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ANOTACIJA

Darba nosaukums: “Trematodes Alaria alata (Goeze, 1782) attistibas cikla
izpéte dazados parazita saimniekos Latvija.”

Trematode Alaria alata ir plasi izplatita Eiropa, un tai raksturigs sarez-
¢its heterokséns attistibas cikls, kura iesaistiti pléséji ka definitivie saimnieki,
adens gliemezi ka pirmie starpsaimnieki, abinieki ka otrie starpsaimnieki, ka
arl paraténiskie saimnieki, tostarp mezaciikas un citi ziditaji. Kops 2005. gada
A. alata mezocerkariji arvien biezak tiek konstatéti mezactiku muskulatiira
Eiropa, pievérSot uzmanibu §1 parazita potencialajam zoonotiskajam riskam,
kas saistits ar medijuma galas patérinu.

Si darba mérkis bija izpétit A. alata dzives ciklu, analizét ta sastopamibu
dazadas saimnieku grupas, izvertét faktorus, kas ietekmé olu un miracidiju attis-
tibu un izdzivosanu, ka ari novértét zoonotisko risku, kas saistits ar mezaciiku
galas patérinu.

Pétijums balstits uz ilgtermina datiem (2004-2026) un ir lidz $im visap-
tvero$akais A. alata pétijums Latvijas savvalas dzivnieku populacijas. Darba
analizéti pleséji, abinieki un mezactkas, ka ari veikti eksperimentali pétjjumi
par A. alata olu un miracidiju attistibu un izdzivosanu dazados vides apstaklos.

Rezultati parada, ka A. alata ir plasi izplatita Latvija, un augsta sastopamiba
pléséju populacijas norada uz aktivu un stabilu parazita apriti dabiskos apstak-
los. Abinieki apstiprinati ka nozimigi otrie starpsaimnieki, un mezocerkariji
visbiezak konstatéti varzu sugas, galvenokart galvas regiona un iekséjos organos.
Eksperimentali pieradits, ka olu un miracidiju attistibu batiski ietekmé tempe-
ratiira, izzi$ana un ddens dinamika, kas veicina parazita saglabasanos mérena
klimata. Neskatoties uz salidzino$i augsto mezocerkariju sastopamibu mezaciuku
gala, novertéta varbutiba cilvékam saslimt ar alariozi ir zema.

Pétijuma rezultati sniedz jaunas atzinas par A. alata ekologiju, dzives ciklu
un zoonotisko potencialu Ziemeleiropa, ka ari veicina parazitu uzraudzibas un
riska novértésanas pilnveidosanu partikas drosibas konteksta.

Pétijums veikts Partikas drosibas, dzivnieku veselibas un vides zinatniskaja
institata “BIOR”, Mikrobiologijas un patologijas laboratorija, Parazitologijas
grupa (2015-2025).

Atslegvardi: Alaria alata, dzives cikls, mezocerkariji, abinieki, meZzacika,
pléséji, zoonotiskais risks
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IEVADS

Savvalas dzivnieku veseliba ir bitiska ilgtspéjigas attistibas sastavdala
un ciesi saistita ar “Vienas veselibas” (One Health) pieeju, kas uzsver cilvéku,
dzivnieku un ekosistému veselibas savstarpéjo saistibu. Saja konteksta paraziti
ir nozimiga biologiskas daudzveidibas dala, kam ir batiska loma saimniekorga-
nismu populaciju regulésana un ekosistému struktiras un funkciju uzturésana.
Dabiskajas ekosistémas parazitu daudzveidiba veicina ekologisko stabilitati,
ietekmejot sugu mijiedarbibu, trofiskas attiecibas un energijas apriti baribas
kedes.

Trematodém raksturigi sarezgiti heterokseni attistibas cikli, kuros iesaistiti
vairaki saimnieki dazados trofiskajos limenos. Parasti tajos ir iesaistiti idens
vidé dzivojosi starpsaimnieki un sauszemes galigie saimnieki, tadéjadi nodro-
Sinot saikni starp iidens un sauszemes ekosistémam. Sadu ciklu sarezgitiba
palielina transmisijas iespé&jas un veicina parazitu izdzivosanu, vienlaikus radot
cie$u atkaribu no dazadiem biotiskiem un abiotiskiem faktoriem (Poulin un
Cribb, 2002; Galaktionov un Dobrovolskij, 2003). Tadél trematozu cirkulaciju
daba butiski ietekmé vides apstakli, saimnieku kopienu struktiira un ekologiskas
mijiedarbibas.

Daudzas trematodes ir nozimigi zoonotiski paraziti, kuru transmisija
uz cilvekiem notiek, uznemot partiku, kas satur invazivas kapuru stadijas.
Klasiski piemeri ir Fasciola hepatica, ar kuru cilvéki invadéjas, lietojot uztura
kontaminétus idensaugus, ka ari ar zivim vai véZveidigajiem saistitas tre-
matodes, pieméram, Clonorchis sinensis, Opisthorchis spp. un Paragonimus
spp. Sie paraziti ir vieni no nozimigakajiem partikas izcelsmes parazitozu
izraisitajiem pasaulé, un to izplatibu lield méra nosaka uztura paradumi,
partikas pagatavosSanas tradicijas un vides apstakli (Keiser un Utzinger, 2009;
Robertson et al., 2014).

Mezacukas (Sus scrofa) ir viena no nozimigakajam medijamo dzivnieku
sugam Eiropa, un arvien biezak tas tiek atzitas par sabiedribas veselibai nozi-
migu partikas izcelsmes parazitu saimniekiem (Guardone et al. 2022). Medijamo
dzivnieku gala biezi tiek uzskatita par dabigu un ilgtspéjigu partikas produktu,
tomer tas lietoSana uztura ir saistita ari ar noteiktiem sabiedribas veselibas ris-
kiem, tostarp partikas izcelsmes parazitozém. Atskiriba no lauksaimniecibas
dzivniekiem savvalas dzivnieki netiek turéti kontrolétos audzésanas apstaklos,
un to saskare ar parazitiem ir atkariga no dabiskajiem ekologiskajiem proce-
siem. Tadé] mezactkas ienem nozimigu vietu savvalas dzivnieku un cilvéka
saskares punkta un ir Ipasi svarigas partikas nekaitiguma risku novértésana
(Guardone et al. 2022).

Starp partikas izcelsmes parazitiem, kas saistiti ar medijamo dzivnieku galas
lietosanu uztura, Eiropa arvien lielaka uzmaniba tiek pievérsta Alaria spp. Viena
no nozimigakajam sugam ir Alaria alata - mérenas klimata joslas trematode



ar sarezgitu attistibas ciklu, kura galigie saimnieki ir pléséji, pirmie starpsaim-
nieki — iidens gliemezi, otrie starpsaimnieki — abinieki, savukart paraténiskie
saimnieki ir dazadi ziditaji, putni un rapuli (Mohl et al., 2009). Saja attistibas
cikla mezaciika ir viens no nozimigakajiem paraténiskajiem saimniekiem, kura
audos uzkrajas invadétspéjiga mezocerkariju stadija.

Atskiriba no vairuma zoonotisko trematozu, A. alata raksturiga mezo-
cerkariju stadija, kas nav iecisteéta, ir loti kustiga audos un spéj invadét plasu
saimnieku loku bez turpmakas attistibas. Sada transmisijas stratégija veicina
parazita izplatiSanos baribas kédés un nodrosina ta ilgstosu cirkulaciju dazadas
ekosistémas. Mezocerkariju spéja invadét plasu saimnieku loku veicina parazita
izplatibu un ilgstosu cirkulaciju daba, vienlaikus apgritinot transmisijas celu
un zoonotiska riska izvértésanu.

Neraugoties uz pieaugoSo interesi par $o parazitu, vairaki batiski A. alata
biologijas un epidemiologijas aspekti joprojam nav pilniba noskaidroti. Joprojam
trukst zinasanu par dazadu saimnieku lomu attistibas cikla uzturésana, fak-
toriem, kas ietekmé parazita attistibu un izdzivo$anu apkartéja vidé, ka ari
par ta izplatibu savvalas dzivnieku populacijas. Turklat diagnostikas metozu
ierobeZojumi, 1pasi galas parbaudés, var veicinat invadéto dzivnieku skaita un
parazita izplatibas nepietiekamu novérté$anu.

Ari A. alata zoonotiskais potencials joprojam nav pilniba noskaidrots. Lai
gan Eiropa lidz $im nav apstiprinati cilvéku saslimsanas gadijumi, kas saistiti ar
A. alata, eksperimentalie pétjjumi un zinojumi par radniecigam Alaria sugam
liecina, ka mezocerkariji spéj invadeét cilvéku ka nejausu saimnieku. Pieaugot
medijamo dzivnieku galas patérinam un saglabajoties tradicionalajam partikas
pagatavoSanas metodém, pastav iespéja saskarties ar So parazitu, lai gan indivi-
dualais invazijas risks paslaik tiek uzskatits par zemu.

Nemot véra joprojam pastavosas zinasanu nepilnibas, nepiecieSami pétjjumi,
kuros apvienota informacija par parazita attistibu, saimnieku lomu attistibas
cikla un izplatibu savvalas dzivnieku populacijas. Tas lautu labak izprast A. alata
transmisiju un izvértét tas potencialo nozimi sabiedribas veseliba. Sada pieeja ir
ipasi nozimiga regionos, kur vides apstakli un saimnieku daudzveidiba veicina
parazita cirkulaciju daba, bet pieejamie dati joprojam ir ierobezoti.

Petijuma merkis ir izpétit Alaria alata attistibas ciklu Latvija, raksturot
faktorus, kas ietekmé parazita sastopamibu dazados saimniekos, un izveértet ta
zoonotisko potencialu.

Lai sasniegtu izvirzito mérki, tika noteikti $adi uzdevumi:

1. Noteikt A. alata sastopamibu definitivajos saimniekos;

Eksperimentali noveértét A. alata olu un miracidiju attistibu un izdzivos$anu;

3. Raksturot A. alata mezocerkariju sastopamibu abiniekos ka otrajos
starpsaimniekos;

4. Noteikt A. alata mezocerkariju sastopamibu paraténiskajos saimniekos un
izvértét diagnostikas metoZu piemérotibu;

5. Novertét A. alata zoonotisko potencialu.

»



Péetijuma zinatniska novitate un praktiska nozime

Promocijas darba pirmo reizi veikta visaptvero$a A. alata attistibas cikla
izpéte Latvija, apvienojot datus par parazita sastopamibu definitivajos, starp-
saimniekos un paraténiskajos saimniekos. Iegatie rezultati batiski papildina
izpratni par A. alata transmisiju un faktoriem, kas nodrosina parazita cirkulaciju
dabiskos apstak]os.

Pétijuma eksperimentali novértéta dazadu vides faktoru ietekme uz A. alata
olu un miracidiju attistibu un izdzivosanu, nosakot temperatiiras, gaismas, izzi-
$anas un Gdens kustibas nozimi parazita attistibas procesa. Detalizéti raksturota
arl A. alata mezocerkariju sastopamiba un lokalizacija abiniekos, identificéjot
nozimigakas otro starpsaimnieku grupas. Savukart A. alata mezocerkariju kon-
statésana Eirazijas lusim (Lynx lynx) ir jauna saimnieka atradne, kas paplasina
zinasanas par $is trematodes saimnieku spektru.

Pétljuma praktiska nozime saistita ar A. alata diagnostikas pilnveidosanu
un zoonotiska riska izvértésanu. Darba izvértéta dazadu diagnostikas metozu
piemérotiba mezocerkariju noteik$anai dzivnieku audos un sniegti ieteikumi
to izmantos$anai praksé. Iegitie dati par A. alata sastopamibu mezacukas lauj
objektivak novértét ar medijamo dzivnieku galas patérinu saistito zoonotisko
risku Latvija. Tie papildina zinasanas par parazita izplatibu Eiropa. Pétijuma
rezultati ir izmantojami savvalas dzivnieku parazitu monitoringa, veterinarme-
dicina un partikas nekaitiguma riska novértésana.

Petijumu rezultatu aprobacija
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1. TEORETISKAIS PAMATOJUMS

1.1. A. alata transmisijas ekologija dazados saimniekos

Alaria alata pirmo reizi aprakstija Goeze (1782), balstoties uz pieaugusiem
parazitiem, kas konstateti rudaja lapsa (Vulpes vulpes). Turpmakajas desmitgadés
atseviski tika aprakstitas dazadas parazita attistibas stadijas abiniekos un cikas,
lidz 20. gadsimta vida tika noskaidrota to piederiba vienotam attistibas ciklam
(Duncker, 1896; Stefaniski un Tarczynski, 1953; Skryabin, 1960). Musdienas
A. alata tiek uzskatita par visplasak izplatito Alaria gints sugu Eiropa un vie-
nigo §is gints sugu ar butisku epidemiologisko nozimi regiona (Pearson, 1956;
Mohl et al., 2009; Robertson et al. 2014; Dimzas et al. 2021; Kastner et al. 2021;
Korpysa-Dzirba et al. 2021; Guardone et al. 2022). Tapat ka citam $Is gints
sugam, arl A. alata raksturigs sarezgits heterokséns attistibas cikls, kura iesaistits
definitivais saimnieks, divi obligatie starpsaimnieki un fakultativi paraténiskie
saimnieki (1. attéls) (Bosma, 1934; Pearson, 1956; Mohl et al., 2009).

Pieaugusi trematode
definitiva saimnieka zarnas

Metacerkarijs Ola
e - . . - — -
definitiva saimnieka plausas udens
Mezocerkarijs Mezocerkarijs Miracidijs
otrais starpsaimnieks paraténiskais saimnieks udens
Cerkarijs Otras sporocistas Pirmas sporocistas
- je—1 . . . . je— . . . .
adens pirmais starpsaimnieks pirmais starpsaimnieks

1. attéls. Alaria sugu attistibas cikls (tulkots no Mohl et al. 2009).

Alaria gints sugam raksturigs plass saimnieku spektrs, kas atsSkiras atkariba
no parazita sugas, geografiska regiona un vides apstakliem (Pearson, 1956;
Mohl et al., 2009). A. alata attistibas cikla iesaistitas vairakas saimnieku grupas,
kas parstav dazadas parazita attistibas stadijas, un nozimiga loma transmisija ir
paraténiskajiem saimniekiem (Mohl et al., 2009; Belcik et al., 2025). Saimnieka
un parazita mijiedarbibu nosaka A. alata sarezgitais heteroksénais attistibas
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cikls un dazadajam attistibas stadijam raksturigas biologiskas ipasibas. Dazados
saimniekos parazits veido atSkirigas attiecibas ar saimniekorganismu - no
zarnu kolonizacijas un vairosanas definitivajos saimniekos lidz mezocerkariju
migracijai un ilgstosai saglabasanai audos starpsaimniekos un paraténiskajos
saimniekos. Sis mijiedarbibas nosaka gan parazita izraisitas patologiskas par-
mainas, gan dazadu saimnieku nozimi parazita transmisija un attistibas cikla
uzturésana (Pearson, 1956; Mohl et al., 2009).

Pieaugusie A. alata paraziti apdzivo definitivo saimnieku (pléséju) tievas
zarnas proksimalo dalu, kur notiek dzimumvairo$anas un olas ar saimnieka
fekalijam nonak apkartéja vide (Skryabin, 1960; M6hl et al., 2009). Eiropa
par nozimigakajiem A. alata definitivajiem saimniekiem tiek uzskatitas
rudas lapsas (Vulpes vulpes) un jenotsuni (Nyctereutes procyonoides), kas
darbojas ka galvenie rezervuarsaimnieki, savukart vilkiem (Canis lupus) un
kakveidigajiem transmisija, visticamak, ir mazaka nozime (Mahl et al., 2009;
Bruzinskaité-Schmidhalter et al., 2012; Murphy et al., 2012; Laurimaa et al.,
2016; Karamon et al., 2016; Kjeer et al., 2021).

Definitivie saimnieki invadgjas, apédot invadétus otros starpsaimniekus
vai paraténiskos saimniekus, kuru audos atrodas dzivotspéjigi mezocerkariji.
Péc uznemsanas mezocerkariji ieklist zarnu siena un migré caur saimnieka
audiem, Ipasi diafragmu un plausam. Plausas islaicigi attistas par metacerka-
rijiem (Skryabin, 1965; Mohl et al., 2009). Péc tam metacerkariji pa elpo$anas
celiem nonak rikle, tiek noriti un atkartoti nonak zarnas, kur attistas par
pieaugusiem parazitiem (Mehlhorn, 2001; Mohl et al., 2009). Dzimumgatavibu
paraziti parasti sasniedz 29-36 dienu laika péc nonaksanas zarnas (Skryabin,
1960; Skryabin, 1965; Mohl et al., 2009).

Definitivajos saimniekos A. alata parasti neizraisa batiskas patologiskas par-
mainas. Augstas invazijas intensitates gadijuma var attistities zarnu iekaisums,
savukart migréjosie kapuri atseviskos gadijumos var izraisit plausu bojajumus.
Tomeér patologiskas parmainas parasti ir vieglas, un nav konstatéta saistiba starp
invazijas intensitati un saimnieka veselibas stavokli (Skryabin 1960; Skryabin
1965; Mohl et al. 2009; Lempp et al. 2017; Klink et al. 2025). Sadas saimnieka un
parazita attiecibas veicina ilgstosu parazita saglabasanos saimnieku populacijas,
vienlaikus nodrosinot efektivu transmisiju ekosistémas (Poulin un Cribb 2002;
Galaktionov un Dobrovolskij 2003).

Olas, kuras definitivie saimnieki izdala ar fekalijam, attistas tikai adens
vidé. Miracidiju attistibu un atbrivosanos no olas butiski ietekmeé vides apstakli,
sevis$ki temperatira un mitrums. Labvéligos apstaklos miracidiji attistas aptu-
veni nedélas laika, savukart zema temperatiira attistiba ievérojami paléninas,
vienlaikus saglabajot olu dzivotspéju ilgaku laiku (Pearson 1956; Skryabin
1960; Olsen 1974). Iepriekséjos pétijumos pieradits, ka Alaria olas spgj izturét
sasalSanu un atsakt attistibu péc nonaksanas labvéligos apstaklos, kas liecina par
to augsto izturibu pret apkartéjas vides ietekmi (Pearson 1956). Péc izskil§anas
miracidiji invadé saldadens gliemeZus, kas pilda pirmo starpsaimnieku lomu.

11



Ka A. alata pirmie starpsaimnieki visbiezak minéti planorbidu un limneidu
dzimtas gliemezi, ipasi Planorbis planorbis un Anisus vortex, tomér dati par
parazita sastopamibu $ajos saimniekos joprojam ir ierobezoti (Wéjcik et al.
2002; Portier et al. 2012).

