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Abstract

The Big American liver flukeRasciol oides magna) has emerged as a significant parasitic threat
to red deerQervus elaphus) populations in Gemenc, a key natural reserveiwitie Danube-
Drava National Park, Hungary. This research sydtieaily surveyed infections in two hunting
areas, Gemenc and Karapancsa, through diagnostioieations of liver samples collected
from hunted deer during and outside the hunting@ea The study revealed a high prevalence
of infection among adult deer, ranging from 73.7#the 2022/2023 hunting season to 60.3%
in the 2023/2024 season, with notable geographi@ti@n. Calves under six months were
initially free of infection, but older calves shogvancreasing susceptibility in the second year,
highlighting growing transmission risks. No sigoént differences in infection rates were
observed between sexes. The study revealed vasdtionfection intensity and severity across
hunting areas. The findings highlight the needritegrated management strategies, including
targeted anthelmintic interventions (e.g., tricladb@zole, albendazole) and habitat monitoring
to disrupt the parasite’s life cycle.

Osszefoglalo

A nagy amerikai majmeételyFascioloides magna) jelents allat-egészsegugyi kockazatot
jelent a gimszarvasCérvus elaphus) populaciéra Gemencen, a Duna-Drava Nemzeti Park
egyik legfontosabb természetvédelmi teriletén. tastankban két vadaszteriileten, Gemencen
és Karapancsan mértuk fel a nagy amerikai majmégetizottséget a vadaszidény alatt €s azon
kival elejtett gimszarvasokbdl gyott majmintak diagnosztikai vizsgalataval. Kusiak a
tenyészérett szarvasok korében a nagy amerikai @dlyrmagas éfordulasi aranyat mutatta

ki, amely a 2022/2023-as vadaszati szezonban &thagis3,7%-0s €s a 2023/2024-es szezonban
60,3%-0s volt, jelerds foldrajzi eltérésekkel. A megvizsgalt hat honaggddgiatalabb borjak
még mentesek voltak a féréstl, de az idsebb borjak a masodik vadaszati szezonban mar
kismérteki fert6zottséget mutattak, ami ravilagit a novékert6zési kockazatra. Az ivarok
kozo6tt nem talaltunk jeleés kilonbséget a féizési aranyokban. A kutatasunk a deds
intenzitasanak és sulyossaganak eltéréseit is &itawd Gemencen bellli egyes vadaszteriletek
kozott. Az eredményeink ravilagitanak az integiliéit-egészsegugyi protokollok fontossagara
Gemencen, beleértve a nagy amerikai mgjmétely ieti@zott antiparazita kezeléseket (pl.
triklabendazol, albendazol) és asbhaly folyamatos monitoringjat a parazita életcikdnak

megszakitasa erdekében.
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1. Introduction

Fascioloides magna, commonly known as the giant liver fluke, posesoasiderable risk to
cervid populations worldwide. In Gemenc, a promtrretural reserve and part of the Danube-
Drava National Park in Hungary, the presence deffuin deer has been a matter of concern
among conservationists and wildlife researchers. lifa cycle ofF. magna includes complex
relationships between definitive hosts, such as sigecies, and intermediate hosts, including
freshwater snails. To effectively control the effeof the parasitosis on deer populations,
management plans must take these dynamics intaaicco

Gemenc's unique ecological characteristics, inolyids diverse habitats and rich biodiversity,
create an ideal environment for the giant livekéuand recent observations indicate a trend of
increasing fluke infections among deer, promptimgrecessity for wide-ranging research and
intervention strategies. Additionally, the foresti8ue as a recreational area and its impact on
biodiversity conservation highlight the need forgwehensive research on the health of its
wildlife population.

This thesis aims to give a comprehensive examinatiothe prevalence, distribution, and
impact ofFascioloides infection in deer within the Gemenc forest ecasiystincluding spatial
distribution patterns and potential factors infloieig transmission dynamics. Additionally, we
aim to inform evidence-based management decisindscanservation strategies to preserve
the health and sustainability of the habitat. Bglgsing data, based on a combination of field
surveys, laboratory, and pathological analysesiegaest to clarify the factors contributing to

the rise in fluke infections and identify potentiatiervention points to alleviate their spread.



2. Literature review

2.1. Taxonomy and morphology of the Large American LiverFluke

The Fascioloides magna finds its taxonomic belonging within the flatworpn®atyhelminths,

in the class of the Trematoda, the so-called flJke®]. The parasite measures 70-100 mm
length and 30-40 mm width and is therefore the ésggepresentative of the liver flukes and
thus the term large American liver fluke is comnyomsed [3] Eigure 1).

Morphologically all flatworms are dorsoventrallyafiened and not segmented, showing a
bilaterally symmetry, without a body cavity, a reafory or a circulatory system [1, 4]. A
unique connective tissue forms its parenchymadimteds the intestinal canal, which emerges
from branched caeca, which are attached to thesacMer through the pharynik. magna is
hermaphrodite, the parasite possesses fully desdlgenitalia of the male and the female
gender [5]. The male reproductive system consistsmtestes leading to the vas deferens and
finally in the cirrus (penis), enclosed in a sabeTemale genitals own a single ovary with
oviduct and a uterus, containing many eggs, fillipgthe majority of the body cavity within
the convoluted uterus. Testes and uterus find teiling together in the genital opening.
Despite the oral sucker, the worms have anothercuas sucker, located ventrally, both
suckers are used for attachment. Metabolic prosem®edone by the tegument which builds

up the leaf-like body surface [1, 4].

Figure 1. Adult stage offFascioloides magna [2]




2.2.The life cycle
The life cycle of the familyrasciolidae is indirect, needs an intermediate host, and stssf
five larval stages: the miracidium, the sporoctfs, redia, the cercaria stage and the infective

metacercaria stage [1, Gigure 2).

Figure 2. The life cycle and developmental stage$ Bascioloides magna [7]
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Sexually active flukes living in the biliary ductd their hosts, which pass the worm eggs
through their faeces to the environment. THascioloides egg measures 110 to 160 um,
containing the zygote, are yellowish in colour drave an operculum. In a proper external
environment with temperatures ranging from 15°C a888C, adequate oxygen, and aquatic
environment, the eggs develop into ciliated larthe, so-called miracidia [3]. After four to
seven weeks the miracidium actively swims for thiermediate hosts, aquatic snails. Due to
an eye spot which is phototactic and their attogcto chemicals produced by the lymnaeid
snails, they can easily detect and infect themidénghe intermediate host the asexual
multiplication takes place and sporocysts devetaihié snail’s pulmonary sac. The replication
is asexual (parthenogenesis) in case of sporoeysigediae stages, the sporocysts produce

rediae which produce daughter rediae within thewese[1, 3]. The daughter stages develop
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into cercariae which emerge from the snail hostthed encyst in the environment becoming
the infective metacercariae [2]. This last larvalge remains viable for a prolonged time in
suitable conditions and the transmission to a firadt happens during two major periods: in
spring and late summer [6]. During this time, tlev@lopment inside the intermediate hosts
lasts for six to nine weeks and depends on envieoriah factors as temperature as well. The
ungulates, the final hosts, get infected while grgby the metacercaria or accidentally by an
infected intermediate host. The intestinal walthad final host gets penetrated by the juvenile
fluke which migrates to the liver, after four tovea weeks the parasite enters the bile ducts
where it becomes mature. In the liver parenchyreanthture can be found in pseudofibrosis

cysts where the parasite feeds on blood of its &redtshed its eggs [1].

