we
also found cases of acute disease, including mortalities. Amphibian breeders, zookeepers and pet sellers should regularly test
their animals for the presence of Bd and other pathogens, because captive amphibians can serve as their reservoirs. When Bd
infection is present in a captive amphibian, treatment should be appropriate to the infection’s intensity. The trade-off between
the risk of disease and the risk of antifungal treatment varies greatly among species, and even itraconazole’s use can cause
fatal health complications.

Keywords: amphibian trade, antifungal treatment, captive-bred amphibians, chytridiomycosis, infectious disease, itracona-
zole.

Introduction tion for Animal Health (OIE) in 2008 added
Bd to its list of internationally notifiable infec-
tious diseases (OIE, 2009). OIE member coun-

tries should monitor Bd and report data as to the

Amphibian chytridiomycosis, a cutaneous dis-
ease caused by the fungus Batrachochytrium
dendrobatidis (Bd) (Berger et al., 1998; Long-

core, Pessier and Nichols, 1999), is one of the ~ Pathogen’s occurrence (Schloegel et al., 2010).

factors of a global amphibian crisis. Its impact
is seen in sudden decline in some populations
(Stuart et al., 2004) and even extinction of en-
tire species (Mendelson et al., 2006; Racho-
wicz et al.,, 2006). Chytridiomycosis ranks
as the worst infectious disease ever recorded
among vertebrates with respect to the number
of infected species (Amphibian Conservation
Summit, 2005). Because of the great impact on
populations in the wild, the World Organiza-
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Batrachochytrium dendrobatidis is highly
transmissible (Peel, Hartley and Cunningham,
2012), has low host specificity (Olson et al.,
2013), and can live and survive without a host
in water or a moist environment (Johnson and
Speare, 2003). Infection by Bd often occurs
in the absence of clinical signs (Daszak et al.,
2004; Young, Berger and Speare, 2007). Global
distribution of the pathogen has, in part, been
facilitated by human activities (Peel, Hartley
and Cunningham, 2012), including international
trade in amphibians used for food, bait, zoo-
stocking, research and pet-keeping purposes
(Mazzoni et al., 2003; Weldon et al., 2004; Gar-
ner et al., 2006). The prevalence of chytridiomy-
cosis in the international amphibian trade is rel-
atively high (Schloegel et al., 2009; Spitzen-van
der Sluijs et al., 2011), and thus pet animals can
serve as Bd reservoirs and Bd vectors (Fisher
and Garner, 2007; Tamukai et al., 2014).
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The Czech Republic is an important player in
the European amphibian trade of both imported
and captive-bred amphibians. A great many am-
phibians entering the amphibian trade are still
taken from the wild (Schloegel et al., 2010).
According to the annual reports of the Con-
vention on International Trade in Endangered
Species (CITES), most of those amphibians im-
ported to the Czech Republic originate in the
US and Central and South America, which are
regions with high incidence of Bd (Lips et al.,
2005; Ouellet et al., 2005). On the other hand,
captive breeding may help directly to reduce
the impact of over-collection in wild popula-
tions. The captive populations could even form
a backup option for disease-depleted wild popu-
lations, and reintroduction of offspring raised in
captivity is viewed as a last-chance option to re-
establish new self-sustaining wild populations
(Frias-Alvarez et al., 2008; Woodhams et al.,
2011).

Although many zoological institutions are
currently involved in captive breeding of am-
phibians for species reintroduction programs
(Schloegel et al., 2010), specific quarantine
procedures (Pessier, 2008) and diagnostic test-
ing for Bd detection are not standard practice
at most zoos (Peel, Hartley and Cunningham,
2012). The number of threatened amphibians in
captive breeding programs is increasing, and re-
search estimates indicate that this number ulti-
mately will include hundreds of species (Young
et al.,, 2004). Therefore, private breeders play
a crucial role as an irreplaceable source of ex-
pertise in captive breeding of very rare species
(Garner et al., 2009a). Intentional selection of
disease-tolerant lineages in captivity has poten-
tial to increase the chances of species survival
in the presence of this pathogen (Venesky et al.,
2012).

As there is believed to be a linkage between
Bd’s presence in captive and wild amphibians, it
is necessary to investigate amphibians from the
perspectives of wild population conservation as
well as biosecurity of captive populations. Re-
cent studies have confirmed Bd to occur in wild

B. Havlikov4, V. Baldz, J. Vojar

species throughout the Czech Republic (Civis et
al., 2012; Balaz et al., 2014). As the Czech Re-
public is an important amphibian pet-trade tran-
sit and breeding country, there has been an ur-
gent need to begin monitoring the presence of
Bd in captive-bred amphibians. This paper pro-
vides the first report regarding the presence of
Bd, cases of chytridiomycosis, and results of an-
tifungal treatment in captive amphibians within
the Czech Republic.

Materials and methods
Data collection

Between June 2012 and February 2014, 665 samples were
collected and analysed. Twenty-one collections of captive
amphibians were examined, with monitoring at state institu-
tions (8 zoos, 1 herpetological station), within the pet trade
(3 pet shops, 1 pet fair vendor), and in private collections
(8 private breeders) (table 1). Overall, this research encom-
passed 610 animals. In addition, some Bd-positive animals
were retested after treatment (so there were 665 samples in
total).

Sampling was performed by a non-destructive method of
skin swabbing using the sterile Dryswab® (MW100, Med-
ical Wire & Equipment Co, UK). Animals were handled in
a manner to minimize their stress, and a new pair of dispos-
able powder-free latex gloves was used for each specimen
to prevent disease transmission between animals (Forzan,
Gunn and Scott, 2008). A prescribed hygiene safety proto-
col (Wellington and Haering, 2008) was followed. Three to
five individuals of the same species were sampled from each
tank following a well-regarded methodology (Hyatt et al.,
2007). Each sampled individual was photographed for later
identification of positive individuals within sampled groups.
Samples were stored in original packing in a refrigerator at
4°C.

Another Bd testing method involves environmental de-
tection in samples from water (Walker et al., 2007) within
which amphibians were present. Water samples were col-
lected at the four types of breeding facilities (zoo, herpeto-
logical station, private breeder and pet shop). Altogether
38 water samples were collected through the course of the
study. A sample consisting of 500 ml of water was pumped
from each tested tank into plastic bottles, and these samples
were frozen until sample processing.

Analysis of samples

DNA was isolated from swabs using PrepMan Ultra, and
Bd detection was performed by real-time quantitative PCR
(Boyle et al., 2004) with the addition of bovine serum
albumin (BSA) to limit PCR inhibition (Garland et al.,
2010). This method is highly sensitive (capable to capture
infection of individual cells), specific (the primers used are
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Table 1. Comparison of Batrachochytrium dendrobatidis (Bd) occurrence among breeding facilities.

Type of breeding facilities Number of species Number of Bd Individual infection
(total/Bd+) (total/Bd+) samples positive incidence

Zoo (8/2) 50/3 89 5 5.6%
Herpetological station (1/1) 26/2 19 2 10.5%
Private collection (8/2) 69/3 97 3 3.1%

Pet trade (4/0) 13/0 20 0 0%

Total 117/8 225 10 4.4%
designed for Bd and have been tested against a number of Results

other related fungi), and allows quantification of the target
DNA present in the sample (Hyatt et al., 2007). Results from
the assay are presented as the genomic equivalent value
of one zoospore (GE). DNA quantification standards with
concentration of 0.1, 1, 10 and 100 GE made of the Bd GPL
lineage were provided by the Zoological Society of London.

Water samples were filtered using 0.45 wm water filters.
The DNA was extracted from the filter-disc using a Power-
Water DNA Isolation Kit (Walker et al., 2007). Detection of
Bd DNA in these samples was performed by standard PCR
method using primers specific to Bd (Annis et al., 2004)
in the Laboratory of Molecular Genetics at the Faculty of
Environmental Sciences, Czech University of Life Sciences
Prague.

Treatment of infected individuals

In cases of positive results, we recommended proper quar-
antine measures and treatment and, when possible, eleva-
tion of housing temperature. The use of itraconazole baths
for terrestrial and arboreal species or direct addition of itra-
conazole into aquaria for completely aquatic species was
recommended as the most efficient way to clear the infec-
tion. Treatment was performed by the owners using baths
in sodium itraconazole (Sporanox™, Janssen-Cilag, 2340
Beerse, Belgium) according to an acknowledged method-
ology: for adult amphibians a 0.01% solution of Sporanox
was used (Forzan, Gunn and Scott, 2008) and for tadpoles
and early metamorphosed individuals a 0.0025% solution
of Sporanox was used (Brannelly, Richards-Zawackil and
Pessier, 2012).

Statistical analysis

The proportions of Bd-positive versus Bd-negative samples
among types of breeding facilities (zoo, herpetological sta-
tion, private breeder, pet trade) and among the surveyed
species were compared by generalized linear models (GLM)
using R statistical software, version 2.10.1 (R Development
Core Team, 2009). Within GLM, we used a log-linear model
with a Poisson distribution of the response variable (i.e., fre-
quencies of Bd-positive and Bd-negative samples). Due to
co-housing of individuals, amphibians held together could
not be considered as independent measurements (due to
pseudo-replications, Crawley, 2007). Therefore, we used the
tank instead of the individual as the unit for analyses. We
followed the same procedure in comparing Bd presence and
absence among the 8 zoos. We used chi-squared deletion
tests (Crawley, 2007) to test the significance of each ex-
planatory variable in the model.

Summary of Bd presence

Occurrence of Bd was confirmed in captive-
bred amphibians within the Czech Republic. Bd
was detected at 2 zoos, 1 herpetological station
and 2 private breeders (table 1), often in rare
and expensive species. Of the 117 sampled am-
phibian species, 8 (6.8%) were Bd positive and
109 (93.2%) were Bd negative. Among 416 anu-
ran samples, we found 34 (8.2%) samples to be
positive. In caudate samples, only 1 sample was
Bd positive out of the 198 sampled animals (ta-
ble 2). The fungus was present mainly at low
intensity causing asymptomatic infection, but
some cases of acute disease, including mortal-
ities, were recorded. GE values ranged from 0.4
to 9230 GE (table 3).

Although positive results for water samples
were obtained for 11 tanks, additional swab
samples from animals in those same tanks were
found to be Bd negative. Species housed in
the tested tanks included Pleurodeles waltl, Si-
lurana amieti, Silurana tropicalis, Theloderma
stellatum and Xenopus laevis.

Comparison of breeding facilities by Bd
presence

The number of Bd-negative samples signifi-
cantly exceeded that of Bd-positive samples
df =1, P < 107%) across all examined breed-
ing facilities (zoo, herpetological station, pri-
vate breeder, pet trade). The proportions of sam-
pled tanks with Bd-negative and Bd-positive
results were similar among breeding facilities
(df =3, P = 0.29, table 1). Among the 8
zoos examined, Bd was found in 2 zoos, and
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Table 2. Amphibian taxonomic groups from collections of captive animals examined for presence of Batrachochytrium

dendrobatidis (Bd).

Order Family Number of animals sampled/number of animals Bd positive  Bd-positive species
Anura Alytidae 6/0

Arthroleptidae 1/0

Bombinatoridae 20/1 Bombina scabra

Bufonidae 25/0

Ceratophryidae 6/0

Dendrobatidae 150/2 Dendrobates azureus

Eleutherodactylidae 5/0

Hylidae 4372 Osteopilus septentrionalis

Hyperoliidae 12/0

Mantellidae 2/0

Microhylidae 35/0

Pipidae 61/16 Silurana amieti

Silurana sp.