Abinieki ir A. alata otrie starpsaimnieki, un tiem ir batiska nozime parazita
attistibas cikla uzturésana idens un sauszemes ekosistémas. Péc izdaliSanas no
invadéetiem gliemeZiem, cerkariji aktivi ieklast abinieku ada, zaudé asti un aptu-
veni divu nedélu laika attistas par mezocerkarijiem, kas lokaliz&jas saimnieka
audos, galvenokart muskulatra (Olsen 1974; M6hl et al. 2009; Patrelle et al.
2015; Voelkel et al. 2019). Mezocerkariji ir infekcioza stadija gan definitiva-
jiem, gan paraténiskajiem saimniekiem, tadé] tiem ir centrala nozime A. alata
transmisija. AtSkiriba no citam trematoZu kapuru stadijam mezocerkariji talak
neattistas, tomér saglaba spéju migrét un ilgstosi saglabat dzivotspéju saimnieka
audos, tadéjadi nodrosinot parazita cirkulaciju starp dazadiem saimniekiem
(Pearson 1956; Mohl et al. 2009).

Par otrajiem starpsaimniekiem var kalpot plass abinieku sugu klasts,
tostarp bruna varde (Rana temporaria), purva varde (Rana arvalis), tdensvardes
(Pelophylax spp.) un parastais krupis (Bufo bufo). Invazijas izplatiba dazadas
sugas un biotopos btiski atskiras, sasniedzot no aptuveni 8 % lidz vairak neka
80 % (Patrelle et al. 2015; Voelkel et al. 2019; Belcik et al. 2025; Kirillov et al.
2026). Mezocerkariji var lokalizéties visa saimnieka kermeni, tomér dabiskos
apstaklos invadétiem abiniekiem parasti neizraisa biitiskas patologiskas parmai-
nas. Augstas invazijas intensitates gadijuma iespéjama saimnieka dzivotspéjas
samazinasanas. Tas var padarit abiniekus vieglak pieejamus plésejiem, tade-
jadi palielinot iespé&ju parazitam nonakt nakamaja saimnieka (Pearson 1956;
Skryabin 1960; Skryabin 1965; Méhl et al. 2009; Patrelle et al. 2015).

Mezocerkariji var ilgstosi saglabaties dazados paraténiskajos saimniekos,
tostarp ziditajos, rapulos un putnos, tadéjadi pagarinot parazita izdzivosanu
un veicinot ta cirkulaciju starp dazadam saimnieku grupam (Skryabin 1960;
Mohl et al. 2009; Renteria-Solis et al. 2013; Takeuchi-Storm et al. 2015). No
paraténiskajiem saimniekiem Ipasa nozime ir mezactkai (Sus scrofa), ko nosaka
tas plasa izplatiba, bieza invadétiba un nozime cilvéku uztura izmantojamo
medijamo dzivnieku vida (Mohl et al. 2009; Gonzélez-Fuentes et al. 2014a;
Gazzonis et al. 2018; Bilska-Zajac et al. 2021). Dazados Eiropas regionos A. alata
sastopamiba mezZacikas ir Joti at$kiriga un svarstas no mazak neka 1 % lidz
vairak neka 70 %, ko ietekmé gan vides apstakli, gan izmantotas diagnostikas
metodes (Wdjcik et al. 2001; Riehn et al. 2011a; Paulsen et al. 2012; Portier et al.
2014; Gazzonis et al. 2018; Bilska-Zajac et al. 2021).

Tapat ka lielaka dala trematozu, ar1 A. alata ir hermafrodits, kam rak-
sturiga gan dzimumvairo$anas, gan bezdzimumvairo$anas (Galaktionov un
Dobrovolskij 2003). Parazita attistibas cikls parasti ilgst 92-114 dienas, tomér
pieauguso parazitu dzives ilgums joprojam nav zinams (Mohl et al. 2009).
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1.2. A. alata zoonotiskais potencials

A. alata zoonotisko potencialu nosaka tas plasais saimnieku spektrs un spéja
ilgstosi saglabaties mezocerkariju stadija paraténiskajos saimniekos. Cilvéks var
invadeéties, lietojot uztura nepietiekami termiski apstradatu galu, kas satur dzi-
votspéjigus mezocerkarijus, un tiek uzskatits par nejausu paraténisko saimnieku
(Mo6hl et al. 2009; Korpysa-Dzirba et al. 2021).

Eiropa lidz §im nav zinots par apstiprinatiem A. alata izraisitiem cilveku
saslimSanas gadijumiem. Tomeér aprakstiti vairaki cilveku alariozes gadijumi,
ko izraisijusas radniecigas Ziemelamerikas Alaria sugas, tostarp zemadas, acu,
plausu un generalizétas invazijas, ka ari letali gadjjumi, kas saistiti ar plasu
kapuru migraciju organisma (Fernandez et al. 1976; Freeman et al. 1976;
Beaver et al. 1977; McDonald et al. 1994; Kramer et al. 1996). Aprakstitajos
cilvéku saslim$anas gadijumos konstatéti zemadas mezgli, acu bojajumi, plausu
bojajumi un generalizeéta alarioze, kas liecina par mezocerkariju spéju migrét
pa ziditaju audiem (Fernandez et al. 1976; Beaver et al. 1977; McDonald et al.
1994; Kramer et al. 1996).

Eiropa mezactka (Sus scrofa) tiek uzskatita par nozimigako potencialo
cilvéka invadésanas avotu, jo mezacuku gala biezi konstaté dzivotspéjigus
mezocerkarijus, kas spéj saglabat dzivotspéju dazados uzglabasanas un par-
strades apstaklos (Mohl et al. 2009; Gonzalez-Fuentes et al. 2014a; Gonzalez-
Fuentes et al. 2014b; Gazzonis et al. 2018). Tadel A. alata plasa izplatiba
savvalas dzivnieku populacijas un pieaugosa interese par medijamo dzivnieku
galu ir veicinajusi interesi par $1 parazita iespéjamo nozimi sabiedribas vese-
liba (Malesevié et al. 2016; Korpysa-Dzirba et al. 2021; Guardone et al. 2022).
Lai gan faktisko risku patérétajiem joprojam ir griiti novertét, A. alata arvien
biezak tiek minéta ka potenciali nozimigs partikas izcelsmes parazits, kura
uzraudziba un riska izvérté$ana nepiecieSama “Vienas veselibas” (One Health)
pieeja (Robertson et al. 2014; Korpysa-Dzirba et al. 2021; Guardone et al. 2022).

Latvija A. alata klatbutne ir apstiprinata, izmantojot gan parazitologiskas,
gan molekularas identifikacijas metodes. Latvijas izcelsmes A. alata paraugi
izmantoti ka references un pozitivas kontroles materials sugas specifiska reala
laika PCR testa izstradé (Dimzas et al. 2021). Savukart no Latvijas mezacukam,
abiniekiem un Eirazijas lasiem iegttie mezocerkariji izmantoti MALDI-TOF MS
metodes izstradé un validacija A. alata identifikacijai (Kastner et al. 2021). Sie
pétljumi ne tikai apstiprina A. alata sastopamibu Latvijas savvalas dzivniekos,
bet ari apliecina molekularo un proteomisko metozZu piemérotibu $is sugas
identifikacijai (Dimzas et al. 2021; Késtner et al. 2021).
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2. MATERIALI UN METODES

2.1. Metacerkariju un pieauguso A. alata konstatésana

Rudas lapsas un jenotsuni tika iegiti Trakumsérgas valsts uzraudzibas un
apkaroSanas programmas ietvaros. No 2010./2011. 1idz 2013./2014. gada medibu
sezonai abu sugu dzivnieki tika ievakti visa Latvijas teritorija katru gadu no
novembra lidz februarim. Savukart 2014./2015. gada medibu sezona paraugi
tika iegiti tikai Latvijas austrumu dala, kas robezojas ar Krievijas Federaciju
un Baltkrieviju (Food and Veterinary Service of Latvia, 2014). Pelékie vilki tika
ievakti medibu sezonas no 2010./2011. lidz 2014./2015. gadam (no 15. jalija
lidz 31. martam), bet Eirazijas lasi — no 2004./2005. lidz 2017./2018. gadam
(no decembra lidz martam). Visi dzivnieki ieguti saskana ar Latvijas Medibu
noteikumiem un valst noteiktajam medibu kvotam.

Kopuma A. alata sastopamiba tika pétita 1223 dzivniekiem, tostarp 539 ru-
dajam lapsam, 411 jenotsuniem, 231 Eirazijas lasim un 42 pelékajiem vilkiem.
No tiem 1074 dzivniekiem (468 rudajam lapsam, 333 jenotsuniem, 231 Eirazijas
lasim un 42 pelékajiem vilkiem) tika noteikta gan pieauguso A. alata parazitu,
gan metacerkariju klatbatne. Dzimums tika noteikts Eirazijas lasiem un pelé-
kajiem vilkiem, savukart vecuma grupa (pieaugusais vai jauns dzivnieks) tika
noteikta rudajam lapsam (n = 378), jenotsuniem (n = 278), Eirazijas lusiem
(n = 231) un pelékajiem vilkiem (n = 20), balstoties uz zobu nodilumu. Par
jauniem dzivniekiem tika uzskatiti tadi, kas jaunaki par vienu gadu, nemot veéra,
ka Latvija sunu un kaku dzimtas pléséju mazuli Latvija parasti dzimst pavasari
un vasaras sakuma (Taurin$ 1982).

Pirms izmeklé$anas ieks$éjie organi vismaz divas nedélas tika sasaldéti
-80 °C temperatiira, lai mazinatu Echinococcus spp. invazijas risku. Péc tam
paraugus atkauséja istabas temperatiira. Traheju, plausas un zarnas izmekléja,
izmantojot mazgasanas, filtréSanas caur sietu, sedimentacijas un parazitu skai-
tiSanas metodi (Roepstorff un Nansen 1998; Duscher et al. 2005; Umhang et al.
2011). Metacerkarijus un pieaugusas A. alata trematodes identificéja péc morfo-
logiskajam pazimém un saskaitija (Mohl et al. 2009).

2.2. Olu attistibas un dzivotspéjas eksperimentala péetijuma
dizains

Februari un marta, 2025. gada, Trakumsérgas valsts uzraudzibas un apka-
ro$anas programmas ietvaros tika iegiiti rudo lapsu fekaliju paraugi. Dzivnieku
liemeni pirms sekcijas tika uzglabati 4 °C temperatiira ne ilgak ka tris dienas,
péc tam fekaliju paraugi tika nemti tiesi no taisnas zarnas. A. alata olas no
fekalijam tika izdalitas, izmantojot sedimentacijas metodi (Demelash et al.
2016).
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Turpmakajiem eksperimentiem tika apvienotas nogulsnes, kas saturéja
A. alata olas no tris lapsam, lai nodrosinatu nejausu olu atlasi. Eksperimentiem
tika izvélétas tikai neskartas olas ar skaidri saskataimam attistibas pazimém. Saja
pétljuma olu dzivotspéja tika definéta ka A. alata olu spéja saglabat dzivotspéju
un attistities dazados vides apstaklos.

In vitro eksperimenti tika izstradati, lai novértétu A. alata olu dzivotspéju
dazadu vides faktoru ietekmé, tostarp mainot apgaismojumu, temperatru, izza-
$anas ilgumu un adens kustibu (vilnosanos). Izvélétie faktori raksturo batiskakos
vides apstaklus, kas var ietekmét olu attistibu dabiskajas saldadens dzivotnés.

Visos eksperimenta variantos attiritas olas inkubéja destiléta adeni un
regulari novéroja, lai izvértétu olu attistibu un miracidiju izskilSanos. Olu
attistiba tika iedalita piecas stadijas saskana ar Pearson (1956) klasifikaciju:
neembrionétas olas, embrionétas olas, pilniba attistitas olas, olas, no kuram
izkluvis miracidijs, un mirusas olas.

2.3. Mezocerkariju konstatésana

Kopuma pétijuma tika analizéti 390 abinieki, 17 605 meZaciikas un 234
Eirazijas lasi. Visi dzivnieki tika ieguti saskana ar Latvijas Medibu noteikumiem
vai pamatojoties uz Latvijas iestaZu izsniegtajam atlaujam dzivnieku ievaksanai
un eitanazijai zinatniskajiem pétijumiem.

Katrai saimnieku grupai tika izvéléta pétijuma meérkiem visatbilstosaka
mezocerkariju konstatéSanas metode. A. alata mezocerkariju noteiksanai tika
izmantotas maksligas sagremosanas metode ar magnétisko maisitaju (TIM;
Komisijas Isteno$anas regula (ES) 2015/1375), Alaria spp. mezocerkariju mig-
racijas metode (AMT; Riehn et al. 2010) un kompresora metode.

2.3.1. Otrie starpsaimnieki: abinieki

Laikposma no 2017. lidz 2019. gadam 86 nejausi izvélétos pastavigos mitra-
jos visa Latvijas teritorija tika ievakti 390 abinieki. Dzivnieki tika iegati, pama-
tojoties uz Ipasam atlaujam abinieku ievaksanai un eitanazijai zinatniskajiem
pétijumiem (atlauju Nr. 26/2017-E, 14/2018-E un 21/2019-E; Dabas aizsardzibas
parvalde). Pieaugusas vardes un krupji tika ievakti sekladens zonas, izmantojot
keramos (entomologiskos) tiklinus, un astonu stundu laika nogadati laboratorija.
Lidz izmeklésanai paraugi tika uzglabati 4 °C temperatira.

Abinieki tika identificéti lidz sugas limenim, pamatojoties uz morfolo-
giskajam pazimém, un klasificéti ka parasta varde (Rana temporaria), purva
varde (Rana arvalis), parastais krupis (Bufo bufo) un zalo varzu sugu komplekss
(Pelophylax esculentus komplekss). Katram Ipatnim tika noteikta attistibas sta-
dija (pieaugusais vai kurkulis).

A. alata mezocerkariju noteik$anai tika izmantota kompresijas metode.
Abinieku audus ievietoja starp diviem stikliem, saspieda un izmekléja ar
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stereomikroskopu. Visi konstatétie mezocerkariji tika izdaliti no saimnieka
audiem un parbauditi mikroskopa 100-400x palielinajuma. A. alata mezocer-
karijus identificéja péc morfologiskajam pazimém, tostarp kermena formas,
izméra un dziedzer$tinu skaita.

2.3.2. Paraténiskie saimnieki: mezacuka un Eirazijas lasis

A. alata mezocerkariju sastopamiba meZactkas tika pétita, izmantojot divas
savstarpéji papildinosas pieejas. Pirmkart, tika analizéti retrospektivie dati no
Partikas droSibas, dzivnieku veselibas un vides zinatniska institata BIOR (ZI
BIOR). Tostarp ikgadéjie parskati par A. alata mezocerkariju nejausu konsta-
tésanu Trichinella spp. izmeklgjumu laika no 2014. lidz 2019. gadam. Mednieki
brivpratigi iesniedza muskulu audu paraugus (2150 g), tostarp diafragmas,
méles un citus skeleta muskulu paraugus, kurus izmekléja individuali, izman-
tojot TIM.

Otrkart, no 2018. gada decembra lidz 2019. gada oktobrim tika veikts mér-
ktiecigs pétijums, lai novértétu A. alata mezocerkariju sastopamibu mezacikas.
Muskulu audu paraugus, kas tika iesniegti rutinas Trichinella spp. izmekléju-
miem, papildus izmekléja, izmantojot AMT. Mezocerkarijus identificéja péc
morfologiskajam pazimém, tostarp kermena formas, izméra un dziedzersinu
skaita.

A. alata mezocerkariju konstatéSanai tika izmekléti 234 Eirazijas la$u mus-
kulu audu paraugi. Paraugi tika iegaiti medibu sezonas no decembra lidz martam,
laika posma no 2004./2005. lidz 2017./2018. gadam, saskana ar valsts medibu
kvotam. Muskulu audus sakotnéji izmekléja, izmantojot TIM. Gadijumos, kad
tika konstatéti A. alata mezocerkariji, paraugus atkartoti izmekléja, izmantojot
AMT, lai apstiprinatu mezocerkariju klatbatni.

2.4. Statistiska analize

A. alata mezocerkariju sastopamiba (invadéto saimnieku Ipatsvars),
mediana intensitate (parazitu medianais skaits, nemot véra tikai invadétos
saimniekus) un vidéja intensitate (parazitu vidéjais skaits, nemot véra tikai inva-
détos saimniekus) tika aprékinati saskana ar Bush et al. (1997). Sastopamibas
95 % ticamibas intervali tika aprekinati, izmantojot Clopper-Pearson metodi
(Clopper un Pearson 1934). Vidéjas intensitates ticamibas intervali tika noteikti
ka 1sakie intervali, kas nodrosina izvéléto ticamibas limeni, jo datu struktaras
deél precizas 95 % ticamibas intervalu robeZas nav iespéjams noteikt (Carpenter
un Bithell 2000).

Atskiribas mezocerkariju sastopamiba starp dzivnieku sugam, vecuma
grupam, dzimumiem un geografiskajiem regioniem tika novértétas, izmantojot
Fisera eksakto testu, savukart atskiribas medianaja intensitaté tika analizétas
ar Muda medianas testu (Sen 2005; Reiczigel et al. 2008). Salidzinajumi starp
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mezocerkariju konstatésanas metodém tika veikti, aprékinot attiecibu raditajus
(odds ratios) ka nosacitas maksimalas ticamibas novértéjumus (Breslow un
Day 1990). Korelacijas starp pétitajiem raditajiem tika analizétas, izmantojot
Spirmena rangu korelaciju (Spearman 1904).

In vitro olu eksperimentos katram eksperimentalajam variantam tika apreki-
nats olu attistibas raditajs (DR) un miracidiju izklusanas raditajs (HR). Attistibas
raditajs tika definéts ka to olu Ipatsvars, kas sasniedza vélinas attistibas stadijas,
attieciba pret kopéjo olu skaitu. Savukart HR tika definéts ka olu Ipatsvars, no
kuram izkluvis miracidijs, attieciba pret pilniba attistito olu skaitu.

Atskiribas olu attistibas raditaja (DR) un miracidiju izklas$anas raditaja
(HR) starp eksperimentalajiem variantiem un attiecigajam kontroles grupam
tika novértétas, izmantojot neparametrisko Manna-Vitnija testu. Saistiba starp
vides faktoriem (temperatiru, apgaismojumu, izzt$anas ilgumu un tdens kus-
tibu) un DR vai HR tika analizéta, izmantojot Spirmena rangu korelaciju.

Telpiskas izplatibas kartes tika izveidotas, izmantojot geografiskas informa-
cijas sistémas (GIS) programmataru ArcGIS 10 (ESRI, Redlands, Kalifornija,
ASV), par pamatu izmantojot Latvijas pamatkarti.

Iespé&jamiba (Pr), ka cilveks, lietojot uztura mezaciku galu, uznems A. alata
mezocerkarijus, tika aprékinata péc vienadojuma Pr = P x NT x IA, kur P ir
A. alata sastopamiba meZactikas, kas noteikta Saja pétijuma, NT ir iespéjamiba,
ka mezaciiku gala nav izmekléta uz parazitu klatbatni, bet IA ir iespéjamiba,
ka A. alata mezocerkariji gala vai galas produktos nav inaktivéti (ANSES 2015).