2.3. Spectrum of Definitive hosts

2.3.1. The primary definitive hosts
Final or definitive hosts are those in which Faesciol oides magna successfully matures in the
liver, their eggs are passed to the gastrointdstiaet via the biliary ducts and patent infections
are recognised. Therefore, in enzootic environmeortyy definitive hosts offer favourable
conditions for supporting a fluke population [6h& natural host spectrum Bf magna is the
white-tailed deer@docoileus virginianus) [2]. However, the range is much broader including
domestic and free-living ruminants [6]. In North Anta, the definitive host group includes
white-tailed deer@. virginianus), wapiti (Cervus canadensis), caribou Rangifer tarandus),
and black-tailed deelQ( hemionus hemionus), whereas in Europe, it includes red de@r (
elaphus) and fallow deer@ama dama) and roe deerJapreolus capreolus), all are tolerant to
infection and where the endogenous phase of thelalawent cycle runs through a typical
course [2, 8]. Besides there were also mentionetesxperimental infections in other species,

like sheep, goats, llama, rabbits, and guinealfiigs

2.3.2. Aberrant hosts
It was proven that although many species are stibtefo infection, in North America as well
as in Europe, only the minority has a significanpact to sustain the population of the fluke,
because in so-called aberrant hosts the parasiteotauccessfully complete their migration
and therefore no encapsulation in the liver pargmehtakes place. In addition, immature flukes
can enter numerous abdominal and pleural organgsingp haemorrhagic cavitation,

interlobular edema, or fibrotic septae. The acistue damage caused by migrating immature



flukes often has fatal consequences for aberrasishpredominately ovine species, such as
domestic sheep and goat, mouflon, or roe deer. k&gly adult flukes as well as the eggs can
be found [2, 6].

2.3.3. Dead-end hosts
When immature stages successfully enter the hiostisand encapsulate inside the hepatic
parenchyma, but seldom mature and only a few egg$oat, these hosts are referred to be
dead-end hosts, such as sika deer, cattle, bisaigroestic pigs [6]. The immune system of
dead-end hosts likewise produces a pseudocyst imgbatic parenchyma, but these concentrate

immature eggs because they lack an exit into thge@ment [2].

2.3.4. Intermediate hosts
Intermediate hosts df. magna are as essential for the parasite as the degnhinst. Any
interruption in the transmission chain to these hest types will invariably prohibit the fluke
from finishing its life cycle. The giant liver flédkhas now been discovered in both North
America and Europe. Aquatic snails from the gengmhaea (subfamilfymnaeinae; family
Lymnaeidae) have been recognized as appropriate intermeb@dts forF. magna in North
America [2].
In Europe, the genu&alba (syn. Lymnaea) belongs to the same fanhjynnaeidae and
subfamily Lymnaeinae. Individuals measuring 5-11 mrheight including the shell and 3-7
mm in width and are hermaphrodites [2, 3]. Theyf@rstanding waters, and the highest
densities were found during the winter months, #uey are capable for overwintering, which
plays a key role in the life cycle of the large Aman liver fluke [2]. For example,
overwintered fluke eggs inside the intermediate deselop much slower but they are alive if
the temperature range is not below the freezingtpdiemperature, seasonal conditions, and
moisture are crucial factors for the survival af #imails [6]. According to different geographical
locations and the according temperature snails staoi@d susceptibility to miracidia infection.
The larval stage of the fluke can penetrate thd smare easily in warm than in cold, deep
waters, moreover North American individuals of Lyaeidae are more resistant to liver fluke

infections [2] Figure 3).



Figure 3. Annotated type catalogue of lymnaeid snki (Mollusca, Gastropoda) [9

Type specimens of Lymnaeidae (ZMB). 1 — LimnaeeedlfSuter, 1890, a paralectotype. 2 — Limnaeasovat.
amnicola Westerlund, 1890, a syntype. 3, 4 — Limeamnmygdalum Troschel, 1837, two syntypes. 5 — bigan
javanica var. angustior von Martens, 1881, a systgp- Limnaea brevispira von Martens, 1897, tHethpe. 7
— Limnaea stagnalis var. baltica Lindstrém, 1868ymtype. 8 — Limnaeus cerasum Troschel, 1837ngy/sg. 9

— Limnaea columella var. championi von Martens,2.&9syntype. Scale bars: 1 mm (1), 2 mm (2—6,,%-8)m

@).

2.3.5. Occurrence of intermediate hosts
Five snail species are naturally infected by tingdaAmerican liver fluke in North America, its
native country. These includgmnaea modicella, L. caperata, L. bulimoides, L. parva, and L.
palustris nuttalliana. All of them are distributed all over the countyp Panama. The
intermediate host has a larger spectrum here be¢hadluke is native to the country and has
therefore had time to adapt [2].
In Europe, as an enzootic country, only two infdcsmails’ species have been established,
Galba truncatula and Radix peregra. There are thege locations foF. magna in Europe: in



Italy, the natural park La Mandira, in southern aedtral Bohemia, and in the region of the

Danube floodplain forest [2].

2.4.Clinical signs and pathology
Primary lesions in Fascioloidiasis show up as esgiaped flukes in the liver of deer and cattle
and are less pathogenic. Affected livers are conyremarged with rounded margins and with
a fibrinous serosa. As the flukes containing an porphyrin pigment, due to blood feeding,
some black staining might be visible [6]. The la&\@nstantly migrate in the tissues causing
traumatic hepatitis which may lead to death dugascular lesions such as thrombosis and
endophlebitis in sheep and goat. Within six morthscted sheep die. Clinical signs such as
lethargy, depression, anorexia, and weight lossroocaberrant hosts, shortly before they die
[6]. Because to the limited migration of juvenilakes, infection may still be in a subclinical
stage in the final hosts; but, with severe infawtioethal infections may occur. However, it
might cause mortality in dead-end hosts [2]. Thepptent period is minimum six to twelve

weeks [1].

2.5. Diagnosis
The final diagnosis of the parasitosis in final tsos usually made postmortem. In alive
individuals the detection of fluke eggs in faecesvidence for an infection. Using Sheather’s
sugar solution for a flotation test let the flulgge float due to their high specific gravity.
In dead-end and aberrant hosts only, necropsy givediable diagnosis for aR. magna
infection, which is based on the severe tissue danta the migrating larvae and larvae
themselves [6]. Adult flukes and their eggs arelyafound in dead-end and aberrant hosts [2].
In the intermediate snail hosts the diagnosis s$ethan the detection of cercariae from captive
or crushed snails. Recently it is not possible tffentiate Fasciola hepatica from

Fascioloides magna using reverse transcriptase-polymerase chainiosd@].

