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ABSTRACT
Liver fukes may cause signifcant pathological changes in domestic and wild ruminants. One such parasite, Parafasciolopsis
fasciolaemorpha, reported in European moose (Alces alces), still requires detailed investigation to better understand its patho-
genesis and impact on host health. This study aimed to evaluate the gross, histopathological, and biochemical alterations associated
with natural P. fasciolaemorpha infection in wild moose inhabiting forests throughout Latvia. Livers from 63 animals were
examined, of which 15 (24%) were infected. Infected livers exhibited bile duct thickening and cavities containing trematodes and
necrotic debris. Histologically, lesions in infected moose were observed in 82% of examined microscopic felds for portal in-
fammatory infltration, 60% for portal fbrosis, and 47% for bile duct proliferation, compared with low frequencies in uninfected
animals. Generalized linear mixed models confrmed signifcant associations between infection and portal infammation, fbrosis,
and bile duct proliferation, whereas bile duct mucous gland hyperplasia did not difer signifcantly from uninfected moose.
Biochemically, infectedmoose showed reduced serumurea and amylase concentrations, while other hepatic enzyme values did not
difer from uninfected controls, indicating mild impairment of hepatic function and possible pancreatic involvement. Fecal
examination confrmed the presence of P. fasciolaemorpha eggs and revealed frequent co-infections with gastrointestinal parasites.
These fndings demonstrate that P. fasciolaemorpha infection in moose is associated with distinctive hepatic lesions and subtle but
measurable biochemical alterations, expanding knowledge of this understudied trematode and emphasizing its importance in
veterinary pathology and wildlife health.

1 | Introduction

Empirical studies have demonstrated the ecological and man-
agement signifcance of host and parasite relationship in regu-
lation of the wildlife conservation and population, as parasitic
infections can reduce survival, reproductive success, and body
condition in wild mammals including cervids thereby

infuencing population dynamics [1]. In cervids, parasitic fat-
worms belonging to the phylum Platyhelminthes, class Trem-
atoda, order Digenea, and family Fasciolidae include fukes
which are among the most important helminths afecting wild
and domestic ungulates, including hepatic parasites from genera
such as Fasciola, Fascioloides, and Parafasciolopsis [2]. Most
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signifcant parasites of this group are Fasciola hepatica and
Fasciola gigantica–major liver fukes of domestic ruminants and
occasionally wildlife and humans, as well as Fascioloides mag-
na–gigant liver fuke described in domestic and wild ruminants
[3]. In contrast to other liver fukes, Parafasciolopsis spp. is
seldom encountered and is considered an uncommon parasite in
most parasitological surveys. Its species Parafasciolopsis fas-
ciolaemorpha is distinguished by its adaptation to cervid hosts,
particularly European moose, also known as elk (Alces alces)
[4–6] and also been found in other wild ruminants such as red
deer [7], roe deer [8], and European bison [5, 9]. The authors refer
also other studies, much of the early references not readily ac-
cessible through contemporary scientifc sources.

Parafasciolopsis fasciolaemorpha was frst identifed by Ejsmont
in the early 20th century from moose in Eastern Europe. It
follows a typical digenean trematode life cycle, using great
ramshorn snails Planorbarius corneus as intermediate hosts and
wild ruminants, primarily moose as defnitive hosts. The disease
parafasciolopsosis caused by this parasite may be particulary
common in animals that inhabit wetland-rich forests of Central
and Eastern Europe, where the fuke’s life cycle is supported by
moose foraging behavior and snail ecology [4, 10].

The parasite P. fasciolaemorpha is a small, leaf-shaped liver fuke
(2.9–7.5 × 1.1–2.5 mm) with prominet anterior and narrowed
posterior end, a spiked tegument, prominent oral and ventral
suckers for tissue adhesion [11]. Its tegumental and digestive
structures, including microvillous intestinal epithelium, support
efcient nutrient uptake from bile [12, 13]. Parafasciolopsis
fasciolaemorpha as other liver trematodes is associated with
biliary disease [11, 14, 15]. During light to moderate infections,
the adult fukes are localized within the intrahepatic bile ducts,
where they attach to the mucosal lining and begin their re-
productive cycle. However, in severe infections, the parasite
extends beyond the bile ducts and has also been observed in the
extrahepatic ducts, gallbladder, and occasionally in the duode-
num and pancreatic ducts [4]. Heavy infections associated with
signifcant hepatic damage, including hepatomegaly, bile duct
obstruction, and the formation of pseudocysts that contain adult
fukes, numerous eggs, necrotic debris, and fuid [4, 11]. His-
topathological changes include ductal hyperplasia, chronic in-
fammatory infltrates, and fbrosis, which in chronic cases may
progress to septal cirrhosis [11]. Eggs are typically deposited in
the bile ducts for excretion through feces, but in severe cases,
they are also found in large numbers within the hepatic pseu-
docysts, trapped alongside adult trematodes [11]. The eggs are
short, golden to grey, and relatively broad, and they can be
diferentiated from those of Fasciola hepatica and Para-
mphistomum cervi by their more compact shape, smoother
surface, and less granular internal structure [4].