Lai aprékinatu cilvéka invadésanas varbatibu, tika izmantotas dazadas NT
un IA vértibu kombinacijas. Pamatojoties uz datiem par mezactku izmeklésanu
uz Trichinella spp. klatbutni (ZI BIOR un Valsts meZza dienests, nepubliceti dati),
tika izmantotas NT vértibas 99 %, 95 % un 80 %. Savukart, balstoties uz pub-
licétiem datiem par A. alata mezocerkariju izdzivosanas spéju mezacuku gala
un galas produktos, tika izmantotas IA vértibas 0,5 %, 1 % un 5 % (Gonzalez-
Fuentes et al. 2014a,b; Gonzalez-Fuentes et al. 2015).
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3. REZULTATI

3.1. Metacerkariji un pieaugusas A. alata (Publikacijas IV; V)

Kopuma pieaugusas A. alata trematodes tika konstatétas 859 no 1223 izmek-
letajiem savvalas pléséjiem Latvija, kas atbilst sastopamibai 70,2 % (95 % TI:
67,6-72,7). Pieaugusie paraziti tika konstatéti visas pétitajas saimnieku sugas un
visos pétitajos regionos, kas liecina par plasu parazita izplatibu un stabilu cirku-
laciju Latvijas savvalas dzivnieku populacijas. Visbiezak A. alata tika konstatéts
pelékajiem vilkiem, kam sekoja rudas lapsas un jenotsuni, savukart Eirazijas
lasiem parazits tika konstatéts tikai atseviskos gadijumos (P = 1,7 %) (1. tabula).

1. tabula

Alaria alata pieauguso trematoZu sastopamiba, vidéja intensitate un intensitates
diapazons savvalas pléséjiem Latvija

Susa Izi::;lfilééttg/ Sastopamiba, % Vidéja Intensitates
8 i . (95% TI) intensitate + SE diapazons
dzivnieku skaits
Jenotsuns 411/ 345 83,9 (80,0-87,4) 755,0 + 118,7 1-18 870
Ruda lapsa 539/ 471 87,4 (84,3-91,1) 193,1 £ 18,2 1-6 247
Eirazijas lasis 231/4 1,7 (0,5-4,5) 4,3+4,5 1-12
Pelékais vilks 42/ 39 92,9 (80,5-98,5) | 683,3 + 164,2 7-5 347

TI - ticamibas intervals; SE - standartklada.

Salidzinajuma ar rudajam lapsam un Eirazijas lGSiem jenotsuniem tika
konstatéta statistiski nozimigi augstaka pieaugu$o A. alata parazitu vidéja
intensitate (p < 0,05), savukart starp jenotsuniem un pelékajiem vilkiem nozi-
migas atSkiribas netika konstatétas. Visaugstaka vidéja intensitate tika novérota
jenotsuniem, kam sekoja pelékie vilki un rudas lapsas.

Visas Latvijas medibu administrativajas vienibas (MAV) tika konstatétas
pieaugusas A. alata trematodes. Rudajam lapsam un jenotsuniem sastopamiba
svarstijas no 74,1 % lidz 96,3 %, un kopuma augstaki raditaji tika novéroti
Latvijas rietumu un centralaja dala neka austrumu regionos. Pelékajiem vilkiem
sastopamiba lielakaja dala MAV sasniedza 100 %, lai gan atseviskos regionos
izmekléto dzivnieku skaits bija neliels. Piecu secigu medibu sezonu laika rudajam
lapsam tika novérots pakapenisks sastopamibas pieaugums, savukart jenotsu-
niem un pelékajiem vilkiem bitiskas izmainas starp sezonam netika konstatétas.

A. alata metacerkariji plausas tika konstatéti 216 dzivniekiem, kas atbilst
sastopamibai 20,1 % (95 % TI: 17,8-22,6). Jenotsuniem metacerkariju sastopa-
miba bija statistiski nozimigi augstaka neka rudajam lapsam (p < 0,0001). Plausu
metacerkariji tika konstatéti tikai vienam pelékajam vilkam (pieci eksemplari),
savukart Eirazijas lusiem tie netika konstatéti (2. tabula).
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2. tabula

Alaria alata metacerkariju sastopamiba, vidéja intensitate un intensitates
diapazons savvalas pléséjiem Latvija

Susa I?:::;lzllsttg/ Sastopamiba, % Vidéja Intensitates
& i . (95 % TI) intensitate + SE diapazons
dzivnieku skaits
Jenotsuns 333/ 165 49,5 (44,1-55,1) 34,7+ 5,5 1-592
Ruda lapsa 468/ 50 10,7 (8,0-13,8) 10,8 + 4,3 1-161
Eirazijas lisis 231/ 0 0 - -
Pelékais vilks 42/ 1 2,4 (0,01-12,6) - 5

TI - ticamibas intervals; SE - standartklada.

Metacerkariju vidéja intensitate bija statistiski nozimigi augstaka jenotsu-
niem neka rudajam lapsam un pelékajiem vilkiem (p < 0,05). Analizé&jot datus
pa medibu sezonam, gan jenotsuniem, gan rudajam lapsam tika novérota
metacerkariju sastopamibas pieauguma tendence, lai gan atseviskas sezonas
bija vérojamas svarstibas.

Sunu dzimtas saimniekiem bieZi vien vienlaikus tika konstatéti gan pieau-
gusie A. alata paraziti, gan metacerkariji. Rudajam lapsam 92,0 % dzivnieku,
kuriem plausas tika konstatéti metacerkariji, vienlaikus tika konstatéti ar1 pieau-
gusie paraziti. Savukart 10,6 % rudajam lapsam ar pieaugusajam A. alata trema-
todém plausas tika konstatéti arl metacerkariji. Jenotsuniem 88,5 % dzivnieku,
kuriem tika konstatéti metacerkariji, vienlaikus bija sastopamas ari pieaugusas
trematodes, bet 47,8 % dzivnieku ar pieaugusajiem parazitiem tika konstatéti
arl metacerkariji. Tika konstatéta statistiski nozimiga pozitiva korelacija starp
pieauguso trematozu skaitu un metacerkariju intensitati jenotsuniem (rs = 0,27,
p = 0,001) un rudajam lapsam (rs = 0,17, p = 0,0002).

3.2. Olu attistiba (Publikacija I)

Kopuma astonos in vitro eksperimenta variantos tika pétitas 3600 Alaria spp.
olas. Olas bija ovalas formas, dzeltenigas, ar vacinu un planu ¢aulu. Olu garums
svarstijas no 0,105 lidz 0,128 mm (vidéji 0,117 + 0,005 mm), bet platums - no
0,070 1idz 0,090 mm (vidéji 0,083 + 0,004 mm) (2. attels). Tika identificétas
dazadas olu attistibas stadijas, kuras tika izmantotas turpmakajas analizeés.

3.2.1. Gaismas ietekme

Péc 25 dienam kops olu ievietos$anas eksperimentalajas platformas 12,2 % olu
(95 % TI: 5,8-12,9), kas tika paklautas dazadiem apgaismojuma apstakliem, sasnie-
dza pilniba attistitas olas stadiju (3. tabula). No pilniba attistitajam olam 72,2 %
(95 % TI: 54,5-86,7) bija olas, no kuram izkluvis miracidijs. Attistiba no embrio-
nétas olas lidz stadijai, kura no olas izkluvis miracidijs, noritéja 8-11 dienu laika.

19



WWs00' = /TT'D

2. attéls. Alaria spp. olu (0,117 + 0,005 mm x 0,083 + 0,004 mm) attistibas stadijas

A - neembrionétas olas, B - embrionéta ola, C - pilniba attistita ola, D - ola, no kuras izkluvis

miracidijs, E - mirusi ola, F - bojata ola.

3. tabula

Alaria alata olu attistiba dazados apgaismojuma apstaklos 25 dienas péc
eksperimenta uzsaksanas: pirmo attistibas stadiju novérosanas laiks, olu attistibas

raditajs (DR) un olu ipatsvars, no kuram izkluvis miracidijs (HR/DR)

Eksperimenta Olas attistibas Pirmie novérojumi DR, % HR/DR
variants stadija (dienast SD) (TI95 %) (TI95%)
Dabisk Embrionéta 9+2 13 00
ga";srlrslaa Attistijusies 1640 (7,11—é2,1) (21,51—)78,9)
Izkluvis miracidijs 17+1
Embrionéta 6+0
Gaisma Attistijusies 13+3 o, 11_3;;, 1) ( 42;5_’8 4,5)
Izkluvis miracidijs 14+3
Embrionéta 6+0
Tumsa Attistijusies 120 ( 4)7191%’ 1 ® 6,£10—(i,(())0,0)
Izkluvis miracidijs 15+ 1
Embrionéta 7x1
Vidgjais Attistijusies 13+1 (6,3}3%),8) (39’32_’974’0)
Izkluvis miracidijs 151

TI - ticamibas intervals; SD - standartnovirze.
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Statistiski nozimigas atskiribas starp parbauditajiem apgaismojuma apstakliem
ne olu attistibas raditaja (DR), ne miracidiju izklasanas raditaja (HR) netika
konstatétas (p = 0,5). Tadél turpmakajas analizés ka kontroles grupa tika izman-
tota visu apgaismojuma variantu vidéja vértiba.

3.2.2. Temperatiras ietekme

Olu attistiba nenotika, kamér olas atradas ledusskapja vai saldétavas tem-
peratiira, un atsakas tikai péc to parvietosanas uz istabas temperatiru dabiska
apgaismojuma. Islaiciga atrasanas saldétava (2-4 stundas) neietekméja turp-
maku embriju attistibu un miracidiju izklasanu no olam. Savukart ilgstosakas
sasaldésanas rezultata ievérojama dala olu visa eksperimenta laika saglabajas
neembrionétas (4. tabula).

4. tabula
Alaria alata olu attistiba dazados vides apstaklos 25 dienas péc eksperimenta
uzsaksanas: pirmo attistibas stadiju noverosanas laiks, olu attistibas raditajs (DR)
un olu ipatsvars, no kuram izkluvis miracidijs (HR/DR)

Eksperimenta | Inkubacijas | Oluattistibas| ~ PIrmie DR,% | HR/DR, %
variants laiks stadija (dienas 31 SD) (TI95 %) (TI95 %)
Embrionéta 7+1
2h Attistijusies 12+0 10,0 66,7
: (4,7-18,1) | (29,9-92,5)
Izkluvis 4+l
miracidijs
Saldésana
Embrionéta 5+1
4h Attistijusies 13+1 3,3 38,5
0,7-9,4 0,8-90,6
Izkluvis 1541 ( ) ( )
miracidijs
Embrionéta 10+2
' m Attistijusies 19 + 3,3 40,0
0,7-9,4 0,8-90,6
Izkluvis 1940 ( ) ( )
miracidijs -
IzzGSana
Embrionéta 810
4m Attistijusies 10 + 1,1 100,0
0,0-6,0 2,5-100,0
Izkluvis 1340 ( )| ( )
miracidijs -
Embrionéta 6t1
Kustiga NA Attistijusies 10+ 26,7 100,0
tidens vide : (17,9-37,0) | (85,8-100,0)
Izkluvis 1640
miracidijs -

TI - ticamibas intervals; SD - standartnovirze.
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Olas, kas tika paklautas saldétavas apstakliem un péc tam inkubétas 37 °C
temperatira, uzradija statistiski nozimigi augstakus olu attistibas raditajus (DR)
un miracidiju izklasanas raditajus (HR) neka kontroles grupas olas (attiecigi
p < 0,05 un p < 0,02). Savukart paklausana ledusskapja apstakliem neradija
statistiski nozimigas atSkiribas salidzinajuma ar kontroles grupu. Pastaviga
inkubacija 37 °C temperatiira paatrindja olu embrionésanos, tacu neviena no
pilniba attistitajam olam netika novérota miracidija izklasana un tika konstatéta
augsta olu mirstiba. Tas liecina, ka paaugstinata temperatiira, lai gan veicina
attistibu, samazina olu dzivotspéju.

3.2.3. Izzasanas un kustigas tdens vides ietekme

Olu dzivotspéja bija ciesi saistita ar izz@$anas ilgumu. Dzivotspéjigas sagla-
bajas tikai tas olas, kas tika paklautas izzGSanai 2-4 minites, savukart ilgaka
izZ0i$ana izraisija augstu neembrionétu un mirusu olu Ipatsvaru (4. tabula). Tika
konstatéta loti ciesa pozitiva korelacija starp izzai$anas ilgumu un olu mirstibu
(rs= 1,0, p < 0,001). Savukart olam, kas tika inkubétas adens kustibas apstaklos,
tika noveérots statistiski nozimigi augstaks to olu ipatsvars, no kuram izkluvis
miracidijs, neka kontroles grupa (p < 0,001).

3.3. Mezocerkariji otrajos starpsaimniekos (Publikacija Il1)

A. alata mezocerkariji tika konstatéti abinieku populacijas visa Latvija, kas
liecina par plasu parazita izplatibu. Mezocerkariji tika registréti visas analize-
tajas varzu grupas, bet netika konstatéti parastajam krupim (5. tabula).

5. tabula
Alaria alata mezocerkariju sastopamiba dazadas abinieku sugas Latvija
(pieaugusajiem ipatniem un/vai kurkuliem)
- Izmekléto/ Vidéja intensitate Mediana
Sugas i?;f;;.g:s invadéto (TIP ,91;/0‘” +SD intensitate
) dzivnieku skaits ° (diapazons) (medianais TL)
. 58,8 8,7%16,3 4
Zalo varzu | Kurkuli 80/47 (47,5-69,6) (1-95) (96,0% 2-5)
g Kom- 22,4 28,9+54,3 4
lekss ; o Rk ,9+54,
P Pieaugusi | 255/57 (17,4-28,0) (1-237) (96,8% 3-8)
Parasta . .. 15,8 20£15,7
varde Pieaugusi 19/3 (3,4-39,6) (6-37) NA
Purva . - 33,3
varde Pieaugusi 3/1 (0,8-90,6) 2 NA
parastals | pieaugusi 33/0 0 NA NA
rupis

P - sastopamiba; TI - ticamibas intervals; TL - ticamibas limenis; SD - standartnovirze; NA - nav
piemérojams.
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Kopuma no 390 izmeklétajiem abiniekiem, tostarp parastajiem krupjiem,
A. alata mezocerkariji tika konstatéti 108 ipatniem. Starp pétitajam varzu sugam
statistiski nozimigas atskiribas sastopamiba netika konstatétas. Tomér invazijas
raksturojums atskiras atkariba no attistibas stadijas - zalo varzu sugu kompleksa
kurkuliem sastopamiba bija statistiski nozimigi augstaka neka pieaugusajiem ipat-
niem (p <0,0001). Savukart videja intensitate starp abam grupam butiski neatskiras.

Mezocerkarijiem bija raksturiga izteikta lokalizacija noteiktos audos.
Pieaugusajiem abiniekiem mezocerkariji visbiezak tika konstatéti galvas apvida,
ieksgjos organos un serozajos apvalkos. Savukart kurkuliem tie galvenokart loka-
lizéjas galvas un kermena apvidi. Mezocerkariju sastopamiba Sajos regionos bija
statistiski nozimigi augstaka kurkuliem neka pieaugusajiem Ipatniem (p < 0,0001).
Turklat zalo varzu sugu kompleksa pieaugusajiem Ipatniem aknas tika konsta-
téta statistiski nozimigi augstaka mezocerkariju mediana intensitate (p = 0,005).

Kopuma lielaka dala mezocerkariju tika konstatéti kermena dobuma,
tostarp ieksejos organos un serozajos apvalkos, savukart cistu veidosanas tika
novérota tikai nelielai dalai mezocerkariju.

3.4. Mezocerkariji paraténiskajos saimniekos

3.4.1. A. alata mezocerkariju noteik§anas metozu salidzinajums
(Publikacija VI)

Lai noveértétu diagnostisko efektivitati, pilotpétijuma 60 mezactku mus-
kulu audu paraugi tika izmekleéti vienlaikus, izmantojot Alaria mezocerkariju
migracijas metodi (AMT) un Trichinella izmeklésanas metodi (TIM). A. alata
mezocerkariji tika konstatéti 46 paraugos, un starp abam metodém tika novérota
statistiski nozimiga atskiriba noteikSanas efektivitaté (x> = 16,59, p < 0,01).

AMT bija statistiski nozimigi jutigaka neka TIM, nodrosinot 4,86 reizes lielaku
iespéju konstatét A. alata mezocerkarijus (95 % T1: 2,22-10,99). Ar AMT viena parauga
tika konstatéts no 1 lidz 61 mezocerkarijam (0,02-1,22 mezocerkariji/g), savukart
ar TIM - no 0,02 lidz 0,56 mezocerkarijiem/g. Attiecigi ar AMT noteikta mezocer-
kariju vidéja intensitate bija statistiski nozimigi augstaka neka ar TIM (p < 0,01).

3.4.2. A. alata mezocerkariju sastopamiba mezacikas (Publikacija )

Ilgtermina uzraudzibas dati, kas iegati regularo Trichinella spp. izmekléjumu
laika, liecinaja par salidzinosi zemu A. alata mezocerkariju skietamo sastopa-
mibu mezaciliku populacija. Izmekléjot 17 605 mezaciiku paraugus ar Trichinella
izmeklésanas metodi, tika konstatéta skietama sastopamiba 8,3 % (95 % TI: 7,9-
8,7), savukart vidéja intensitate visa pétijuma perioda saglabajas zema un stabila.

Turpretim to pasu muskulu audu paraugu izmeklésana ar Alaria mezocerka-
riju migracijas metodi liecinaja par ieverojami augstaku A. alata mezocerkariju
sastopamibu un vidéjo intensitati neka izmeklésana ar Trichinella izmeklésanas
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6. tabula

Alaria spp. mezocerkariju migracijas metodes (AMT) un Trichinella izmeklésanas
metodes (TIM) salidzinajums, izmantojot identiskus meZaciiku muskulu audu

paraugus

Parametrs/ metode AMT TIM
Izmekléto paraugu skaits 485 485
Pozitivo paraugu skaits 213 66
Sastopamiba 43,9* 13,6
TI95% 39,4-48,5 10,7-17,0
Intensitate MPG 0,126 0,089
TL 95% 0,10-0,17 0,06-0,19
SD 0,23 0,19
Mediana MPG 0,06 0,04
TL 95,3%/96,8% 0,06-0,08 0,02-0,06
Abundance 0,055* 0,012
TL 95% 0,045-0,075 0,008-0,024

MPG - mezocerkarijs grama; SD - standartnovirze; TI - ticamibas intervals; TL - ticamibas limenis;
* statistiski nozimiga atskiriba (p < 0,05).

metodi (6. tabula). No 485 paraugiem, kas tika izmekléti ar abam metodém,
AMT mezocerkarijus konstatéja 43,9 % paraugu, salidzinot ar 13,6 % paraugu,
kas bija pozitivi ar TIM. Ar AMT noteikta sastopamiba un vidéja intensitate bija
statistiski nozimigi augstaka neka izmantojot TIM (p = 0,0001).