Pyxicephalidae 1/0

Ranidae 5/0

Rhacophoridae 40/9 Theloderma bicolor

Theloderma stellatum

Caudata

Ambystomatidae 13/0

Hynobiidae 1/0

Salamandridae 184/1 Neurergus kaiserii
Total 610/31 8

then in a small number of samples (10). We
found no differences in the proportions of sam-
pled tanks with uninfected and infected animals
among zoos (df =7, P = 0.64).

Taxonomic comparison according to Bd
presence

The proportion of Bd-positive samples differed
among taxa (df = 7, P = 0.002) (fig. D).
The highest proportion of infection was found
in Silurana spp. (fig. 1) within just 1 collec-
tion with Silurana sp. (undetermined species
imported from Ghana) and Silurana amieti. Six-
teen out of 23 animals (69.6%) were Bd posi-
tive. None of these infected animals showed any
typical symptoms of chytridiomycosis. Their
GE values ranged from 2.8 to 188.3. Two
of 150 (1.3%) frogs belonging to the family
Dendrobatidae were Bd positive (table 2). In
these frogs, acute chytridiomycosis with typi-
cal symptoms was recorded and both frogs died
during treatment. Post-mortem samples showed
these animals to have the highest GE values

measured in the entire dataset (331.3 and 9230
GE). Nine of 40 (22.5%) frogs belonging to the
family Rhacophoridae were infected with Bd
(table 2). In just two of these cases mild symp-
tomatic changes were found on the animals’
skins. In the Pipidae family, 16 of 61 (26.2%)
animals were Bd positive (table 2).

Treatment of infected individuals

Frogs belonging to the family Rhacophori-
dae showed partial or complete susceptibility
to itraconazole treatment. While most of the
threatened frogs survived and were cured (Bd-
negative after treatment), six metamorphs of
Theloderma stellatum died within 1 month after
treatment and 5 treated tadpoles developed mal-
formation of oral discs. In another case, The-
loderma bicolor frogs were observed to be ex-
tremely sensitive to the antifungal treatment.
Although only 1 of 6 was Bd positive and with
a very low GE value (3.3), the owner decided
to treat all of them as a preventive measure. The
first bath, however, resulted in loss of sight in all
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Table 3. Overview of individuals positive for Batra-
chochytrium dendrobatidis according to genomic equivalent
(GE) values and origin.

Species GE value Origin
Dendrobates azureus 9230 pet fair
Dendrobates azureus 331.3 pet fair
Silurana amieti 188.3 private breeder

Silurana amieti 152 private breeder

Theloderma stellatum 126.5 private breeder
Silurana amieti 120.3 private breeder
Theloderma stellatum 77.4 private breeder
Silurana amieti 59.3 private breeder
Theloderma stellatum 52.9 private breeder
Silurana amieti 36.9 private breeder
Silurana amieti 31.5 private breeder
Silurana amieti 30.2 private breeder
Theloderma stellatum 30.1 private breeder
Silurana amieti 28.4 private breeder
Silurana amieti 27.9 private breeder
Silurana sp. 21.9 import Ghana
Theloderma stellatum 17.2 import Latvia
Silurana sp. 7.7 import Ghana
Osteopilus septentrionalis 7.5 import Cuba
Neurergus kaiserii 6.3 private breeder
Theloderma stellatum 5.6 private breeder
Osteopilus septentrionalis 5.3 import Cuba
Silurana sp. 4.4 import Ghana
Silurana sp. 4.3 import Ghana
Theloderma stellatum 3.9 private breeder
Theloderma bicolor 33 private breeder
Silurana sp. 2.8 import Ghana
Silurana sp. 2.8 import Ghana
Bombina scabra 0.61 wild captured
Theloderma stellatum 0.4 import Latvia

6 individuals and they subsequently died due to
their inability to gather food.

Discussion
Summary of Bd presence

In this study, we confirmed Bd infections in
captive amphibians in the Czech Republic. The
overall occurrence of Bd (5.1%) was lower
than that in wild amphibians within the country
(19%) (Balaz et al., 2014) and slightly higher
in comparison with the findings from a similar
study performed in other European countries,
including Belgium, the Netherlands, Germany
and France (2.9%) (Spitzen-van der Sluijs et al.,
2011).
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Comparison of breeding facilities by Bd
presence

We detected comparable incidence of Bd-posi-
tive amphibians (6.5%) in institutions (8 zoos
and 1 herpetological station) in comparison with
a similar study in Japan (5.9%) (Goka et al.,
2009). We detected no Bd-positive samples in
pet shops, whereas that prevalence in Japanese
pet shops reached 28% (Goka et al., 2009). The
observed absence of Bd in Czech pet shops and
pet fairs may be biased by the limited number of
samples (just 4 pet shops and 23 samples plus 1
pet fair seller and 28 samples). Unfortunately,
we have met with great reluctance among com-
mercial pet shops and pet fairs to cooperate by
providing samples. Nevertheless, one pet fair
seller did confess to suspecting some disease
to exist within his stock. For many commercial
sellers, the prospect of money from the sale of
rare species is often stronger than the need to
prevent the spread of infectious diseases. This
shows that cooperation with the trade is not as
simple in the Czech Republic as has been re-
ported from Britain (Wombwell, pers. comm.;
Garner et al., 2009a). Although we recorded no
positive samples in the pet trade, more than half
of the Bd-positive animals recorded came from
private breeders, who had recently purchased
animals in pet shops and at a pet fair. The reluc-
tance of sellers to cooperate might in some cases
be overcome by utilizing methods requiring less
effort in sampling (e.g., water sampling).

Water samples

Using water samples for Bd detection yielded
contradictory results. The failure of swab sam-
ples processed by qPCR to detect Bd among
animals in tanks which appeared positive based
on water samples was unexpected. Although
swabbing is regarded as very sensitive, and ca-
pable of detecting Bd present in even very low
infection intensities (Hyatt et al., 2007), in some
cases the quality of a sample is reduced by
the structure of the skin (e.g. during the terres-
trial phase of toads; Garner, pers. comm.), by
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Figure 1. Comparison of particular amphibian taxa found positive and negative for Batrachochytrium dendrobatidis (Bd).

environmental inhibition of PCR (Hyatt et al.,
2007), or possibly by the random chance of not
swabbing an exact spot bearing fungal growth.
As not all animals within a given tank were
swabbed, some part of the inconsistency could
be explained by the random chance of collecting
samples from the uninfected individuals. Both
primer sets were tested against a set of various
fungi (Annis et al., 2004), and therefore the pos-
itivity should not be a result of unspecific primer
alignment. One might ask if the primers used
were picking up the presence of Bd’s closest rel-
ative, B. salamandrivorans (Martel et al., 2013),
which is not detected by the qPCR (Boyle et al.,
2004). We have proven this cannot be the case
by testing the Bs standards provided by Ann
Martel in the standard PCR (Annis et al., 2004)
and obtaining a negative result. As there is al-
ways a risk of contamination, of course, we do
not consider our results as unequivocal.

Treatment of infected individuals

Because chytridiomycosis is not always accom-
panied by clinical symptoms (Daszak et al.,
2004; Young, Berger and Speare, 2007), it is dif-
ficult to recognize the disease without testing. In

our study, we recorded only 4 animals out of 31
Bd-positive samples (12.9%) showing changes
on the skin and changes in behaviour that are
typical clinical symptoms for Bd (Berger et al.,
1998; Pessier et al., 1999; Boyle et al., 2004). In
case of Bd-positive animals, we recommended
treatment according to the biological proper-
ties of specific species and according to GE
value. It is known that itraconazole can be fa-
tal to larvae and metamorphs, while adults can
be affected sporadically (Pessier and Mendel-
son, 2010) and depigmentation has been ob-
served in tadpoles of Alytes muletensis (Garner
et al., 2009b). The results from treatment using
itraconazole observed in our study constitute a
warning against preventive use of itraconazole
in cases when the infection is not in acute phase
and other, less-invasive methods (e.g., heat ther-
apy; Woodhams, Alford and Marantelli, 2003)
can be applied (Brannelly, Richards-Zawackil
and Pessier, 2012).

Pathogens in the amphibian trade

Emerging diseases have gained prominence in
wildlife conservation over the past decade. Al-
though this is especially true for Bd, other
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diseases may constitute threats which are just
as important. The recently described chytrid
fungus Batrachochytrium salamandrivorans,
highly pathogenic to caudates, causes declines
in Salamandra salamandra populations in
Western Europe and has the potential to cause
serious biodiversity loss if it spreads across
Europe (Martel et al., 2013, 2014). Ranavirus
is another broadly distributed, highly virulent
pathogen with diverse amphibian hosts caus-
ing mass mortalities and collapse of amphib-
ian populations (Price et al., 2014). In the case
of Bd, the amphibian trade contributes to the
spread of genotypes of greater virulence (Far-
rer et al., 2011) or supports emergence of new
strains due to lineage hybridization (McKen-
zie and Peterson, 2012). In all these emerg-
ing pathogens, the traded amphibians are of
great importance in long-distance transmission.
To minimize the risk of introducing patho-
gens from captive to wild animals, it is cru-
cial to set up a system and facilities to provide
a fast loop from sampling to pathogen detec-
tion and to reporting results. Furthermore, well-
performed surveillance of pathogens in the am-
phibian trade enables assessment of disease sta-
tus within wild populations, as has been demon-
strated in Madagascar and Hong Kong (Kolby,
2014; Kolby et al., 2014).

In some cases, captive breeding programs
provide the last chance to conserve and prevent
the extinction of endangered species (Stuart et
al., 2004; Mendelson et al., 2006). The captive
populations are limited in size, however, and
thus they are very sensitive to any random neg-
ative events, including pathogens or inappropri-
ate treatments used against them.

Amphibian breeders, zookeepers, pet shop
operators and pet fair sellers should regularly
test their animals for the presence of Bd and
quarantine newly acquired animals (Bovero et
al., 2008; Kriger and Hero, 2009). Quarantine
of captive amphibians is intended not only to
control possible pathogens from spilling over
into the environment, but, especially in cases
of rare species, it should act against the op-
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posite direction of pathogen transmission. Bd
and other pathogens are widespread in the wild,
and therefore it is important to account for the
risk of infection being introduced from outside.
Collection of live food (e.g., plankton) from
unchecked water bodies may pose a risk to the
captive amphibians.

Traders and breeders bear great responsibil-
ity, and they should attempt to limit risks by
using best-practice protocols. Without adequate
quarantine, surveillance, and parasite control
programs, however, the trade in amphibians will
result in further outbreaks of diseases among
captive and wild amphibians.
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Abstract. The Mediterranean region, consisting of, amongst other areas, three main southern European peninsulas (the
Iberian, Apennine, and Balkan) is known as one of the world’s biodiversity hotspots. The Iberian Peninsula was the first
place in Europe where amphibians were confirmed to be infected by the amphibian chytrid fungus, Batrachochytrium
dendrobatidis (Bd). Whereas the Iberian and Apennine peninsulas have been subject to intensive chytridiomycosis re-
search, this study represents the first large-scale Bd survey in the Balkans. Over a two-year period, 454 skin swab samples
of amphibians were collected in Montenegro, Albania, and the Republic of Macedonia of which 65 samples (14.3%) were
Bd-positive. Bd was detected in 5 out of 11 sampled species (Bombina variegata, Hyla arborea, Lissotriton vulgaris, Pelo-
phylax sp., and Triturus macedonicus) at 13 out of 38 localities. Infection rates did not differ between countries but varied
greatly between species with a maximum in Pelophylax sp. (> 30%). Within positive Pelophylax samples, infection loads
were constant across areas and age groups. Considering the Balkans” biodiversity and the potential threat to local endem-
ics and genetic richness, future monitoring is vital for assessing Bd presence, prevalence and infection trends in the region.