2.6. Geographical prevalence
2.6.1. Native country
Fascioloides magna is native to North America and may be found actbedJnited States and
southern sections of Canada, however it is mostapeat in the north-eastern United States
and areas bordering the Great Lakes 2lmagna has been found in five enzootic regions in
the United States and southern Canada to datenaitteern Pacific coast (NPC); the Rocky
Mountain trench (RMT); the Great Lakes region (GLfrthern Quebec and Labrador (NQL);
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and the Gulf coast, lower Mississippi, and south&tantic seaboard. In Canadian provinces
and the US states natural infections of free-livamgl domestic ruminants were confirmed [6,
10] (Figure 4).

Figure 4. US states and Canadian provinces with cirmed natural infections of F. magna

in free-living and domestic ruminants[10]
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Natural migration and human-directed cervid tracalimns have altered the distributionFof
magna throughout North America. Definitive hosts, such white-tailed deer, wapiti, and
caribou, have had a significant role in the peesist of fascioloidiasisn the natural
environment and its dissemination into currentlentified enzootic zones [6, 10]. The
population of white-tailed deer dropped signifidamturing the 18 and 26' centuries, moving
from the east to the west of North America, resglin the extinction of the gigantic liver fluke
over most of its previous habitat. Nonetheleskdlpopulations may have maintained in three
important refuge locations, namely in the RMT regwaith persisting wapiti populations, the

SAS region with ongoing prevalence of white-taitkzbr, and the NQL region [10].



2.6.2. Enzootic regions
Fascioloides magna was established into Europe with its imported dwests in the nineteenth
century for a variety of purposes, including hugtiaesthetics, and an attempt to improve the
heads of native red deer [11]. Three permanentaldici established: La Mandria Regional
Park in the northern Italy (IT); Czech Republic aadithwestern Poland (CZ-PL), and Danube
floodplain forests (DFF) [10]Higure 5).

Figure 5. Schematic of European natural foci of Fmagna [10]
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The first reports oF. magna in Europe came from lItaly, 1865 originally discose by Bassi,
(1875), in the fenced-in "La Mandria” park [10].teathe fluke was found in former Germany,
Lower Silesia, and former Czechoslovakia. In ItaBd deer, wapiti, fallow deer, and other
exotic and domestic ungulates were therefore expts¢he fluke, as were wild red deer in
Germany [11].

Within Europe the Italian regional park represeirst stable and isolated natural focus of
Fascioloidiasis with infections primarily in redetebut also a broad range of dead-end hosts,
mainly cattle, horse and wild boars, as aberrastdqdike sheep and goat are determined [10].
For the first time in former Czechoslovakia, adalldeer was found in a Moravian game
preserve. White-tailed deer and wapiti, on the wothend, have been brought into and

translocated between Moravia and Bohemia [11]. Gigincthis the second European focus of
9



Fascioloidiasis was determined in 19EOmagna was discovered in definitive hosts such as
red deer, fallow deer, or white-tailed deer, ad aelsika deer and cattle (dead hosts), and roe
deer (aberrant host) [10].

Later, the fluke was described in several addili@haopean nations where red deer, fallow
deer, and introduced white-tailed deer are thendfé hostsF. magna reports from Spain and
the Polish-German border were scattered [8].

The third European focus is Danube floodplain ftsegncompassing Austria, Slovakia,
Hungary, and Croatia where the first findingFofmagna was documented in fallow deer in
Lower Austria in 1982 [10, 11]. As no permanentu®cestablished this infection can be
considered as a sporadic finding [10]. The reabmaak of Fascioloidiasis in the Danube region
was documented in 1988 in a red deer in south-wessovakia [10, 11]. Shortly after
infections were found across the Slovak-Hungariandér, in the north-western part of
Hungary known as Szigetkdz [11]. The parasite weseored especially in Austria and Croatia
and additionally in other territories along the Dba River, like eastern Croatia and Serbia
[10]. The origin ofF. magna in the Czech Republic and the Danube region isttain, as there

is no indication of game import from North Amermaenzootic places in Europe [8].magna

has been found in the Danube floodplain woodlanda cegular and recurring basis since its
discovery in the various nations and represenhieged deer as the most frequent and dominant
definitive host. Furthermore, Fascioloidiasis wasrsin fallow and roe deer. Thus far, the
Danube floodplain woods are Europe's sole natuwaire with no knowr. magna infection

in domestic ruminants [10F{gure 6).
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Figure 6.Presumed spreading of. magna[12]
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Note: Black numbers and arrows show the spreadindungarian passage of Danube floodplain and iratzxo
Al, A2, A3, and A4 were the screened hunting estatehe study and the green arrows show the predum
spreading of. magna in the floodplain of River Drava. The black dobsals are deer enclosure whéramagna

has appeared in 2015.

2.7. Treatment and prevention

For therapeutical treatment triclabendazole, albeak®, clorsulon and closantel are used in
cattle and sheep at 20 mg/kg orally, for deeragbiehdazole 2 x 10 mg/kg on two consecutive
days is used. Drug combinations are proven to lmegeer efficacy [1]. Besides treatment
prevention plays a significant role, therefore sapan of livestock and cervids, elimination of
cervid definitive hosts, or fencing of cattle awfaym natural wetlands in enzootic areas were
all priorities. Furthermore, a variety of physi¢aé., drainage) or chemical (copper sulphate)
wetlands treatments were promoted in attempt toimme or destroy snail populations.
Unfortunately, most of the wetland treatments hagenificant environmental impact [6].
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3. Material and Methods

The aim of the study is to develop a strategy lerdontrol of red deer population against the
American large liver fluke infection in the huntiagea of Gemenc Inc. As a first step, it is to
survey the prevalence of American liver fluke infex in the two relatively well-defined
hunting areas, Gemenc and Karapancsa, by doingaktig examination of the livers from
shot red deer both during and out of the huntiragse. In Gemenc, the estimated red deer
population for the 2022/2023 hunting season wa$ 13@ividuals, with a planned hunting of
345 individuals during the hunting season. In Karagsa, the estimated red deer population
was 305 individuals, with a planned hunting of 8@ividuals.

To estimate the extent of American liver fluke ttfen within the red deer population and
determine the initial stages of the parasites,rihatic examination of every suspicious-looking
liver from the individuals shot during the huntisgason is required. The condition is that at
least 40 livers infected with these flukes, whielvéanot been frozen, are needed annually from
Gemenc, and at least 10 from Karapancsa. Addifiprfal estimating an infection within the
population, random diagnostic examinations of segiyi infection-free livers are also
required. The determination of the number of treesaminations is entrusted to the hunters of
Gemenc Inc., but we consider a maximum of 40 lienr Gemenc and 10 from Karapancsa,
appearing healthy, to be adequate and will be pagd annually as part of this research.
Furthermore, to examine the viability of Americarel fluke eggs, diagnostic examination of
every suspicious, unhealthy liver is necessarafgr red deer shot outside the hunting season
for any reason. Based on the diagnostic examiratéthe livers, we will estimate the extent
of infection, which will serve as a positive confiar assessing the effectiveness of antiparasitic
treatments. Subsequently, based on the resultagriakstic examinations, the proposed defence
strategy will be developed and, if necessary, niedlidnd refined, taking the regional infection
data into account. The diagnostic examinationshendeer livers and fluke eggs are done by
the University of Veterinary Medicine in Budapest.