Sie rezultati liecina, ka ikdienas Trichinella spp. izmekléjumi bitiski neno-
vérté A. alata mezocerkariju sastopamibu mezaciiku populacija. Izmantojot
AMT, A. alata mezocerkariji tika konstatéti statistiski biezak neka ar TIM
(p < 0,05), noradot uz augstu mezocerkariju sastopamibu mezactkas.

Papildus visparéjam A. alata mezocerkariju sastopamibas novértéjumam tika
analizétas ari sastopamibas geografiskas atskiribas starp medibu administrativa-
jam vienibam (3. attéls). Sastopamiba dazadas medibu administrativajas vienibas
atskiras — augstaki raditaji tika novéroti Latvijas ziemelu un dienvidu dala, savu-
kart zemaka sastopamiba tika konstatéta atseviskas Rietumlatvijas teritorijas.
Tomeér A. alata mezocerkariji tika konstatéti visas medibu administrativajas
vienibas, kas liecina par plasu parazita izplatibu Latvijas meZactiku populacija.

3.4.3. A. alata zoonotiska potenciala novértéjums (Publikacija Il)

Nemot véra, ka Trichinella spp. parbaude tiek veikta tikai aptuveni 5 %
likumigi nomedito meZaciiku un ka A. alata mezocerkariju faktiska sastopamiba
var parsniegt 40 %, tika aprékinats, ka varbiitiba cilvekam uznemt A. alata
mezocerkarijus, patéréjot mezactuku galu, svarstas no 0,2 % lidz 2,2 % atkariba
no galas pagatavosanas veida un mezocerkariju inaktivacijas efektivitates.
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3. attels. Alaria alata mezocerkariju $kietama sastopamiba meZacukas Latvija
(2014-2019), balstoties uz regularo Trichinella spp. izmekléjumu datiem. Skietama
sastopamiba atspogulo regularo Trichinella spp. izmeklejumu rezultatus un
nenorada A. alata mezocerkariju faktisko sastopamibu meZaciiku populacija

Medibu administrativas vienibas: DK, Dienvidkurzeme; ZK, Ziemelkurzeme; ZE, Zemgale;
RR, Rigas regions; SE, Sélija; DL, Dienvidlatgale; AL, Austrumlatgale; ZA, Ziemelaustrumi; CV,
Centralvidzeme; ZV, Ziemelvidzeme

3.4.4. A. alata mezocerkariji Eirazijas laSos (Publikacija IV)

Papildus mezaciitkam A. alata mezocerkariji tika konstatéti ari Eirazijas
las1, kas ir pirmais dokumentetais $Is sugas invadésanas gadijums ar A. alata
mezocerkarijiem. Veicot atkartotu izmeklésanu ar Alaria mezocerkariju migra-
cijas metodi (AMT), 100 g diafragmas parauga tika konstatéti 23 mezocerkariji
(0,2 mezocerkariji/g). Invadétais Ipatnis bija sesus gadus vecs tévins, kas nome-
dits Latvijas centralaja dala.
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4. DISKUSIJA

4.1. Vides un ekologisko faktoru nozime A. alata transmisija
Latvija

A. alata transmisiju Latvija nodrosina stabila daudzsaimnieku sistéma, kas
integré iidens un sauszemes ekosistémas. Sis disertacijas rezultati liecina, ka
visi parazita attistibas ciklam nepieciesamie saimnieki un attistibas stadijas
ir sastopami Latvijas savvalas dzivnieku kopienas, nodrosinot nepartrauktu
parazita transmisiju. Sarezgiti heterokséni attistibas cikli samazina atkaribu
no atseviskiem saimniekiem un palielina transmisijas noturibu, savukart vides
apstakli ietekmé gan saimnieku pieejamibu, gan parazita attistibas iespé&jas
(Galaktionov un Dobrovolskij 2003; Sures et al. 2023).

Definitivie saimnieki, pieméram, rudas lapsas, jenotsuni un pelékie vilki, ir
batiski A. alata olu izplatitaji vide. Augsta pieauguso A. alata trematoZu sastopa-
miba Latvijas pléséjos liecina par nepartrauktu olu izdaliSanos un nonaksanu
saldidens biotopos. Lidzigi augsti sastopamibas raditaji ir novéroti ari citas
Baltijas valstis, sasniedzot 90,7 % Igaunija un 94,8 % Lietuva (Bruzinskaité-
Schmidhalter et al. 2012; Laurimaa et al. 2016). A. alata sastopamiba sunveidi-
gajiem ir saistita ar zemienu teritorijam, mitrajiem un ainavam, kur sastopami
pieméroti starpsaimnieki, noradot, ka augsta sastopamiba galigajos saimniekos
atspogulo labveéligus apstaklus parazita transmisijai (Murphy et al. 2012;
Sz€I11 et al. 2013; Portier et al. 2014).

Visa Eiropa sunveidigajiem dzivniekiem konstatéta augsta pieauguso
A. alata trematozu intensitate, kas dazkart parsniedz vairakus takstosus
Ipatnu viena saimnieka, liecina par regularu kontaktu ar parazitu un atkartotu
invadésanos (Karamon et al. 2018; Belcik et al. 2025). Vairaku piemérotu defi-
nitivo saimnieku sugu klatbiitne palielina transmisijas stabilitati un samazina
atkaribu no svarstibam atseviskas pleséju populacijas (Anderson un May 1985;
Woolhouse et al. 2001). Tadéjadi definitivie saimnieki uztur A. alata transmisiju,
nodrosinot pastavigu parazita olu nonaksanu vidé.

Definitivie saimnieki invadéjas galvenokart, uznemot ar mezocerkarijiem
invadétus otros starpsaimniekus un paraténiskos saimniekus. Pléséjiem barojoties
ar invadétiem abiniekiem un paraténiskajiem saimniekiem, viena baro$anas reizé
iespéjams uznemt lielu skaitu mezocerkariju (Mohl et al. 2009; Laurimaa et al.
2016). Abinieki, mazie ziditaji, rapuli un citi paraténiskie saimnieki, tostarp to
liki, veido nozimigu sunveidigo dzivnieku baribas dalu Ziemeleiropa, nodrosinot
vairakus parazita transmisijas celus baribas kédés (Sutor et al. 2010; Drygala et al.
2013; Siild et al. 2014). Parazita transmisiju nosaka saimnieku sugu sastavs, para-
zita biologiskas Ipasibas un vides apstakli. Vides faktori ietekmé gan potencialo
saimnieku pieejamibu, gan to savstarpéjo mijiedarbibu, kas savukart nosaka
parazita transmisijas intensitati definitivajos saimniekos (Sures et al. 2023).
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Atkartota mezocerkariju uznemsana ar baribu palielina transmisijas
efektivitati un laika gaita var veicinat parazitu uzkrasanos saimniekorganisma,
kas izskaidro augsto pieauguso A. alata trematozu intensitati, ko bieZi novéro
savvalas plésgjos (Galaktionov un Dobrovolskij 2003; Belcik et al. 2025). So pie-
némumu apstiprina ari 81 pétijuma rezultati, kuros pieauguso A. alata trematozu
intensitate pieaugusajiem dzivniekiem bija augstaka neka jaunajiem Ipatpiem,
ipadi jenotsuniem. Pieauguso A. alata trematozu un metacerkariju vienlaiciga
sastopamiba, ka ar1 pozitiva korelacija starp abu stadiju intensitati liecina par
atkartotu invadésSanos. Tas savukart var izskaidrot no vecuma atkarigas atskiri-
bas invazijas intensitaté (Anderson un May 1985; Woolhouse 1998; Galaktionov
un Dobrovolskij 2003).

Olu nonaksana tdens vidé vai citas mitras dzivotnés iezimé pareju uz
attistibas cikla posmu, kura parazits ir tiesi paklauts vides ietekmei. Saja diser-
tacija iegiitie eksperimentalie dati liecina, ka A. alata olas temperatiira no 7 °C
lidz 23 °C no neembrionétam attistas lidz stadijai, no kuras izklast miracidijs,
3-16 dienu laika. Sie rezultati liecina, ka Latvijai raksturigas pavasara un vasaras
udens temperatiras ir pietieckamas sekmigai olu attistibai (Kalvans et al. 2023;
Latvijas Vides, geologijas un meteorologijas centrs, 2025). Strauja attistiba saisina
laika posmu starp olu nonak$anu vidé un pirma starpsaimnieka invadésanu,
samazinot mirstibu pirms sastapsanas ar saimnieku un palielinot veiksmigas
transmisijas iespé&jamibu. Sie rezultati saskan ar teorétiskajiem modeliem par
brivi dzivojoSo parazitu stadiju ievainojamibu un norada, ka temperatara ir
viens no nozimigakajiem agrinas attistibas regulatoriem (Galaktionov un
Dobrovolskij 2003; Poulin 2011; Sures et al. 2023).

Olas izturéja sasaldésanu 20 °C temperatiira un péc temperatiras paaug-
stinaSanas atsaka attistibu, kas liecina par sp&ju parciest nelabvéligus ziemas
apstaklus. Sie rezultati norada, ka vismaz dala véla rudeni vidé nonakuso olu
var saglabat dzivotspé&ju visu ziemas periodu seklos @idens objektos vai mitros
substratos. Spéja uz laiku apturét attistibu un vélak to atsakt nodrosina nepar-
trauktibu starp transmisijas sezonam, samazina brivi dzivojoSo stadiju mirstibu
un paildzina laika periodu, kura iespéjama pirma starpsaimnieka invadésana
(Pearson 1956; Galaktionov un Dobrovolskij 2003; Poulin 2011; Morley un Lewis
2016). Lidziga aukstuma izturiba aprakstita ari citam trematodém (Smyth un
Halton 1983; Morley un Lewis 2016), ta¢u Alaria spp. gadijuma ta eksperimen-
tali pétita reti. Mérena klimata apstaklos $ada brivi dzivojoso stadiju izturiba
tiek uzskatita par batisku faktoru, kas nodrosina sarezgitu heteroksénu attistibas
ciklu saglabasanos sezonalu vides svarstibu apstaklos (Sures et al. 2023).

Olu attistibu neietekméja gaismas iedarbiba, kas liecina, ka atskiriba no
trematodes Fasciola hepatica (Wilson 1968; Galaktionov un Dobrovolskij 2003)
miracidija izkl@$anu no olas, visticamak, nosaka mehaniski vai osmotiski
faktori, nevis gaismas signali. Sads modelis ir piemérots dulkainim, énainam
un nogulumiem bagatam saldiidens dzivotném, kas bieZi sastopamas Latvijas
mitrajos (Urtans 2017). Fakts, ka gaisma neietekmeéja olu attistibu, norada, ka §i
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attistibas cikla posma norise nav ierobezota ar noteiktiem apgaismojuma apstak-
liem, laujot attistibai noritét arl dulkainas un énainas adenstilpés. Turpretim
vislielakais olu ipatsvars, no kuram izkluva miracidiji, tika novérots dinamiskos
un ar skabekli bagatinatos apstaklos, kas liecina, ka tdens kustiba un skabekla
pieejamiba veicina miracidiju izkl@isanu no olam. Kopuma sie rezultati liecina,
ka temperatara un adens biotopu fizikalas ipasibas nosaka miracidiju izklasa-
nas laiku un pareju uz nakamo attistibas cikla posmu (Smyth un Halton 1983;
Galaktionov un Dobrovolskij 2003).

Péc izklasanas no olas miracidiji invadé saldadens gliemezus, no kuriem
velak izdalas cerkariji. Tie invadé abiniekus, kas kalpo par otrajiem starpsaim-
niekiem (Galaktionov un Dobrovolskij 2003; Mohl et al. 2009; Portier et al.
2012). Latvija konstatéta augsta mezocerkariju sastopamiba zalo varzu sugu
kompleksa parstavjiem, parastajam vardém un purva vardém, ka ari to plasa
izplatiba dazados audos apstiprina abinieku nozimigo lomu A. alata attistibas
cikla. Mezocerkariju uzkrasanas abiniekos nodrosina transmisiju plasam pléséju
lokam. Tadéjadi abinieki savieno iidens un sauszemes ekosistémas, veicinot
parazita transmisiju gan uz paraténiskajiem, gan definitivajiem saimniekiem
(Odening 1963; Mohl et al. 2009; Laurimaa et al. 2016). Abinieku populacijas
ir ciedi saistitas ar mitriem biotopiem, un to sezonalas svarstibas liela méra
nosaka vides apstakli. Tapéc faktori, kas ietekmé abinieku skaitu un pieejamibu,
vienlaikus ietekmeé ari A. alata transmisijas intensitati. Lidzigi modeli novéroti
citas Eiropas mitraju ekosistémas, kur abinieki veido nozimigu posmu trematozu
transmisija starp tidens un sauszemes saimniekiem (Poulin 2011; Patrelle et al.
2015; Voelkel et al. 2019; Belcik et al. 2022).

Mezocerkariju, nevis tipisko metacerkariju klatbatne, ir batiskaka atskiriba
starp A. alata attistibas ciklu un klasisko tris saimnieku trematozu attistibas
ciklu. Klasiska attistibas cikla cerkariji otraja starpsaimnieka parveidojas par
metacerkarijiem, kas ir tiesi infekciozi definitivajam saimniekam (Galaktionov
un Dobrovolskij 2003). Savukart A. alata gadljuma cerkariji attistas par mezo-
cerkarijiem - stadiju, kas neveido cistu un spgj izdzivot vairakkartéju saimnieku
mainu. Si ipatniba lauj trematodei izmantot plagu paraténisko saimnieku loku
un dazadus transmisijas celus, paplasinot attistibas ciklu arpus klasiskas tris
saimnieku sistémas. Rezultata transmisiju mazak ierobezo saimnieku specifis-
kums, un parazita attistibas cikls klast noturigaks mainigos vides apstaklos
(Pearson 1956; Galaktionov un Dobrovolskij 2003; M6hl et al. 2009; Poulin
2011; Sures et al. 2023).

Paraténiskie saimnieki batiski paplasina A. alata saimnieku loku un palielina
transmisijas iespéjas starp dazadam dzivnieku sugam. Papildus ziditajiem Saja
procesa var piedalities ari rapuli, kas mitraju ekosistémas darbojas ka ilgstosi
mezocerkariju rezervuari. Polija konstatéta augsta A. alata sastopamiba parasta-
jam zalktim (Natrix natrix), sasniedzot 58,8 % (Belcik et al. 2022). Belcik et al.
(2025) apkopotie dati norada, ka rapuli ir bieZi sastopami A. alata paraténiskie
saimnieki un var bit nozimigs posms attistibas cikla. Plasais paraténisko
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saimnieku loks samazina parazita atkaribu no atseviskam saimnieku sugam
un veicina attistibas cikla nepartrauktibu (Galaktionov un Dobrovolskij 2003).

Paplasinataja attistibas cikla mezactkas ir vieni no epidemiologiski nozi-
migakajiem paraténiskajiem saimniekiem. Saja pétijuma, izmantojot Alaria
mezocerkariju migracijas metodi (AMT), tika apstiprinats, ka meZacukas ir
nozimigi paraténiskie saimnieki, kuros mezocerkariju sastopamiba sasniedza
43,9 %. Lidziga mezocerkariju sastopamiba, izmantojot AMT, ir konstatéta ari
citviet Eiropa, tostarp 28,2 % Vacija (Riehn et al. 2012; Kistner et al. 2021),
44,3-44,8 % Polija (Strokowska et al. 2020; Strokowska et al. 2021a) un 6,0-6,8 %
Austrija un Cehija (Paulsen et al. 2013; Paulsen et al. 2014). Sadas atikiribas
liecina, ka A. alata transmisijas intensitati batiski ietekmé vides apstakli un
biotopu struktara (Bilska-Zajac et al. 2021).

Saja disertacija tika pieradits nevienmérigs mezocerkariju sadalijums mus-
kulos un saistaudos, kas liecina, ka trematozu lokalizacija organisma nav nejausa.
Mezocerkariji biezak uzkrajas vietas ar lielaku saistaudu un taukaudu Ipatsvaru
(Riehn et al. 2010). Sads sadalijums ietekmé diagnostisko jutibu un partikas
nekaitiguma riska novértéjumu, jo invazijas var tikt novértétas par zemu, ja
tiek izmantota standartizéta paraugu nemsana vai mazak jutigas diagnostikas
metodes (Riehn et al. 2010; Strokowska et al. 2021b), ka ari apgrutina rezultatu
attiecinasanu uz visu liemeni (Paulsen et al. 2012). Sie rezultati uzsver paraugu
nemsanas stratégijas nozimi, jo nevienmérigais mezocerkariju sadalijums var
izraisit sastopamibas un intensitates nepietiekamu novértésanu.

A. alata uzkrasanas starpsaimniekos un paraténiskajos saimniekos tiek
uzskatita par vienu no nozimigakajiem mehanismiem, kas veicina A. alata trans-
misiju (Galaktionov un Dobrovolskij 2003; Poulin 2011). Starp paraténiskajiem
saimniekiem meZaciikas ienem ipasu lomu, jo tas izmanto dazadus biotopus un
barojas ar plasu baribas resursu spektru, kas palielina iespéju uznemt mezo-
cerkarijus no abiniekiem vai citiem paraténiskajiem saimniekiem (Schley un
Roper 2003; Tarvydas un Belova 2022; Rekiel et al. 2024). To lielais populacijas
blivums, sociala uzvediba un plasa parvietos$anas spéja vél vairak palielina So
dzivnieku epidemiologisko nozimi. Sidas ipasibas veicina atkartotu mezocerka-
riju uznemsanu dzives laika un var izskaidrot augstaku sastopamibu vecakiem
dzivniekiem, kas novérota vairakos pétijumos (Dolle 2016; Strokowska et al.
2020).

Vél viena A. alata attistibas cikla Ipatniba ir Eirazijas lasa spéja pildit daza-
das saimnieka funkcijas. Lai gan kakveidigie tradicionali tiek uzskatiti par defi-
nitivajiem saimniekiem (Pearson 1956; Mohl et al. 2009), $aja disertacija iegttie
rezultati apstiprina, ka Eirazijas lisis var biit gan pieauguso A. alata trematozu,
gan mezocerkariju saimnieks. Tas liecina, ka viena un ta pati saimnieksuga,
atkariba no ekologiskajiem apstakliem, var piedalities attistibas cikla gan ka
definitivais, gan ka paraténiskais saimnieks. Sida saimnieku lomu parklasanas
papladina parazita transmisijas iespéjas (Galaktionov un Dobrovolskij 2003;
Poulin 2011; Sures et al. 2023).
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Disertacijas rezultati liecina, ka A. alata transmisiju Latvija nodrosina sarez-
gita daudzsaimnieku sistéma, kuras darbibu nosaka vides apstakli, saimnieku
daudzveidiba un to savstarpéjas attiecibas. A. alata attistibas cikls ietver vairakus
transmisijas celus, kas nodrosina trematodes cirkulaciju daba. Ipasi nozimiga $aja
sistéma ir mezocerkariju stadija, kas Jauj trematodei izmantot plasu paraténisko
saimnieku loku un mazina transmisijas jutibu pret izmainam atsevisku saim-
nieku populacijas. Sie rezultati liecina, ka sarezgitu trematozu attistibas ciklu
uztur vairaki savstarpéji saistiti transmisijas celi un saimnieku grupas, nevis kada
viena domingjosa attistibas stadija (Galaktionov un Dobrovolskij 2003; Poulin
2011). Iegutie dati apstiprina, ka Latvija A. alata attistibas cikls sekmigi norisinas
dazadas saimnieku grupas. Augsta sastopamiba visos attistibas cikla posmos
liecina, ka Latvija pastav labveligi apstakli ilgstosai A. alata cirkulacijai daba.