Key words. Amphibian infectious disease, Balkan Peninsula, chytridiomycosis.

Introduction

With its extraordinary species richness and high level of
endemism, the Mediterranean region is known as one of
the world’s biodiversity hotspots (cf. Cox et al. 2006). Old
radiation centres and glacial refuges of various organisms,
including amphibians, in the Mediterranean (TABERLET
et al. 1998, HUSEMANN et al. 2014) have contributed to the
current species and genetic diversity in Europe. Compared
to the Iberian and Apennine peninsulas, the Balkans en-
compass a lower overall amphibian species diversity (Cox
etal. 2006). However, with its 29 species of amphibians (ex-
cluding the batrachofauna of Crete and the eastern Aegean
Islands), the region is nevertheless considered a centre of
species diversity and endemism of the European herpeto-
fauna (e.g., DZUKIC & KALEZIC 2004 with respect to the re-
cent taxonomy sensu SPEYBROECK et al. 2010).

The greatest species diversity within the Balkans was re-
corded for the so-called “Adriatic triangle” in Montenegro

(DZUKIC¢ & KALEZIC 2004). This area’s remarkable geologi-
cal, soil, and climatic diversity has shaped the highest di-
versity index recorded for all of Europe (number of spe-
cies/area unit = 0.84; SGEPANOVIC et al. 2010). The Balkans
region has played an important role as a crossroad for spe-
cies entering Europe from eastern radiation centres (e.g.,
the Triturus karelinii complex, Hyla orientalis or Bufotes
viridis complex; WIELSTRA et al. 2010, STOCK et al. 2012,
OzDEMIR et al. 2014). Several amphibian species presently
express high phenotypic and especially unique genetic di-
versity or are endemic to the Balkans region (Proteus an-
guinus, Triturus spp., Ichthyosaura alpestris, Bombina spp.,
Hyla arborea, Pelophylax shqipericus, Pelophylax epeiroti-
cus, Rana graeca; DZUKIC & KALEZIC 2004, SOTIROPOU-
Los et al. 2007, FIJARCZYK et al. 2011, DUFRESNES et al. 2013,
WIELSTRA et al. 2013).

Amphibians are presently facing a global decline that
is in many cases caused by invasive species and diseases
(BERGER et al. 1998, STUART et al. 2004). Knowledge of
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presence of the amphibian chytrid fungus, Batrachochytri-
um dendrobatidis (Bd), and its impact on amphibians in
the main Mediterranean peninsulas varies greatly, while
following a west-to-east gradient of “scientific interest”. The
Iberian region became the centre of European chytridio-
mycosis research due to the declining populations of three
species in the genus Alytes (BoscH et al. 2001, BoscH &
RINCON 2008, BoscH et al. 2013, Rosa et al. 2013). The Ap-
ennine Peninsula has been the subject of several local Bd
mapping projects (e.g., SIMONCELLI et al. 2005, CANESSA et
al. 2013, TEssA et al. 2013) that also included northern Italy
(STAGNTI et al. 2004) and the island of Sardinia (BIELBY et
al. 2009). In the Balkans region, on the other hand, only
few samples have been analysed and published to date, of
which none (GARNER et al. 2005, VOROS & JELIC 2011) or
only small numbers proved Bd-positive (VOROS et al. 2013).
Asia Minor, meanwhile, has had a proven presence of Bd in
just a single individual (GOGMEN et al. 2013). Given the low
surveying effort, it is possible that even mass mortalities
with an intensity equivalent to that of Alytes obstetricans
in Spain (BoscH et al. 2001) or of Discoglossus sardus in
Sardinia (BIELBY et al. 2009) have gone unrecorded in the
eastern Mediterranean region. The aim of our study was to
conduct the first extensive survey of Bd occurrence in the
Balkan Peninsula.

Material and methods

The present Bd survey focused on Montenegro, Albania,
and the Republic of Macedonia (Fig. 1). In 2013, samples
were collected haphazardly at one locality as a pilot study
to provide preliminary information on the presence of Bd
in the area. During spring of the following year, more in-
tense Bd sampling was conducted in Montenegro. At each
of 13 localities there, we endeavoured to sample a minimum
of 30 individuals per species in order to ensure an accept-
able probability of Bd detection (D1Giacomo & KOEPSELL
1986). Overall, sampling was conducted in two consecutive
years (2013 and 2014) at 14 localities in Montenegro (one
locality in 2013, 13 in 2014), 16 localities in Albania, and
8 localities in the Republic of Macedonia (Supplementary
Table 1). Sample collection was performed by skin-swab-
bing live amphibians using sterile Dryswab® (MW1oo,
Medical Wire & Equipment Co, UK) or by collecting toe
clips (HyATT et al. 2007). A new pair of disposable gloves
was used for each specimen to prevent disease transmis-
sion between animals (FORZAN et al. 2008). Each sampled
individual was recorded, photographed, and then returned
to the place of its capture.

The swab samples were stored dry and refrigerated af-
ter returning from the field. The tissue samples were pre-
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Figure 1. Current distribution of Batrachochytrium dendrobatidis (Bd) in the Balkan Peninsula. Published localities according to
GARNER et al. (2005), VOROs & JELIC (2011) and VOROSs et al. (2013).
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Table 1. Overview of amphibian taxonomic groups examined for
the presence of Batrachochytrium dendrobatidis (Bd) in Albania,
Montenegro, and the Republic of Macedonia. Total - overall
number of sampled animals; Bd+ — number of Bd-positive ani-
mals; Prevalence - proportions of Bd-positive samples in percent
with 95% confidence intervals (CI).

Prevalence [%]

Taxa Total/Bd+

(95% CI)
Anura
Bombinatoridae
Bombina variegata 20/5 25 (10.4-47.5)
Bufonidae
Bufo bufo 45/0 0 (0-8.3)
Bufotes viridis 710 0 (0-37.7)
Hylidae
Hyla arborea 54/1 1.9 (0.1-9.8)
Ranidae
Pelophylax sp. 218/57 26.1 (20.6-32.5)
Rana dalmatina 17/0 0 (0-19.6)
Rana graeca 4/0 0 (0-52.7)
Caudata
Salamandridae
Ichthyosaura alpestris 17/0 0 (0-19.6)
Lissotriton vulgaris 73/1 1.4 (0.1-7.3)
Salamandra salamandra 1/0 0 (0-95)
Triturus macedonicus 10/1 10 (0.5-44.6)
Total 466/65 13.9 (11-17.5)

served in pure ethanol. Swab tips or small pieces of skin
tissue were treated with PrepMan® Ultra Sample Prepara-
tion Reagent (Life Technologies), homogenised in MagNA
Lyser (Roche Diagnostics), and boiled for 10 minutes. The
prepared DNA samples were then diluted 10 times and
examined for the presence of Bd by the TagMan® probe-
based qPCR-assay developed by BOYLE et al. (2004) with
bovine serum albumin (BSA) added to limit PCR inhibi-
tion (GARLAND et al. 2010). The addition of BSA prevents
bias caused by PCR inhibition amongst taxa and improves
the overall accuracy of the detection method (BALAZ et
al. 2014a). No additional means to control for false nega-
tive results, like internal positive controls, were used due
to budget limitations. The detection procedure was per-
formed in LightCycler 480 II (Roche Diagnostics) using
the LightCycler Probes Master in a manufacturer-recom-
mended total volume of 20 pul. Each sample was run in du-
plicates, and the samples were re-tested in cases of ambigu-
ous results. Aliquots of known concentration of Bd DNA
were provided by the Institute of Zoology, Zoological So-
ciety of London, and served as quantification standards in
the reaction, allowing quantification of the pathogen load
in genomic equivalents of a zoospore (GE). A sample was
considered positive if it produced a typical fluorescence
growth curve and the resulting quantity was > 0.1 GE.
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The prevalence and its confidence intervals (95%,
Sterne’s exact method) between species were computed
using the software Quantitative Parasitology (Rozsa et
al. 2000). The occurrence of Bd in the three countries was
compared using Generalized Linear Models (GLMs) with-
in R statistical software, version 3.0.2 (R Core Team 2013).
Within each GLM, we used log-linear modelling with Pois-
son distribution of the response variable (frequencies of
Bd-positive and Bd-negative samples in each country).

Subsequent analyses were performed only for the data
set derived from our surveys in Montenegro during 2014.
That data set, originally consisting of 350 samples from 8
species at 13 localities, was further restricted to species with
at least 10 sampled animals per species and locality. Thus,
the final data set consisted of 278 samples from 5 species
(Bufo bufo, Hyla arborea, Ichthyosaura alpestris, Lissotriton
vulgaris, Pelophylax sp.) at 10 localities. Pelophylax sp. was
considered as a single taxon for reasons of difficult identi-
fication. By using a GLM, we compared the occurrence of
Bd - expressed as a binary response variable (Bd-positive
vs. Bd-negative) - between species and areas. Within the
data subset consisting of only positive Pelophylax samples,
we compared the mean GE values between areas (Supple-
mentary Table 1), as well as between adult and subadult
animals. The response variable GE had a normal distribu-
tion following logarithmic transformation, and therefore a
Linear Model (LM) was used. Quantitative comparison of
GE was restricted to Pelophylax sp., because the numbers
of Bd-positive samples within other species were very low.

To test the significance of each explanatory variable in
the model, we used Chi-squared deletion tests in the case
of GLM and an F-test for the LM (CRAWLEY 2007). Each
minimal adequate model was checked in the end with
standard statistical diagnostics, i.e., by residuals and stand-
ardized residuals versus fitted and predicted values, as well
as by CooK’s distances (CRAWLEY 2007).

Results

Of our 454 samples, 65 were Bd-positive (14.3%), and Bd
was detected in 5 (Bombina variegata, H. arborea, L. vul-
garis, Pelophylax sp., and Triturus macedonicus) out of 11
sampled species (45.5%) at 13 out of 38 localities (34.2%)
across the three surveyed countries (Supplementary Ta-
ble 1, Table 1). We found no differences between countries
in the proportions of Bd-positive samples (df = 2, p = 0.24);
Montenegro: 55 Bd-positive samples out of the total 382
samples (i.e., 14.4%), Albania: 6/59 (10.2%), the Republic of
Macedonia: 4/13 (30.8%), probably due to the low numbers
of sampled animals in Albania and the Republic of Mac-
edonia.

During the 2013 pilot study, 32 individuals of Pelophylax
sp. were sampled in Montenegro at one locality. Four of
these (12.5%) were Bd-positive. During the more inten-
sive sampling in the following year, we sampled 350 ani-
mals and found 51 of these (14.6%) to be infected. Of the 13
Montenegro localities examined in 2014, Bd was detected



Batrachochytrium dendrobatidis in the Balkans

in 8 (Supplementary Table 1). Fifty of the 267 anuran sam-
ples (18.7%) and 1 of 84 urodelan samples (1.2%) tested in
2014 were positive for Bd. We recorded 8 amphibian spe-
cies, three of which were Bd-positive (H. arborea, L. vul-
garis, and Pelophylax sp.) and 5 of which were Bd-negative
(Supplementary Table 1). The fungus occurred mainly at
low infection intensity, with the GE values ranging from
0.29 to 212.0, and no apparent behavioural or macroscopic
symptoms of disease were observed.