It is reported that clinically infected moose may experience di-
arrhea, emaciation, and potentially death. However, manymoose
survive heavy infections by isolating fukes within fbrous cap-
sules [11]. Clinical symptoms reported are subtle or absent also in
case of other liver fuke infection in wild cervids even mor-
phologically there are observed hepatic chages [15, 16]. While the
blood biochemistry of P.fasciolaemorpha has not been in-
vestigated, studies on other liver fukes such as Fascioloides
magna have demonstrated signifcant alterations in liver en-
zymes (e.g., LDH, GLDH, ALT, AST, GGT), metabolic indicators

(e.g., glucose, urea, triglycerides), and protein profles (e.g.,
globulin, albumin/globulin ratio), refecting hepatic dysfunction
and systemic metabolic disturbances associated with liver
trematodes [17, 18].

While P. fasciolaemorpha has been identifed in moose and other
wild ruminants, it remains considerably less documented than
other liver fukes about its pathological efects and clinical im-
pact. The aim of this study is to expand current knowledge by
integrating the identifcation of the gross and histopathological
examination of hepatic lesions alongside blood biochemical
analysis and fecal examination. This comprehensive approach
ofers valuable insights into the pathogenic impact of this
underexplored, less outspread trematode and its relevance to
wildlife health and veterinary parasitology.

2 | Materials and Methods

2.1 | Study Area and Time

The study was carried out in diferent regions of throughout
Latvia forests during hunting season between October and De-
cember in a fve-year period from 2017 to 2021. Climate is
temperate with average temperature þ6.40°C and relative hu-
midity around 81% during hunting season, relatively even all
over the country. Study area included several hunting territories
in the Western, Middle, Norther and Eastern parts of Latvia,
characterized by moderate annual precipitation and abundant
surface water, including wetlands, swamps, and lakes, which
provide suitable habitats for intermediate snail hosts. Based on
data from the State Forest Service during study period the es-
timated moose population was approximately 23,000 individuals,
with about 7000 harvested during hunting seasonwith slight vary
in numbers each year in Latvia.

2.2 | Study Design

Study samples were collected from the 63 wild moose (Alces
alces) of the diferent ages (young–< 1 year old and adult–more
than 1 year old) and both genders (male and female) after they
were hunted down in accordance with legislative acts of the
republic of Latvia (Hunting law and regulations). Blood, fecal,
liver samples were collected and whole liver was cut out within
maximum 60min after the moose were shot down and imme-
diately transported at þ4°C temperature for future examination
to study liver biochemical, gross and histomorphological status
in the wild moose invaded with trematode parasite P.
fasciolaemorpha.

2.3 | Morphological Examination

2.3.1 | Gross Examination

Each moose liver was post mortally examined at the Latvia
University of Life Sciences and Technologies, Faculty of Veter-
inary medicine, Laboratory of Comparative pathology. The livers
were examined in their entirety according to a standardized
protocol, including systematic visual inspection and palpation of
the whole organ. Serial transverse slices approximately 1–2 cm in
thickness were made at regular intervals throughout the hepatic
parenchyma to evaluate the parenchyma and major intrahepatic
bile ducts.
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Infection status of parafasciolopsosis was determined during
gross liver examination based on characteristic trematode-
associated lesions, including bile duct thickening and parasite-
flled cavities. Bile ducts and associated cavities were longitu-
dinally opened and manually explored to assess bile duct wall
thickness, fbrous capsule formation, and intraluminal contents,
including adult trematodes and necrotic detritus. All lesions were
incised to confrm the presence or absence of adult P.
fasciolaemorpha.

Parasites were identifed by their size and morphological char-
acteristics according to Filip, Pyziel and Demiaszkiewicz [4].
Individual parasites were not counted because reliable enu-
meration was not feasible due to aggregation, fragmentation, and
partial degradation of trematodes within bile duct cavities and
parasite-associated detritus, resulting in non-reliable parasite
counts. Therefore, infection intensity in the strict parasitological
sense was not assessed. Instead, trematode-associated gross
hepatic lesions were evaluated using a three-grade semi-
quantitative scoring system adapted from 5 score system de-
scribed by Zafra et al. [19], according to the trematode associated
macroscopic lesions such as bile duct lesions, parasite caused
cavities and divided in groups as follows: 0–no gross pathology
changes, mild–< 10% liver afected, moderate 10%–30% liver
infected and severe > 30% liver afected [19].