4.2. Diagnostikas izaicinajumi un metodologiskie
ierobezojumi

Latvija A. alata sastopamibu apstiprina ne tikai parazitologiskie novérojumi
dazadas saimnieku sugas, bet arl molekularas un proteomiskas identifikaci-
jas rezultati. A. alata ir apstiprinata dazados attistibas cikla posmos, tostarp
mezocerkariju stadija vardés, mezacakas un Eirazijas lasos, ka arl pieauguso
trematozu stadija definitivajos saimniekos. Suga ir apstiprinata, izmantojot
gan sugas specifisku reala laika PCR, gan MALDI-TOF masas spektrometriju
(Dimzas et al. 2021; Kastner et al. 2021). Turklat Latvijas izolati izmantoti
ka references un validacijas materials So metozu izstrade, kas sniedz papildu
pieradijumus par A. alata cirkulaciju Latvijas savvalas dzivnieku populacijas.

Neskatoties uz sasniegumiem A. alata diagnostika, noteiksanas efektivitate
joprojam ir liela méra atkariga no saimnieka sugas, parazita attistibas stadi-
jas un izmantotas metodes. Ipasi izteikti Sie ierobeZojumi ir paraténiskajiem
saimniekiem, pieméram, mezacukas, kur mezocerkariju noteiksanu ietekmé
gan to nevienmérigais sadalijums audos, gan diagnostikas metodes jutiba. Saja
disertacija iegtie rezultati pierada, ka Trichinella parbaudes metode (TIM)
var nepietiekami novértét A. alata sastopamibu, jo mezocerkariji maksligas
sagremosanas procesa var tikt bojati, savukart to nevienmeériga lokalizacija
organisma samazina rutinveida paraugu nemsanas efektivitati (Mohl et al. 2009;
Riehn et al. 2010; Strokowska et al. 2021b). Pretstata tam Alaria mezocerka-
riju migracijas metode (AMT), kuras pamata ir dzivotspéjigu mezocerkariju
aktiva migracija, parasti lauj konstatét ievérojami lielaku mezocerkariju skaitu
(Riehn et al. 2010; Strokowska et al. 2021b). Tadé] izplatibas novertéjumi, kas
balstiti tikai uz rutinisko parbauzu datiem, visticamak, neuzrada patieso A. alata
sastopamibu mezactiku populacijas. Situaciju vél vairak sarezgi tas, ka daudzviet
joprojam tiek izmantotas metodes, kas nav paredzétas A. alata noteikSanai. Dati
par invazijas intensitati ir ierobeZoti, apgritinot transmisijas dinamikas un
zoonotiska riska novértésanu (Mohl et al. 2009; Belcik et al. 2025).
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Cilveku alarioze tiek uzskatita par retu un maz pétitu zoonozi, par kuru pie-
ejami tikai atseviski kliniski apraksti un gadijumu zinojumi (M&hl et al. 2009;
Belcik et al. 2025). Tomer at$kiriba no daudzam citam parazitaram zoonozém
paslaik nav pieejamas specifiskas vai standartizétas metodes alariozes diagnosti-
kai cilvékiem. Diagnoze galvenokart balstas uz nejausiem atradumiem, savukart
apstiprinatas serologiskas vai molekularas diagnostikas metodes joprojam nav
pieejamas.

Kopuma var secinat, ka diagnostikas ierobezojumi ietekmé visus Alaria
attistibas cikla posmus - no mezocerkariju noteiksanas otrajos starpsaimnie-
kos un paraténiskajos saimniekos lidz alariozes diagnostikai cilvékiem. Lai
gan molekularas un proteomikas metodes butiski uzlabo sugas identifikacijas
iespéjas, to pielietojums ikdienas praksé joprojam ir ierobezots. Savukart,
nelielais zinoto cilvéku alariozes gadijumu skaits var atspogulot drizak diag-
nostikas ierobeZojumus neka patieso invadé$anas bieZumu, liecinot, ka Alaria
spp. zoonotiskais potencials, iespéjams, tiek noveértéts par zemu.

4.3. A. alata zoonotiskais potencials

Saimnieka un A. alata mijiedarbibu nosaka saimnieku daudzveidiba,
baro$anas paradumi un trematodes spéja pielagoties dazadiem ekologiskajiem
apstakliem. Ta rezultata veidojas sarezgita daudzsaimnieku sistéma, kas spgj
ilgstosi pastavet dazadas vides. Attistibas cikla iesaistiti vairaki obligatie un
fakultativie saimnieki, un ta sekmiga norise ir atkariga no parazita spéjas izman-
tot dazadas mugurkaulnieku sugas (Odening 1963; Galaktionov un Dobrovolskij
2003; Mohl et al. 2009). Saja disertacija iegiitie rezultati apstiprina, ka ari Latvija
A. alata izmanto plasu saimnieku loku dazados attistibas cikla posmos.

Atskiriba no daudzam partikas trematozém, kuru transmisija uz cilvékiem
notiek, uznemot cistveida metacerkarijus, A. alata izmanto neiekapsulétu un loti
kustigu mezocerkariju stadiju, kas sp&j invadét plasu paraténisko saimnieku loku
(Mo6hl et al. 2009; Robertson et al. 2014). Par $is stadijas zoonotisko potencialu
liecina arl eksperimentalie pétijumi ar primatiem, kuros péc Alaria mezocer-
kariju uznemsanas konstatéta kapuru migracija audos un smagas patologiskas
izmainas (Odening 1963; Méhl et al. 2009). Lai gan lidz $im nav dokumenteti
cilvéku invadésanas gadijumi ar A. alata, ir zinots par invadésanos ar citam
Alaria sugam, ipasi A. americana, ka ar1 ar neidentificétiem Alaria mezocerkari-
jiem, tostarp par gadjjumiem ar smagu un pat letalu iznakumu (Fernandez et al.
1976; Mohl et al. 2009).

Sis pétijums paradija, ka A. alata sastopamiba mezacikam Latvija, kas
noteikta, izmantojot AMT metodi, ir augsta (43,9 %), apstiprinot parazita plasu
cirkulaciju savvalas dzivnieku populacijas. Mezacikam novérotas sezonalas
svarstibas liecina, ka transmisijas intensitate gada laika var mainities atkariba
no ekologiskajiem faktoriem, tostarp starpsaimnieku aktivitates un saimnieku
barosanas paradumiem. Lai gan aprékinata varbutiba cilvékam invadéties ar
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A. alata, patéréjot mezactku galu uztura, ir salidzinosi zema (0,2-2,2 %), Sie
rezultati apstiprina, ka A. alata transmisija uz cilvékiem ir iespéjama. Nemot
vera parazita augsto sastopamibu mezaciku populacija un dokumentétos cilvéku
alariozes gadijumus, ko izraisijusas citas Alaria sugas, A. alata zoonotiskais
potencials nav uzskatams par nenozimigu.

Lai gan Eiropa nav zinots par apstiprinatiem cilvéku invadéSanas gadiju-
miem, ko izraisijis tiesi A. alata, Ziemelamerika aprakstitie cilvéku alariozes
gadijumi, ko izraisijusas radniecigas Alaria sugas, nelayj izslégt §is sugas zoo-
notisko potencialu (McDonald et al. 1994; M6hl et al. 2009; Robertson et al.
2014). A. alata plasa sastopamiba savvalas dzivnieku populacijas, apvienojuma
ar diagnostikas ierobeZojumiem un tadiem riska faktoriem ka nepietiekama
medijamo dzivnieku galas termiska apstrade vai jélas galas produktu patérins,
liecina, ka parazita zoonotiskais potencials varétu bat novértéts par zemu.
Kopuma $a petjjuma rezultati liecina, ka A. alata potencialo nozimi sabiedribas
veseliba nosaka parazita cirkulacijas Ipatnibas daba, saimnieku daudzveidiba,
diagnostikas iespéjas un cilveku uztura paradumi.
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SECINAJUMI

Augsta A. alata sastopamiba un invazijas intensitate savvalas pléséju popu-
lacijas norada, ka sunu dzimtas dzivnieki funkcioné ka galvenie definitivie
saimnieki, nodrosinot parazita apriti vidé un nepartrauktu apkartéjas vides
kontaminaciju ar olam.

A. alata olas saglaba dzivotspéju zemas temperatiiras un péc temperatiras
paaugstinasanas spéj atsakt attistibu. Dinamiska Gidens vide veicina mira-
cidiju izskil$anos, kas norada, ka seklas un kustigas Gdenstilpes mérena
klimata josla nodrosina Ipasi labvéligus apstaklus parazita attistibai un
transmisijai.

Abinieki Latvija ir nozimigi A. alata starpsaimnieki. Mezocerkariji visbiezak
tika konstatéti zalo varzu sugu kompleksam, galvenokart lokalizéjoties
galvas regiona un ieksé&jos organos.

A. alata mezocerkariju konstatésana Eirazijas lasim (Lynx lynx) paplasina
zinamo parazita saimnieku loku un norada, ka si suga var funkcionét gan
ka paraténiskais, gan retak ka definitivais saimnieks.

Mezactika Latvija ir nozimigs A. alata paraténiskais saimnieks ar augstu
mezocerkariju sastopamibu muskulatiira, kas liecina par aktivu parazita
apriti baribas kédé un regularu kontaktu ar starpsaimniekiem dabiskajos
apstaklos.

Mezactkas var but potencials alariozes avots cilvékiem, tomér cilvéku
invadésanas risks ir zems.

A. alata Latvija uztur stabilu attistibas ciklu, kura iesaistiti vairaki definiti-
vie, starpsaimnieki un paraténiskie saimnieki, kas parstav dazadus trofiskos
limenus un ekologiskas nisas.
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AIZSTAVAMAS TEZES

A. alata Latvija uztur stabilu un pilnvértigu attistibas ciklu, kura iesaistiti
definitivie, pirmie un otrie starpsaimnieki un paraténiskie saimnieki daza-
das ekologiskajas nisas.

A. alata augsta sastopamiba un invazijas intensitate savvalas plésgjos lie-
cina par biezu saskari ar parazitu un atkartotu invadésanos, kas saistita ar
saimnieku baro$anas paradumiem un pléséju-medijuma attiecibam.

A. alata olu un miracidiju attistibu un izdzivosanu butiski ietekmé vides
faktori, kas veicina parazita saglabasanos mérena klimata apstaklos.
Abinieki pilda nozimigu lomu ka otrie starpsaimnieki, nodrosinot parazita
pareju no udens vides uz sauszemes saimniekiem.

Mezocerkariju nevienmeérigais sadalijums saimnieka audos un diagnosti-
kas metoZzu ierobeZojumi var izraisit A. alata sastopamibas nepietiekamu
novértéSanu.

Mezactikas ir nozimigi paraténiskie saimnieki ar augstu mezocerkariju
sastopamibu, un to plasa mediSana un izmanto$ana uztura nosaka So
dzivnieku Ipaso nozimi A. alata zoonotiska riska konteksta.

Lai gan apréekinatais cilvéka invadésanas risks, patéréjot mezaciku galu,
ir zems, augsta A. alata sastopamiba savvalas dzivniekos un diagnostikas
ierobezojumi liecina, ka parazita zoonotiskais potencials var bat novértéts
par zemu.
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ANNOTATION

Thesis title: “Life cycle of trematode Alaria alata (Goeze, 1782) in different
hosts in Latvia.”

The trematode Alaria alata is widely distributed across Europe and has
a complex heteroxenous life cycle involving carnivores as definitive hosts, aquatic
snails as the first intermediate hosts, amphibians as the second intermediate
hosts, and a broad range of paratenic hosts, including wild boar and other
mammals. Since 2005, A. alata mesocercariae have been increasingly detected
in wild boar muscle in Europe, raising concerns about its potential zoonotic risk
associated with the consumption of game meat.

The aim of this study was to investigate the life cycle of A. alata, to analyse
its occurrence across multiple host species, to evaluate factors influencing egg
and miracidial development and survival, and to assess the zoonotic risk asso-
ciated with the consumption of wild boar meat.

The study is based on long-term data collected between 2004 and 2026 and
represents the most comprehensive investigation of A. alata in Latvian wildlife
to date. The examined host groups included wild carnivores, amphibians,
and wild boar. In addition, experimental studies were conducted to evaluate
the development and survival of A. alata eggs and miracidia under different
environmental conditions.

The results demonstrate that A. alata is widely distributed in Latvian wild-
life, with high prevalence observed in wild carnivores, indicating an active and
stable transmission cycle under natural conditions. Amphibians were confirmed
as important second intermediate hosts, with mesocercariae most frequently
detected predominantly localised in the head region and internal organs.
Experimental results showed that the development and survival of A. alata
eggs and miracidia are strongly influenced by environmental factors, including
temperature, desiccation, and water dynamics, supporting the parasite’s ability
to persist under temperate climatic conditions. Despite the relatively high preva-
lence of mesocercariae in wild boar meat, the estimated probability of human
exposure through consumption of wild boar meat was low.

The findings of this study provide new insights into the ecology, life cycle,
and zoonotic potential of A. alata in Northern Europe and contribute to
improved parasite surveillance and risk assessment in the context of food safety.

The research was carried out at the Institute of Food Safety, Animal
Health and Environment “BIOR”, Laboratory of Microbiology and Pathology,
Parasitology Group, from 2015 to 2025.

Keywords: Alaria alata, life cycle, mesocercariae, amphibians, wild boar,
carnivores, zoonotic risk
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INTRODUCTION

Wildlife health is an integral component of sustainable development and is
closely linked to the One Health concept, which recognises the interconnected
health of humans, animals, and ecosystems. Within this framework, parasites
represent an essential part of biodiversity and play a fundamental role in regu-
lating host populations and maintaining ecosystem structure and functions. In
natural systems, parasite diversity contributes to ecological stability by influenc-
ing species interactions, trophic relationships, and energy flow within food webs.

Trematodes are characterised by complex heteroxenous life cycles involving
multiple hosts across different trophic levels. These life cycles typically include
aquatic intermediate hosts and terrestrial definitive hosts, thereby linking
aquatic and terrestrial ecosystems. The complexity of these systems increases
transmission opportunities and enhances parasite persistence but also introduces
multiple ecological dependencies (Poulin and Cribb 2002; Galaktionov and
Dobrovolskij 2003). As a result, trematode transmission is strongly influenced
by environmental conditions, host community composition, and ecological
interactions.

Many trematodes are of zoonotic importance and are transmitted to humans
through the consumption of infective larval stages present in food. Classical
examples include Fasciola hepatica, transmitted through contaminated aquatic
vegetation, and fish- or crustacean-borne trematodes such as Clonorchis sinensis,
Opisthorchis spp., and Paragonimus spp. These parasites represent well-recog-
nised foodborne hazards, and their epidemiology is closely linked to human
dietary habits, food preparation practices, and environmental conditions (Keiser
and Utzinger 2009; Robertson et al. 2014).

Wild boar (Sus scrofa) represent one of the most important game species
in Europe and are increasingly recognised as hosts of foodborne parasites
relevant to public health (Guardone et al. 2022). Game meat is often perceived
as a natural and sustainable food source; however, it is also associated with
specific public health risks, including foodborne parasitic infections. Unlike
livestock, wild animals are not subjected to controlled rearing conditions,
and their exposure to parasites depends on natural ecological processes.
Consequently, wild boar occupy an important position at the wildlife~human
interface and are of particular relevance for food safety risk assessment
(Guardone et al. 2022).

Among foodborne parasites associated with game meat, Alaria spp. has
received increasing attention in Europe. A. alata, a trematode widely distributed
across temperate regions, has a complex life cycle involving carnivores as defin-
itive hosts, aquatic snails as the first intermediate hosts, amphibians as second
intermediate hosts, and a broad range of facultative paratenic hosts, including
mammals, birds, and reptiles (M6hl et al. 2009). In this system, wild boar
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functions as a key paratenic host, accumulating infective mesocercarial stages
in its tissues. A distinctive feature of A. alata is the presence of a mesocercarial
stage, which is non-encysted, highly mobile, and capable of infecting a wide
range of hosts without further development. This transmission strategy differs
fundamentally from that of most zoonotic trematodes and allows the parasite
to persist within complex ecological networks through trophic transmission.
The ecological flexibility of mesocercariae enhances parasite survival and dis-
persal but complicates the interpretation of transmission pathways and zoonotic
risk. Despite increasing awareness, several key aspects of A. alata biology and
epidemiology remain insufficiently understood. The relative importance of
different host species in maintaining transmission cycles, the factors influ-
encing parasite development and survival under environmental conditions,
and the true prevalence of infection in wildlife populations are still subject
to uncertainty. In addition, methodological limitations in parasite detection,
particularly in meat inspection, may lead to substantial underestimation of
infection levels.

The zoonotic potential of A. alata is also not fully clarified. Although human
infections have not been confirmed in Europe, experimental studies and case
reports involving related Alaria species suggest that mesocercariae are capable
of infecting humans as accidental hosts. The increasing consumption of game
meat, combined with traditional food preparation practices, may therefore create
conditions conducive to human exposure, even if the individual risk remains
low.

Given these uncertainties, there is a need for an integrated approach
combining ecological, experimental, and epidemiological data to better under-
stand the transmission dynamics and public health relevance of A. alata. Such
an approach is particularly important in regions where environmental condi-
tions, host diversity, and game meat consumption patterns may facilitate parasite
transmission, yet remain insufficiently studied.

The aim of this study was to investigate the life cycle of Alaria alata and to
analyse transmission across multiple host species, to evaluate factors influencing
egg and miracidial development and survival, and to assess the zoonotic risk
associated with the consumption of wild boar meat.

To achieve the aim, the following tasks were proposed:

1. To determine the occurrence and infection patterns of A. alata in definitive
hosts;

2. To experimentally evaluate the development and survival of A. alata eggs
and miracidia under controlled conditions;

3. To assess the occurrence and distribution of A. alata mesocercariae in
amphibians as second intermediate hosts;

4. To determine the occurrence of A. alata mesocercariae in paratenic hosts
and to evaluate the performance of diagnostic methods;

5. To evaluate the zoonotic potential of A. alata.
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Scientific novelty and practical importance of the research

This doctoral thesis provides the first comprehensive analysis of the life
cycle of A. alata in Latvia, integrating data from definitive, intermediate, and
paratenic hosts and thereby improving the understanding of its transmission
ecology under natural conditions. The study presents experimental evidence on
the development and survival of A. alata eggs under different environmental
conditions, demonstrating the influence of temperature fluctuations, light,
desiccation, and water dynamics on miracidia development. Furthermore,
the occurrence and tissue localisation of A. alata mesocercariae in amphibians
were characterised in detail, identifying the most important second intermediate
host groups. The detection of A. alata mesocercariae in the Eurasian lynx (Lynx
lynx) represents a previously unreported host-parasite association and expands
current knowledge on the host range of this parasite.