Across the 5 selected species with sufficient numbers
of samples (at least 10 samples per species and locality in
2014) - B. bufo, H. arborea, 1. alpestris, L. vulgaris, Pelo-
phylax sp. — we found marginally significant difference in
the proportions of Bd-positive and Bd-negative samples
between five areas (df = 4, p = 0.038). Whereas the propor-
tions of Bd-positive samples were about 20-25% in the ar-
eas of Lake Sas (7 out of 33 samples), Lake Skadar (24/94)
and Danilovgrad (19/92), we found only one and no posi-
tive samples in the areas Stoj and Durmitor, respectively.
The proportions of Bd-positive and Bd-negative samples
differed greatly between species (df = 4, p < 10°), and the
highest infection rate occurred in Pelophylax sp. (49 out of
the 160 sampled animals, 30.6%). In another two species
with proven Bd occurrence (H. arborea and L. vulgaris), we
found only one positive sample per species (Supplementa-
ry Table 1). Within the data set consisting solely of positive
Pelophylax samples, we found no differences in GE values
either between adults and subadults (F = 0.77, p = 0.38)
or between the four areas with Bd presence (F = 0.94, p =
0.40). Furthermore, the interaction between these two var-
iables was not significant (F = 0.33, p = 0.57), meaning that
GE values did not differ within age groups across areas.

Discussion

The overall risk posed by the amphibian chytrid fungus
to European amphibians appears to be heterogeneous in
both geography and host taxonomy. While the Mediterra-
nean peninsulas contain several well-studied sites where
chytridiomycosis has affected populations and caused
mortalities (BoscH et al. 2001, STAGNT et al. 2004, WALKER
et al. 2008, BIELBY et al. 2009, Rosa et al. 2013), no such
sites are known from central parts of Europe in spite of the
wide distribution of the fungus in various environments
(e.g., OHST et al. 2011, SZTATECSNY & GLASER 2011). This
geographic variability is boosted further by differences
within taxonomic groups in the probability of carrying the
infection (BALAZ et al. 2014a).

The highest infection rate in Balkan species (30.6%) was
observed in Pelophylax sp. This result is particularly im-
portant with regard to the endemic water frog Pelophylax
shqipericus (an endangered species according to the IUCN
Red List of Threatened Species) whose distribution is lim-
ited to western Albania and southern Montenegro at alti-
tudes below 500 m a.s.l. and whose populations are dimin-
ishing due to a variety of factors. The northernmost limits
of its range are at Lake Skadar where its continued existence

is significantly threatened by aquatic pollution and over-
collection for commercial purpose (pet trade and food in-
dustry; UzzEL & CRNOBRNJA-ISAILOVIC 2009). Therefore,
additional information about the role of chytridiomycosis
in the decline of P. shgipericus is urgently needed.

Data supporting the universal role of Pelophylax frogs as
Bd reservoirs are on the increase. Bd infections in this ge-
nus have been recorded across most of Europe (summary
in BALAZ et al. 2014b), as well as in Turkey (GOGMEN et
al. 2013). Showing low variability of Bd prevalence in Pelo-
phylax frogs between different sites, our results imply that
the water frog is itself the most important factor in the oc-
currence of Bd while environmental factors have second-
ary effects. Combined with the realisation that these frogs
are immune to the disease itself (WooDpHAMS et al. 2012),
this information points to the water frogs as an important
object of study for understanding the dynamics of Bd in-
fection. The detection of Bd infections in amphibians from
our dataset adds evidence to the presence of this patho-
gen in multiple areas of the northern Balkans (Carpathi-
ans; see VOROS et al. 2013), and improves our knowledge
of its current distribution. We detected Bd in several spe-
cies (B. variegata, H. arborea, L. vulgaris, Pelophylax spp.,
and T. macedonicus) that express high genetic variability
and contain lineages endemic to the area. The identified
positive areas (central and southern Montenegro, south-
ern Albania and eastern Macedonia) are known as a Plio-
Pleistocene refuge for many vertebrate taxa. As for am-
phibians, four Balkans-endemic species occur (P. epeiroti-
cus, P. shqgipericus, Rana graeca, and T. macedonicus) and
unique haplotypes of B. variegata and L. vulgaris were de-
tected here (HOFMAN et al. 2007, FIJARZCYK et al. 2011, PA-
BIJAN et al. 2015).

Based on the published works on the historical biogeog-
raphy of amphibians in the Balkans and our current results,
we suggest the following areas as important for study of Bd
(besides the “Adriatic triangle”): Carpathians (B. variega-
ta, 1. alpestris; HOFMAN et al. 2007, FIJARZCYK et al. 2011),
northern Balkan Mts. (I. alpestris), northwestern Adriat-
ic (H. arborea, L. vulgaris; DUFRESNES et al. 2013, PABIJAN
et al. 2015), Pindos Mts. (B. variegata, H. arborea, L. vul-
garis, T. macedonicus, Pelophylax ridibundus; LYMBERAKIS
et al. 2007, WIELSTRA et al. 2013), Peloponnese (L. vul-
garis), and Crete (Pelophylax cretensis). However, there are
many “white” areas on the map where further sampling
is required to assess the actual prevalence of Bd in local
amphibians. Furthermore, sampling should cover multi-
ple seasons, because the prevalence and intensity of infec-
tion are strongly affected by climatic conditions and may
vary seasonally (SAVAGE et al. 2011) and chytrid prevalence
could be higher than suggested by our data. Badly chosen
seasonality and poor sampling is probably the reason why
Bd has yet not been found in, and published for, other re-
gions of the Balkans (e.g., in Greece). It may be assumed
that Bd is broadly distributed in the Balkans for which rea-
son surveys at local and regional scales could provide valu-
able information about the spread and impact of the path-
ogen and help optimise potential conservation strategies.
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In this study, we present the first regular survey of the
occurrence of Bd in the Balkan Peninsula with the main fo-
cus on Montenegro. As the Mediterranean peninsulas are
hotspots of diversity richness and endemism (Cox et al.
2006), it is important to conduct intensive research there
as to the presence, prevalence, and infection trends of Bd.
Our results support the importance of the Pelophylax spe-
cies group as a Bd reservoir host. In the evolutionary past
of the European fauna, the Mediterranean peninsulas have
played roles as safe havens for biodiversity, including the
batrachofauna. Today, these regions deserve to be the sub-
jects of intense scientific and conservation measures in or-
der to describe, understand, and save what is left before
some of the unique species and lineages are lost to the pres-
sure of invasive organisms, including pathogens.
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Supplementary Table 1. Summary of a Batrachochytrium dendrobatidis (Bd) survey in Albania, Montenegro and the Republic of
Macedonia during 2013 and 2014. Habitat — type of habitat; Lat. N — northern latitude; Long. E — eastern longitude; Alt. - altitude
[m]; Total - overall number of sampled animals at a certain locality; Bd+ — number of Bd-positive animals.

Country Year Locality Habitat Lat. N Long. E Alt. Species Total Bd+
Albania 2013  Fitore waterhole 39°52.17°  20°06.17° 32 Rana dalmatina 20
Gramos Mts meadow 40°21.99° 20°46.20° 2244 Rana dalmatina 1 0

Kodér waterhole 39°49.27°  20°06.63’ 55 Pelophylax sp. 1 0

Rana graeca 1 0

Rana dalmatina 5 0

Korab Mts waterhole 41°40.94 20°31.26° 1776 Bombina variegata 1 0

Ichthyosaura alpestris 3 0

Triturus macedonicus 30

Shalés river 39°43.41° 20°08.11° 38 Pelophylax sp. 100 0

Shkallé waterhole 39°40.85 20°08.05’ 62 Pelophylax sp. 1 0

Suké stream 40°22.22°  20°09.29 247 Pelophylax sp. 1 0

Syri i Kaltér lake, swamps  39°55.17°  20°1L.11 158 Lissotriton vulgaris 20

lake, swamps  39°55.38  20°11.48 174 Pelophylax sp. 1 0

Rana graeca 2 0

Trebeshiné Mts pond 40°20.58’ 20°06.28’ 1893 Bombina variegata 1 0

Bufotes viridis 3 0

pond 40°20.90° 20°06.14" 1835 Triturus macedonicus 1 1

waterhole 40°20.90° 20°06.14’ 1844 Bombina variegata 4 3

Trochuza waterhole 42°30.99° 20°00.56" 1929 Ichthyosaura alpestris 1 0

Albania 2014 Banjé river, swamps 40°14.61" 20°25.85’ 362 Bombina variegata 1 0
Pelophylax sp. 1 0

Lin pond 41°03.82° 20°36.61° 951 Bombina variegata 1 0

Schendli Mts waterhole 40°22.77°  20°01.83’ 766 Bombina variegata 3 0

waterhole 40°21.33>  20°03.077 1600 Bombina variegata 22

Syri i Kaltér lake, swamps  39°55.56" 20°11.51’ 193 Pelophylax sp. 2 0

Trebeshiné Mts waterhole 40°21.48° 20°05.60° 1813 Bombina variegata 4 0

waterhole 40°21.19° 20°05.62” 1884 Bombina variegata 1 0

Republic of 2014 Baba Mts, NP Pelister  forest 41°02.40° 21°13.76° 1286 Rana dalmatina 1 0
Macedonia forest 41°01.99 21°13.177 1626 Rana dalmatina 1 0
(FYROM) Babuna river 41°4121" 21°4837 172 Pelophylax sp. 2 2
Bibaj waterhole 41°43.717 20°37.86° 1178 Bombina variegata 1 0

Matka river bank 41°57.47  21°17.75 302 Bombina variegata 1 0

forest 41°56.81° 21°18.13’ 316 Salamandra salamandra 1 0

Nikolich stream 41°15.11  22°44.22 160 Pelophylax sp. 5 2

Pretor, Prespansko Lake swamps 40°57.70°  21°04.04’ 854 Pelophylax sp. 1 0

Montenegro 2013 Pothum lake 42°18.78° 19°21.22 Pelophylax sp. 32 4
Montenegro 2014 Lake Sas lake, wetland  41°58.76° 19°20.16 15 Hyla arborea 1 0
Pelophylax sp. 32 7

Moromish swamp 42°31.66° 19°11.89° 35 Hyla arborea 2 0

Lissotriton vulgaris 30 0

Pelophylax sp. 7 3

Triturus macedonicus 1 0

Plavnica river channel 42°16.38° 19°12.06’ 14 Pelophylax sp. 6 0

Provalija depression 43°04.14° 19°06.377 1443 Bufo bufo 270
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Country Year Locality Habitat Lat. N Long. E Alt. Species Total Bd+
Montenegro 2014 Ichthyosaura alpestris 100 0
Rana dalmatina 1 0

Slap flooded valley 42°37.05 19°03.12’ 33 Bufo bufo 17 0
Pelophylax sp. 31 14

Rana dalmatina 1 0

Sabov Krug pools 42°32.52  19°09.84’ 35 Hyla arborea 2 0
Pelophylax sp. 22

Stoj meadow 40°54.42°  19°16.02° 1 Bufotes viridis 4 0
Hyla arborea 5 1

pools 41°54.44  19°16.06’ 1 Hyla arborea 320

Lissotriton vulgaris 1 0

Pelophylax sp. 1 0

drainage ditch 41°54.53° 19°16.33’ 3 Hyla arborea 8 0

Lissotriton vulgaris 31 0

Pelophylax sp. 9 0

Vranjna lake 42°16.32  19°08.65° 20 Pelophylax sp. 3 1
river channel 42°16.70° 19°08.03 20 Pelophylax sp. 33 8

Virpazar lake 42°14.68  19°05.40° 10 Hyla arborea 1 0
Pelophylax sp. 3 0

wetland 42°14.88°  19°05.40° 19 Bufo bufo 1 0

Hyla arborea 3 0

Lissotriton vulgaris 9 1

Pelophylax sp. 35 14

Rana dalmatina 1 0
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The recently discovered fungal pathogen Batrachochytri-
um salamandrivorans (MARTEL et al. 2013) (hereinafter re-
ferred to as Bsal) has already received significant scientific
and public attention (e.g., MARTEL et al. 2014, VAN Roo1j
et al. 2015, YAP et al. 2015, STEGEN et al. 2017). The Bsal
epidemic has so far been limited to European newts and
salamanders found in the wild (Belgium, Germany and the
Netherlands: MARTEL et al. 2013, SPITZEN-VAN DER SLUIJS
et al. 2016) and in captive populations (Germany: SABINO-
PiNTO et al. 2015; United Kingdom: CUNNINGHAM et al.
2015). In the Netherlands, Bsal is responsible for the near
extinction of wild fire salamander (Salamandra salaman-
dra) populations (SPITZEN-VAN DER SLUIJS et al. 2013).