2.3.2 | Histological Examination

The collected liver tissue samples of each moose were imme-
diately fxed in 10% neutral-bufered formalin for histological
examination. Samples were processed using standard pro-
cedures, embedded in parafn blocks, sectioned to 4 µm thick
slides using a semi-automatic microtome and stained with he-
matoxylin and eosin (H&E) [20] as well as Masson’s trichrome
[21]. Observations were made on light microscope Zeiss Axiolab
5. Histopathological changes were identifed and quantifed in
three randomly selected microscopic felds at magnifcations of
× 50, × 100, × 200, and × 400 from both infected and uninfected
animals. Masson’s trichrome staining was used to visualize
connective tissue and measure the width of fbrous tissue cap-
sules with Carl Zeiss Labscope lnk microscopic program. All
photomicrographs were taken with Axiocam 208 color Zeiss
camera.

2.4 | Blood Biochemical Examination

Blood samples for biochemical examination were taken for 38
animals from 63 moose jugular vein collected in a one 2mL size
clot activator tube after the animal had fallen, delivered to the
Latvia University of Life Sciences and Technologies Veterinary
Clinics laboratory and analyzed within 24–48 h. The blood
biochemistry was performed by Mindray BS-200 analyzer to
measure the blood chemistry parameters such us alanine ami-
notransferase (ALAT), aspartate aminotransferase (ASAT),
gamma glutamyltransferase (GGT), total bilirubin (TBIL), al-
kaline phosphatase (ALP), total protein (TP), amylase, urea,
creatinine, creatine phosphokinase (CK) and lactate de-
hydrogenase (LDH).

2.5 | Coprological Examination

Fecal samples were directly taken for 39 animals from 63 moose
rectum, placed in the plastic containers and immediately

delivered refrigerated to the Latvia University of Life Sciences
and Technologies, Parasitology laboratory for coprological ex-
amination. Coprological examination was performed for sup-
portive purposes only and was not applied systematically to all
animals, as infection status was determined based on gross liver
examination. Each sample was screened using multiple di-
agnostic methods to detect a broad spectrum of parasitic in-
fections, including trematodes, gastrointestinal nematodes, and
lungworms. Ten grams of feces were examined for the presence
of trematodes by standard sedimentation method as described by
Hansen and Perry [22] and eggs of P. fasciolaemorpha were
recognized by their characteristic morphological features
according to Filip et al. [4]. For the presence of gastrointestinal
nematodes, McMasters method was used [23]. The Baermann
technique was apply to isolate larvae to diagnose lungworm
infections [24].

2.6 | Statistical Data Analysis

The data distribution of the blood examination was assessed by
inspection of the normal Q-Q plot andwith the Shapiro-Wilk test.
Data homogeneity was assessed with the Levene test. For nor-
mally distributed data, mean values and standard deviations
were reported. In contrast, the median and interquartile range
(IQR) were used to summarize non-normally distributed data.
The Mann-Whitney U test was used to compare multiple pa-
rameters of blood parameters between infected and non-infected
individuals. The chi-squared test was used to test diferences in
histological changes between young and adult moose.

To account for the repeated histological evaluations conducted
on three samples per individual, which introduced random
variability due to non-independence of measurements, gener-
alized linear mixed models (GLMMs) were employed. These
models were used to investigate the relationship between par-
asite infection (binary predictor: 1-Yes, 0-No) and the following
binary histological outcomes: bile duct proliferation, portal f-
brosis, infammatory cell infltration (portal), infammatory cell
infltration (multifocal), and bile duct mucous gland hyperplasia.

Each outcome was modeled separately, with a logit link function
applied to accommodate the binary nature of the response
variables, ftting a binomial distribution. All statistical analyses
were performed using Jamovi (version 2.5), with statistical sig-
nifcance determined at a threshold of p < 0.05.

3 | Results

3.1 | Gross Pathomorphological Changes

Study showed that totally from all examined 63 moose liver
trematode P. fasciolaemorpha was found in 15 moose (24%) of
which seven were young and eight were adults. Infected animals
were identifed across all regions of Latvia, with a higher number
originated from eastern Latvia, which also contributed the largest
number of examined animals, refecting the distribution of the
available material. Liver gross examination of infected animals
showed thickening of the bile ducts, multiple cavities flled with
trematodes P. fasciolaemorpha and yellowish gray cellular de-
tritus. The thickened bile ducts and parasite flled cavities
appeared on liver surface as light grey, round, 5–30mm big spots
(Figure 1). The capsule of the livers was crusted and uneven with
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white grainy sediment. In cross section of the bile ducts and
cavities there were found multiple leaf-shaped trematodes, ap-
proximately 5 mm long and 2mm wide with two suckers (oral
sucker and acetabulum) in the anterior end of the body and
sharply narrowed posterior part of body which in terms of fea-
tures correspond to a parasite P. fasciolaemorpha.