From a practical perspective, the study evaluates the performance of
diagnostic methods for the detection of A. alata mesocercariae in muscle
tissue and provides recommendations for the most appropriate approaches.
The obtained data on the occurrence of A. alata in wild boar contribute to
a more evidence-based assessment of zoonotic risk associated with wild boar
meat consumption in Latvia and provide relevant insights applicable to a broader
European context. The results support wildlife parasite monitoring and can be
applied in veterinary medicine and food safety risk assessment.

Approbation of research results

Original scientific publications

This doctoral thesis is based on the following published research papers,
which are referred to in the text by Roman numerals:

I. Ozolina, Z., Zepa, S., Deksne, G. (2026). In vitro devel-
opment and hatching success of Alaria alata miracidia
(Trematoda: Diplostomidae). Parasitology Research,
125, 16. https://doi.org/10.1007/s00436-026-08637-x

II. Ozolina, Z., Mateusa, M., Suksta, L., Liepina, L.,
Deksne, G. (2020). The wild boar (Sus scrofa Linnaeus,
1758) as an important reservoir host for Alaria alata
in the Baltic region and potential risk of infection
in humans. Veterinary Parasitology: Regional Studies
and Reports, 22, 100485. https://doi.org/10.1016/j.
vprsr.2020.100485
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Additional publications related to the topic

Beyond the publications included in this doctoral thesis, the author has also
contributed to several international studies investigating the diagnosis of A. alata
using both morphological and molecular methods. While these studies are not
part of the thesis, they have expanded the knowledge base on A. alata in Latvia
and contributed to the development and evaluation of diagnostic approaches
for this parasite.
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« Dimzas, D., Chassalevris, T., Ozolina, Z., Dovas, C. I, Diakou, A. (2021).
Investigation of the food-transmitted parasites Trichinella spp. and Alaria
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1. THEORETICAL BACKGROUND

1.1. Transmission ecology and host associations of A. alata

Alaria alata was first described by Goeze (1782) from adult parasites recov-
ered from the red fox (Vulpes vulpes). During the following decades, different
developmental stages of the parasite were described separately from amphibians
and swine before their connection within a single life cycle was finally established
in the mid-twentieth century (Duncker 1896; Stefariski and Tarczynski 1953;
Skryabin 1960). Today, A. alata is recognised as the most widespread species
of the genus Alaria in Europe and the only species of major epidemiological
importance in the region (Pearson 1956; Mohl et al. 2009). Like other members
of the genus, A. alata has a complex heteroxenous life cycle involving a definitive
host, two obligatory intermediate hosts and a facultative paratenic host (Figure
1) (Bosma 1934; Pearson 1956; Mohl et al. 2009).

Adults
(gut of definitive host)

Metacercaria Eggs
(lung of final host) (water)

Mesocercaria
(2nd intermediate host)

Mesocercaria
(paratenic hosts)

Miracidia
(water)

Cercaria
(water)

2nd gporocysts
(1st intermediate host)

1st sporocysts
(1stintermediate host)

Figure 1. Life cycle of Alaria species: developmental stages (Mohl et al. 2009).

Species of the genus Alaria are characterised by a broad host spectrum
that depends on parasite species as well as geographical and environmental
conditions (Pearson 1956; Mohl et al. 2009). A. alata is associated with multi-
ple host groups representing different developmental stages throughout its life
cycle, with a substantial proportion of infections occurring in paratenic hosts
(Mohl et al. 2009; Belcik et al. 2025). Host-parasite interactions in A. alata
are determined by its complex heteroxenous life cycle and the stage-specific
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biological properties of its developmental forms. The parasite exhibits distinct
interaction patterns across definitive, intermediate and paratenic hosts, ranging
from intestinal colonisation and reproduction to systemic larval migration and
long-term tissue persistence. These interactions shape both the pathological out-
comes and the epidemiological role of each host group within the transmission
cycle (Pearson 1956; Mohl et al. 2009).

Adult A. alata inhabit the proximal part of the small intestine of carnivo-
rous definitive hosts, where sexual reproduction occurs and eggs are released
into the environment with host faeces (Skryabin 1960; Mohl et al. 2009). Wild
carnivores represent the principal definitive hosts of A. alata in Europe, with
red foxes (Vulpes vulpes) and raccoon dogs (Nyctereutes procyonoides) serving
as the main reservoir hosts, while wolves (Canis lupus) and felids appear to play
a lesser epidemiological role (Mohl et al. 2009; Bruzinskaité-Schmidhalter et al.
2012; Murphy et al. 2012; Laurimaa et al. 2016; Karamon et al. 2016; Kjeer et al.
2021). Infection occurs through ingestion of infected second intermediate or
paratenic hosts containing viable mesocercariae. Following ingestion, mesocer-
cariae penetrate the intestinal wall and migrate through host tissues, particularly
the diaphragm and lungs, where they transiently develop into metacercariae
(Skryabin 1965; Méohl et al. 2009). Subsequently, metacercariae migrate via
the respiratory tract to the pharynx, are swallowed and re-enter the intestine,
where maturation into adult flukes occurs (Mehlhorn 2001; Mohl et al. 2009).
Sexual maturity is typically reached within 29-36 days following intestinal
establishment (Skryabin 1960; Skryabin 1965; Mohl et al. 2009).

In definitive hosts, A. alata is generally considered to exhibit low patho-
genicity. Heavy infections may induce intestinal inflammatory changes, while
migrating larval stages can occasionally cause pulmonary lesions. However,
pathological findings are typically mild and no consistent relationship has been
demonstrated between parasite burden and host condition (Skryabin 1960;
Skryabin 1965; Mohl et al. 2009; Lempp et al. 2017; Klink et al. 2025). Such
relatively balanced host-parasite interactions facilitate long-term persistence of
the parasite within host populations while maintaining efficient transmission
within ecosystems (Poulin and Cribb 2002; Galaktionov and Dobrovolskij 2003).

Eggs released by definitive hosts develop exclusively in aquatic environ-
ments. Embryonation and hatching success are strongly influenced by environ-
mental conditions, particularly temperature and moisture. Under favourable
conditions, miracidia may develop within approximately one week, whereas low
temperatures substantially delay development while maintaining egg viability
for prolonged periods (Pearson 1956; Skryabin 1960; Olsen 1974). Previous
studies have demonstrated that A. alata eggs can survive freezing and resume
development when subsequently exposed to favourable temperatures, indicat-
ing considerable environmental resilience (Pearson 1956). Following hatching,
miracidia infect freshwater snails serving as first intermediate hosts. Natural
infections have primarily been reported in planorbid and lymnaeid snails,
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particularly Planorbis planorbis and Anisus vortex, although information on
infection prevalence remains limited (Wojcik et al. 2002; Portier et al. 2012).

Anuran amphibians serve as the second intermediate hosts of A. alata
and play a key role in maintaining transmission within aquatic and terrestrial
ecosystems. Following release from infected snails, cercariae actively penetrate
amphibian skin, shed their tails and develop into mesocercariae within host
tissues, particularly musculature, within approximately two weeks (Olsen 1974;
Mohl et al. 2009; Patrelle et al. 2015; Voelkel et al. 2019). The mesocercarial
stage represents the infective stage for both definitive and paratenic hosts and is
therefore central to parasite transmission. Unlike other larval trematode stages,
mesocercariae remain developmentally arrested while retaining the ability to
migrate and persist within host tissues, facilitating transmission across multiple
trophic levels (Pearson 1956; M6hl et al. 2009). A wide range of amphibians
may serve as second intermediate hosts, including brown frogs (Rana tempo-
raria, Rana arvalis), water frogs (Pelophylax spp.) and the common toad (Bufo
bufo). Prevalence varies considerably among host species and habitats, ranging
from approximately 8% to over 80% (Patrelle et al. 2015; Voelkel et al. 2019;
Belcik et al. 2025; Kirillov et al. 2026). Mesocercariae may occur throughout
the host body, although pathological effects in naturally infected amphibians
appear to be limited. Nevertheless, heavy infections may impair host perfor-
mance and increase susceptibility to predation, thereby enhancing trophic
transmission to subsequent hosts (Pearson 1956; Skryabin 1960; Skryabin 1965;
Mohl et al. 2009; Patrelle et al. 2015).

Mesocercariae may persist in a wide range of paratenic hosts, including
mammals, reptiles and birds, thereby prolonging parasite survival and facili-
tating transmission across multiple trophic levels (Skryabin 1960; Méhl et al.
2009; Renterfa-Solis et al. 2013; Takeuchi-Storm et al. 2015). Among these hosts,
wild boar (Sus scrofa) is considered particularly important due to its widespread
distribution, frequent infection and significance as a game species consumed by
humans (Mohl et al. 2009; Gonzédlez-Fuentes et al. 2014a; Gazzonis et al. 2018;
Bilska-Zajac et al. 2021). Reported prevalence in wild boar varies considerably
among regions, ranging from below 1% to over 70%, depending on environmen-
tal conditions and diagnostic methods used (Wdjcik et al. 2001; Riehn et al. 2011;
Paulsen et al. 2012; Portier et al. 2014; Gazzonis et al. 2018; Bilska-Zajac et al. 2021).

1.2. Zoonotic potential

Although A. alata primarily circulates among wildlife hosts, its broad host
range and ability to persist as mesocercariae in paratenic hosts create opportu-
nities for accidental human exposure. Humans may become infected through
the consumption of raw or undercooked meat containing viable mesocercariae
and are considered accidental paratenic hosts (Mohl et al. 2009; Korpysa-
Dzirba et al. 2021).
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No confirmed human infections caused by A. alata have been reported in
Europe. However, several cases of human alariosis caused by closely related
North American Alaria species have been documented, including subcutane-
ous, ocular, respiratory and systemic infections, as well as fatal cases associated
with extensive larval migration (Fernandez et al. 1976; Freeman et al. 1976;
Beaver et al. 1977; McDonald et al. 1994; Kramer et al. 1996). Clinical manifes-
tations described in human cases include subcutaneous nodules, ocular infec-
tions, respiratory symptoms and disseminated systemic disease, demonstrating
the capacity of mesocercariae to survive and migrate within mammalian tissues
(Fernandez et al. 1976; Beaver et al. 1977; McDonald et al. 1994; Kramer et al.
1996).

In Europe, wild boar (Sus scrofa) is considered the most important source of
potential human exposure because mesocercariae are frequently detected in wild
boar meat and may remain viable under a range of storage and processing con-
ditions (Mohl et al. 2009; Gonzédlez-Fuentes et al. 2014a; Gonzalez-Fuentes et al.
2014b; Gazzonis et al. 2018). The widespread distribution of A. alata in wildlife,
increasing wild boar populations and growing consumption of game meat have
therefore raised concerns regarding its public health significance (MaleSevi¢ et al.
2016; Korpysa-Dzirba et al. 2021; Guardone et al. 2022). Although the actual risk
to consumers remains difficult to quantify, A. alata is increasingly recognised
as an emerging food-borne parasite requiring continued surveillance and risk
assessment within a One Health framework (Robertson et al. 2014; Korpysa-
Dzirba et al. 2021; Guardone et al. 2022).

Like most trematodes, A. alata is hermaphroditic, allowing both cross-fertil-
isation and self-fertilisation (Galaktionov and Dobrovolskij 2003). The complete
biological life cycle generally spans 92-114 days, although the lifespan of sexually
mature adults remains unknown (Mo6hl et al. 2009).

In Latvia, the occurrence of A. alata has been confirmed using both para-
sitological and molecular identification approaches. Latvian A. alata material
has been used as reference and positive-control material in the development of
a species-specific real-time PCR assay (Dimzas et al. 2021). In addition, meso-
cercariae isolated from Latvian wild boars, amphibians and Eurasian lynx were
used in the development and validation of a MALDI-TOF MS identification
method (Késtner et al. 2021). Together, these studies provide independent
confirmation of A. alata in Latvian wildlife and demonstrate the applicability
of molecular and proteomic approaches for species identification (Dimzas et al.
2021; Kastner et al. 2021).
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2. MATERIALS AND METHODS

2.1. Detection of metacercariae and adult flukes

Carcasses of red foxes and raccoon dogs were collected within the Latvian
State Programme for the Control and Eradication of Rabies. From the 2010/2011
to the 2014/2015 hunting seasons, during each sampling period from November
to February, both species were collected across the entire territory of Latvia;
whereas in the 2014/2015 season, animals were collected only from the east-
ern part of Latvia, bordering the Russian Federation and Belarus (Food and
Veterinary Service of Latvia, 2014). Grey wolves were collected during the hunt-
ing seasons from 2010/2011 to 2014/2015 (15 July to 31 March), whereas Eurasian
lynx were obtained from 2004/2005 to 2017/2018 (December to March). All
animals were collected within the national hunting quotas established for
the entire country and in accordance with the Latvian Hunting Regulations.

In total, the presence of A. alata was investigated in 1,223 animals, including
539 red foxes, 411 raccoon dogs, 231 Eurasian lynx, and 42 grey wolves. From
these, the presence of both A. alata adults and metacercariae was investigated
in 1,074 animals (468 red foxes, 333 raccoon dogs, 231 Eurasian lynx, and 42
grey wolves). The sex of the animals was determined for Eurasian lynx and
grey wolves, while the age group (adult/juvenile) was determined for red foxes
(n = 378), raccoon dogs (n = 278), Eurasian lynx (n = 231), and grey wolves
(n = 20) based on dentition characteristics. Juvenile animals were defined as
individuals younger than one year, considering that the breeding season of
the sampled canid species in Latvia occurs from April to June (Taurins 1982).

Prior to examination, the viscera were frozen at —80 °C for at least two weeks
to reduce the risk of Echinococcus spp. Frozen samples were subsequently thawed
at room temperature overnight. Trachea, lungs, and intestines were examined
using washing, sieving, sedimentation, and counting techniques (Roepstorff and
Nansen 1998; Duscher et al. 2005; Umhang et al. 2011). Metacercariae and adult
trematode specimens were identified based on morphological characteristics and
counted (Mohl et al. 2009).

2.2. Experimental design for egg development and hatching
studies

Faecal samples were collected from red foxes within the Latvian State
Programme for the Control and Eradication of Rabies in February and March
2025. Carcasses were stored at 4 °C for no longer than three days prior to
necropsy, and individual faecal samples were collected directly from the rec-
tum. Eggs of A. alata were isolated using a simple sedimentation method
(Demelash et al. 2016).
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For subsequent experiments, sediments containing A. alata eggs from three
individual foxes were pooled to create a randomized selection source. Only intact
eggs exhibiting clear developmental structures were selected for experimental
use. In this study, egg resistance was defined as the ability of A. alata eggs to
remain viable and capable of development and hatching under different envi-
ronmental conditions.

In vitro experiments were designed to evaluate egg resistance under
environmentally relevant conditions, including variations in light exposure,
temperature, desiccation, and water movement. These factors were selected to
simulate environmental stressors that A. alata eggs may encounter in natural
freshwater habitats.

For all experimental conditions, purified eggs were incubated in distilled
water and monitored over time to assess egg development and hatching success.
Egg development was classified into five developmental stages—unembryonated,
embryonated, developed, hatched, and dead eggs—according to Pearson (1956).

2.3. Detection of mesocercariae

In total, 390 amphibians, 17,605 wild boars, and 234 Eurasian lynxes were
analysed in the study. All animals were obtained in accordance with the Latvian
Hunting Regulations or under special permits issued by the Latvian authorities
for the collection and euthanasia of animals for scientific purposes.

Depending on the study objectives and host species, the most appropriate
detection method was applied to each host group. Three different methods
were used for the detection of A. alata mesocercariae: artificial digestion using
a magnetic stirrer method applied during routine Trichinella spp. Testing (TIM;
Commission Implementing Regulation (EU) 2015/1375), Alaria spp. mesocer-
cariae migration technique (AMT; Riehn et al. 2010), and compression method.

2.3.1. Second intermediate hosts: amphibians

A total of 390 amphibians were collected between 2017 and 2019 from 86
randomly selected permanent wetlands across Latvia under special permits
issued by the Latvian authorities for the collection and euthanasia of amphibians
for scientific purposes (permits No. 26/2017-E, 14/2018-E, 21/2019-E; Nature
Conservation Agency of Latvia). Adult frogs and tadpoles were collected from
shallow water zones using standard hand nets and transported to the laboratory
within eight hours. Until further examination, specimens were kept at 4 °C.

Amphibians were identified to the species level based on morphological
characteristics and classified as the European common frog (Rana temporaria),
the European moor frog (Rana arvalis), the European common toad (Bufo bufo),
and the water frog group (Pelophylax esculentus complex). The developmental
stage (adult or tadpole) was recorded.
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Detection of A. alata mesocercariae was performed using the compression
method. Dissected amphibian tissues were compressed between two glass slides
and examined under a stereomicroscope. All detected mesocercariae were iso-
lated from host tissues and examined microscopically (100-400x magnification).
Identification of A. alata mesocercariae was based on established morphological
characteristics, including body shape, size, and the number of glandular cells.

2.3.2. Paratenic hosts: wild boar and Eurasian lynx

The occurrence of A. alata mesocercariae in wild boars was investigated
using two complementary approaches. First, retrospective data from the Institute
of Food Safety, Animal Health and Environment BIOR (Institute BIOR) were
analyzed, including annual reports on accidental findings of A. alata mesocer-
cariae detected during routine Trichinella spp. testing between 2014 and 2019.
Muscle samples (=150 g), including diaphragm, tongue, and other skeletal
muscles, were submitted voluntarily by hunters and tested individually using
the TIM.

Second, a targeted study was conducted between December 2018 and
October 2019 to estimate the actual prevalence of A. alata mesocercariae in
wild boars. Muscle samples submitted for routine Trichinella spp. testing was
additionally examined using the AMT. Identification of mesocercariae was based
on established morphological characteristics, including body shape, size, and
the number of glandular cells.

Muscle samples from 234 Eurasian lynx were examined for the presence
of A. alata mesocercariae. Samples were collected during hunting seasons from
December to March between 2004/2005 and 2017/2018 in accordance with
national hunting quotas. Muscle tissues were initially analyzed using the TIM.
In cases where A. alata mesocercariae were detected, samples were re-examined
using the AMT to confirm infection.

2.4. Statistical analyses

Prevalence (percentage of infected hosts), median intensity (median number
of parasites considering only infected hosts), and mean intensity (average num-
ber of parasites considering only infected hosts) of A. alata mesocercariae were
calculated following Bush et al. (1997). Confidence intervals (95%) for prevalence
were calculated using the Clopper-Pearson method (Clopper and Pearson 1934).
Confidence intervals for median intensity were reported as the shortest interval
reaching the desired confidence level, as exact 95% confidence limits cannot be
constructed due to data discreteness (Carpenter and Bithell 2000).