The Bern Convention Standing Committee has there-
fore announced Recommendation No. 176 on the preven-
tion and control of the Bsal chytrid fungus. According to
this recommendation, European countries should adopt
measures that include establishment of monitoring pro-
grammes to control the possible further spread of the dis-
ease, especially in areas of high risk (e.g., areas near disease
outbreaks), and develop emergency action plans that will
allow prompt responses in case of Bsal occurrence (Coun-
cil of Europe 2015).

The Czech Republic is a country with relatively high
caudate species diversity (SILLERO et al. 2014) and shares
a western border with Germany, a country with previously
proven Bsal occurrence (SABINO-PINTO et al. 2015, SPIT-
ZEN-VAN DER SLUIJS et al. 2016). The country, and espe-
cially the capital city of Prague, has an active and sizeable
community of exotic pet keepers and pet shops, and large

exotic pet fairs take place on a regular basis (HAvLIKOVA
et al. 2015). Furthermore, Prague and its surroundings are
known to harbour wild populations of at least four native
caudate species: fire salamander, smooth newt (Lissotriton
vulgaris), alpine newt (Ichthyosaura alpestris) and great
crested newt (Triturus cristatus) (STASTNY et al. 2015). All
four are susceptible to Bsal-induced mortality (MARTEL
et al. 2013, 2014, CUNNINGHAM et al. 2015, SPITZEN-VAN
DER SLUTJS et al. 2016, STEGEN et al. 2017). The surround-
ing areas of such large cities are likely to constitute areas of
high risk for wild populations of native amphibians. For
this reason, we selected Prague and its surroundings as the
first focal area for Bsal surveillance efforts in wild popula-
tions of Czech caudate amphibians. Considering that Bsal
is spread through the pet trade in caudates originating in
Asia (MARTEL et al. 2014), we also focused on captive col-
lections of caudate amphibians.

In total, 324 swab samples were tested for both Batracho-
chytrium dendrobatidis (Bd) and Bsal presence and preva-
lence. In wild populations, 126 samples of three caudate
species (fire salamanders, smooth newts and alpine newts)
were collected at nine sites within Prague’s urban area and
its surroundings during autumn 2015 and spring 2016 (Ta-
ble 1). Furtheremore, we analysed samples from five captive
collections, including those of four private breeders and
Prague’s zoological garden during the period 2015-2016.
Within each collection, only subset of about two to four
individuals were sampled from an aquarium. This Bsal-tar-
geted sampling in captivity was extended by re-analysing
samples of caudates from previous surveillance projects

© 2017 Deutsche Gesellschaft fiir Herpetologie und Terrarienkunde e.V. (DGHT), Mannheim, Germany
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Table 1. Numbers (No.) of individuals sampled within nine wild caudate populations in Prague and its surroundings. Date = date of

sampling.

Locality name Coordinates Species No. Date

Podhotsky potok, small stream, tributary of Vltava River 50.129947°N 14.404111°E  Salamandra salamandra 31  07.10.2015
Unétice, unnamed tributary of Unéticky potok 50.144853°N  14.384502°E ~ Salamandra salamandra 25 15.10.2015
Levy Hradec, unnamed tributary of Vltava River 50.169883°N 14.377429°E  Salamandra salamandra 12 20.10.2015
Uholicky, unnamed tributary of Podmoransky potok 50.170698°N  14.344784°E  Salamandra salamandra 8 09.11.2015
Lhotecky potok, tributary of Vltava River 49.956059°N 14.411423°E  Salamandra salamandra 7 15.10.2015
Chalupecka strouha, near confluence with Zvolsky potok 49.930541°N 14.390361°E  Salamandra salamandra 17.11.2015
Bané, unnamed tributary of Vltava River 49.961229°N 14.392828°E  Salamandra salamandra 2 17.11.2015
Ohrobecké udoli, unnamed tributary of Vltava River 49.943775°N  14.413338°E  Salamandra salamandra 10 21.10.2015
Botanicka zahrada, artificial pond in botanic garden 50.070429°N  14.421077°E  Lissotriton vulgaris 28 01.07.2016
Botanickd zahrada, artificial pond in botanic garden Ichthyosaura alpestris 2 01.07.2016

searching for Bd presence in captive amphibians (Hav-
LiKOVA et al. 2015), including 18 individuals of the largest
amphibian species, the Chinese giant salamander (Andrias
davidianus), reared in Prague’s zoological garden. In total,
198 samples of 60 caudate (sub)species were analysed in
captive collections (Table 2).

Sampling and DNA extraction were performed accord-
ing to procedures used in amphibian chytridiomycosis re-
search (BOYLE et al. 2004). The first sample subset, consist-
ing of 98 wild and 56 captive samples, was checked for Bsal
presence by SYBRGreen quantitative polymerase chain re-
action (qQPCR) following the method described in BLoor1
et al. (2013) as one possible detection option. Bovine se-
rum albumin (BSA) was added to reduce PCR inhibition
(GARLAND et al. 2010).The identity of amplified DNA was
checked by melt curve analysis and compared to results for
genomic standards of Bsal provided by An Martel (Ghent
University). We later adopted the duplex Bd+Bsal qPCR
(BLoor et al. 2013) and used it for additional samples. In
this assay, we used genomic standards of Bd equivalent to
0.1, 1, 10 and 100 zoospores per 5 pl (strain IAo42, Ibon
Acherito, Pyrenees, 2004) obtained from the Institute of
Zoology, Zoological Society of London. A single quan-
tity sample of Bsal genomic DNA was used as a positive
control. If any sample showed fluorescence growth in the
wavelength of the Bsal probe, it would be re-analysed with
the full set of Bsal standards. In this way, we slightly re-
duced the cost of analysis. In both detection assays, we
used duplicates of all analysed samples, standards, as well
as positive and negative controls.

All tested samples yielded negative results for the pres-
ence of Bsal. Bd was detected in three individuals of wild
smooth newts and in one reared ribbed newt (Pleurodeles
waltl) in a captive collection, albeit with no visible signs
of the chytridiomycosis. Low Bd prevalence in caudates
corresponds well with our previous findings in Czech cap-
tive collections (HAVLIKOVA et al. 2015), and wild popula-
tions of caudates in Central and east Europe (BALAZ et al.
2014a,b, VOJAR et al. 2017).

The 0% Bsal prevalence in wild caudates has Sterne-Wald
99% confidence limits of 0.0-4.2%, while in the case of sam-

2

ples from captivity the 99% confidence limits are 0.0-2.6%
(ROsza et al. 2000). This does not directly mean that Bsal is
not present in the Czech Republic. Because the disease out-
breaks can occur at very low host densities in wild popula-
tions (ScHMIDT et al. 2017), all host populations of suscep-
tible European caudate species (MARTEL et al. 2014) are at
risk from Bsal (SCHMIDT et al. 2017). In the case of asymp-
tomatic Asian caudates in captive collections, infection may
be present in such small prevalence (MARTEL et al. 2014,
LAKING et al. 2017) that our sampling was not sufficient.
On the other hand, because the intensive sampling of wild
fire salamanders covered nearly all localities within Prague
where the species presently is known to occur (STASTNY et
al. 2015) and no sampled individual exhibited visible disease
symptoms, we conclude that Bsal probably has not invaded
Prague’s fire salamander population, at least for now. Simi-
lar results of pathogen absence have been found in stud-
ies focused on fire salamanders in Austria (GIMENO et al.
2015), eastern hellbenders (Cryptobranchus alleganiensis)
in the US. (BALES et al. 2015), Japanese giant salamanders
(Andrias japonicus) in Japan (BLETZ et al. 2017a), Chinese
amphibians (ZHU et al. 2014), five species of newts and fire
salamanders in most of tested localities in Belgium, Ger-
many and the Netherlands (SPITZEN-VAN DER SLUTJS et al.
2016), alpine newts, smooth newts and great crested newts
in Germany (BLETZ et al. 2017b), and in a study by PARrROT
et al. (2016) on 17 caudate species across three continents.
We used two available detection assays in our study,
both based on DNA amplification with the same pair of
Bsal primers (BLoo1 et al. 2013) and differing only in the
detection format of the amplicon. The SYBR Green qPCR
assay often produced detectable fluorescence growth of
nonspecific products, thus complicating interpretation of
the results. In several cases, we ran standard PCR followed
by gel electrophoresis with samples of equivocal results to
confirm the identity of PCR products. Our results indicat-
ed a mean melting temperature (Tm) for Bsal standards of
77.21°C (SD = o0.29), which differs slightly from the pub-
lished value of 75.5°C (BLool et al. 2013). For monitoring
Bsal presence in wild and captive amphibians, we later ad-
opted and recommend the use of duplex Bd+Bsal qPCR,
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Table 2. List of surveyed species and numbers (No.) of individuals sampled in captivity.

Species No.

Species No.
Ambystoma mexicanum 3
Ambystoma tigrinum 2
Andrias davidianus 18

Calotriton asper

Cynops ensicauda ensicauda
Cynops ensicauda popei
Cynops orientalis

Cynops pyrrhogaster

Cynops pyrrhogaster “Kanagawa”
Cynops pyrrhogaster “Yubana”
Euproctus platycephalus
Hynobius dunni

Hynobius leechii

Hynobius lichenatus
Hynobius quelpartensis
Hynobius retardatus
Hypselotriton cyanurus
Hypselotriton cyanurus cyanurus
Hypselotriton chenggongensis
Hypselotriton orientalis
Ichthyosaura alpestris
Laotriton laoensis

Lissotriton boscai

Lissotriton graecus

Lissotriton helveticus
Lissotriton italicus

Lissotriton malcani
Lissotriton meridionalis
Lissotriton montandoni

W W W W W W W W W WK WD DD =D W~ B W W

Neurergus crocatus complex

Neurergus deryugina deryugina
Neurergus strauchii barani
Neurergus strauchii strauchii
Ommatotriton ophryticus nesterovi
Pachyhynobius shangchengensis

2
3
3
3
1
Pachytriton sp. 2
Paramesotriton caudopunctatus 7
Paramesotriton deloustali 6
Paramesotriton guangxiensis 4
Paramesotriton hongkongensis 3
Paramesotriton chinensis 12
Paramesotriton sp. “helm”
Paramesotriton sp. “red”
Paramesotriton yunwensis
Pleurodeles nebulosus
Pleurodeles waltl
Salamandra algira tingitana
Siren intermedia
Triturus anatolicus
Triturus blasii
Triturus carnifex
Triturus cristatus
Triturus dobrogicus dobrogicus
Triturus dobrogicus macrosoma
Triturus ivanbureschi

N = W NN O W = Nk DD DD~

Triturus karelinii

—
o

Triturus macedonicus

\S)

Triturus marmoratus
Triturus pygmaeus
Tylototriton shanjing

N W

which is designed specifically to detect either of the patho-
gen species (BLoolI et al. 2013). The higher cost of analy-
ses versus using fluorescent probes is counterbalanced by
clearer and more specific results.