Trematode-associated gross hepatic lesions ranged from mild to
severe among the examined moose. Mild lesions were charac-
terized by infrequent bile duct thickening and limited parasite-
flled cavities, whereasmoderate and severe lesions showedmore
extensive hepatic involvement. Most of the young and adult
animals had mild and moderate gross lesions of the liver invaded
with P. fasciolaemorpha. Five young moose and three adult ones
had mild liver changes, that is less than 10% of the organ afected
with bile thickening and parasite flled cavities, four adult ani-
mals had moderate changes that is 10%–30% of the organ af-
fected, but only two young and one adult moose had severe
lesions, which afected more than 30% of the liver. For the rest of
the study involved 48 moose (15 young and 33 adults) with no
parasite presence there were no liver changes discovered.

3.2 | Histopathological Changes

Histopathological changes in the livers of moose naturally infected
with the trematode P. fasciolaemorpha was investigated to char-
acterize and compare the frequency and severity of hepatic lesions
in infected versus uninfected individuals, with particular attention
to infammatory, fbrotic, and biliary tract alterations. The histo-
pathological investigation displayed such lesions as portal fbrosis,
infammatory cell infltration in portal areas, multifocal in-
fammatory cell infltration in the parenchyma, bile duct pro-
liferation and bile duct mucous gland hyperplasia. Macroscopically,
liver cavities containing parasites were surrounded by a thick
connective tissue capsule, which microscopically measured ap-
proximately 406.36 µm in width (Figure 2).

Histologically liver changes were assessed by counting microscopic
felds with lesions mentioned above. Randomly chosen 3 micro-
scopic felds in × 50, × 100, × 200, and × 400 of each animal liver
samples were examined, total 45 from infected (15 animals) and 144
from uninfected moose (48 animals), to assess the impact of P.
fasciolaemorpha infection on hepatic architecture and pathology. A

summary of the lesions detected in the liver of moose with trem-
atode P. fasciolaemorpha is provided in Table 1.

Histopathological examination of the livers revealed a markedly
higher prevalence of lesions in moose infected with P. fas-
ciolaemorpha compared to uninfected controls. The most common
histological lesion in moose infected with P. fasciolaemorpha was
portal infammatory cell infltration (Figure 3), observed in 37 of 45
microscopic felds (82%). This lesion afected 16 of 21 microscopic
felds of youngmoose (76%) and 21 of 24microscopic felds of adults
(88%), indicating a prominent and consistent immune response in
the portal areas. Following portal infammation in frequency was
portal fbrosis (Figure 4(a)), identifed in 27 of 45 microscopic felds
of infected moose (60%) including 14 of 21 microscopic felds of
young animals (67%) and 13 of 24microscopic felds of adults (54%).
The severity of portal fbrosis varied, presenting as mild fbrous
expansion (Figure 4(b)), progressing to moderate fbrosis
(Figure 4(c)), and in more advanced cases, forming bridging fbrous
septa between neighboring portal areas (Figure 4(d)). This suggests
that chronic infammation may have progressed to fbrotic
remodeling in a considerable proportion of cases. Biliary changes
such as bile duct proliferation (Figure 5) was detected in 21 of 45
microscopic felds of infected moose (47%), with 11 of 21 micro-
scopic felds of youngmoose (52%) and 10 of 24microscopic felds of
adults (42%). Among the less frequent fndings were multifocal
infammatory cell infammation and bile duct mucous gland hy-
perplasia. Multifocal infammation (Figure 6), observed in 12 of 45
microscopic felds (27%), fromwhich it was presentmore frequently
in young animals (7 of 21 microscopic felds, 33%) compared to
adults (5 of 24 microscopic felds, 21%). The least common lesion
was bile duct mucous gland hyperplasia (Figure 7), which was
detected in 8 of 45 microscopic felds (18%) from which it occurred
in 5 of 21 microscopic felds of young animals (24%) and 3 of 24
microscopic felds of adults (13%). However, despite minor nu-
merical variation between age groups, the chi-squared test revealed
no statistically signifcant diferences in histological changes be-
tween young and adultmoose p > 0.05. Comparable hepatic lesions
were occasionally noted in uninfected moose, though at sub-
stantially reduced frequencies. In uninfected animals, age-stratifed
data are presented in Table 1 for completeness, whereas histological
fndings are discussed collectively to characterize background he-
patic changes in the absence of detectable parasites. In uninfected
moose portal infammatory infltration was present in 71 of 144
microscopic felds animals (49%), portal fbrosis in 47 microscopic

FIGURE 1 | Gross appearance of the liver from an european moose
infected with Parafasciolopsis fasciolaemorpha. Light-gray foci are visible
externally, and the cut section reveals cavities containing gray capsules
with parasites and debris.