Differences in mesocercariae prevalence between host species, age groups,
sex, and geographical locations were evaluated using Fisher’s exact test, while
differences in median intensity were assessed using Mood’s median test (Sen
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2005; Reiczigel et al. 2008). Comparisons between detection methods were
performed using odds ratios calculated as conditional maximum likelihood
estimates (Breslow and Day 1990). Correlations between variables were analyzed
using Spearman’s rank correlation (Spearman 1904).

For in vitro egg experiments, egg development rate (DR) and hatching
rate (HR) were calculated for each experimental condition. Development rate
was defined as the proportion of eggs reaching advanced developmental stages
relative to the total number of eggs, whereas hatching rate was defined as
the proportion of hatched eggs among developed eggs.

Differences in egg development and hatching rates between experimental
conditions and corresponding control groups were evaluated using non-para-
metric Mann-Whitney tests. Correlations between environmental parameters
(temperature, light exposure, desiccation duration, and water movement) and
egg development or hatching outcomes were assessed using Spearman’s rank
correlation.

Spatial distribution maps were generated using a Geographic Information
System (GIS) based on a base map of Latvia and visualized using ArcGIS 10
(ESRI, Redlands, CA, USA).

The probability (Pr) of human ingestion of A. alata mesocercariae
through consumption of wild boar meat was estimated using the equation
Pr =P x NT x IA, where P represents the prevalence of A. alata in wild boars
according to the present study, NT is the probability that wild boar meat was
not tested for parasites, and IA is the probability that A. alata mesocercariae
were inactivated in meat or meat products (ANSES 2015).

Different scenario combinations of NT and IA values were applied to
estimate ingestion probability. Based on national data on Trichinella testing
coverage in wild boars (Institute BIOR and State Forest Service, unpublished
data), NT values of 99%, 95%, and 80% were used. Based on published data on
the tenacity of A. alata mesocercariae in wild boar meat and meat products,
IA values of 0.5%, 1%, and 5% were applied (Gonzdlez-Fuentes et al. 2014a-b;
Gonzaélez-Fuentes et al. 2015).
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3. RESULTS

3.1. Metacercariae and adult flukes (Paper IV; V)

Overall, adult A. alata trematodes were detected in 859 of 1,223 examined
wild carnivores in Latvia, resulting in an overall prevalence of 70.2% (95% CI:
67.6-72.7). Adult parasites were recorded in all investigated host species and
across all studied geographic areas, indicating widespread distribution and
stable circulation within Latvian wildlife populations. The highest prevalence
was observed in grey wolves, followed by red foxes and raccoon dogs, whereas
infection was rare in Eurasian lynx (1.7%) (Table 1).

Table 1

Prevalence, mean intensity and intensity range of adult Alaria alata trematodes in
wild carnivores in Latvia

Specie alrj?ﬂlz{;?s}zz:ed d Pr‘(e;;‘l;; né;’ i % Mean iirslgensity Range
animals
Raccoon dog 411/ 345 83.9 (80.0-87.4) 755.0 £ 118.7 1-18 870
Red fox 539/ 471 87.4 (84.3-91.1) 193.1 +18.2 1-6 247
Eurasian lynx 231/4 1.7 (0.5-4.5) 43+4.5 1-12
Grey wolf 42/ 39 92.9 (80.5-98.5) | 683.3+ 164.2 7-5 347

CI - confidence interval; SE - standard error.

A significantly higher mean intensity of adult A. alata trematodes was
observed in raccoon dogs compared to red foxes and Eurasian lynx (p < 0.05),
whereas no significant difference was detected between raccoon dogs and grey
wolves. The highest mean intensity values were observed in raccoon dogs,
followed by grey wolves and red foxes.

Adult A. alata trematodes were detected in all game administrative units
(GAUs) of Latvia. In red foxes and raccoon dogs, prevalence ranged from 74.1%
to 96.3%, with generally higher values observed in western and central regions
than in eastern Latvia. In grey wolves, prevalence reached 100% in most GAUs,
although sample sizes at the regional level were limited. Temporal analysis
revealed a steady increase in prevalence among red foxes over five consecutive
hunting seasons, whereas prevalence in raccoon dogs and grey wolves fluctuated
between seasons without statistically significant differences.

Pulmonary A. alata metacercariae were detected in 216 animals, correspond-
ing to an overall prevalence of 20.1% (95% CI: 17.8-22.6). Metacercariae were
significantly more prevalent in raccoon dogs compared to red foxes (p < 0.0001).
Only a single grey wolf was infected with metacercariae (five specimens), and no
pulmonary metacercariae were detected in Eurasian lynx (Table 2).
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Table 2

Prevalence, mean intensity and intensity range of Alaria alata metacercariae
trematodes in wild carnivores in Latvia

Species alr\f?l;lg{;/?r?z:tegd Pr((a;;(l;] né; i % Meaniirsl%ensity Rang
animals
Raccoon dog 333/ 165 49.5 (44.1-55.1) 34.7+5.5 1-592
Red fox 468/ 50 10.7 (8.0-13.8) 10.8 £4.3 1-161
Eurasian lynx 231/ 0 0 - -
Grey wolf 42/1 2.4 (0.01-12.6) . 5

CI - confidence interval; SE - standard error.

Mean intensity of metacercariae was significantly higher in raccoon dogs
than in red foxes and grey wolves (p < 0.05). Temporal analysis demonstrated
an overall increasing trend in metacercariae prevalence in both raccoon dogs
and red foxes during the study period, despite occasional fluctuations.

A strong overlap between adult and larval stages was observed in canid
hosts. In red foxes, 92.0% of animals infected with metacercariae also harboured
adult trematodes, while 10.6% of foxes infected with adult A. alata exhibited pul-
monary metacercariae. In raccoon dogs, 88.5% of metacercariae-positive animals
were concurrently infected with adult trematodes, and 47.8% of adult-infected
animals also carried metacercariae. A significant positive correlation between
adult trematode abundance and metacercarial intensity was detected in raccoon
dogs (rs = 0.27, p = 0.001) and red foxes (rs = 0.17, p = 0.0002).

3.2. Egg development and hatching (Paper I)

Overall, 3,600 Alaria spp. eggs were examined under eight experimental in
vitro conditions. The eggs were oval-shaped, yellowish, and operculated, with
a thin shell. Egg length ranged from 0.105 to 0.128 mm (mean 0.117 * 0.005
mm), and width ranged from 0.070 to 0.090 mm (mean 0.083 + 0.004 mm)
(Figure 2). Distinct developmental stages were identified and used consistently
in subsequent analyses.

3.2.1. Effect of light

After 25 days post-deposition (dpd), 12.2% (95% CI: 5.8-12.9) of eggs
exposed to different light conditions developed to the active miracidia stage,
of which 72.2% (95% CI: 54.5-86.7) successfully hatched. Development from
embryonated to the hatched stage occurred within 8-11 days. No statistically sig-
nificant differences were observed among the tested light conditions with respect
to egg development or hatching rate (p = 0.5); therefore, mean values from all
light conditions were used as a control group for subsequent analyses (Table 3).

55



WWs00' = /TT'D

Figure 2. The development and hatching of Alaria spp. eggs

A - unembryonated eggs (0.117 + 0.005 mm x 0.083 + 0.004 mm),

B - embryonated egg, C - developed egg, D - hatched egg, E - dead egg, F - dead/damaged egg.

Table 3

Observations of Alaria alata egg development in different light conditions at
25 days post deposition - first observed development stages, development rate
(DR), hatching proportion of development eggs (HR/DR]

Experiment Development First observations DR, % HR/DR, %
conditions stage (days) + SE (CI195%) (C195%)
Embryonated 9+2
. 13.3 50.0
Natural light Developed 16 £0 (7.1-22.1) (21.1-78.9)
Hatched eggs 17+1
Embryonated 6+0
Lisht Developed 13+3 13.3 75.0
18 cvelope = (7.1-22.1) (42.8-94.5)
Hatched eggs 14+3
Embryonated 6+0 00 00.0
10. 100.
Dark Developed 12+0 (4.7-18.1) (66.4-100.0)
Hatched eggs 151
Embryonated 7+1
12.2 72.7
Mean Developed 13+1 (6.3-20.8) (39.0-94.0)
Hatched eggs 15+1

CI - confidence interval; SE - standard error.
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3.2.2. Effect of temperature

Egg development did not occur during exposure to refrigerator or freezer
conditions alone and resumed only after eggs were returned to natural light
conditions at room temperature. Short-term freezer exposure (two to four hours)
allowed subsequent embryonation and hatching. Whereas prolonged exposure
resulted in a high proportion of eggs remaining unembryonated throughout
the experimental period (Table 4).

Table 4

Observed development on Alaria alata eggs after exposure in different
environmental conditions - first observed development stages and development
rate as well as hatching proportion of development eggs of different conditions
observed 25 days post deposition (HR/DR)

Experiment Incubation | Development obseI:'ixf::ions DR, % (CI HR/DR, %
conditions time stage (days) + SD 95%) (C195%)
Embryonated 7+1
10.0 66.7
2h Developed 1240 “7-18.1) | (29.9-92.5)
Hatched eggs 14+1
Freezer
Embryonated 5+1
3.3 38.5
4h Developed 13+1 (0.7-9.4) (0.8-90.6)
Hatched eggs 15+1
Embryonated 10+2
3.3 40.0
2m Developed 19+1 (0.7-9.4) (0.8-90.6)
o Hatched eggs 19+0
Desiccation
Embryonated 810
1.1 100.0
4m Developed 10+ 0 (0.0-6.0) (2.5-100.0)
Hatched eggs 13+0
Embryonated 6+1
Dynamic 26.7 100.0
environment Na Developed 10£0 (17.9-37.0) | (85.8-100.0)
Hatched eggs 160

CI - confidence interval; SD - standard deviation.

Eggs exposed to freezer conditions and subsequently incubated at 37 °C
showed significantly higher development and hatching rates compared to control
eggs (p < 0.05 and p < 0.02, respectively). In contrast, exposure to refrigerator
conditions did not result in significant differences relative to the control group.
Constant incubation at 37 °C accelerated embryonation but resulted in complete
hatching failure and high egg mortality, indicating that elevated temperatures
compromise egg viability despite promoting development.
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3.2.3. Effect of desiccation and dynamic environment

Egg survival was strongly dependent on desiccation duration. Only eggs
exposed to desiccation for two to four minutes remained viable, whereas longer
exposure resulted in high proportions of unembryonated and dead eggs (Table
4). A strong positive correlation was observed between desiccation duration and
egg mortality (rs = 1.0, p < 0.001). In contrast, eggs maintained under dynamic
environmental conditions showed significantly higher hatching success than
controls (p < 0.001).

3.3. Mesocercariae in second intermediate hosts (Paper Ill)

A. alata mesocercariae were detected in amphibian populations throughout
Latvia, indicating widespread circulation of the parasite in aquatic ecosystems.
Mesocercariae were recorded in all analysed frog species but were not detected
in the common toad (Table 5).

Table 5

The prevalence of Alaria alata mesocercariae in different amphibian species
(adults and/or tadpoles) in Latvia

. No. of o Mean Median
Species Develop- investigated/ P, % intensity + SE intensity
mental stage positive (CI 95 %) ( _) (median CL)
animals range median
European 58.8 8.716.3 4
waterp frog Tadpole 80/47 (47.5-69.6) (1-95) (96.0% 2-5)
sensu lato 22.4 28.91t54.3 4
group Adult 255/57 (17.4-28.0) (1-237) | (96.8% 3-8)
Common 15.8 20£15.7
frog Adults 19/3 (3.4-39.6) (6-37) NA
Moor frog Adults 311 © 83—3930 6) 2 NA
Common | ¢ 33/0 0 NA NA
toad

P - prevalence; CI - confidence interval; CL - confidence level; SE - standard error; NA - not

applicable.

Overall, 108 of 390 examined amphibians, including tadpoles, were infected.
No statistically significant differences in prevalence were observed among frog
species. However, infection patterns differed between developmental stages, with
tadpoles of the water frog group showing significantly higher prevalence than
adult frogs of the same group (p < 0.0001). While no significant differences in
median intensity were detected.

Mesocercariae exhibited clear tissue predilection patterns. In adult frogs,
parasites were most frequently detected in the head region, internal organs and
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visceral membranes. Whereas in tadpoles they were predominantly located in
the head and torso. The prevalence of infection in these anatomical regions was
significantly higher in tadpoles than in adult frogs (p < 0.0001). Adult water frogs
also exhibited significantly higher median mesocercarial intensity in the liver
(p = 0.005).

Overall, most mesocercariae were located within the body cavity, including
internal organs and visceral membranes, whereas only a small proportion of
larvae were encysted.

3.4. Mesocercariae in paratenic hosts

3.4.1. Comparison of diagnostic methods for the detection of
A. alata mesocercariae (Paper VI)

To evaluate diagnostic performance, 60 wild boar muscle samples were
simultaneously examined in a pilot study using both diagnostic methods:
the Alaria mesocercariae migration technique (AMT) and the Trichinella
inspection method (TIM). A. alata mesocercariae were detected in 46 samples,
and a significant difference in detection efficiency was observed between the two
methods (x> = 16.59, p < 0.01).

AMT demonstrated substantially higher diagnostic sensitivity, yielding 4.86-
fold higher odds (95% CI: 2.22-10.99) of detecting A. alata mesocercariae than
TIM. Parasite counts ranged from 1 to 61 mesocercariae per sample (0.02-1.22
mesocercariae/g) using AMT and from 0.02 to 0.56 mesocercariae/g using TIM.
Consequently, mean mesocercarial intensity was significantly higher when
assessed using AMT (p < 0.01).

3.4.2. Prevalence of A. alata mesocercariae in wild boar populations
(Paper 1)

Long-term surveillance data based on routine Trichinella spp. inspection
indicated a relatively low apparent prevalence of A. alata in wild boar popu-
lations. Analysis of 17,605 wild boar samples using the Trichinella inspection
method (TIM) revealed an apparent prevalence of 8.3% (95% CI: 7.9-8.7), with
low and stable median intensity values throughout the study period.

In contrast, analysis of the same muscle samples using the Alaria mesocer-
cariae migration technique (AMT) demonstrated substantially higher prevalence,
intensity and abundance of A. alata mesocercariae (Table 6). Among 485 samples
examined by both methods, AMT detected mesocercariae in 43.9% of samples,
compared with 13.6% detected by TIM. Mean intensity and abundance were
also significantly higher when assessed using AMT (p = 0.0001), confirming its
superior sensitivity.
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Comparison of Alaria sp. mesocercariae migration technique (AMT) and
Trichinella inspection method (TIM) using identical wild boar muscle samples

Table 6

Parameter/ method AMT TIM
No. of analyzed samples 485 485
No. of positive samples 213 66
Prevalence 43.9* 13.6
CI 95% 39.4-48.5 10.7-17.0
Intensity MPG 0.126 0.089
CL 95% 0.10-0.17 0.06-0.19
SE 0.23 0.19
Median MPG 0.06 0.04
CL 95.3%/96.8% 0.06-0.08 0.02-0.06
Abundance 0.055* 0.012
CL 95% 0.045-0.075 0.008-0.024

MPG - mesocercariae per gram; SD - standard deviation;
CI - confidence interval; CL - confidence level; * statistically significant difference (p < 0.05).

These findings demonstrate that routine Trichinella inspection substantially
underestimates the true prevalence of A. alata in wild boar populations. The appli-
cation of AMT reveals wild boar as a highly relevant paratenic host, contributing
significantly to the circulation of A. alata mesocercariae in terrestrial ecosystems.

In addition to overall prevalence estimates, the spatial distribution of A. alata
in wild boar populations was assessed across Latvia using routine surveillance
data (Figure 3). Observed prevalence varied among game administrative units
(GAUs), with higher values observed in northern and southern regions of Latvia,
while lower prevalence was recorded in parts of western Latvia. However, A. alata
was detected in all GAUs, indicating widespread environmental circulation of
the parasite at the national scale.

3.4.3. Assessment of the zoonotic potential of A. alata (Paper Il)

Considering that only approximately 5% of legally hunted wild boars are
subjected to mandatory Trichinella testing and that the true prevalence of
A. alata mesocercariae may exceed 40%, the probability of human exposure
through consumption of wild boar meat was estimated to range from 0.2% to
2.2%, depending on meat preparation practices and the efficacy of mesocercariae
inactivation. These findings highlight the epidemiological relevance of A. alata
in food safety and underline the limitations of current routine inspection pro-
tocols in detecting zoonotic parasites other than Trichinella spp.
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Figure 3. Apparent prevalence of Alaria alata mesocercariae in wild boar
populations in Latvia (2014-2019) based on routine Trichinella inspection data.

Apparent prevalence reflects routine inspection results and does not represent true
prevalence of A. alata mesocercariae.

Game administrative units: DK, Dienvidkurzeme; ZK, Ziemelkurzeme; ZE, Zemgale; RR,
Riga regional; SE, Sélija; DL, Dienvidlatgale; AL, Austrumlatgale; ZA, Ziemelaustrumu; CV,
Centralvidzeme; ZV, Ziemelvidzeme.

3.4.4. A. alata mesocercariae in eurasian lynx (Paper 1V)

In addition to wild boar, A. alata mesocercariae were detected in a Eurasian
lynx, representing the first documented paratenic infection in this species.
Further examination using the Alaria mesocercariae migration technique (AMT)
revealed 23 mesocercariae in a 100 g diaphragm sample (0.2 mesocercariae/g).
The infected individual was a six-year-old male harvested in central Latvia.
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4. DISCUSSION

4.1. Environmental and ecological drivers of A. alata
transmission in Latvia

Transmission of A. alata in Latvia represents a structurally stable multi-host
system integrating aquatic and terrestrial ecosystems. The findings of the pres-
ent dissertation demonstrate that all essential components of the life cycle are
simultaneously present and functionally integrated within Latvian wildlife
communities, ensuring continuous parasite circulation. Such complex life cycles
enhance transmission efficiency by reducing dependence on any single host or
developmental stage, while environmental conditions regulate habitat suitability,
host availability and parasite development (Galaktionov and Dobrovolskij 2003;
Sures et al. 2023).

Definitive hosts such as red foxes, raccoon dogs and grey wolves represent
the primary source of environmental contamination. The high prevalence of
adult A. alata in Latvian carnivores confirms continuous egg shedding into
freshwater habitats. Similarly high prevalence has been reported through-
out the Baltic region, reaching 90.7% in Estonia and 94.8% in Lithuania
(Bruzinskaité-Schmidhalter et al. 2012; Laurimaa et al. 2016). The occurrence
of A. alata in canids has been associated with lowland areas, wetlands and land-
scapes supporting suitable intermediate hosts, indicating that infection levels
in definitive hosts reflect broader environmental suitability for transmission
(Murphy et al. 2012; SzéEI1 et al. 2013; Portier et al. 2014).