During the examination process a related new melloggt was developed to characterize the
progression of. magna infection and describe the functional stages\@rlifluke infection.
According to this, the infection stages characeatiby distinguishable pathological changes
are as follows: acute infection, subacute infegti@md chronic infection. Although
characteristic pathological changes may be presetd in the livers of individual hosts, from

a practical standpoint, individuals are alwayssiféed into categories considering the potential

egg shedding.
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"Acute infection" refers to the stage of migratithgkes following a new infection and liver
damage, during which developing flukes and thusatdd hosts don’t shed infective eggs into
the environment (so-called prepatent period). Unfaately, some flukes may already shed
eggs before completing migration, so this stagaase significant in terms of monitoring the
dynamics of infection, while it is worth considegisubacute stage regarding egg shedding.
The characteristics of "subacute infection" incluggical encapsulated fluke cysts, mature
flukes, and active shedding of infective eggs @becalled patent period). In the "chronic
infection” stage, the flukes have died and beewrdlesl, but some of the eggs in contracted
cysts may still be infective, although they canydoé released into the environment after the
death of the animal, with the intestines. The idieation and quantification of these
pathological or fluke developmental stages are ssarg for estimating the current and

expected dynamics of the infection.
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4. Results

In the first year (01.09.2022-31.08.2023) of theesech, instead of the planned 100 samples,
125 liver samples were received for detailed parkgjical and post-mortem examination. The
origin, infection status, as well as the distribatby age and sex of the liver samples deviated

to some extent from the planned structure in thal sampleTable 1).

Table 1. Characteristics of processed liver sampldsetween 01.09.2022-31.08.2023
Livers showing clinical signs Apparently infectionfree livers
Hunting area stag doe calf stag doe calf
plan fact plan fact plan fact plan fact plan fact plan fact
Bataszek 1 1 2 2 1 1 1 1 1 1 1 1

Szekszard 8 9 8 1 4 1 8 13 8 10 4 33
Hajos 3 3 3 3 2 0 3 3 3 2 1 1
Pandur 4 6 3 8 2 4 2 3 2 2 6
Karapancsa 4 4 4 3 2 0 4 1 4 1 2 4

Total 20 23 20 17 11 4 20 20 19 16 10 45

Note: the design numbers with a green backgroumd haen fulfilled.

In the second year (01.09.2023-31.08.2024), instédatie planned 100 samples, 109 liver

samples arrived for detailed parasitological artthgagical examinationTable 2).

Table 2. Characteristics of processed liver sampldsetween 01.09.2023-31.08.2024
Liver showing clinical signs Apparently infection-fee livers

Hunting area stag doe calf stag doe calf
plan fact plan fact plan fact plan fact plan fact plan fact

Bataszek 1 1 2 7 1 1 1 2 1 7 1 5
Szekszard 8 8 8 0 4 0 8 1 8 2 4 33
Hajos 3 1 3 3 2 2 3 1 3 3 1 3
Pandur 4 7 3 10 2 0 4 4 3 3 2 13
Karapancsa 4 2 4 3 2 0 4 1 4 2 2 2
All together 20 19 20 23 11 3 20 9 19 17 10 38

Note: the design numbers with a green backgroumd haen fulfilled.
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According to field evaluations, 81 livers were slified as healthy and 44 as infected. However,
after pathological and parasitological examinatjdinsse classifications were revised to 63 true
negatives and 62 true positives fégiscioloides magna infection. These results suggest that
field assessments of liver condition may signifibaminderestimate the actual prevalence of
liver fluke infections.

In the second year 64 healthy and 45 infected Is@mmples were examined. Based on
pathological and parasitological examination, thedaes changed to 65 true negatives and 44
true positives, indicatingascioloides magna-infected liver samples. This result is very good
compared to the first year's underestimated irdeatate Table 3).

Table 3. Classification of liver samples submittednd processed

Submit rating pcs Test qualification pcs %
2022/2023 Apparently “infected” 44 true positive 62 49.6%
(n=125) Apparently “healthy” 81 true negative 63 50.4%
2023/2024 Apparently “infected” 45 true positive 44  40.4%
(n=109) Apparently “healthy” 64 true negative 65 59.6%

As partially expected, the proportion of adult réeler is significantly higher in showing
infection as calves up to one year of age. There masignificant difference between the
degrees of infection between the sexes in bothsyafahe study. Overall, both does and stags
were equally infection-free, with slightly less th25% being free of infection, which is a better
ratio than the previous year's vallégure 7).
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Figure 7. F. magna infection according to age and sex
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Only around a quarter of the does and stags wenpletely free of infection, with the majority
of animals having a degree of fluvial illness diaged. In both examination periods there was
no apparent correlation between the specific agkeéxamined adult individuals and the rate

of infection Figure 8-9).

Figure 8. F. magna infection by age in 2022/2023 (n=125)
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Figure 9. F. magna infection by age in 2023/2024 (n=109)
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In 2023/2024 the overall prevalence of infectiontfee entire red deer population broken down
by forest areas examined by Gemenc Forestry Compaiy4% (compared to 50% during the
2022/23 period)Kigure 10).

Figure 10. Change in the prevalence of infection ithe different hunting seasons by areas
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The prevalence rates calculated only for adultviddials showed significantly lower infection
rates in 2023/2024, with 60.3% for the entire exsdired deer population in Gemenc Inc.
(compared to 73.7% one year earlier). Broken dowhunting areas, the prevalence rate was
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the highest in Hajés in the first year of the stahyl lowest in Bataszék, in the second year

Hajos showed lowest and Karapancsa the highestioferates Figure 11).

Figure 11. Prevalence of infection only in adult idividuals in comparison

75,0%
Karapancsa 63.6%
0,
Szekszard 77.4%
DO
Pandur 72.2%
0,
Hajés 81,8%
0,
Bataszék 60,0%

W 2023/2024 m2022/2023

Among the general epidemiological indicators, titensity of the fluke infestation (hnumber of
flukes in infected individuals) varied between 4Rzekszard) and 14 (Karapancsa) in
2022/2023. In the 2023/2024 the intensity rangethfd.8 (Bataszék) to 9.7 (Pand(f)gure
12).

Figure 12. Change in intensity of liver fluke infetions
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To characterise the severity of infection, we usedhumber of lesions found in infected livers
(foci). The severity of liver fluke infection randefrom 4 (Béataszék) to 6.3 (Panddr) in
2022/2023 and from 4.5 (Karapancsa) to 8.1 (Pand(@pP23/2024. Overall, the severity of
infection did not change, but from the data, it barseen that only the Karapancsa area saw an
increase in the proportion of infected samples,lavim the other hunting areas, it decreased
(Figure 13).