FIGURE 2 | Photomicrograph of the Masson’s trichrome stained
section from the Parafasciolopsis fasciolaemorpha infected liver with
connective tissue (blue fbrils) capsule around parasite flled cavity.
Magnifcation × 100.
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felds (33%), and bile duct proliferation in 14 microscopic felds
(10%). Multifocal infammatory infltration was observed in 21
microscopic felds of individuals (15%), and bile duct mucous gland
hyperplasia was rare, detected in only 2 microscopic felds (2%).
Hepatic lesions of the non-infected animals suggest that some
changes may occur independently of parasitic infection.

Results of Generalized Linear Mixed Models (GLMMs) are
summarized in Table 2. Parasite infection was signifcantly as-
sociated with bile duct proliferation (odds ratio (OR) = 6.84, 95%
CI: 3.12–14.96, p < 0.001), indicating a nearly seven-fold increase
in the odds of bile duct proliferation in infected individuals
compared to uninfected individuals. Similarly, parasite infection
was signifcantly associated with portal fbrosis (OR = 3.00, 95%
CI: 1.50–5.99, p = 0.002) and portal infammatory cell infltration
(OR = 4.56, 95% CI: 1.98–10.48, p < 0.001), with infected in-
dividuals showing 3 and 4.5 times higher odds, respectively,
compared to uninfected individuals. In contrast, no signifcant
association was observed between parasite infection and mul-
tifocal infammatory cell infltration (OR = 4.54, 95% CI:
0.54–38.38, p = 0.164) or bile duct mucous gland hyperplasia
(OR = 18.72, 95% CI: 0.44–795.55, p = 0.126). While the odds
ratios for these outcomes were elevated, the wide confdence
intervals and non-signifcant p values suggest high variability
and insufcient evidence to confrm an association.

3.3 | Blood Biochemical Findings

Biochemical blood analysis was conducted to evaluate systemic
changes in moose infected with P. fasciolaemorpha (Table 3).
Among the parameters analyzed, statistically signifcant difer-
ences were observed only in amylase and urea. Infected in-
dividuals showed a signifcantly lower concentration of amylase
(median: 13.3 U/L; p = 0.009; r= 0.535) and urea (median:
1.69 mmol/L; p = 0.010; r= 0.525) compared to the uninfected
group, with large efect sizes. No signifcant diferences were
found in liver-associated enzymes (ALAT, ASAT, GGT, ALP),
bilirubin, total protein, creatinine, or muscle injury markers
(CK, LDH).

3.4 | Parasitological Findings

Among all examined fecal samples (n= 29), no
P. fasciolaemorpha eggs were detected in samples from animals
classifed as uninfected based on gross liver examination. Of the
remaining 10 animals in which adult parasite were identifed in
the liver, eggs were detected in nine fecal samples. One animal
with trematode-associated liver lesions did not shed detectable
eggs in the examined fecal sample. Isolated eggs had light yel-
lowish shells densely flled with yolk cells (Figure 8) Wild moose
rectal fecal sample examination showed also presence of such
parasite eggs as Trichostrongylidae, Trichuris spp., Strongyloides
spp., Protostrongylus spp., Moniezia spp. and Paramphistomum
spp. in both animal groups with the presence of the P. fas-
ciolaemorpha in the moose liver and without it, but no of them
are recognized as liver parasites.

4 | Discussion

The present study provides a diverse evaluation of hepatic
trematodiasis in wild moose naturally infected with Paraf-
asciolopsis fasciolaemorpha, combining gross liver lesions andT
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histological evaluation of parasite caused damages, com-
plemented by blood biochemical analysis and fecal examination
ofering an overview of the host and parasite interaction in a wild
cervid species. In both infected and uninfected animals were
observed certain hepatobiliary changes that indicates that al-
terations even in reduced frequency may suggest efects un-
related to parasitic infection.

Parasitosis was determined by presence of the parasites with
typical structure of P. fasciolaemorpha in the moose liver and
macroscopic appearance of bile duct thickening, cavities flled
with parasites and detritus, consistent with trematode-induced
hepatobiliary alterations. The gross lesions varied from mild to
severe depending on the extent of trematode-related hepatic
involvement. The majority of infected animals, both young and

adult, exhibited mild to moderate lesions, which may refect
early-stage disease or efective host containment of hepatic in-
volvement. Characteristic macroscopic changes were consistent
with chronic trematode-induced hepatobiliary damage, as sim-
ilarly reported also in moose infected with parasite [11].