High infection intensities reported in canids across Europe, sometimes
exceeding several thousand parasites per host, indicate frequent exposure
and repeated transmission events (Karamon et al. 2018; Belcik et al. 2025).
The presence of several competent definitive host species increases transmis-
sion resilience and reduces dependence on fluctuations in any single carnivore
population (Anderson and May 1985; Woolhouse et al. 2001). Consequently,
definitive hosts function as key transmission drivers maintaining environmental
contamination with parasite eggs.

Transmission to definitive hosts occurs primarily through trophic inter-
actions. Predation on infected amphibians and paratenic hosts may result in
the acquisition of large numbers of mesocercariae during a single feeding event
(Mohl et al. 2009; Laurimaa et al. 2016). Amphibians, small mammals, reptiles
and carrion represent important components of canid diets in Northern Europe,
providing multiple transmission pathways within food webs (Sutor et al. 2010;
Drygala et al. 2013; Siild et al. 2014). Consequently, transmission can be viewed
as an emergent property of host-parasite—environment interactions, where
environmental conditions influence prey availability and trophic connectivity,
thereby regulating infection pressure in definitive hosts (Sures et al. 2023).
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Repeated exposure through trophic interactions increases transmission
efficiency and may lead to cumulative parasite acquisition over time, explain-
ing the high infection intensities frequently observed in wild carnivores
(Galaktionov and Dobrovolskij 2003; Belcik et al. 2025). This interpretation
is supported by the present study, where infection intensities were higher in
adults than juvenile animals, particularly in raccoon dogs. The co-occurrence
of larval and adult stages and positive correlations between life stages further
indicate ongoing exposure and reinfection, resulting in age-dependent infec-
tion dynamics (Anderson and May 1985; Woolhouse 1998; Galaktionov and
Dobrovolskij 2003).

Egg deposition into aquatic or semi-aquatic environments marks the tran-
sition to the environmentally exposed phase of the life cycle. Experimental
data generated in this dissertation demonstrate that A. alata eggs develop from
unembryonated to fully hatched miracidia within 3-16 days at temperatures
between 7 °C and 23 °C. These results indicate that typical spring and sum-
mer water temperatures in Latvia are sufficient to sustain rapid embryonation
(Kalvans et al. 2023; Latvian Environment, Geology and Meteorology Centre,
2025). Such rapid development shortens the interval between egg release and
snail infection, reducing mortality before host encounter and increasing the like-
lihood of successful transmission. These findings support theoretical frame-
works describing the vulnerability of free-living parasite stages and demonstrate
that temperature acts as a key environmental regulator of early development
(Galaktionov and Dobrovolskij 2003; Poulin 2011; Sures et al. 2023).

Eggs survived freezing at -20 °C and resumed development after temper-
ature increase, indicating a capacity for overwinter persistence. Such tolerance
suggests that at least a proportion of eggs deposited in late autumn may remain
viable through winter in shallow water bodies or moist substrates. This ability
to temporarily arrest development and subsequently resume it ensures conti-
nuity between transmission seasons, reduces mortality of free-living stages and
extends the time window for host encounter, thereby increasing the likelihood
of successful transmission (Pearson 1956; Galaktionov and Dobrovolskij 2003;
Poulin 2011; Morley and Lewis 2016). Similar cold tolerance has been described
for other digeneans (Smyth and Halton 1983; Morley and Lewis 2016), but has
rarely been experimentally demonstrated for Alaria spp. In temperate environ-
ments, such resilience of free-living stages is considered a critical factor sup-
porting persistence of complex parasite life cycles under seasonal environmental
variability (Sures et al. 2023).

Egg development was not stimulated by light exposure, suggesting that
hatching cues are more likely driven by mechanical or osmotic triggers than
by photic signals, in contrast to Fasciola hepatica (Wilson 1968; Galaktionov
and Dobrovolskij 2003). This pattern is consistent with turbid, shaded and
sediment-rich freshwater habitats commonly found in Latvian wetlands (Urtans
2017). The absence of strict photic dependence indicates ecological flexibility in
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hatching conditions, while the highest hatching success observed under dynamic
and well-oxygenated conditions suggests that water movement and oxygen
availability may facilitate hatching. Together, these findings indicate that both
temperature and physical characteristics of aquatic habitats regulate the timing
of hatching and transition to the next life cycle stage (Smyth and Halton 1983;
Galaktionov and Dobrovolskij 2003).

After hatching, miracidia infect freshwater snails, followed by cercarial
release and infection of amphibians as second intermediate hosts (Galaktionov
and Dobrovolskij 2003; M6hl et al. 2009; Portier et al. 2012). The high prev-
alence and broad tissue distribution of mesocercariae documented in Latvian
water frogs, common frogs and moor frogs confirm that amphibian populations
function as efficient amplification hosts within this system. The accumulation of
mesocercariae in amphibians enables transmission to a wide range of predators,
and amphibians therefore function as ecological bridge hosts linking aquatic
and terrestrial food webs and facilitating parasite transfer to both paratenic
and definitive hosts (Odening 1963; Mohl et al. 2009; Laurimaa et al. 2016).
Because amphibian populations are closely associated with wetlands and exhibit
strong seasonal dynamics, their availability and infection patterns are shaped by
environmental conditions, which in turn regulate transmission opportunities.
Similar patterns have been observed in other European wetland ecosystems,
where amphibians form dense trophic networks that facilitate parasite trans-
mission (Poulin 2011; Patrelle et al. 2015; Voelkel et al. 2019; Belcik et al. 2022).

The presence of mesocercariae, rather than typical metacercariae, represents
a key modification of the classical three-host trematode life cycle. In the classical
cycle, cercariae encyst in the second intermediate host as metacercariae directly
infective to the definitive host (Galaktionov and Dobrovolskij 2003). In A. alata,
however, cercariae develop into mesocercariae—a non-encysted and developmen-
tally flexible stage capable of surviving multiple host transfers. This adaptation
allows the parasite to exploit a broad range of paratenic hosts and transmission
pathways, thereby extending the life cycle beyond the classical three-host
system. As a result, transmission becomes less constrained by host specificity
and more resilient to environmental variability (Pearson 1956; Galaktionov
and Dobrovolskij 2003; M6hl et al. 2009; Poulin 2011; Sures et al. 2023).

Paratenic hosts substantially expand the ecological network of A. alata
and increase transmission opportunities across trophic levels. In addition to
mammals, reptiles may also contribute to this network, acting as long-term
mesocercarial reservoirs within wetland ecosystems. High prevalence of A. alata
has been reported in grass snakes (Natrix natrix) in Poland, reaching approx-
imately 58.8% (Belcik et al. 2022), while broader host analyses suggest that
reptiles participate in trophically driven transmission pathways (Belcik et al.
2025). This diversity of paratenic hosts introduces functional redundancy into
the system, which may enhance transmission stability under fluctuating ecolog-
ical conditions (Galaktionov and Dobrovolskij 2003).
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Within this expanded transmission network, wild boar represent one of
the most epidemiologically relevant paratenic hosts in terrestrial ecosystems. In
the present study, wild boar were confirmed as important transport hosts, with
prevalence reaching 43.9% using the Alaria mesocercariae migration technique
(AMT). Comparable AMT-based prevalence estimates have been reported across
Europe, including 28.2% in Germany (Riehn et al. 2012; Késtner et al. 2021),
44.3-44.8% in Poland (Strokowska et al. 2020; Strokowska et al. 2021a), and
6.0-6.8% in Austria and the Czech Republic (Paulsen et al. 2013; Paulsen et al.
2014). Such variation suggests that environmental and landscape conditions
are important determinants of transmission intensity (Bilska-Zajac et al. 2021).

The present dissertation demonstrated heterogeneous distribution of meso-
cercariae within muscular and connective tissues, indicating non-random tissue
predilection and active larval migration within the host, with accumulation in
tissues rich in connective and adipose components (Riehn et al. 2010). This
uneven distribution affects detection sensitivity and food safety risk assessment,
as infections may be underestimated when based on standardised sampling or
less sensitive methods (Riehn et al. 2010; Strokowska et al. 2021b) and compli-
cates extrapolation of results to the whole carcass (Paulsen et al. 2012). These
findings further support the concept that mesocercariae are acquired through
trophic transmission and persist within specific tissues rather than representing
superficial contamination.

The accumulation of larval stages in intermediate and paratenic hosts is
recognised as a key mechanism increasing transmission efficiency by facilitating
parasite transfer through food chains (Galaktionov and Dobrovolskij 2003;
Poulin 2011). Within this system, wild boar represent one of the most important
paratenic hosts due to their broad habitat use, behavioural plasticity and oppor-
tunistic feeding behaviour, which increase the likelihood of exposure to infected
amphibians and other paratenic hosts (Schley and Roper 2003; Tarvydas and
Belova 2022; Rekiel et al. 2024). Population density, grouping behaviour and
movement ecology further contribute to their epidemiological importance
at the landscape level (Melis et al. 2006; Rekiel et al. 2024). Such ecological
characteristics increase opportunities for repeated mesocercarial acquisition
throughout life and may partly explain age-related prevalence patterns observed
in several studies (Dolle 2016; Strokowska et al. 2020).

Another characteristic of the life cycle of A. alata is the ability of the Eurasian
lynx to fulfil different host roles. Although felids are traditionally regarded as
definitive hosts (Pearson 1956; Mohl et al. 2009), the findings of this dissertation
confirm that the Eurasian lynx can harbour both adult A. alata trematodes
and mesocercariae. This indicates that the same host species may participate in
the life cycle as either a definitive or a paratenic host, depending on ecological
conditions. Such overlap in host roles expands the transmission opportunities
available to the parasite (Galaktionov and Dobrovolskij 2003; Poulin 2011;
Sures et al. 2023).
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The findings of this dissertation demonstrate that transmission of A. alata in
Latvia is maintained by a functionally integrated multi-host system structured
by environmental conditions, trophic interactions and host diversity. Rather
than relying on a single transmission pathway, the parasite exploits multiple
interconnected trophic routes that collectively ensure continuity of the life cycle.
The ability of A. alata to utilise hosts in different functional roles, particularly
through the mesocercarial stage, enhances transmission resilience and buffers
against fluctuations in host availability and environmental conditions. These
findings support the concept that persistence of complex trematode life cycles
is achieved through integration and redundancy across life cycle stages rather
than optimisation of any single stage (Galaktionov and Dobrovolskij 2003;
Poulin 2011). The consistently high prevalence observed across wildlife hosts in
Latvia indicates that environmental conditions, host community structure and
trophic interactions are sufficiently aligned to sustain continuous transmission
at the population level, making Latvia a highly suitable transmission landscape
for A. alata.

4.2. Diagnostic challenges and methodological limitations

In Latvia, the occurrence of A. alata is supported not only by parasitolog-
ical observations across multiple host species but also by species confirmation
using complementary diagnostic approaches. A. alata has been identified in
different developmental stages, including mesocercariae in frogs, wild boars and
Eurasian lynx, as well as adult flukes in definitive hosts. These findings have
been confirmed using both species-specific real-time PCR and MALDI-TOF
mass spectrometry (Dimzas et al. 2021; Késtner et al. 2021). Latvian isolates
have also been used as reference and validation material during the development
of these methods, providing additional support that the parasite circulating in
Latvian wildlife corresponds to A. alata.

Despite advances in the diagnosis of A. alata, detection efficiency remains
strongly dependent on host species, parasite developmental stage and the diag-
nostic method applied. These limitations are particularly evident in paratenic
hosts such as wild boars, where mesocercarial detection is influenced by both
their uneven distribution within host tissues and the sensitivity of the diagnos-
tic method. The results of this dissertation demonstrate that the Trichinella
inspection method (TIM) may underestimate the occurrence of A. alata, as
mesocercariae can be damaged during artificial digestion procedures, while
their uneven localisation within the host reduces the effectiveness of routine
sampling strategies (Mohl et al. 2009; Riehn et al. 2010; Strokowska et al.
2021b). In contrast, the Alaria mesocercariae migration technique (AMT), which
relies on the active migration of viable mesocercariae, generally detects signif-
icantly higher numbers of larvae (Riehn et al. 2010; Strokowska et al. 2021b).
Consequently, prevalence estimates based solely on routine inspection data are
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likely to underestimate the true occurrence of A. alata in wild boar populations.
The situation is further complicated by the continued use of methods that were
not designed specifically for A. alata detection. In addition, data on invasion
intensity remain limited, hindering accurate assessment of transmission dynam-
ics and zoonotic risk (Mohl et al. 2009; Belcik et al. 2025).

Human alariosis is considered a rare and poorly studied zoonosis, with cur-
rent knowledge based largely on isolated clinical descriptions and case reports
(Mohl et al. 2009; Belcik et al. 2025). However, unlike many other zoonotic hel-
minths, no specific or standardized diagnostic methods are currently available
for human Alaria infections. Diagnosis relies largely on incidental findings, while
validated serological or blood-based diagnostic approaches remain unavailable.

Taken together, these findings demonstrate that diagnostic limitations affect
all stages of the Alaria life cycle, from larval detection in intermediate and
paratenic hosts to recognition of infection in humans. Although molecular and
proteomic methods substantially improve species identification, their applica-
tion remains limited in routine practice. Consequently, the apparent rarity of
human alariosis may reflect diagnostic constraints rather than the true absence
of infection, suggesting that the zoonotic significance of Alaria spp. is likely
underestimated.

4.3. Zoonotic implications of A. alata

Host-parasite interactions in A. alata are shaped by host diversity, trophic
transmission and ecological flexibility, resulting in a transmission system capa-
ble of persisting across a wide range of environmental conditions. The life cycle
involves multiple obligatory and facultative hosts, and successful transmission
depends on the parasite’s ability to utilise different vertebrate species across
several trophic levels (Odening 1963; Galaktionov and Dobrovolskij 2003;
Mohl et al. 2009). The findings of this dissertation confirm that A. alata exploits
a wide range of host species across different stages of its life cycle in Latvia.

In contrast to many foodborne trematodes, in which transmission to
humans occurs through ingestion of encysted metacercariae, A. alata utilises
a non-encysted and highly mobile mesocercarial stage capable of infecting
a broad range of paratenic hosts (M6hl et al. 2009; Robertson et al. 2014).
Although A. alata has not been confirmed in humans to date, infections with
other Alaria species, particularly A. americana, as well as unidentified Alaria
mesocercariae, have been reported, including cases with severe and even fatal
outcomes (Fernandez et al. 1976; Mohl et al. 2009). Reported cases of human
alariosis have involved larvae in ocular structures, subcutaneous tissues and
internal organs, with diagnosis established either intravitally or post mortem
(Fernandez et al. 1976; McDonald et al. 1994; Mohl et al. 2009).

In contrast to many food-borne trematodes, which are transmitted to humans
through ingestion of encysted metacercariae, A. alata utilises an unencysted and

67



highly motile mesocercarial stage capable of infecting a wide range of paratenic
hosts (M6hl et al. 2009; Robertson et al. 2014). The zoonotic potential of this
stage is further supported by experimental studies in primates, in which inges-
tion of Alaria mesocercariae resulted in larval migration through tissues and
severe pathological changes (Odening 1963; M6hl et al. 2009). Although no
human cases of A. alata infection have been documented to date, infections with
other Alaria species, particularly A. americana, as well as unidentified Alaria
mesocercariae, have been reported, including cases with severe and even fatal
outcomes (Fernandez et al. 1976; Mohl et al. 2009).

The present study demonstrated that the prevalence of A. alata in wild boar
in Latvia, as determined using the AMT method, is high (43.9%), confirming
widespread circulation of the parasite in wildlife populations. Seasonal variation
observed in wild boar further suggests that transmission intensity may fluctu-
ate throughout the year in relation to ecological factors such as intermediate
host activity and feeding behaviour. Although the estimated probability of
human exposure through consumption of wild boar meat remains relatively
low (0.2-2.2%), this estimate should be interpreted cautiously. Methodological
limitations together with the heterogeneous distribution of mesocercariae may
result in false-negative findings and underestimation of parasite occurrence in
meat intended for human consumption, suggesting that actual exposure to viable
mesocercariae may be more frequent than currently assumed.

Although no confirmed human cases attributable specifically to A. alata
have been reported in Europe, cases of human alariosis caused by related Alaria
species in North America suggest that the zoonotic potential of A. alata cannot
be excluded (McDonald et al. 1994; Mohl et al. 2009; Robertson et al. 2014).
The widespread occurrence of A. alata in wildlife populations, together with
diagnostic limitations and food-related risk factors, including inadequate ther-
mal processing of game meat and consumption of raw meat products, suggests
that the zoonotic potential of this parasite may currently be underestimated.
Overall, the findings of the present study indicate that the public health rele-
vance of A. alata is determined by the interaction between transmission ecology,
host diversity, diagnostic sensitivity and human behaviour.
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CONCLUSIONS

The high prevalence and infection intensity of A. alata in wild carnivore
populations indicate that canids function as the main definitive hosts,
ensuring continuous parasite transmission and environmental contamina-
tion with eggs.

A. alata eggs are capable of surviving at low temperatures and can resume
development after temperature increase. A dynamic aquatic environment
promotes miracidia hatching, suggesting that shallow and flowing water
bodies in temperate regions provide particularly favourable conditions for
parasite development and transmission.

Amphibians represent important intermediate hosts of A. alata in Latvia.
Mesocercariae were most frequently detected in the green frog species
complex, predominantly localized in the head region and internal organs.
The detection of A. alata mesocercariae in Eurasian lynx expands the known
host range and indicates that this species may function both as a paratenic
host and, less frequently, as a definitive host.

Wild boar represent an important paratenic host of A. alata in Latvia, with
a high occurrence of mesocercariae in muscle tissues, reflecting active par-
asite circulation within the food web and regular exposure to intermediate
hosts under natural conditions.

Wild boar may act as a potential source of human alariosis; however,
the estimated risk of human infection remains low.

A. alata maintains a stable life cycle in Latvia involving multiple definitive,
intermediate, and paratenic hosts across different trophic levels and ecolog-
ical niches.
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MAIN THESES FOR DEFENSE

A. alata maintains a stable and well-established transmission cycle in Latvia,
involving multiple definitive, intermediate and paratenic hosts across dif-
ferent ecological niches.

High prevalence and infection intensity of A. alata in wild carnivores
indicate frequent natural exposure and reinfection, reflecting transmission
driven by host feeding ecology and trophic interactions.

Amphibians play a key functional role as second intermediate hosts, facili-
tating the transfer of the parasite from aquatic to terrestrial ecosystems and
ensuring continuity of transmission.

Wild boar represent an important paratenic host, characterised by high
prevalence of mesocercariae, and play a significant role at the wildlife-
human interface due to their widespread hunting and consumption.

The development and survival of A. alata eggs and miracidia are strongly
influenced by environmental factors, supporting the parasite’s persistence
under temperate climatic conditions.

The heterogeneous distribution of mesocercariae in host tissues and limi-
tations of commonly used diagnostic methods may lead to underestimation
of true prevalence and exposure risk.

Although the estimated probability of human infection is low, the combi-
nation of high parasite prevalence in wildlife, methodological constraints,
and human-related practices indicates that the zoonotic risk of A. alata may
be underestimated.
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