Figure 13. Change in severity of liver fluke infedbns
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In the stage of acute infection, the fewest indmaild were found in both hunting years of the
study, and there were areas (Bataszék, Hajos, Kacap) where it did not occur at all in the
first hunting year. This may indicate the absernfceewv infections, i.e. a temporary or partial
break in the chain of infection, but as the lergftthis stage is short, the probability of deteatio

may also be lowefFigures 14-15.
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Figure 14. Rates of. magna infection stages in liver samples by hunting areen 2022/23
(n=125)
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Figure 15. Overall rates ofF. magna infection stages in 2022/23 (n=125)

m healthy = acute (prepatent) = sub-acute (patent) chronic

In the second hunting year acute infections weuadoin all areas, indicating the occurrence
of fresh infections and the proportion of sub-adafections, indicating the current egg burden
in the area and the expected intensity of re-iatest, was highest in Karapancsa, followed by
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the Pandudr hunting area. Due to the relatively ksahple sizes, these proportion estimates
should be treated cautiously in both study per{gaigures 16-17).

Figure 16. Rates of. magna infection stages in liver samples by hunting areen 2023/24
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Figure 17. Overall rates ofF. magna infection stages in 2023/24 (n=109)

m healthy = acute (prepatent) = sub-acute (patent) chronic

21



4.1. Parasitology examination of liver samples containig flukes

Starting from early September 2022, flukes idesdifduring the dissection of liver samples
from red deer shot during that period, were subpbdb further examination. Additionally,
cavern-like structures or inclusions indicating fresence of fluke eggs. It was revealed
through individual sample examinations that botlkdls themselves and the brown cavern
content consistently contained varying amountSastioloides eggs. This clearly reveals that
deer excrete eggs with their faces, indicatingrarl fluke infection, characterized by visible
abnormalities in the liver that can be seen withrieked eye, whether alive flukes are present.
The material surrounding the flukes or remainintgratheir death primarily consisted of
amorphous material of the worms, i.e., digesteddhlin which the eggs were suspended.

The flukes were separated and preserved from theplea, and the intact, undamaged
specimens i.e., those that were not damaged dexingction, were prepared between two glass
slides. The flukes obtained from different animgii®wed highly heterogeneous preservation,
including completely intact specimens and liquif@tkes, even within the same sample. Since
the samples could not be preserved before the esdiom to ensure the hatching ability of the
eggs, it was impossible to accurately assess tditaan of the worms at the time the deer were
shot. Therefore, the examined flukes were categdriato only two groups: those obtained
from deer shot during September-October and thbosaireed during November-December.
More samples arrived for examination from the beijig of the study period than during the
second half, resulting in fewer flukes in the latgroup. Nevertheless, it was clearly
demonstrated that the flukes in deer shot durirge®eber-October were smaller than those in

deer shot during November-December, as illustrbyetthe prepared specimerisqure 18).
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Figure 18. Flukes found in early and late autumn

Note: The shape and colour of individual specimai®arily depend on the time elapsed between tlog¢ aid

processing. On the left, flukes found in early auty on the right, flukes found in late autumn.

On the larger glass slide on the left sidd-mfure 18, you can see the flukes from deer shot
during September-October, while on the smallerggttide on the right side, you see those from
deer shot during November-December. All the lattey egg-producing, fully mature fluke
specimens, whereas among the former, the preséegg®could be detected in about a quarter
of the specimens through microscopic examinatiomceSthere were no smaller specimens in
the group consisting of larger flukes, and no nigtédrger specimens in the group consisting
of smaller flukes, it can be inferred that the @aluniformly grew over the months. This means
that the infection occurred in the deer populatimore or less simultaneously, at least during
the year 2022, within a relatively defined perisdggesting that the flukes entered the hosts'
bodies within a confined timeframe. Considering the developmental time féiasciol oides

magna to become egg-producing specimens is roughly tvabaahnalf months, the infection of
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the examined deer can be estimated to have occaroethd the latter half of July or the first
half of August.

If this estimate is accurate, further conclusioas be drawn by considering the local weather
conditions at that time and comparing it with wiiea forest management discontinued summer
anthelmintic feeding. Since the year 2022 wasikedbt dry nationwide, it would be interesting
to investigate how and where the deer could hagerhe infected with this water-dependent
parasite in the second half of the summer. If tivations of deer carcasses that perished in the
winter of 2021 were recorded, the distribution lo¢ tcarcass locations could provide some
information about the areas where deer are moslylito get infected. These forest sections
should be examined for snail habitats that diddrgtout completely by the end of the last
summer and the places where deer stayed afteetieagollowing anthelmintic feeding before
the rutting season. Although larvae released froails (metacercariae, and presumably eggs
as well) can survive in the environment for a ldinge, the distribution of the flukes indicates
that the occurrence of deer infection culminatetthivia specific period. If this is the case, it is
not unreasonable to suggest that during that pegitichals should receive an anthelmintic that
is quickly eliminated from the body, primarily cdya of destroying young flukes. In theory,
this could prevent the flukes from producing egggatment applied in the spring or even at
the end of winter can indeed eliminate the parasiiemselves, but it cannot kill mature eggs
accumulated in the liver. Therefore, the uniformedepment ofFascioloides flukes suggests
that during further investigations, it would be wuovhile to determine the relatively defined
and reasonably accurate period when young flukeslde in deer, for which shooting outside

the hunting season would be suitable.

4.2. Parasitology examination of liver samples containig eggs

The other part of the study focused on assessiagvitibility of the eggs. The eggs were
obtained from the amorphous decay products throeghated wet decantation, and in each
sample, intact eggs containing viable zygotes viewead. However, each sample primarily
contained the mass of defective, dead eggs, wtadhalready left the bodies of the flukes in
distorted forms and had died in the caverns duadolack of blood circulation, with only
degenerated material present. Nevertheless, dhe tast quantity of eggs, there were always
enough intact eggs in the material of the caveand,these seemed capable of hatching.
Hatching began with the eggs extracted from thepgesireceived in September, and a pool

was formed for each month's samples. Hatching wasistently performed at a constant room
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temperature of 19°C, as even in a Hungarian fawatnp, ground temperatures do not exceed
this level even in summer. At this temperature, fire¢ miracidia appeared on the 28th day
from the start of hatching, and fluke larvae comdid to hatch evenly until the 35th-37th day.
Each monthly sample required 28—-30 days for theeagmce of the first miracidia, but an
unexpected development was that unhatched miracédmgined in the egg cases even 2-3
months after the onset of hatchiggure 19). Although these miracidia appeared motionless
at the beginning of microscopic examination, wheposed to the microscope lamp's radiation
for several minutes, they started moving withine¢lyg cases.

From October 2022, the eggs were obtained from ksmmpnderwater continuously.
Occasionally examining these eggs, we still fougdsecontaining miracidia, although the
majority of intact eggs only had their shells remirag. (Miracidia that hatch die within a day if
they cannot reach a snail.) All this suggestséeliah eggs kept in a consistent microclimate do
not hatch simultaneously, and the hatching procasde very prolonged.