When interpreting the histological and biochemical fndings, it
should be acknowledged that, as with any diagnostic approach,
some infected animalsmay not have been identifed by gross liver
examination, particularly in cases of early-stage infection, low
parasite load, or infections that had resolved prior to examina-
tion. Nevertheless, gross liver examination is expected to be
highly specifc for established trematode infection, as the ob-
served lesions and parasite-associated changes are unlikely to
occur in the absence of infection. Any undetected infections

FIGURE 3 | Photomicrograph of the H&E stained sections from the Parafasciolopsis fasciolaemorpha infected liver with portal infammatory cell
infltrations accompanied with fbrosis and bilde duct proliferation. Magnifcation × 100.

FIGURE 4 | Photomicrographs of the sections from the Parafasciolopsis fasciolaemorpha infected livers with portal fbrosis. (A) H&E stained section
with portal fbrosis between portal areas. Magnifcation × 50. (B) Masson’s trichrome stained section with mild fbrosis with minimal fbrous connective
tissue (blue fbrils) formation. Magnifcation × 50. (C) Masson’s trichrome stained section with moderate fbrosis with connective tissue (blue fbrils)
formation accompanied with infammatory cell infltrations and bilde duct proliferation. Magnifcation × 50. (D) Masson’s trichrome stained section
with severe bridging fbrosis with fbrous septa (blue fbrils) between neighboring portal areas. Magnifcation × 50.
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would most likely reduce the observed diferences between in-
fected and uninfected groups rather than result in false-positive
fndings, and this should be considered when interpreting the
reported results.

Hepatic gross changes were accompanied by certain histo-
morphological changes. Comparable hepatic lesions were ob-
served in both young and adult moose, suggesting a broadly
similar pathological response to P. fasciolaemorpha infection
across age groups. Whereas numerical diferences between

young and adult moose were observed for some histological
parameters, these diferences did not reach statistical signif-
cance, therefore, fndings are discussed collectively, with age-
specifc observations highlighted only where relevant. Statisti-
cally the most prominent hepatic pathomorphological lesion
observed in the infected moose was bile duct proliferation fol-
lowed by portal fbrosis and infammatory cell infltration sup-
porting a strong association between P. fasciolaemorpha infection
and the development of these hepatic changes. Bile duct pro-
liferation identifed alongside portal fbrosis was found in nearly
half of the infected moose (47%). This change likely refects
regenerative or compensatory processes in response to ongoing
biliary irritation or partial obstruction, suggesting sustained
stimulation of the biliary epithelium. Comparable lesions have
been also described in other studies that noted bile duct hy-
perplasia and disruptions in moose infected with
P. fasciolaemorpha [16]. Biliary hyperplasia was observed also in
some animals classifed as uninfected whichmay refect previous
or resolved parasitic infections, chronic nonspecifc biliary irri-
tation, or other reasons not evaluated in this study. The portal
infammatory cell infltration, afecting 82% of animals, in-
dicating irritation of the hepatobiliary system. These fndings are
consistent with earlier descriptions in cervids which observed
infammatory infltration and fbrotic changes specifcally lo-
calized to the portal areas in moose naturally infected with
P. fasciolaemorpha [16]. In contrast to observed predominating
portal infammatory cell infltration observed in moose of our
study, Filip-Hutsch et al. [11] reported in 2019 an absence of
infammatory infltration in hepatic connective tissue bands in
moose fatally infected with P. fasciolaemorpha. This diference
may refect variation in host immune response, infection stage, or
disease severity. It is possible that infammatory infltrates are
more evident in sublethal infections with no evident clinical
signs, whereas end-stage or overwhelming infections may lead to
tissue alterations dominated by fbrosis with limited active cel-
lular infammation. Portal fbrosis was observed in 60% of in-
fected moose, with several cases demonstrating bridging fbrous
septa between portal areas. Fibrotic changes observed in other
studies showed more broader spectrum of fbrosis in moose
infected with P. fasciolaemorpha from septal involvement to
complete cirrhosis [11, 16] that likely refect a later stage or
higher intensity of infection. The case described by Filip-Hutsch
et al. in 2021 [16] that showed dominating fbrotic changes in the
large liver regions in a fatal infection, is in contrast to our fndings
thus suggesting that portal fbrosis may develop progressively, is
not limited to fatal pathology and may appear as early fbrotic
phase of chronic hepatic disease.