As not only newts, but also infected anurans and even
waterfowl via scales on their feet, may promote fungal
spread over large spatial distances (STEGEN et al. 2017), the
spread of this emerging pathogen is difficult to predict, and
we can expect the distribution of Bsal to change consider-
ably over time. The risk that new points of entry for Bsal
into Europe will occur via the pet trade is a constant threat
that can be alleviated by collaboration among pet owners,
the pet trade, veterinary authorities, and conservationists
(SABINO-PINTO et al. 2015). It is essential to prevent this
pathogen entering the wild amphibian populations (Cun-
NINGHAM et al. 2015), because there is no effective meth-
od to reduce the impact of chytridiomycosis in the field
(GARNER et al. 2016). Therefore, our next planned steps in
the Czech Republic include establishment and issue of bio-
security guidelines for owners of caudates, providing Bsal

detection in captive collections of amphibians, forming a
network of continuously monitored localities in proxim-
ity to larger cities, and preparing an action plan in case of
Bsal occurrence in collaboration with the Nature Conser-
vation Agency of the Czech Republic, the State Veterinary
Authority, and the Czech Ministry of Environment.
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Za vsechno muze c¢lovék...

lidské
spolec¢nosti nezastupitelné misto. Jelikoz jejich

Casto opomijeni

obojzivelnici maji v
potrava zahrnuje prevazné hmyz, mohou napf.
regulovat populace moskytd prenasejicich malarii a
snizovat populace hmyzu $kodiciho zemédélctim.t?
Jsou nedilnou soucasti ekosystému, v némz funguji
jako predatofi i kofist, pulci mnoha druhll jsou
dilezitymi herbivory, filtratory vody a
bioindikatory.2 Nejen z téchto dlvodu je velmi
alarmujici celosvétovy ubytek obojzivelnikd. Uz od

roku 1970 pozorovali védci nahly pokles populaci

nékterych druhl.>*> Témér jedna tretina svétovych
druht 7,234  druht
obojzivelnikd je ohrozena

obojzivelnikl  (celkem

k 17. 01. 2014)
vyhynutim.®  Ztraty biotopl a znecisténi Zivotniho
prostredi se zfejmé podili na ubyvani obojzivelniki
v nejvyssi mirfe, nicméné pandemie plisiového
onemocnéni - chytridiomykdézy se rovnéz stava
celosvétovym problémem.” Plisen
Batrachochytrium dendrobatidis (Bd) zpUsobujici
chytridiomykézu je z hlediska poctu zasazenych
druhlG  obojzivelniki

povazovana za nejhorsi

globalné rozsireny patogen.®

Bd vyvolava nadmérné rohovaténi kiize, ¢imz muze
vazné poskodit kozni dychani, vstrebavani vody a
osmoregulaci.>!® Poskozeni koznich funkci mulze
byt u mnoha druhi fatalni. Nespecifickymi projevy
chytridiomykézy jsou strnulost v nepfirozené
poloze, letargie, nechutenstvi, ztrata prirozenych
reflexti a motoriky.1%11-12 K Sireni choroby prispiva
zejména clovék umélymi transporty obojzivelnikl
do novych oblasti, pfepravou mezi zoologickymi
zahradami, Unikem zvifrat z chovnych farem a
obchodem s

mezinarodnim obojzivelniky k

potravinovym,  védeckym a  chovatelskym

Uceltim. 1314

,»Pod lupou“

V Cervnu 2012 byl zahajen systematicky monitoring
puvodce chytridiomykdzy zaméreny na zoologické
zahrady, herpetologické stanice, prodejny se zviraty
a soukromé chovatele s cilem zmapovat miru
nakazy a zabranit jejimu Sifeni. Vzorky byly
odebirany nedestruktivni metodou koznich stérl
specialnimi vytérkami. Z kazdého teraria bylo
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Rana sp. Indie

odchyceno 3 - 5 jedincl stejného druhu, u kterych
byl proveden stér z bricha, bokl, vnitfni strany
stehen a blan mezi prsty zadnich nohou.

S obojzivelniky bylo manipulovano velmi Setrné za
pouziti jednorazovych gumovych rukavic, které byly
ménény pri kazdém kontaktu s novym jedincem,
aby se zabranilo mozné nakaze mezi obojzivelniky.
Vzorky byly nasledné analyzovany velmi citlivou a
specifickou metodou kvantifikac¢ni Real-Time PCR
na Veterinarni a farmaceutické univerzité v Brné.
Kromé pfimého kontaktu mezi obojzivelniky se
nakaza Sifi i kontaminovanou vodou obsahujici
zoospory Bd.*> U akvatickych druhl (napf. Xenopus
laevis, Ambystoma mexicanum) byla letos nové
provedena detekce patogenu Bd pfimo ze vzorkd
vody, ve které se dany obojzivelnik nachazel. Vzorky
vody byly analyzovany standardni PCR na Ceské
zemédélské univerzité v Praze. Béhem vyzkumu

/

Phyllobates terribilis

bylo odebrano pres 600 vzorkl od 118 druhu
obojzivelnikd. Z vysledkd zatim vyplyva, Ze se
patogen Bd v chovech vyskytuje prevazné ve formé
mirnych asymptomatickych infekci, ale objevily se i
pfipady akutnich onemocnéni véetné thynd. Vyskyt
plisné byl potvrzen u necelych 5 % zkoumanych
jedincl ve vSech typech umélych chovd, casto u
druht vzacnych a drahych. Pocet nakazenych sice
neni nijak alarmujici, nicméné jiz samotné
potvrzeni vyskytu Bd v chovech nesmime brat na
lehkou vahu. Jediny nakazeny obojzivelnik muze

zpUsobit zdecimovani celého chovu.

Lécba

V' pripadé zaznamenané nakazy se doporucuje
[é¢ba zvySenim teploty nad 29 °C po dobu jednoho
tydne.®17 To ovSem plati pouze u druhd, které tyto

X
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Neurergus kaiserii

podminky snaseji (druhy z teplych oblasti, druhy s
druhy). U druht
teploty, pfi akutnich

denni aktivitou, heliofilni

nesnasejicich  vysoké
nakazach, nebo pokud uz dochazi k Uhynim, se
doporucuje lécba itraconazolem (napf. Sporanox®
sirup, Janssen Cilag S.p.A., Beerse, Belgie) pfi
koncentraci Gc¢inné latky 0.01 %. U akvatickych
druhl se roztok itraconazolu aplikuje do akvaria,
necha se 30 min. plsobit a opakuje se kazdy paty
den ve Ctyrech cyklech [é¢by. U terestrickych druht
se pouZzivaji jednorazové kelimky s roztokem léciva,
kam se obojzivelnik vkldada na 5 min. 11 dni po
sobé.’® Béhem lécby je nutné dodrzovat prisna
hygienickd a karanténni opatfeni. Vzhledem k
rozdilné citlivosti u jednotlivych druhl a
momentalni intenzité zoospor Bd nemusi byt |é¢ba

vzdy Uspésna.

Nadéje umira posledni

Chov v zajeti mGze hrat klicovou roli pfi omezovani
dopadu chytridiomykdzy na volné zijici populace

obojzivelnikd.!® Dulezitym cilem profesionalniho

Litoria thesaurensis

chovu obojzivelnikd v zajeti je moznost poskytnuti
zdroju novych jedincl pro reintrodukci a vytvoreni
odolnych a zdravych populaci, které podpofi ty
stavajici.?® Je proto nezbytné nadale pokracovat v
monitoringu, urcit distribuci onemocnéni a zajistit
kontrolu a ochranu zdravych chovl. Prestoze
existuji spolehlivé metody k testovani a rychlé
detekci patogenu Bd, diagnosticka vysetreni nejsou
béZznou praxi vétSiny svétovych ani tuzemskych
zahrad.?! Ani legislativa

zapojujicich se do mezinarodniho obchodu s

zoologickych zemi
obojzivelniky nestanovuje povinné vySetreni zvirat
v{i¢i tomuto patogenu. S nejvétsi pravdépodobnosti
se tak bude nemoc Sifit do dalSich oblasti.
Obojzivelnici odchyceni z volné pfirody mohou
zpusobit
Vypusténi infikovanych zvifat z umélych chovl

epidemii v zavedenych chovech.?
muze byt naopak fatalni pro volné Zijici populace.
U¢inné vnitrostatni a mezinarodni karanténni a
kontrolni postupy jsou asi jedinym efektivnim
zplsobem zabranujicim Sireni chytridiomykdzy.?
Cim dfive se provede diagnostika u podezfelych
jedincd, tim dfive se mlze zahdjit vhodna lécba a
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zvysuje se tak nadéje na uzdraveni nakazenych ohnisek nakazy, coz povede ke ztraté biodiverzity.?

jedincl, prfipadné celych chovll. Globalizace bez Zachranné programy a schopni chovatelé jsou tak

Bezobratli | adekvatni karantény, dozoru a antiparazitnich mozna posledni nadéji pro mnoho vzacnych
Jesteéri | programii bude mit za nasledek vznik dalsich obojzivelnik(i ohrozenych vyhynutim.
Hadi ||
Obojzivelnici ||
Zelvy |
Cestopis |
Chov ||
Systematika | _
Reportaz || ¥y -

Litoria caerulea

36

Laotriton laoensis


http.//www.teramagazin.cz

Literatura:

!Cohen M. M. 2001: Frog Decline, Frog Malformations, and a Comparison of Frog and Human Health.
American Journal of Medical Genetics 104: 101-109.

2Mendelson J. R., Lips K. R., Gagliardo R. W., Rabb G. B., Collins J. P. et al. 2006: Confronting Amphibian
Declines and Extinctions, Science 313.

3Blaustein, A. R., Kiesecker, J. M. Complexity in conservation: lessons from the global decline of amphibian
populations. Ecology Letters 2002; 5: 597-60.

4Stuart, S. N., Chanson, J. S., Cox, N. A,, Young, B. E., Rodrigues, A. S. L., Fischman, D. L., Waller, R. W. Status
and Trends of Amphibian Declines and Extinctions Worldwide. Science 2004; 306: 1783.

5Mendelson, J. R., Lips, K. R., Gagliardo, R. W., et al. Confronting Amphibian Declines and Extinctions.
Science 2006; 313.

®http://amphibiaweb.org/amphibian/speciesnums.html.

Baillie, J. E. M., Hilton-Taylor, C., Stuart, S. N. 2004 IUCN Red List of Threatened Species. A Global Species
Assessment. IUCN, Gland, Switzerland and Cambridge, UK, 2004.
8http://irceb.asu.edu/amphibians/pdf/ACAP%20Summit%20Declaration.pdf,Amphibian Conservation
Summit 2005, 17-19 September, Washington DC, 2005.

9Berger, L., Speare, R., Daszak, P., et al. Chytridiomycosis causes amphibian mortality associated with
population declines in the rain forests of Australia and Central America. Proceedings of the National
Academy of Sciences of the USA 1998; 95: 9031-9036.