To determine whether the eggs survive the wintea inable state, approximately 2 million
eggs were placed in 200 millilitres of water outdoim early November. The eggs, mixed with
tap water containing 1% glycerine, were buriedaih i® a covered plastic container about 15-
20 cm deep from the surface. This situation rouggulates the condition in which eggs
placed in decaying plant matter-containing mud m@exposed during the winter. Glycerine
is intended to replace the cryopreservative etbéstapropel, and perforated top of the plastic
container ensures semi-anaerobic conditions. Wetplaxamine the viability of the egg mass
stored in this way in May, that is when we staimipting to hatch the eggs, as the approximate
10°C soil temperature is required for the actiwfythe intermediate host snails, and under
natural conditions, encounters between snails amacidia can be expected from this time

onward.
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Figure 19. Miracidium larvae

Note: In the centre-left of the image is a miragidilarva containing one or two pigment cells, amdd right is
an empty egg capsule. At the top of the capsuleyad hole indicates where the miracidium hatcfiéa other
eggs contain dead zygotes, degenerated cellulagrimatand the darkened shell of these eggs inelictte

beginning of their decomposition.

Results from various international studies indicdtat the common liver flukeF@asciola
hepatica) eggs remain viable outdoors during winter in does with a temperate climate.
Therefore, theoretically, it can be expected Hastioloides eggs are similarly resistant. If it is
confirmed thatF. magna eggs can hatch even when overwintering outdoora #ygote-
containing state, then deer could still get infdatethe summer even if they do not shed eggs
after spring deworming. Therefore, a long-term exantion of the viability of the eggs is

necessary for shaping the strategy of treatmeiht nvédication.
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Figure 20. The cross-section of a walnut-sized cavity shows lgrnthe eggs produced by

them and the debris of the worms (no longer containg live flukes)

LA
.J"l‘s? k. ‘

Note: The yellow-brown material in the centre of ttavity is dry, dense, and almost exclusively cosed of
fluke eggs. The hardened mass is isolated frontivtbetissue by a layer of connective tissue, agjpnately half

a centimetre thick.

A deer liver containing flukes was examined in atestwhere even the cavities in the
parenchyma were not exposed. One of the densekegacavities was cut in a way that
preserved its internal structure, as the dead $lukeations were already filled with condensed
tissue debris. The centre of the cross-sectiohetavity shown idrigure 20is filled with a
mass of yellow-brown fluke eggs, framed by blaclagwidated deposits precipitated from
digested blood. The cavity wall consists of a ammus layer of connective tissue that is so
rigid that it retains the original shape of theitaeven when scraping out its conterfigglre
21). Cavities of this type are always present in cediering from chronic fluke disease, and
their significance lies in preserving the eggs witthem even after the death of the flukes

throughout the host animal's life.
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Note: The scraped contents of the cavity in the theer demonstrate that the cavity's content sitpmdheres to
the connective tissue wall. The wall is composeduath dense connective tissue that it retains to&yging

shape on the liver's surface even after the renufthle internal contents.

To demonstrate the viability of eggs in these tasjtscrapings were taken from the centre of
the cavity, and the eggs obtained were subjectéatiching procedures. It was observed that
even though in relatively small numbers, miractibéched from the eggs collected here. Since
there are millions of eggs in a single cavity,ekperienced hatching rate of 1-2% still indicates
that a considerable number of fluke larvae canimaig from a single cavity. The interior of
these cavities was not reached by the effects wjsjrthus, the organs of animals suffering
from chronic infection can remain infectious evethe drug eliminates all live flukes in them.
Therefore, it should be prevented that eggs frookeflinfected deer livers enter the
environment, whether treatment occurs or not.

Eggs containing fluke larvae exit the deer throtigh faeces into the external environment.
However, eggs enclosed in the centres of the eavian only be released from there if the liver
is consumed raw by some animal or if the liver adegoses on the ground or possibly in the
water. This can theoretically be prevented by dspp of the removed liver (and intestinal
tract) during evisceration. Nevertheless, eggsrentdhe digestive tract and excreted with

waste occur in infected deer throughout the ydainel flukes die, egg excretion can persist for
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at least several weeks. It is hoped that aftecg¥fe treatment, the excretion of viable eggs will
cease even if the eggs enclosed in the liver eaviemain alive. The investigation of this can
theoretically be done in two ways. In one caseyiability of eggs can be examined in samples
taken from the bile ducts of deer shot after treatinand in the other case, the faces should be
examined for the presence of eggs.

Despite the difficulty of collecting waste in a n&dl habitat, our suggestion is to collect waste
samples on those feeding sites where drugs aredlac feeding to examine them for the
presence of eggs at the beginning of treatmentvagidafter the treatments to monitor the
effects of the drugs. Since this would be too labotensive across the entire hunting area, we
believed that as a first step in 2023, we had lecioat least 50, but possibly 100 waste samples
from those feeding sites where the drug is deployed

Starting from the beginning of September 2023,dtretent of cavities caused by flukes was
further processed from the livers of deer shot miurine hunting season. These cavities
contained eggs and, in most cases, the flukes #leess During the autopsy of the livers, 28
animals were found with such abnormalities, fromaktbrown material could be collected
from the caverna formed during chronic infectiom.alddition to these, there were cases of
infections where only acute lesions without egggonversely, chronic, old lesions from which
eggs could no longer be extracted were found. Agthie animals showing the latter types of
lesions cannot be considered as spreaders fromidengiological point of view, their livers
without cavities were not subjected to parasitalagexamination.

Among the cavity contents examined, recognizahlke® or fragments of the parasite were
found in only 15 cases. However, since all of thes@ained numerousascioloides eggs, it
can be stated that all cavities were formed asualtref the action of these flukes. In total, 34
flukes were found in the samples, usually in thenfef severed or decomposed specimens.
Based on the fragments or whole flukes extractechuld be determined that none of them
were smaller than 4 centimeters, indicating thktvate considered fully mature flukes. This
means that most of them were already egg-produitikgs within the deer's liver at the
beginning of the hunting season. No juvenile flukese found, but if they were present in the
dissected livers, they would not have been fourttiéncavities but rather in the damaged liver
tissue.

The expected quantity of eggs, ranging in the heaslof thousands, was found in each cavity.
The livers and cavity samples were stored in refagprs or deep freezers under anaerobic
conditions, so larvae could no longer be cultuneanfthe eggs. Nevertheless, microscopic

examination of the eggs revealed which ones coadidimact zygotes and which ones contained
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disintegrated content, indicating their non-viapiliFurthermore, based on the colour of the
eggshells, it could be determined whether thereewemature eggs at the time of shooting,
which originated from the disintegrated bodieshs flukes. These immature eggs suggested
that the flukes were still alive and producing eggshe time of shooting, as the mature eggs
remain in the cavity content for a long time evéerahe death of the fluke, for example, due
to the effect of a drug.

According to the examination of the eggs, all 28ityacontents contained mature, intact eggs.
Based on the examination of 100—100 eggs per saimpias found that the proportion of intact
eggs ranged from 55% to 85% compared to non-viedis, always exceeding 50%. Therefore,
even with cautious estimation, intact eggs areqmes) the cavities in at least the tens of
thousands, despite drug treatments.