Infammatory and fbrotic hepatic lesions are also described in
studies about liver fuke infections of other animal species. For
instance, there is reported portal lymphocytic infltration and
periductal fbrosis as well as biliary proliferation in livers of sheep
and cattle infected with Fasciola fuke infection [25–27] and
periductal fbrosis and biliary hyperplasia in sheep naturally
infected with Dicrocoelium dendriticum [28], suggesting that
these lesions are common host response across ruminant species
and trematode infections. More severe lesions have been de-
scribed in infections with Fascioloides magna, which cause ex-
tensive liver parenchymal destruction of the fallow deer [29].

Lesions such as multifocal infammatory cell infltration and bile
duct mucous gland hyperplasia did not show signifcant

FIGURE 5 | Photomicrograph of the H&E stained section from the
Parafasciolopsis fasciolaemorpha infected liver with bilde duct pro-
liferation accompanied by mild infammatory cell infltrations. Magni-
fcation × 50.

FIGURE 6 | Photomicrograph of the H&E stained section from the
Parafasciolopsis fasciolaemorpha infected liver with focal area of in-
fammatory cell infltration. Magnifcation × 100.

FIGURE 7 | Photomicrograph of the H&E stained section from the
Parafasciolopsis fasciolaemorpha infected liver with bile duct mucous
gland hyperplasia. Magnifcation × 50.
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diference between infected and uninfected individuals. A
slightly higher frequency of multifocal infammatory cell in-
fltration was observed in young animals, however, this difer-
ence was not statistically signifcant and may refect a mildly
more widespread infammatory response in immature in-
dividuals. In general, multifocal infammatory cell infltrates
may indicate a more difuse hepatic involvement in certain cases,
which may refect systemic immune response or more severe
local tissue involvement. Regarding mucous gland hyperplasia,
this relatively uncommon fnding may represent a chronic
adaptive response to bile duct irritation or partial obstruction,
suggesting prolonged stimulation of biliary defense mechanisms.
Similar lesions have been described by Kahl et al. [30] in sheep
infected with liver and rumen fukes, characterized by pro-
nounced bile duct epithelial hyperplasia, and mucosal gland
proliferation were prominent features of chronic trematode-
induced hepatobiliary changes. Peribiliary gland hyperplasia is
also reported in association with progressive biliary fbrosis and
the occurrence of dysplastic lesions [31].

According to presence of hepatic lesions in animals classifed as
uninfected based on gross liver examination may be explained by
several factors. Wild moose are exposed to a wide range of
conditions afecting the liver, including previous parasitic in-
fections, non-hepatic parasites, ingestion of toxic plants, meta-
bolic disturbances, and other environmental or physiological
stressors, any of which may result in residual or nonspecifc liver
pathology. In addition, lesions observed in uninfected animals
may represent sequelae of earlier infections that had resolved
prior to examination, leaving persistent histopathological
changes in the absence of detectable parasites.
In order to complement the morphological fndings, biochemical
blood analyses were performed to evaluate liver function and
detect potential systemic efects of the infection. Biochemical
analysis revealed signifcantly decreased levels of serum urea and
amylase in infected moose compared to uninfected individuals,
while other enzyme alterations in moose of diferent study
groups were less pronounced. Thus, it showed that there were no
overt signs of hepatic failure and indicated just mild functional

TABLE 2 | Generalized linear mixed model (GLMM) results for the association between Parafasciolopsis fasciolaemorpha infection and histological
outcomes.

Outcome Predictor B OR 95% CI Z p

Bile duct proliferation Intercept �1.09 0.34 0.23–0.50 �5.48 < 0.001
Infected (Yes)∗ 1.92 6.84 3.12–14.96 4.81 < 0.001

Portal fbrosis Intercept �0.144 0.87 0.61–1.22 �0.82 0.415
Infected (Yes)∗ 1.10 3.0 1.50–5.99 3.11 0.002

Infammatory cell infltration portal Intercept 0.77 2.17 1.43–3.28 3.64 < 0.001
Infected (Yes)∗ 1.52 4.56 1.98–10.48 3.57 < 0.001

Infammatory cell infltration multifocal Intercept �2.67 0.07 0.01–0.35 �3.24 0.001
Infected (Yes)∗ 1.51 4.54 0.54–38.38 1.39 0.164

Bile duct mucous gland hyperplasia Intercept �6.70 0.001 0.0001–0.21 �2.55 0.011
Infected (Yes)∗ 2.93 18.72 0.44–795.55 1.53 0.126

Note: B–regression coefcient (estimate), Z–Wald z-statistic, p–p value.
Abbreviations: CI, confdance interval; OR, odds ratio.
∗reference value–uninfected.

TABLE 3 | Biochemical parameters in european moose with and without Parafasciolopsis fasciolaemorpha.