Daszak, P., Berger, L., Cunningham, A. A,, Hyat, A. D., Green, D. E., Speare, R. Emerging infectious disease
and amphibian population declines. Emerging infectious disease 1999; 5(6): 735-748.

Hpessier, A. P., Nichols, D. K., Longcore, J. E., Fuller, M. S. Cutaneous Chytridiomycosis in Poison Dart Frogs
(Dendrobates spp.) and White's Tree Frogs (Litoria Caerulea). Journal of Veterinary Diagnostic Investigation
1999; 11: 194.

12Boyle, D. G., Hyatt, A. D., Daszak, P., et al. Cryo-archiving of Batrachochytrium dendrobatidis and other
chytridiomycetes. Diseases of aquatic organisms 2003; 56: 59-64.

BWeldon, C., du Preez, L. H., Hyatt, A. D., Muller, R., Speare, R. Origin of the amphibian chytrid fungus.
Emerging Infectious Diseases 2004; 10(12): 2100-2105.

4Garner, T. W. J., Perkins, M. W., Govindarajulu, P., et al. The emerging amphibian pathogen
Batrachochytrium dendrobatidis globally infects introduced populations of the North American bullfrog,
Rana catesbeiana. Biology Letters 2006; 2(3): 455-459.

Daszak P., Cunningham A., Hyatt A. 2000: Emerging infectious diseases of wildlife-threats to biodiversity
and human health. Science, 287: 443-9.

6] ongcore, J. E., Pessier, A. P., Nichols, D. K. Batrachochytrium dendrobatidis gen. et sp. nov., a chytrid
pathogenic to amphibians. Mycologia 1999: 91: 219-227.

Piotrowski, J. S., Annis, S. L., Longcore, J. E. Physiology of Batrachochytrium dendrobatidis, a chytrid
pathogen of amphibians. Mycologia 2004; 96: 9-15.

8Forzan, M. J., Gunn, H., Scott, P. Chytridiomycosis in an aquarium collection of frogs: diagnosis,
treatment, and kontrol. Journal of Zoo and Wildlife Medicine 2008; 39(3): 406-411.
Bhttp://environment.gov.au/biodiversity/threatened/publications/tap/chytrid/index.html. Department of
the Environment and Heritage 2006: Threat abatement plan, Infection of amphibians with chytrid fungus
resulting in chytridiomycosis, Commonwealth of Australia. 2006.

20Frias-Alvarez, P., Vredenburg, V. T., Familiar-Lépez, M. et al. Chytridiomycosis Survey in Wild and Captive
Mexican Amphibians. EcoHealth Journal Consortium 2008; 5: 18-26.

2lpeel, A. J., Hartley, M., Cunningham, A. A. Quantitative risk analysis of introducing Bartachochytrium
dendrobatidis to the UK through the importation of live amphibians. Diseases of aquatic organisms 2012;
98:95-112.

2Nichols D. K., Pessier A. P., Longcore J. E. 1998: Cutaneous chytridiomycosis: an emerging disease?
Proceedings of the American Association of Zoo Veterinarians 269-271.

ZSkerratt, L. F., Berger, L., Speare, R. et al. Spread of chytridiomycosis has caused the rapid global decline
and extinction of frogs. EcoHealth Journal Consortium 2007; 4: 125-134.

magazin g,

| Obojzivelnici



http.//www.teramagazin.cz

Kosteleckeé inspirovani| 2012

Tato studie byla podporena vnitfnim grantem FZP CZU v Praze - IGA 20124257

Klicova slova: druhova pestrost, diverzita, abundance

Chytridiomykéza u obojzivelnikli chovanych v zajeti
Havlikova Barbora

Katedra ekologie, Fakulta Zivotniho prostfedi, CZU v Praze, Kamycka 129, 165 21 Praha 6;
e-mail: barahavlikova@seznam.cz

Chytridiomykdza je nejhor$im zaznamenanym infekénim onemocnénim u obojzivelnikd z
hlediska poCtu zasazenych druhi a muze vést az kjejich Uplnému vyhynuti.
Batrachochytrium dendrobatidis (Bd), patogen zplsobujici chytridiomykozu, vyvolava
nadmérné rohovaténi kiize, &imz miZe vazné poskodit kozni dychani a osmoregulaci. Sifeni
choroby je zpusobené predevsim lidskou cinnosti: introdukci obojzivelniki z domacich
chovl, importem nakazenych jedinci do zoologickych zahrad, Unikem zvifat z chovnych
farem a mezinarodnim obchodem s obojZivelniky. Chytridiomykéza je v Ceské republice
studovana od roku 2008 u volné Zijicich populaci domacich druhd. Tento projekt je
zaméren na obojzivelniky chované v zajeti (zoologické zahrady, herpetologické stanice,
teraristické prodejny a soukromi chovatelé). Vzorky byly odebirany nedestruktivni metodou
pomoci stérd z pokozky. Monitoring chytridiomykozy byl proveden v 7 zoologickych
zahradach (Brno, Dvir Kralové, Jihlava, Ohrada, Plzef, Usti nad Labem a Zlin) u 43 druhl a
148 jedinch. Dale byly vzorky odebirany v prirodovédecké stanici (15druhl, 30 jedincd),
tfech zverimexech (8 druh(, 24 jedinc() a u tfi soukromych chovatelt (38 druh(, 105
jedinc(). Detekce Bd patogenu se uskutecni pomoci Tagman real time gPCR, ktera kromé
pritomnosti samotného patogenu odhali i pocet jednotlivych zoospor pomoci hodnoty GE
(genomic equivalent). V pripadé pozitivnich nalezd budou navrzena hygienicka preventivni

opatreni a bude provedena osvéta.

Klicova slova: chytridiomykoza; Batrachochytrium dendrobatidis; obojzivelnici;
chov v zajeti.




Monitoring plivodce chytridiomykoézy u obojzivelnikd
chovanych v zajeti

Havlikova Barbora', Vojar Jifi', Balaz Vojtech?

'Katedra ekologie, Fakulta Zivotniho prostiedi, CZU v Praze, Kamycka 129, 165 21 Praha 6;
e-mail: havlikova@fzp.czu.cz; “Ustav biologie a chorob volné Zijicich zvifat, Fakulta
veterinarni hygieny a ekologie, Veterinarni a farmaceuticka univerzita v Brné, Palackého
tr. 1/3, 612 42, Brno; email: balazv@vfu.cz

Plisen Batrachochytrium dendrobatidis (Bd) je zhlediska poctu zasazenych druhl
obojzivelniki povazovana za nejhor$i globalné rozsifeny patogen. Zpusobuje kozni
onemocnéni - chytridiomykozu, pri niz dochazi k vaznému poskozeni koznich funkci, coz je
u mnoha druhd fatalni. K Sifeni choroby prispiva zejména ¢lovék mezinarodnim obchodem
s obojzivelniky k potravinovym, védeckym a chovatelskym Gceldm. V lonském roce (2012)
byl zahajen systematicky monitoring pldvodce chytridiomykézy zaméreny na zoologické
zahrady, herpetologické stanice, prodejny se zviraty a soukromé chovatele, s cilem
zmapovat miru nakazy a zabranit Sifreni onemocnéni. Vzorky byly odebirany nedestruktivni
metodou, tj. stéry z pokozky a nasledné analyzovany velmi citlivou a specifickou metodou
kvantifikacni Real-Time PCR na Veterinarni a farmaceutické univerzité v Brné. Kromé
primého kontaktu mezi obojzivelniky se nakaza rovnéz Ssifi kontaminovanou vodou
obsahujici zoospory Bd. U akvatickych druhl (napr. Xenopus laevis, Pleurodeles waltl,
Ambystoma mexicanum) byla proto nové provedena detekce patogenu Bd pfimo ze vzork(
vody, ve které se dany obojzivelnik nachazel. Analyza vzork( vody byla provedena
metodou standardni PCR na Ceské zemédélské univerzité v Praze. Béhem vyzkumu bylo
odebrano 636 vzorku stért a 38 vzorku vody celkem od 44 druht obojzivelnikd. Z vysledkd
vyplyva, Ze sledovany patogen se v Ceské republice v umélych chovech vyskytuje. Vyskyt
plisné byl zatim potvrzen u 31 jedinci prevazné ve formé mirnych asymptomatickych
infekci, ale objevily se i pripady akutnich onemocnéni. V pripadé zaznamenané nakazy byla
navrzena lécba pomoci lékd na bazi itraconazolu, ktera byla vétsSinou Uspésna. U zdravych

jedincl byla doporucena druhové specificka hygienicka preventivni opatreni.

Klicova slova: chytridiomykéza; Batrachochytrium dendrobatidis; obojzivelnici; chov
v zajeti.
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Puvodce chytridiomyko6zy obojZivelnikii potvrzen uz i na Balkané, je se ¢eho obavat?
BALAZ V. (1), SoLskY M. (2), JABLONSKI D. (3), HAVLIKOVA B. (2), VOIAR J. (2)

(1) Ustav ekologie a chorob zvére, ryb a véel, Fakulta veterindrni hygieny a ekologie VFU, Bro; )
Katedra ekologie, Fakulta zivotniho prostredi, CZU Praha; (3) Katedra zooldgie, Prirodovedecka fakulta,
Komenského univerzita, Bratislava

Stredomotska oblast patii mezi svétova centra soucasné biodiverzity. Zdejsi poloostrovy
plnily funkei glacialnich refugii a migracnich cest, coz se odrazi v jejich dne$ni druhové a
fylogenetické diverzité. Aktualni krize biodiverzity se projevuje obzvlast' vyrazné pravé v
oblastech s vysokou koncentraci druhti a pod nejvétsim extinkénim tlakem jsou obojzivelnici.
Na jejich ubytku se velkou mirou podili nové choroby, globdlné nejvyznamnéjsi jsou
chytridiomykéza a ranavir6za. Na jejich uéet ptipadaji masové thyny a lokalni extinkce
nékolika druhit Zab z Pyrenejského poloostrova. Postizeny byly i endemické druhy
sttedomoiskych ostrovii a Apeninského poloostrova. Je proto piekvapivé, Ze na Balkanu se
chorobam obojzivelnikli dosud nevénovala zadna pozornost.

Soubor 466 vzorkii sbiranych v Cerné Hote, Albanii a Makedonii byl zpracovan pomoci
real-time qPCR na zji§téni pfitomnosti pivodce Zabi chytridiomykézy — Batrachochytrium
dendrobatidis. Pozitivni vysledek jsme zjistili u 5 z 11 testovanych druht, celkova relativni
Cetnost pozitivnich jedincd dosahla 14% a patogen byl potvrzen na tietin€ vzorkovanych lokalit.
Nejvyssi prevalenci jsme zaznamenali u skokani rodu Pelophylax, nicméné infekce byla dale
potvrzena u Bombina variegata, Hyla arborea, Lissotriton vulgaris a Triturus macedonicus.
Zjisténé intenzity infekce se pohybovaly na nizké az stfedni Urovni a zvifata nevykazovala
klinické pfiznaky nemoci. Tato situace odpovida stavu ve stfedni Evropé. Nékteré linie B.
variegata na Balkané mizou vykazovat vys$si citlivost k chytridiomykoéze, podobné jako
Bombina pachypus v Apeninach nebo Alytes obstetricans pertinax ve S$panélském pohoti
Guadarrama.

V ramci dal$iho vyzkumu budou mezi zjistované patogeny ptidany ranaviry a puvodce
mloéi chytridiomyké6zy B. salamandrivorans. Detekce budou provadény piimo v terénu pomoci
ptenosného piistroje Genie II metodou LAMP.