The yellow colour of the eggshells develops in toaly of the fluke over a period of
approximately one to two weeks, so colourlesscingggs can only be found in the flukes'
bodies during the deer's life. The colourless égged during our examination were extracted
from the fragmented or dissected bodies of thesfudkuring the autopsy. Such colourless eggs
were found in 25 out of the 28 samples, indicatirggpresence of mostly sexually active, living
flukes in the deer carrying the liver cavities. Téwgeriences of the hunting year 2022-23
showed that older cavities generally contain mafedive, damaged eggs than intact ones,
although due to the massive quantity of eggs, dbes not significantly affect the spread of
intact eggs. The fact that there were more intggsdahan deformed, damaged eggs in the
materials examined in 2023-24 suggests that thé@ieswexamined were relatively newer
compared to those in previous years. (Cavitiesigterrs the host for years before hardening
("cheesifying") and turning into dead material.)

Since young flukes were not found in the cavity enat, it can be assumed that the mass
containing eggs was created by living, mature filseiggesting that these deer were infected
in the summer of 2023 (or the infection occurreenih even before the start of the hunting
season in September. The 28 egg-containing saregpéerined were obtained from the five
hunting districts of Gemenc Inc., indicating thesence of deer shedding infective eggs in all
of these areas (Bataszek, Hajos, Pandur, Szeksaatdarapancsa Hunting Districts).

From an epidemiological point of view, this meanattregardless of the frequency and nature
of pathological changes, the forest management laasaa population containing animals
shedding infective eggs, so the treatment musbhéarawed. The containment of the epidemic
could only be hoped for if the treated deer no &rghed viable eggs. This possibility would

only be realized and demonstrable if only dead egge found in the cavities.
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In theory, this state could be achieved by compdetgtruction of the flukes and demarcation
("closure") of the cavities. In this case, the aalimvould no longer shed eggs throughout its
life, and the scatter of eggs in the cavities cdndgrevented by destroying the infected livers.
Consistent with the results of examinations inhihating year of 2022-23, it is highly likely
that deer become infected with larvae emerging feoiails at the end of summer. Therefore,
the highest number of young flukes can be expaantéte second half of summer, followed by
the occurrence of mature flukes in the liver afiterend of the hunting season. Thus, treatment
with agents against mature flukes can begin imntelgiafter the end of the hunting season,
but preparations against young flukes should igidsdlused during the summer (ideally in the
second half).

Since there is a massive presencEastioloides eggs in the cavities, it is essential to consider
what happens to them after the animal's death.citucial to remove the livers of shot animals
from natural habitats and to destroy the liversunh way that viable eggs cannot scatter. The
assumption thdtascioloides eggs overwinter in a living state is probably trage, as the eggs
released into the environment at the beginninghef ytear failed to hatch. Therefore, deer
become infected primarily through the release ajseffom spontaneous carcasses in the
hunting area during the summer and the eggs exkcretd the waste of live animals. Snalil
infections usually occur during the summer whely th@ve and reproduce.

It is very difficult to find the snails themselves)d in the Gemenc area, only a few places are
known where snails capable of carrying fluke lanaaie definitely present. However, the
guantity of fluke eggs in the waste can be estithatell, so if we had a picture of the
distribution of infection based on faecal sampleected from the entire area, it might be
possible to delineate the areas where snails aselikely to become infected.

4.3. Treatment protocols against-asciola magna in Gemenc

Based on the prevalence data and the results phitasitological examinations the University
of Veterinary Medicine (UVMB) recommended a treattn®ased on the mechanism of
benzimidazole-action, which involves either a stgigh dose or two consecutive daily doses.
Slow-release, low-dose intake of substances idyigintraindicated due to inefficacy and the
development of resistance. The administration ofvshcting, low-dose agents is strongly
contraindicated due to ineffectiveness and the ldpweent of resistance. Therefore, the use of
a more effective but more expensive protocol @beindazole and albendazole protocol) was
proposed in Gemenc. On the basis of professiosalidsions based on the recommendations

of the treatment protocol of UVMB, Gemenc Inc. ded to procure antiparasitic products
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containing triclabendazole (Tribex 10%) and albewota (Albendanin 10%). These were
mixed into salt licks and corn meals for distriloatito deer.

For triclabendazole, Gemenc chose to mix it witbugid corn pre-mix to ensure rapid and
sufficient intake of the active ingredient. Theawstnended dosage for triclabendazole was a
single application of 50 mg/kg body weight, asswgran average feed intake of 300 grams per
animal, or 30 mg/kg body weight in two applicatignsth an interval of 2—4 days), assuming
a similar intake. To counteract the bitter tasteramlabendazole, flavouring was essential,
which included up to 5% salt and 5-8% vitamin Gsdzhon the previous positive experiences
of Gemenc Inc. After discussions, Gemenc Inc. d&tidn two applications of the active
ingredient, and the deer almost completely consurier corn-based feed containing
triclabendazole. To treat 1,000 animals with twplegations, a total of 650 kg of pre-mix was
required, consisting of 400 kg of ground corn, g0(lkres) of Tribex 10% solution, 90 kg of
silicate for stabilization, 30 kg of feed salt, aflikg of vitamin C for improved palatability.
For albendazole, Gemenc Inc. decided to mix it sédt lick powder. For 1,000 animals,
assuming an average intake of 450 g of salt lickgmémal, a total of 600 kg of salt lick mix
was prepared. The treatment required 75 kg (litedshlbendanin 10% solution, 30 kg of
vitamin C for flavouring, and 45 kg of additives texture, mixed with 450 kg of salt. The 600
kg of salt lick mix was distributed to the animalsd was consumed in a short time, rendering
the albendazole treatment successful in both teeBe and Karapancsa hunting areas.
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5. Discussion

The introduction ofF. magna was due to the translocation of bovine animatsnfiNorth
America into Europe [13] and was first describedhia 24" century. The parasite distributed
with the Danube River and until now it was desatibethe Czech Republic, Austria, Hungary,
Germany, Slovak Republic, Croatia and Serbia [B}, h the hunting area of Gemenc the
overall prevalence of infection with magna for the whole red deer population varied between
40.4% and 50.0% in the two hunting years of the\st(®022-23 and 2023-24) which can be
compared with similar Hungarian and internatioriatiges.
Another Hungarian study confirmed the existencehef Giant Liver Fluke in 2016 in the
southern Transdanubian region of Hungary and deeklstudy was done between 2018 and
2022 which revealed its presence with a prevalené8.4% in red deer [16]. In Croatia in the
region of Spéva the prevalence of positive animals tested fr@@72to 2012 was 36.4%,
including animals all ages with an 1:1 sex ratid][1IThis relates to our results as to its
geographical location near the border of Serbizoimrast to this, an Austrian study revealed
that the prevalence of the Big American Liver Flukas 0.03% in the snail hoSalba
truncatula during August 2004 and September 2005 in the Daflobdplain forests, which is
related to the geographical distributionFofmagna [15]. In The Lower Silesian Wilderness,
located in Poland and one of the biggest foresBemtral-Europe, 99 red deer were shot during
three hunting seasons. The parasitological findstgsved the prevalence of 6.7% in 2014,
26.5% in 2016 and 28.6% in 2017. Similar to oudgtin Gemenc, all infected animals except
one were adults [17]. In the Czech Republke. anagna monitoring survey was done in 2009
and 2010 together with the “Czech Inspectors ofteldrGame” (CIHG) and altogether 345
deer samples were examined and only 8.4% werem#§ir F. magna. The CIHG who took
place in the monitoring were evenly distributedhe country, but the majority of cases were
located in the south-west of the Czech Republigt ttethe German border [18].
The geographical occurrence Bf magna is highly dependent on the occurring climatic
condition. For spreading an intermediate host, lgewh snails, are necessary, and they prefer
standing waters and puddles [2, 19, 20]. The teatper plays a key role in the life cycle of
the snails: higher temperature has a beneficiacefbn development, reproduction and
infectivity rates. According to this it is importato think of the global temperature rise, as the
distribution and prevalence of fascioliasis may &féected [20]. Despite temperature,
precipitation and humidity are other crucial fastfor transmission and the severity of infection
caused by the trematode. The parasite populationerpand and proliferate, beyond their
characteristic described enzootic area, with irgirgatemperatures and precipitation [13]. In
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the floodplain forests of the Danube River in Huiygauddy puddles are formed due to the
heavy rainfalls and floodings and in these pudtiesGalba truncatula as intermediate host
for F. magna is populated densely on an annual basis. Wilshdgpanimals like red deer and
wild boars wallowing in the puddles may carry thaits further away, creating a new habitat
for the parasite [21].