Parameter
With parasite Without parasite

p r
Median Q1–Q3 Median Q1–Q3

ALAT (U/L) 29.3 21.9–35.6 31.3 18.0–52.4 0.505 NA
ASAT (U/L) 115.2 99.2–165.2 148.0 96.0–407.6 0.179 NA
GGT (U/L) 11.2 4.4–27.9 11.4 8.5–20.2 0.751 NA
TBIL (µmol/L) 0.4 0.1–0.7 0.9 0–3.8 0.308 NA
ALP (U/L) 150.0 108.5–318.5 233.1 70.3–341.8 0.775 NA
TP (g/L) 76.7 67.3–83.3 73.6 63.9–80.5 0.544 NA
AMYLASE (U/L) 13.3 3.9–19.5 18.9 15.3–51.3 0.009 0.535
UREA (mmol/L) 1.69 1.0–2.8 3.3 1.8–4.2 0.010 0.525
CREAT (µmol/L) 119.0 115.3–144.3 127.5 114.4–149.9 0.849 NA
CK (U/L) 876.5 524.3–673.3 553.4 317.7–4280.5 0.890 NA
LDH (U/L) 839.1 673.3–917.9 774.1 683.8–1395.6 0.559 NA

Note: Q1–Q3–the frst and third quartile, r–efect size, ALAT–alanine aminotransferase, ASAT–aspartate aminotransferase, GGT–gamma glutamyltransferase, TBIL–total
bilirubin, ALP–alkaline phosphatase, AMYLASE–amylase, UREA–urea, CREAT–creatinine, CK–creatine phosphokinase, LDH–lactate dehydrogenase.
Abbreviations: NA, not applicable; TP, total protein.
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impairment associated with parasitic liver lesions. Diferences in
serum urea and amylase levels between infected and uninfected
moose suggest alterations in nitrogen metabolism and pancreatic
function as a response to chronic parasite infection. The de-
creased urea concentration observed in infected moose may
refect diminished hepatic synthetic activity due to chronic in-
fammation or fbrosis, a pattern consistent with fndings in
naturally infected sheep, which exhibited signifcantly lower
blood urea nitrogen levels, indicating impaired liver function
[32]. According to studies of Fascioloides magna infection in red
deer the urea values also were positively correlating with number
of immature fukes and migratory lesions. Researchers also
documented increased alanine aminotransferase (ALT) and
globulin, lower values for albumin/globulin ratio and higher
values of glucose for animals with hepatic fbrous capsules
without the presence of migratory lesions [18] indicating more
sever functional efects than in case of P. fasciolaemorpha.
According to lower amylase activity it may suggest potential
involvement and alteration of pancreatic or metabolic responses
[33], though this parameter is less commonly evaluated in hel-
minthic infections and may need further investigation.

Fecal analysis revealed the presence of P. fasciolaemorpha eggs in
selected moose with parasite appearance in the liver, confrming
active fuke infections and supporting the utility of coprological
examination in diagnosing trematodiasis in wild cervids. The ab-
sence of detectable eggs in the fecal sample of one animal with
confrmed parasite presence in the livermay refect variability in egg
excretion or limited passage of eggs into the intestine at the time of
sampling. In addition to P. fasciolaemorpha, eggs of other gastro-
intestinal parasites were also detected such as Trichostrongylidae,
Trichuris spp., Strongyloides spp., Protostrongylus spp.,Moniezia spp.
and Paramphistomum spp., suggesting concurrent infections that
may further impact host health. Similar coinfections have been
documented in wild ruminants [29, 34]. The detection of multiple
parasite species highlights the complexity of parasite-host in-
teractions in wild populations and underscores the importance of
need for parasitological monitoring.

Future studies should build upon this integrative approach,
including advanced histological stains, detailed parasite in-
vestigations, and precise age determination as well as in-
vestigation to clarify the utility of biochemical markers in
detecting and characterizing hepatic parasitosis in wildlife,

particularly across diferent ruminant species. It would refne
lesion characterization, clarify host and parasite interaction, and
improve ability to monitor the health and conservation status of
wild cervid populations.

5 | Conclusions

This study demonstrates the integration of gross and microscopic
liver pathologywith blood biochemistry and coprological analysis in
wild moose naturally infected with Parafasciolopsis fas-
ciolaemorpha, revealing consistent hepatic lesions particularly bile
duct alterations, portal infammation and fbrosis as well as evi-
dence of functional liver impairment. Biochemical fndings, par-
ticularly reduced serum urea and amylase, suggest hepatic
dysfunction, even in the absence of relevant clinical signs. Copro-
logical analysis confrmed active trematode infection and frequent
co-infections with other parasites. Together, these fndings provide
foundational insight of liver fuke associated pathology in wild
moose and underscore the value of integrating histology, bio-
chemistry, and parasitology in wildlife health monitoring.
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