Projekt byl podporen grantem ¢. 20144269 Grantové agentury FZP, CZU v Praze.

(PREDNASKA)
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vrchov a najblizSicho okolia bolo dosial’ ziskanych 2740 dokladov drobnych cicavcov 30
druhov. Iba 10 % tudajov pochadza z odchytu (12 lokalit). Vacsina dokladov (2453 ex.)
pochadza zo zvySkov potravy sovy obycajnej a vyra. Do prehladu sme zaradili aj druhy, u
ktorych prezivanie recentnych populdcii nebolo potvrdené a je otazne (*): Erinaceus
roumanicus, Talpa europaea, S. araneus, S. minutus, S. alpinus, Neomys fodiens, N. anomalus,
Crocidura suaveolens, Sciurus vulgaris, Eliomys quercinus*, Dryomys nitedula, Glis glis,
Muscardinus avellanarius, Sicista betulina*, Mus musculus, Micromys minutus, Apodemus
agrarius, A. flavicollis, A. sylvaticus, A. uralensis, Rattus norvegicus, Cricetus cricetus*,
Clethrionomys glareolus, Ondatra zibethicus, Arvicola terrestris, Microtus subterraneus, M.
tatricus*, M. arvalis, M. agrestis, Chionomys nivalis*. Faunu cicavcov uzemia charakterizuji
druhy arborealneho biému mierneho pasma Europy (Talpa, genera Sorex, Neomys, Dryomys,
Glis, Muscardinus, Microtus, Clethrionomys, Apodemus a tiez Arvicola). Druhy paleomontanne
reprezentuje Sorex alpinus, boreomontanne Sicista betulina. Druhy nepdévodné a sledujiice
¢innost ¢loveka zasahuju do poloh s naruSenym lesnym pokryvom (Ondatra, Crocidura,
Micromys, M. arvalis, A. agrarius, A. uralensis). Synantropne druhy (M. musculus, R.
norvegicus) osidl'uju urbanne a suburbanne ekotopy. Ich vysoky podiel v materiali vo vzorkach
potravy sov poukazuje na to, ze vyri a sovy hniezdiace na Choci ziskavaju Cast’ potravy z
odlesnenych kotlin. Doklad chréka z potravy sovy je paralela nalezov z Velkej Fatry. Dnes sa
tam chréek uz nevyskytuje, zmizol po nastupe zapojeného listnatého lesa v strednom holocéne.
Obdobny osud postihol Ch. nivalis a M. tatricus, ako orealne prvky naviazané na nelesné

stanovistia nad hornou hranicou lesa.
(POSTER)

Vewrs

BALAZ V. (1), SOLSKY M. (2), JELINKOVA A. (1), HAVLIKOVA B. (2), RoziNEK R. (3), V0OIARJ. (2)

(1) Ustav ekologie a chorob zvée, ryb a véel, Fakulta veterinarni hygieny a ekologie, VFU Brno; )
Katedra ekologie, Fakulta Zivotniho prostiedi, CZU Praha; (3) NaturaServis s.r.o., Hradec Krdlové;

Krize biodiverzity obojzivelnikii zahrnujici zmenSovani areal, tbytek populaci az po
vymirani druhd je dobfe znamy fenomén. Kromé destrukce biotopti maji na tbytku velkou roli
infekéni nemoci, které se $ifi obchodem se zivymi zvifaty. Vyzkum se zaméfuje na dosud méné
probadané a neznamé patogeny. Prvni tfi mista dtlezitosti si déli ranaviry a dva druhy rodu hub
Batrachochytrium — B. dendrobatidis a B. salamandrivorans. Tyto tfi patogeny lze detekovat
pomoci real-time qPCR a pfimo v terénu jsme zacali vyuzivat metodu LAMP.

B. dendrobatidis ve volné piirodé v CR vykazuje stabilni vyskyt bez zaznamenanych

masovych uhynti nebo zdokumentovaného poklesu populaci infikovanych druht. Jen
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prilezitostné vede infekce ve volné piirodé k akutni smrtelné chytridiomykoéze. V ptipadé chovi
exotickych obojzivelnikd je vyskyt B. dendrobatidis obdobné& casty, u citlivych druhli jsme
opakovang zaznamenali Ghyny.

Vyzkum ranavirti u obojzivelniki je teprve v zacatcich, zpracovali jsme pouze 47 vzorki z
uhynt z pfirody a 41 vzorkl ze zajeti. V obou skupinich jsme infekci zaznamenali v
jednotlivych piipadech a s intenzitou na hranici citlivosti metody.

Za ucelem detekce B. salamandrivorans jsme se zaméfili na nejrizikovéjsi druhy na uzemi
Prahy. Zde se setkavaji dva zasadni faktory Sifeni B. salamandrivorans - pocetna komunita
chovateli exotickych obojzivelnikti v tésné blizkosti pfirodnich lokalit, které hosti populace
volné Zijicich ocasatych. Vzorky jsme sbirali z volné pfirody (Salamandra salamandra, 118 ks)
a v zajmovych chovech (28 druhii, 81ks). Vyskyt B. salamandrivorans jsme v téchto vzorcich
dosud nepotvrdily.

Velkou vyzvou pro ochranu piirody bude pfipravit se na krizové scénare propuknuti nakazy
vysoce virulentnim patogenem. Pro takovou situaci u nés zatim neexistuje moznost rychlé a
efektivni reakce. V ptipad¢ zaznamu podezielych jedinci nebo neobvyklych thynl je nutné
upozornit autority ochrany ptirody a idealné také autory tohoto ptispévku.

(PREDNASKA)

Vliv nadmof¥ské vySky na velikost téla u mrchoZrouta Silpha carinata — lokalni adaptace
nebo fenotypova plasticita?

BARANOVSKA E., KNAPP M.

Katedra ekologie, Fakulta zivotniho prostiedi, CZU Praha

vlastnosti jedinci. Existuje nékolik geografickych pravidel (napf.: Bergmannovo nebo
konverzni Bergmannovo pravidlo), které popisuji proménlivost velikosti téla vlivem zemé&pisné
Sitky nebo nadmotské vysky. AvSak piesné mechanismy generujici geografickou proménlivost
télesné velikosti hmyzu, nejsou zcela znamy. Pravdépodobné jednim z hlavnich faktord, ktery
ovliviiyje velikost téla jedinc, je teplota prostiedi. Teplota mize pfimo ovlivnit fenotyp jedince
skrze fenotypovou plasticitu nebo mize podminit adaptace ke konkrétnimu teplotnimu rezimu
béhem evoluéniho Casu (evoluce primérného fenotypu nebo teplotnich reakénich norem).
Hlavnim cilem této studie je zjistit, zda geograficka variabilita v télesné velikosti u druhu Silpha
znacnou geografickou variabilitou ve velikosti téla. Jedinci z nizin dosahuji vetsi télesné
velikosti nez brouci z hor. To jsme zjistili i diky pfemeéfeni sbirkovych exemplafi. Jedinci S.
carinata ze dvou extrémnich populaci, jedna z nadmoiské vysky 250 m n.m. a druhd z
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Uak zabranit nakaze | poprijejimulsiient?

Mate-li dotazy, poc
zajem o provede
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Ve spolupréci s Ceskou zemédélskou univerzitou v Praze, Fakultou Zivotniho prostiedi
a Veterinarni a farmaceutickou univerzitou v Brné.




Chytridiomykdza

OCNENI

lidskou Cinnosti:
i
K potravinovym, chovatelskym

Il po celem svete v Sedesatych
patkami (Xenopus laevis) pouzi-

CILE PROJEKTU

Tento projekt je zamereny na monitoring chytridiomykozy v umelych

chovech obojzivelniku.

e odbér vzorku a detekce pritomnosti patogenu Bd u obojzivelnik(
v rlznych typech umélych chovl: zoologické zahrady, herpetolo-
gickeé stanice, prodejny terarijnich zvirat, soukromé chovy, apod.

e v pfipadé pozitivnich jedincu - navrzeni |éEby s ohledem na jednot-
livé druhy a navrzeni hygienickych opatreni zabranujicich dalsimu
Sifeni patogenu.

METODIKA

Vzorkovani bylo provedeno nedestruktivni metodou koznich stéru spe-
cialnimi vyterkami. S obojzivelniky bylo manipulovano velmi setrne za
pouziti jednorazovych gumovych rukavic, ktere byly meneny pfri kaz-
dém kontaktu s novym jedincem, aby se zabranilo mozne nakaze mezi
obojzivelniky. Detekce Bd patogenu byla provedena kvantifikacni Real-
-Time PCR na Veterinarni a farmaceuticke univerzité (VFU) v Brne.

CHOVANYCH V ZAJETI

Barbora Havlikova & Jaroslava Lipsova

Katedra ekologie, Fakulta Zivotniho prosttedi, Ceskd zemé&délska univerzita v Praze

atidis (Bd) je z hlediska pocCtu zasazenych druhu nejvyznamnéjSim a v soucasné dobé globalné
elnikl. ZpUsobuje infekéni onemocnéni — chytridiomykdzu, ktera muze vést az k Uplnému vyhynuti
etovych druhu obojzivelnikl je ohrozena vyhynutim. Chytridiomykdza se tak pro obojzivelniky stala
biotopu a znecisténi zivotniho prostredi. Bd vyvolava nadmérné rohovaténi klize, ¢imz muze vazné
ody a osmoregulaci. Nespecifickymi projevy chytridiomykozy jsou strnulost v neprirozené poloze,
rgie, nechutenstvi, anorexie, ztrata prirozenych reflext a motoriky.

VYSLEDKY

Z témér 500 pofizenych stérl vyplyva, Ze patogen Bd zpUlsobujici
chytridiomykézou se v Ceské Republice v umélych chovech vysky-
tuje. Plisen Bd byla potvrzena u 24 jedincl ve vSech typech chovd,
¢asto u vzacnych a drahych druhu. Intenzita nakazy se pohybovala
v rozmezi 0.4 - 9230.0 GE (GE = genomicky ekvivalent, tj. pocCet jed-
notlivych zoospor ve vzorku), pfiéemz minimalné 7 jedinct uhynulo
pravdepodobne nasledkem chytridiomykozy.

LECBA
U druhl snasSejicich vysoké teploty se doporuduje zvySeni nad
29 stupnu po dobu jednoho tydne. Pri akutnich nakazach nebo u dru-
hU nesnasejicich vysoké teploty se osvéddila IéEba itraconazolem
(sodium itraconazol). U akvatickych druhl se aplikuje 0.01% roztok
itraconazolu do akvaria, necha se 30 min. pusobit a opakuje se 5 dni.

U terestrickych druhu se pouzivaji jednorazoveé kelimky s 0.01% roz-
tokem |éCiva po dobu 5 min., 11 dni po sobe.

PREVENCE

e pii koupi novych jedincl dodrzovat 14 denni karanténu

e pred i po kontaktu s obojzivelnikem dodrzovat hygienu (myti rukou,
dezinfekce)

e pozorovat jakékoli zmény kuze, chovani, kondice

e |éCené jedince drzet oddélené od ostatnich v karanténni mistnosti;
dezinfikovat jejich boxy, vSechen organicky material odstranit nebo
sterilizovat, desinfikovat vodu pred vypustenim do odpadu

O

Pro vice informaci piste
na chytrid@email.cz nebo
navstivte chytrid.herp.cz

Tento projekt vznikl za podpory Interni grantove
soutéze 2012, IGA 20124233, ve spolupraci

s Ceskou zemé&délskou univerzitou v Praze

a Veterinarni a farmaceutickou univerzitou v Brné.
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