Macroscopical changes in fluke infected livers froor study, starting from September 2022,
showed cavern-like structures or inclusions, prguhe presence of fluke eggs. Chronic fluke
infections are revealed by the deer shedding fedggs with their faeces and characterized by
visible, macroscopical abnormalities in the livitore flukes were obtained from deer shot
during autumn (September — November) than from déet during winter (November —
December) and the flukes harvested in the beginoiitige study period were smaller than the
flukes at the end of it. It was shown that the ésikcollected during the winter period were fully
mature and egg producing in contrast to the otheng only in about a quarter of the fluke
eggs were detected.

Similar pseudocysts were also found in livers af deer in the study in the Transdanubian
region of Hungary between 2018 and 2022, mosterhthontained two flukes, minimum one
and maximum three fluke individuals were found desi Additionally, egg production was
observed inside these pseudocysts [16]. Compardtetdindings in the Lower Silesian
Wilderness, where 2 to 24 trematodes were isokated red deer livers, the infection intensity
is quite low [17]. In our study in Gemenc the numbgkflukes per infected deer ranged from
4.2 to 14 in the season from 2022/2023 with itshbg} prevalence in Karapancsa.
Macroscopically Filip-Hutsch et al. found severgdugc lesions and hepatomegaly in infected
animals, regional lymph nodes were enlarged, aeddiaphragmatic side of the liver was
covered with fibrin and showed dark irregular lin&milar to previous results, the cross-
sections resembled thick-walled pseudocysts filgt flukes, partially dead ones, their eggs
and brown liquid material. From each capsule orexdukes could be identified, and smaller
individuals were migrating through the liver pareyma [17].

Infection stages can be characterized by pathabgitanges and can be divided into “acute
infection”, “sub-acute infection” and “chronic irdgon”. In the acute infection the flukes are
developing and migrating causing liver damagejtfected hosts do not shed eggs. In the sub-
acute stage encapsulated fluke cysts and matkesfican be seen, and active egg shedding is
present. In the chronic stage the flukes itseltidiaut the cyst containing eggs may still be
infective. Our study demonstrated that 50% of therlsamples were healthy, 23% in a sub-

acute infection stage, 21% in a chronic infectitage and 6% acute infection stage in the
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examination during the first phase of the studwifir overall rates of thE. magna infection
stages were demonstrated in the examinations Hreayter, the fewest individuals were found
in the acute infection stage. A main difference tad in the second hunting year of survey, in
all examined areas acute infections were foundcatithg the occurrence of fresh infections.
Halasz et al. (2023) also examineédmagna infestation in roe deer. Similar histopathological
lesions were observed in infected roe and red ldess, including thick-walled pseudocysts,
disrupted liver structure, and inflammatory changédse study confirmed th&. magna can
reach sexual maturity and produce fertile egge@deer as aberrant host is possible, with eggs
showing high survival potential [16]. In the Low@ilesian Wilderness 99 collected red deer
livers showed cirrhosis, fibrosis and massive gsgamage [17].

In numerous studies coprological examinations ard¥frooping were done. In the Lower
Silesian Wilderness 170 samples were collectedramegna eggs were found in more than
50% (53.4%) of the investigated red deer facedlaesk species were also found in fallow deer
and roe deer material [17]. 30 years ago a casetrefas already published in Hungary about
the Large American Liver Fluke in the Szigetk6zaatgetween Dunaremete andd@ywhich
reveals 11 out of 15 faecal samples containingefledigs [22].

For a successful treatment f magna, a long-term examination of the viability of the sgg
due to their resistance is necessary. It is meatigdhat the most important task in the control
of the large American liver fluke is the coprolagfiecnonitoring in wet habitat where the fluke
persists [23]. On the other hand, eggs from fluKedted deer livers should be prevented
entering the environment, whether treatment ocounsot. The most effective substance for
treatingF. magna is triclabendazole, and it should be administenetivo consecutive days
maximum. Treatment with medicated corn can be dmoe at the beginning and once at the
end of winter [24]. In the Gemenc region, triclabarole and albendazole were administered
through corn meals and salt licks. It is provert tha treatment works in deer, difficulties are
presented in the individual treatment and in tleeise dosing if group treatment is administered
[25]. As preventive therapy, individual treatmesittihe only reliable method to suppress the
infection [23].
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6. Summary

This thesis examines the prevalence, impact, anttadof Fascioloides magna infections in
red deer populations within the hunting areas ah&ec Inc. in Hungary. The giant liver fluke
represents a major parasitic threat to cervidd) waiplications for wildlife conservation and
habitat sustainability. Over two hunting years 223 and 2023-24), the study involved
detailed parasitological and pathological examaoreti of liver samples to assess infection
prevalence, characterize disease progression,eroph treatment and control strategies.
Results demonstrated a high prevalence of infe@mong adult red deer, 73.7% in the first
examination period and 60.3% in the second perdrdken down by hunting areas, the
prevalence rate was the highest in Hajos (82%lamtbwest in Bataszék (60%) in 2022/2023
and in 2023/2024 it was Karapancsa (75%) and H@&b%o), respectively. Notably, calves
under six months were initially free of infectidmyt cases emerged among older calves in the
second hunting year, suggesting increasing trarssonmiswithin this age group. Across the
study, there was no significant difference in i@t rates between sexes: 74% infected stags
and 73% infected does in 2022/2023 and 61% infestads and 60% infected does in
2023/2024, with both does and stags showing sinmfaction patterns.

The study revealed variations in infection intensand severity across hunting areas.
Interestingly, infection dynamics suggested a afiriransmission period, likely tied to
seasonal environmental factors and the availahilityntermediate snail hosts. This insight
underscores the importance of timing anthelminteatiments during critical transmission
windows to prevent egg production and subsequéanfestation.

The findings highlight the need for integrated ngarmaent strategies, including targeted
anthelmintic interventions (e.qg., triclabendazalbgendazole) and habitat monitoring to disrupt
the parasite’s life cycle. Recommendations incladministering fast-acting treatments during

periods of fluke maturation and investigating shaibitats in forest sections prone to infection.
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